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Abstract
Background: Non-pharmacological, non-surgical interventions are recommended as the first line of treatment
for osteoarthritis (OA) of the hip and knee. There is evidence that exercise therapy is effective for reducing pain
and improving function in patients with knee OA, some evidence that exercise therapy is effective for hip OA,
and early indications that manual therapy may be efficacious for hip and knee OA. There is little evidence as to
which approach is more effective, if benefits endure, or if providing these therapies is cost-effective for the
management of this disorder. The MOA Trial (Management of OsteoArthritis) aims to test the effectiveness of
two physiotherapy interventions for improving disability and pain in adults with hip or knee OA in New Zealand.
Specifically, our primary objectives are to investigate whether:
1. Exercise therapy versus no exercise therapy improves disability at 12 months;
2. Manual physiotherapy versus no manual therapy improves disability at 12 months;
3. Providing physiotherapy programmes in addition to usual care is more cost-effective than usual care alone in
the management of osteoarthritis at 24 months.
Methods: This is a 2 × 2 factorial randomised controlled trial. We plan to recruit 224 participants with hip or
knee OA. Eligible participants will be randomly allocated to receive either: (a) a supervised multi-modal exercise
therapy programme; (b) an individualised manual therapy programme; (c) both exercise therapy and manual
therapy; or, (d) no trial physiotherapy. All participants will continue to receive usual medical care. The outcome
assessors, orthopaedic surgeons, general medical practitioners, and statistician will be blind to group allocation
until the statistical analysis is completed. The trial is funded by Health Research Council of New Zealand Project
Grants (Project numbers 07/199, 07/200).
Discussion: The MOA Trial will be the first to investigate the effectiveness and cost-effectiveness of providing
physiotherapy programmes of this kind, for the management of pain and disability in adults with hip or knee OA.
Trial registration: Australian New Zealand Clinical Trials Registry ref: ACTRN12608000130369.
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Background

Non-pharmacological, non-surgical interventions, such as
the treatments offered by physiotherapists, are recommended as the first line of treatment for hip and knee
osteoarthritis (OA) [1-3], however there is still insufficient
evidence about many such interventions to make specific
recommendations regarding management of this disorder
[4,5]. Given the prevalence of OA, its economic and
human burden, and accumulating evidence supporting
the effectiveness of various physiotherapy interventions
for patients with OA of the hip or knee, further research is
warranted [5]. Two common forms of physiotherapy
intervention are exercise therapy and manual therapy.
Although it is well established that various forms of exercise are effective in reducing pain and increasing physical
function in people with knee OA, there is still little knowledge about which forms of exercise are most effective [48]. Little is known about whether effectiveness endures
beyond the medium term, with few studies following up
to 12 months, and none beyond 15 months [9]. Few trials
have investigated the relative benefits of differing exercise
approaches: systematic reviews of exercise therapy for the
osteoarthritic knee have included randomised controlled
trials, which are clinically diverse, with variability in the
interventions employed [4,7,9,10]. However, one metaanalysis of trials on strengthening exercises concludes
that, to get the maximum benefit of strengthening exercises, it is necessary to also include range-of-motion and
stretching exercises in a multi-modal approach [11]. There
are no trials that we know of investigating a supervised,
individualised, multi-modal programme of exercise therapy for OA of the knee, although clinicians consider this
to characterise the 'ideal standard of clinical practice' [12].
Regarding OA of the hip, there have been very few randomised controlled trials of exercise therapy, however
what data there are indicate the benefits may be similar to
those found for knee OA [5,11,13-15]. Although there are
no systematic reviews available specific to exercise therapies for hip OA, reviews that have summarised either hip
and/or knee OA identified no trials of strengthening exercises or of land-based supervised exercise for people with
OA of hip and had not undergone hip joint replacement
surgery [8,9,11,12,15]. Two more recent trials in the literature indicate that a programme of multimodal exercise
training and lifestyle advice [14] and a multi-modal
strengthening, stretching, gait training and range of
motion exercise programme [16] may be effective for
reducing pain and improving function in patients with
hip OA, however effect sizes were small in both trials.
Again, little is known about whether effectiveness endures
beyond the medium term.
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New developments in manual physiotherapy have demonstrated very promising improvements in pain and physical function [16-19], but effectiveness has not yet been
definitively established [5]. There is one clinical trial in
the literature of manual physiotherapy for hip OA: compared with exercise physiotherapy, manual physiotherapy
resulted in superior improvements in pain and physical
function, that endured to six months follow-up [16].
Deyle and colleagues have conducted two trials of manual
physiotherapy for knee OA [17,18]. In the first, a multimodal intervention of individually tailored manual therapy plus stretching, strengthening, range of motion and
home exercises resulted in clinically significant superior
outcomes compared with a placebo control group [18]. In
the second, the multi-modal intervention of individually
tailored manual therapy plus stretching, strengthening,
range of motion and home exercises resulted in clinically
significant superior outcomes compared with home exercises alone [17]. In both studies, benefits were still evident
at the 12-month follow-up.
Our project is an extension of these recent studies [16-18],
and is designed to answer questions that have not been
addressed in the literature to date. None of the three previous controlled trials of manual physiotherapy has
directly compared manual therapy interventions with
usual care. We have identified no trials directly comparing
an individually tailored, supervised multi-modal exercise
therapy programme with usual care, or to individually tailored manual therapy. No trials have investigated if there
is a synergistic, antagonistic or neutral effect when both
exercise and manual therapy are employed. Few of the
previous trials have assessed the effectiveness of their
interventions beyond a short to medium term. The MOA
Trial responds to the dearth of economic analysis studies
in this field, and will report cost-utility over a 24-month
timeframe.
The MOA Trial will investigate the long-term effectiveness
and cost-effectiveness of both a multi-modal, individualised, supervised exercise therapy programme, and an individualised manual therapy programme, for the
management of pain and disability in adults with hip or
knee OA. This publication outlines the design and analysis plan for the MOA Trial.
Specific aims
The specific aims of this trial are to establish if:

1. Exercise therapy versus no exercise therapy improves
disability at 12 months in adults with hip or knee OA.
2. Manual therapy versus no manual therapy improves
disability at 12 months in adults with hip or knee OA.
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3. Provision of physiotherapy programmes in addition to
usual care to adults with hip or knee OA is more costeffective than usual care alone at 24 months.
In addition, we will test for differences in the secondary
outcomes at 9 weeks, 6 months, and 12 months, and for
an interaction between the interventions for disability at
12 months. The secondary outcomes include physical performance tests, patients' global assessment, and joint
replacement surgery (Table 1).

Trial design and methods

This project is a 2 × 2 factorial randomised controlled trial
(Figure 1). We have chosen a factorial design because it is
an efficient way to evaluate more than one intervention in
a single trial [20,21]. This is because all participants are
included in each of the primary analyses, whereas in a trial
of, say, three parallel arms evaluating two different interventions compared with a control arm, only two thirds of
participants are used for each comparison. However, the
sample size benefits gains of this design only occur when
the assumption of no interaction between the two interventions is met. We do not anticipate any interaction
effects since these are uncommon [21], even in drug trials
[20]. However, we will report an estimate of the interaction effect as is recommended for all factorial trials [20]
(see Data Analysis, below).

Participants
We will recruit 224 participants through two sources: a)
patients attending general practitioners (GPs) with hip or
knee OA; and b) patients attending the Department of
Orthopaedic Surgery (Outpatient Clinic, Dunedin Hospital, New Zealand) for an orthopaedic consultation for
consideration of hip or knee joint replacement surgery.

To be eligible, participants must meet clinical criteria for
diagnosis of OA of the hip or knee according to American
College of Rheumatology criteria [22-24].
Exclusion criteria will include:
• previous knee or hip joint replacement surgery of the
affected joint;
• any other surgical procedure of the lower limbs in the
previous 6 months;
• rheumatoid arthritis;
• initiation of opioid analgesia or cortico-steroid or analgesic injection intervention for hip or knee pain within
the previous 30 days;
• uncontrolled hypertension or moderate to high risk for
cardiac complications during exercise [25];

Table 1: Outcome measures

Primary Outcome measure*

Data collection instrument

WOMAC composite score

WOMAC-3.1 patient-rated questionnaire [30-32]

Secondary Outcome measures
Timed up-and-go
30 second sit-to-stand
40 m self-paced walk
WOMAC subscales: A) Pain; B) Stiffness C) Physical Function;
Numeric pain rating
Self-efficacy and pain beliefs
Depression
Patient's global assessment
OARSI response criteria
American College of Rheumatology criteria for diagnosis of OA
New Zealand National Clinical Priority System score
Adverse events
Overall health status†
Surgical intervention†
Healthcare consumption and related costs†

Physical test [38,39]
Physical test [37]
Physical test [32,39]
WOMAC-3.1 [33,34] patient-rated questionnaire
NPRS [33,34] patient-rated questionnaire
The Pain Belief Screening Instrument [40,41]
The two-item case-finding instrument [42]
GROC [33,34,36] patient-rated scale
Composite of WOMAC, NPRS, GROC [34]
Clinician-rated criteria [22-24,45,46] from physical tests and symptoms
Clinician-rated criteria [47];
MOA field team audit; ODHB records; self-report questionnaire
SF-12 general health survey [43]
Self-report questionnaire; health system records [44]
Self-report questionnaire; health system records

*The primary end-point for data analysis is 12 months. All outcome measures will be undertaken at baseline, 9 weeks, 6 months, 1 year and 2 years,
with the exception of patients' global assessment and OARSI response criteria, which will not be assessed at baseline. †The primary endpoint for
cost-utility and surgical intervention is at 2 years. WOMAC = Western Ontario and McMaster osteoarthritis index; NPRS = numeric pain rating
scale; GROC = global rating of change; OA = Osteoarthritis; OARSI = Osteoarthritis Research Society International; MOA = the Management of
OsteoArthritis Trial; ODHB = Otago District Health Board.
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Exercise
Therapy (Ex)

Manual Therapy (MT)

no Ex
Ex
totals

no MT

MT

totals

Usual care only
(n=56)

MT
(n=56)

112

Ex
(n=56)

Ex + MT
(n=56)

112

112

112

224

Figure
2
× 2 factorial
1
trial design
2 × 2 factorial trial design. Note: All groups receive usual medical care.

• physical impairments unrelated to the hip or knee preventing safe participation in exercise, manual therapy,
walking or stationary cycling, such as: vision problems
that affect mobility, body weight greater than 155 kg, neurogenic disorder, primary or significantly limiting back
pain, advanced osteoporosis, or inability to walk 10
metres without an assistive device;
• inability to comprehend and complete study assessments or comply with study instructions;
• stated inability to attend or complete the proposed
course of intervention and follow-up schedule.
Figure 2 shows a diagram illustrating the expected flow of
participants through recruitment, assessment and intervention. A research nurse will identify potential participants at the Dunedin Hospital Orthopaedic Clinic point
of entry. The research nurse will initially screen each
potential participant against the inclusion and exclusion
criteria by chart review and questioning by telephone. We
will keep a screening log, recording the criteria eliminating all those found to be ineligible. Willing potential participants will be given an appointment at the Centre for
Physiotherapy Research, where researchers will obtain
informed consent and baseline measures.
Researchers at the Centre for Physiotherapy Research will
evaluate each potential participant against the inclusion
and exclusion criteria by clinical history, physical examination and review of self-report questionnaires. Participants will then be randomised (refer to randomisation
and allocation concealment, below).

In the event of recruitment numbers falling behind targets, we will seek ethical approval to recruit people with
hip or knee OA by advertising in the community. Previous
research indicates there may be no clinically or statistically
significant differences in most important baseline measures or mean effects of treatment between patients
referred by GPs for clinical consultation versus people
recruited from the community via newspaper advertisements [26].
Randomisation and allocation concealment
Participants will be randomised using TENALEA, which is
an online, central randomisation service, currently in
deployment phase with a grant from the e-TEN programme of the European Union (LSHC-CT-510736). This
Trans-European Network for Clinical Trial Service provides a secure randomisation service over the internet. The
TENALEA service will generate and hold the randomisation schedule. Allocation concealment will be ensured, as
the service will not release the randomisation code until
the patient has been recruited into the trial, which takes
place after all baseline measurements have been completed.

Randomisation will be stratified by condition (hip or
knee). Within each stratum, participants will be randomised to one of the four intervention groups using
block allocation. The block size will be subject to random
variation.
Blinding
Outcome assessors will be blind to group allocation, and
will not be involved in providing the interventions. The
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Figure 2of participant flow
Diagram
Diagram of participant flow. OA = osteoarthritis; RN = Research Nurse; CRA = Clinical Research Administrator; MT =
manual physiotherapy; Ex = exercise physiotherapy; GP = general medical practitioner.
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orthopaedic surgeons and GPs managing the participants'
care will be blind to group allocation; physiotherapists
delivering the intervention cannot. The participants will
be informed they are in a "physiotherapy" or the "usual
care" group, and the type of physiotherapy intervention
(manual, exercise, or both) will not be specified. The statisticians conducting the statistical analyses will be blind to
group allocation until the analyses are completed.
Interventions
Protocols for the physiotherapy interventions will be
described in a Manual of Standard Operating Procedures
(MSOP), available from the principal investigator (JHA).
Guidelines for individual tailoring of activity prescription
and progression will be described within these protocols.
Secondarily, additional interventions will be individually
tailored as needed, according to the results of a standardised physical examination that will include tests and
measures to assess impairments in physical function (e.g.
muscle strength, muscle length, joint range of motion).
Impairments revealed will be matched explicitly to interventions, described in the MSOP, intended to directly
address each impaired physical function. In this manner,
the plan of care for each patient is individually tailored
from a standardised menu of interventions, using a
defined algorithm, in the categories of 'exercise therapy'
and 'manual therapy' (described below). Individualised
home exercise instructions, plus compliance logs, will
also be provided. The methodology will therefore be consistent with the 'ideal standard of clinical practice' [12]
and the research designs of previous studies [16-18].

Participants randomised to receive trial physiotherapy
will receive nine treatment sessions: seven in the initial
nine weeks of the trial and two 'booster' sessions at week
16. Given the chronic, progressive nature of the disease,
we will recommend participants return to receive additional 'booster' doses of two sessions every four months,
as is recommended by current best evidence, previous
investigators and expert opinion [9,17,27,28].
Usual care
The control group will receive no trial physiotherapy. All
participants will continue to receive the usual, normal
routine care offered by their own GP and other healthcare
providers. In this way, this trial evaluates the effectiveness
of physiotherapy care in addition to usual medical care.

We will send a letter to each participant's GP informing
her or him that the patient is participating in the trial, but
will not reveal which group the patient is in and will
request that the GP not ask. We will also request that the
GP contact the researchers before adding physiotherapy to
the patient's plan of care during the trial. The researchers
will discourage contamination of the 'usual care only'
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group by referral to physiotherapy within the 9-week
intervention phase, however it would be unethical and
unreasonable to recommend physiotherapy be withheld
from the 'usual care only' group throughout the follow-up
period of the trial. We will measure potential contamination with non-trial physiotherapy by participant selfreport questionnaire.
All participants will continue to receive their usual care at
the Dunedin Hospital Orthopaedic Clinic, by consultant
orthopaedic surgeons blind to group allocation. Participation in the trial will not affect patients' prioritisation for,
or access to, joint replacement surgery.
Exercise physiotherapy
The exercise therapy protocol will primarily consist of a
multi-modal, supervised programme of warm-up/aerobic, muscle strengthening, muscle stretching, and neuromuscular control exercises. Secondarily, additional
exercise therapy interventions will be prescribed individually for each participant on the basis of the physical examination findings, from a limited list of interventions
defined in the MSOP. These will be informed by evidencebased best practice [5,9-13,16-18,29]. The protocol does
not allow therapist-applied manual forces. Participants
will be instructed in an individualised home exercise programme of warm-up/aerobic, muscle strengthening, muscle stretching, and neuromuscular control exercises as
detailed in the MSOP.
Manual physiotherapy
The manual therapy protocol will consist primarily of procedures intended to modify the quality and range of
motion of the target joint and associated soft tissue structures. Secondarily, additional manual therapy interventions will be prescribed individually for each participant
randomised to this intervention on the basis of the physical examination findings, from a limited list of interventions. These will be informed by evidence-based best
practice [16-19]. For our purposes, we define manual therapy as the application of therapist-applied manual forces
in procedures intended to modify the quality and range of
motion of the target joint and soft tissue structures. The
protocol does not allow muscle strengthening or neuromuscular control exercises. Participants will be
instructed in an individualised home exercise programme
of joint range of motion exercises.
Combination therapy
This protocol will consist of a combination of both exercise therapy and manual therapy interventions, as
described above.
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Outcome measures
Primary
The primary outcome will be disability at one-year followup using the WOMAC (Western Ontario and McMaster
osteoarthritis index). The WOMAC is a widely used, reliable, valid and responsive measure of outcome in people
with osteoarthritis of the hip or knee [30-32].

Using the assumptions above, a sample of this size will
have limited power of approximately 46% to detect an
interaction between exercise therapy and manual physiotherapy. However, these calculations may be conservative
since we have not incorporated the stratification variable,
or correlation between baseline and follow-up measures,
due to lack of prior information.

Secondary
We will also include the outcome measures recommended by OMERACT-OARSI guidelines [33,34]. These
require measures of pain, physical function and patient
global assessment. We will assess pain using the WOMAC
pain sub-scale and numeric pain rating scale [35]; physical function using the WOMAC physical function subscale; and patient global assessment using a 15-point global rating of change [36] (Table 1). We will also assess
change in physical performance tests: the timed up-andgo, 30-second sit-to-stand, and 40 metre self-paced walk
tests [32,37-39] and psychological function [40-42]. We
will assess overall health status using the SF-12 (Quality
Metric, Inc., Lincoln, Rhode Island, USA) [43], and will
measure health care consumption costs, including surgical interventions, by records audit and patient self-report
questionnaire [44]. We will track and classify adverse
events. We will continue to assess the American College of
Rheumatology criteria for the diagnosis of OA of the hip
or knee [22-24,45,46]; the New Zealand National Clinical
Priority System score [47] (where available); and exercise
compliance.

Data analysis
Analyses subsets
The primary analysis of the data will be undertaken using
the principle of intention-to-treat (ITT) [45]. Our ITT
analysis will include all participants, including those who
are not fully compliant and those with missing outcome
data. While we plan to implement procedures to minimise loss to follow-up and patient withdrawal, we expect
to observe some attrition. We plan to employ multiple
imputation to handle missing data in the analysis. Multiple imputation, compared to other case deletion strategies, can provide valid inferences with less restrictive
assumptions surrounding the mechanism for missing
data [52-54].

Follow-up
A summary of the follow-up schedule is shown in Table 1.
Assessments will be performed by researchers at baseline,
9 weeks, 6 months, 1 year, 2 years and, if future funding
permits, subsequent years.
Sample size
The primary endpoint in this trial is disability at 12
months, measured using the numeric rating scale version
of the WOMAC scale. We calculated the sample size to
detect a difference of 28 points for each of the main
effects, namely, exercise therapy versus no exercise therapy, and manual therapy versus no manual therapy. We
regard this as the minimum clinically important difference between groups in patients with moderate OA
[17,18,32,48-50]. Assuming a standard deviation of 50
points [17,18], and a type I error rate of 5%; a sample of
45 participants per intervention group (90 per row (Figure
1)) will be sufficient to detect the differences with approximately 95% power. With a sample of this size, the predicted width of the 95% confidence interval for each
intervention effect will be approximately ± 14.6 points
[51]. Allowing for 20% attrition, we plan to recruit 56 participants per group, providing a total of 224 participants.

As part of the secondary analyses, we plan to undertake
two per-protocol analyses for the primary outcome
(WOMAC composite score) at 12 months. The first analysis will include participants who did not have hip or knee
replacement surgery. The second analysis will include participants who complied with the intervention protocol;
where compliance will be defined as attendance of 80% of
scheduled intervention visits, 60% of prescribed home
exercise sessions in the intervention groups, and low contamination (less than 4 physiotherapy visits) in the comparison group.
Descriptive analyses at baseline
Descriptive statistics will be presented by intervention
group at baseline to investigate the comparability between
groups. This will include summary statistics of demographic, stratification, baseline measures of outcomes,
and other potential confounding variables.
Primary analysis
Descriptive statistics for the WOMAC scale will be presented for each intervention group at 12 months followup. We will evaluate the effectiveness of exercise therapy
and manual therapy on disability (WOMAC composite
score) at 12 months using analysis of covariance
(ANCOVA), a form of general linear model [55]. We will
include the baseline measure as a covariate in the model,
and include adjustment for the stratification variable
(condition), and pre-specified potential confounding factors: age, body mass index, baseline pain intensity, duration since first diagnosis, quadriceps muscle strength,
mental health, and self-efficacy [56]. These will be
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included regardless of whether baseline imbalance exists.
This approach has been chosen because confounder selection strategies that are based on collected data can result
in models with poor statistical properties [57-59]. This
will adjust appropriately for any baseline imbalance and
will provide the most powerful analysis [57,60]. Adjusted
estimates of intervention effect from this model will be
reported as the primary analysis in the trial publication.
Secondary analyses
Secondary analyses will be undertaken using general linear models to investigate the effectiveness of the interventions for the primary and secondary outcome variables at
9 weeks, 6 months, 12 months and 24 months. We will
include the same pre-specified confounding factors as in
the primary analysis, the stratification variable, and for
continuous outcomes collected at both baseline and follow-up, we will include the baseline measure of the outcome. In addition, estimates of the effectiveness of
exercise therapy and manual therapy from models that
only include the stratification variable and baseline measure of the outcome will also be presented.

We will report the event rates for joint replacement surgery and the OMERACT-OARSI responder criteria [33,34],
and the number needed to treat (NNT) statistics. Logistic
regression methods and Cox's proportional hazards
model will be used to compare the risk of joint replacement for each of the interventions at 12 month and 24
month follow-up. These models will include adjustment
for the stratification variable.
The effect of the interventions over time will be compared
using linear mixed models. These models appropriately
adjust for correlation that occurs from collecting multiple
observations per participant.
Finally, we will investigate (i) if there is an interaction
between the two interventions for the primary outcome at
12 months, and (ii) if the effects of the two interventions
differ by the condition (hip or knee osteoarthritis). For
these analyses we will include appropriate interaction
terms in the models [20,21]. The trial is not powered to
detect these interactions and is likely to have poor precision for the interaction terms. We plan to report regression coefficients for the interaction terms and their 95%
confidence intervals.
No statistical adjustment will be made for multiple testing. All tests will be two-sided and carried out at the 5%
level of significance. Changes to the study design or analysis plan will be documented with full justification.
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Economic evaluation
We will assess the incremental costs and the economic
consequences of delivering the manual therapy and exercise programmes compared with usual care alone according to established methods for the analysis of patient-level
data [61]. We will estimate all health care consumption
and costs from a societal perspective using patient selfreport questionnaires, and verify hospital admissions
from hospital records [62]. We will report incremental
cost-utility ratios using quality-adjusted life-years derived
from SF-12 scores using appropriate preference weightings [63,64].
Trial organisation
Trial co-ordination and trial progress
The MOA Trial Team membership is listed in Table 2. The
principal investigator will co-ordinate the trial with the
assistance of a Clinical Research Administrator (CRA) and
chair regular meetings of the field team and co-investigator group. The co-investigators will monitor and support
the progress of the trial. The principal investigator and the
field team (i.e. physiotherapists, outcome assessors,
research nurse and CRA) will design the case reporting
forms and MSOPs, with advice from the clinical advisors
(Table 2), based on the best evidence available [5,9-14,1619,29]. The principal investigator and CRA will manage
the data flow, recording and storage.

The principal investigator will instigate and co-ordinate
the training of the field team and perform audits of procedures throughout. Off-protocol and adverse event reports
will be monitored monthly. Each adverse event will be
independently adjudicated by two members of the MOA
Trial team, blind to participant group assignment, with a
third member to adjudicate in the event of disagreement.
Events will be reported to the Data and Safety Monitoring
Board.
Data and safety monitoring
Data and safety monitoring will initially be referred to the
Data and Safety Monitoring Board of the Health Research
Council of New Zealand. Should the Board consider the
risks low and/or the recruitment period short, they may
refer responsibility back to the MOA Trial Team. In this
event, we will set up a panel comprising the co-investigators, selected international advisors, and an independent
member to which the principal investigator will report
regularly.

In the event that more than one serious adverse event of
any type or class occurs that was avoidable and related to
the physiotherapy programmes, we will suspend the trial.
If the cause of the events cannot be determined, reconciled or remediated, we will terminate the relevant arms of
the trial.

:0;9!<!4=!'"
'($)*+,-./*"+,01+20"+3#1$1#0,+(-"(0&*&4

!"#$%&!"##$%!!"&''

())*&++,,,-)./012345.601-748+746)96)+'#+'+''

Table 2: The MOA Trial team

Name

Role on trial team

Affiliation

Dr J. Haxby Abbott
Professor G. David Baxter
Professor A. John Campbell
Associate Professor M. Clare Robertson
Associate Professor Jean-Claude Theis
Associate Professor Peter Herbison
Joanne E. McKenzie
Professor Jeffrey Basford
Associate Professor G. Kelley Fitzgerald
Associate Professor Timothy Flynn
Associate Professor Julie Fritz
Dr Deidre Hurley-Osing
Debra McNamara
Catherine Chapple
Dr Daniel Pinto
Dr Alexis Wright
Martin Kidd
Chris Higgs
Jessica Smith
Steve Tumilty
Dr Ewan Kennedy
Dr Rhiannon Braund
Associate Professor Josh Cleland
Associate Professor Chad Cook
Dr John Dockerty
Associate Professor Paul Hansen
Professor Helen Nicholson
Dr Julie Whitman

Principal investigator
Co-investigator
Co-investigator; consultant geriatrician
Co-investigator; statistical analyst, economic evaluation
Co-investigator; consultant orthopaedic surgeon
Statistician
Statistician
Research advisor
Research and clinical advisor; advisor to PhD candidate
Research and clinical advisor; advisor to PhD candidate
Research advisor; advisor to PhD candidate
Research advisor
Research nurse
PhD candidate; outcome assessor
PhD candidate, economic evaluation; outcome assessor
PhD candidate; outcome assessor
Physiotherapist
Physiotherapist
Physiotherapist
Physiotherapist
Physiotherapist
Advisor to PhD candidate
Advisor to PhD candidate
Advisor to PhD candidate
Advisor to PhD candidate
Health economist; advisor to PhD candidate
Advisor to PhD candidate
Clinical advisor

University of Otago
University of Otago
University of Otago
University of Otago
University of Otago
University of Otago
University of Otago; Monash University
Mayo Clinic
University of Pittsburgh
Regis University
University of Utah
University College Dublin
University of Otago
University of Otago
University of Otago
University of Otago
University of Otago
University of Otago
University of Otago
University of Otago
University of Otago
University of Otago
Franklin Pierce College
Duke University
University of Otago
University of Otago
University of Otago
Regis University

Data quality assurance
To enhance the accuracy of the data we will use optical
mark recognition technology (Remark™, Gravic, Inc., Malvern, PA, USA) to transcribe data from paper forms to a
spreadsheet, which will input data directly into a relational database (FileMaker Pro™, FileMaker, Inc., Santa
Clara, CA, USA) based on a server in the Division of
Health Sciences, University of Otago. These methods enable transcription error to be minimised and eliminate the
need for manual double entry.
Intervention fidelity
Clinician adherence to the intervention protocols will be
ensured by collaborative development of the protocols
during a 3-day planning and training retreat, protocolbased delivery, a comprehensive MSOP, field training,
structured recording forms, monthly field team meetings,
audit, observation, feedback, and participant interviews.
Publication policy
We will submit the results of the trial for publication in an
appropriate journal irrespective of outcome. We will
report the trial in accordance with the CONSORT statements [65-67]. The principal investigator will be responsible for timely generation of report manuscripts, and prior

to submission the co-investigators will review and
approve study results papers arising from the MOA Trial.
The principal investigator must approve manuscripts arising from sub-studies nested within the MOA Trial programme. Authorship of manuscripts, presentations and
reports related to the MOA Trial programme will comply
with the ICMJE "Uniform Requirements for Manuscripts
Submitted to Biomedical Journals" [68]. Other significant
contributors to the conduct of the MOA Trial will be individually named under the umbrella "the MOA Trial
Team" (Table 2).
Timetable for the MOA Trial
June 2007 – Grant awarded by the Health Research Council of New Zealand

November 2007 – Ethical approval granted by the Lower
South Regional Ethics Committee of the New Zealand
Ministry of Health
10 March 2008 – Recruitment starts
March 2009 – Recruitment completed
March 2009 – First participant completes 1-year follow-up
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March 2010 – Last participant completes 1-year follow-up
June 2010 – Analysis and publication of 1-year data – re:
specific aims 1 & 2. Preliminary report of specific aim 3
March 2011 – Last participant completes 2-year follow-up
June 2011 – Analysis and publication of 2-year data – re:
specific aim 3, longer-term report of specific aims 1 & 2.
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ABSTRACT
Introduction: Clinical guidelines for the treatment of
hip and knee osteoarthritis recommend nonpharmacological and non-surgical treatments. Exercise
treatments are recommended as primary strategies,
but specific exercise programme components have not
been specified. Early evidence indicates that manual
physiotherapy is effective for hip and knee
osteoarthritis. The Management of Osteoarthritis
(MOA) Trial was designed to evaluate the effectiveness
and cost-effectiveness of physiotherapist-led,
individualised exercise, manual physiotherapy and
a combination of these two interventions in the
treatment of adults with hip or knee osteoarthrits. This
paper describes the methods that will be used to
conduct the economic evaluation of these
interventions within the MOA Trial.
Methods and analysis: This comprehensive
economic evaluation will assess the incremental costeffectiveness of physiotherapy plus usual care versus
usual care alone from a societal perspective. The
authors will conduct a cost-consequences analysis
using end-points such as Outcomes Measures in
Rheumatology Clinical TrialsdOsteoarthritis Research
Society International responder criteria and qualityadjusted life years. The evaluation will have a time
horizon of 1 year (and so discounting will not be
necessary). All costs will be reported in 2009 New
Zealand dollars. The authors will address uncertainty
via bootstrapping to calculate CIs for the mean
incremental cost-effectiveness ratios and by
performing sensitivity analyses.
Ethics and dissemination: Ethical approval was
granted by the Lower South Regional Ethics Committee
of the New Zealand Ministry of Health (ethics reference:
LRS/07/11/044). All participants of the MOA Trial
provided written informed consent for the capture of
their healthcare costs. We will submit the results of the
study for publication irrespective of outcome.

Clinical trials registration
number: ACTRN12608000130369.
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INTRODUCTION
From a public-health viewpoint, hip and knee
osteoarthritis (OA) are considered to be the
most important musculoskeletal disorders
based on their prevalence and associated
disability.1 2 In New Zealand, 14.8% of adults
are diagnosed as having arthritis,3 and OA is
the sixth largest burden of disability.4
Primary total hip and total knee arthroplasties increased in New Zealand by 14%
and 27% respectively between 2004 and
2008.5 Public hospital inpatient costs related
to hip and knee OA were estimated to be
$NZ63.8 million in 2005. Direct health-sector
costs for 2005 were 0.39% of GDP, and indirect costs were estimated to be up to three
times this amount.6 As New Zealand’s population ages, these estimates are expected to
rise.7
With the aim of addressing the rising
burden of hip and knee OA, treatment
strategies and guidelines have been developed.8e11
Although
joint-replacement
surgeries are considered to be good value for
money,12 13 they are usually only recommended after more conservative treatments
have been exhausted.8 11 Also, owing to the
risk of complications, alternatives to pharmacological treatment are sometimes
preferred.14 Non-pharmacological, nonsurgical treatments such as aerobic and
strengthening exercises are included in
current guidelines as primary treatments;
however, the best means of delivering these
exercises has not been specified.8 10 11
Promising, but limited, evidence has
emerged for the effectiveness of other nonpharmacological, non-surgical treatments
such as manual physiotherapy. For patients
with hip OA, manual physiotherapy has been
1
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ARTICLE SUMMARY
Article focus
-

-

-

As osteoarthritis of the hip or knee is one of the most
common causes of disability worldwide, the economic
burden to health systems and society is high.
There is a need to establish the economic efficiency of
conservative interventions recommended as primary
treatments for patients with hip or knee osteoarthritis.
This protocol paper outlines the methods for investigating
and reporting the cost-effectiveness of supervised
exercise physiotherapy, manual physiotherapy and
a combination of these two interventions, for treating
hip or knee osteoarthritis.

Key messages
-

-

-

This is the protocol for the economic evaluation of two
interventions within a randomised controlled trial.
Economic evaluations within randomised controlled trials
provide decision-makers with information about an
intervention’s efficiency.
The results of this trial and the associated economic
evaluation will allow stake-holders to make more
informed decisions about the optimal allocation of
resources for treating hip or knee osteoarthritis.

Strengths and limitations of this study
Strengths
-

This protocol paper will ensure the methods used in the
economic evaluation are transparent. The economic
evaluation is within a pragmatic trial design, thereby
enhancing external validity and allowing the intervention’s
value for money to be assessed in a real-world scenario.

Limitations
-

We applied a definition of disease-related healthcare use
in an effort to reduce variability in the cost estimate, and
this precluded the estimation of total healthcare costs.

shown to be superior to a comprehensive exercise
programme.15 For patients with knee OA, the combination of manual therapy and exercise achieved superior
results when compared with a placebo control16 and
a home exercise programme.17
The Management of OsteoArthritis (MOA) Trial was
designed as a 232 factorial randomised controlled trial
investigating the effectiveness and cost-effectiveness
of both a multimodal, individualised, supervised exercise programme and an individualised manual therapy
programme, compared with usual healthcare alone
for the management of pain and disability in adults
with hip or knee OA.18 The purpose of this paper is
to describe the methods for the economic evaluation
conducted in conjunction with the MOA Trial.
A detailed description of the MOA Trial and
methods for the clinical evaluations are reported
elsewhere.18
METHODS AND ANALYSIS
Study question
From the viewpoint of (a) society and (b) the New
Zealand health system, is a programme of exercise
2

therapy or manual physiotherapy, or a combination of
the two, in addition to usual care, cost-effective
compared with usual care alone in the treatment of hip
or knee OA?
Participants
All MOA Trial participants will be included in this analysis. All participants had OA of the hip or knee as
defined by the American College of Rheumatology
criteria.19 20 They gave signed, informed consent before
baseline assessments were undertaken.
Description of interventions
The interventions in the MOA Trial are delivered in
addition to usual care. A physiotherapist delivers the
interventions as individualised treatments during nine
1 h clinic visits. The treatments include exercise therapy,
manual physiotherapy and a combination of these two
interventions.18
Exercise therapy (Ex) consists of a multimodal
programme of warm-up/aerobic, muscle strengthening,
muscle stretching and neuromuscular control exercises.18 A limited list of additional exercises is available to
treating physiotherapists for exercises to be individualised to patients based on the findings of physical
examinations.18
Manual therapy (MT) is defined as the delivery of
manually applied forces through procedures intended to
modify the quality and range of motion of the target
joint and surrounding soft tissues.18 The primary manual
therapy procedures are prescribed from the intervention
protocol, and a limited list of secondary procedures is
available to treating physiotherapists based on the
physical examination findings.
Combination therapy (Ex+MT) consists of a combination of the exercise and manual physiotherapy treatments described above.
The comparator, ‘usual care,’ is defined as the status
quo mixture of interventions for treating hip or knee OA
found in community practice in the metropolitan region
surrounding Dunedin, New Zealand.21 The benefit of
usual care as a comparator is that it has the potential to
represent the current real-world situation for decisionmakers.21 The 6-month and 12-month follow-up questionnaires were designed to capture the use of various
interventions available to participants in community
practice.
Type of economic evaluation
This study is a comprehensive economic evaluation
conducted alongside a randomised controlled trial. It is
a cost-effectiveness analysis that will follow multiple
endpoints (described below), also referred to as a costconsequences analysis.22 The main outcomes will be
healthcare costs related to OA and a general measure of
health-related quality of life (HRQoL) for each intervention compared with usual care, expressed as incremental cost-effectiveness ratios. Clinically relevant
criteria, such as the Outcomes Measures in Rheumatology

Pinto D, Robertson MC, Hansen P, et al. BMJ Open (2011). doi:10.1136/bmjopen-2011-000136

Protocol for economic evaluation of physiotherapy versus usual care for hip or knee OA
Clinical TrialsdOsteoarthritis Research Society International (OMERACT-OARSI) responder criteria, have been
suggested for use in economic evaluations of treatments
for OA.23
Health-related quality of life and quality-adjusted life years
The Medical Outcomes Study-Short Form 12 (SF-12v2)
will be used to assess patient health. This general
HRQoL measure was converted to a six-dimensional
health state classification (SF-6D) by Brazier and Roberts
using utility weights from the UK population.24 The SF6D allows for the estimation of a single preference-based
index, the quality-adjusted life year (QALY), which is
recommended as a generic measure of benefit across all
cost-effectiveness analyses.21 25 A QALY is a year of life
experienced with a particular HRQoL as represented on
a scale from 0 to 1, where 0¼death and 1¼full health. No
negative values indicating health states considered worse
than death are possible using the SF-6D. The mean
QALYs for each group will be estimated, controlling for
baseline utility as recommended by Manca et al.26
Responder criteria
The OMERACT-OARSI set of responder criteria considers
both absolute and relative changes in pain or function.27
An individual is considered a responder to a treatment if
one of two criteria is met: (1) improvement ($50% and an
absolute change is $20%) in pain or function or (2)
improvement ($20% and absolute change $10%) in two
of the following three areas: pain, function and patient’s
global assessment. The MOA Trial captured the pain
domain using the numerical pain-rating scale, the function domain using the Western Ontario and McMaster
osteoarthritis index, and the patient’s global assessment
using the global rating of change.18
Perspective
The perspective determines the point of view from which
opportunity costs are defined and measured.28 The
societal perspective will be used in this study, as it is the
broadest possible and is recommended as the reference
case.21 29 In addition, we will report direct medical costs
and cost-effectiveness from the perspective of the New
Zealand health system.
Time horizon
We will use a 1-year time horizon for this analysis.
Drummond and colleagues reported that this is a suitable time horizon for symptom-modifying interventions
in the treatment of OA.23 We will also later report
a 2-year time horizon as a secondary analysis, to investigate assumptions regarding the duration of effects.18
Identification of resource use and price weights
The cost of delivering the physiotherapy intervention
will be calculated by identifying the number of times
each participant, randomised to one of the treatment
groups, attended physiotherapy treatment. We will then
calculate the cost of this service by applying the unit cost

of a single treatment visit ($NZ 64.00) to the number of
visits attended. The cost of the home exercise booklets
will also be included in the cost of the treatment groups.
Because questioning the patient directly about transportation costs for clinic visits would have unblinded the
assessor to group allocation (physiotherapy vs usual
care), transportation costs will be calculated by multiplying the return distance from the participant’s place of
residence using Google Maps (http://maps.google.
com/), at the University of Otago’s reimbursement rate
of $NZ 0.83 per kilometre.
The Osteoarthritis Cost-and-Consequences Questionnaire was designed to capture healthcare use,
co-payments and out-of-pocket expenses related to hip
or knee OA over the preceding 3-month period.30 The
questionnaire was developed on the basis of existing
tools and recommendations31e33 with input from
experts in public health, health economics, pharmacy
and physiotherapy. Healthcare services with the potential to contribute substantially to the cost of OA, such as
joint-replacement surgery, were presented in detail to
improve recall.32 34 The MOA Trial protocol includes
administering this questionnaire at baseline and at 6, 12
and 24 months.
Price weights (unit costs) will be applied to the quantity
of health services reported. Price weights for public
hospital-based inpatient services will be based on New
Zealand’s case-mix framework for publically funded
hospitals for the fiscal year 2008/2009: the Weighted
Inlier Equivalent Separations (WIES), with Amendments
for New Zealand from Version 11C to Version WIESNZ,
2008 (WIESNZ08). We will multiply medical and surgical
purchase units of $NZ3983.33 by inpatient service case-weights to obtain the cost of inpatient services. Emergency visits and specialist visits will be valued according to
the hospital’s volume schedule from its funder. Price
weights for medical imaging will be calculated as
a combination of the relative value unit of the procedure
and the reimbursement amount from the imaging
contract between the hospital and ACC (Accident
Compensation Corporation, New Zealand’s no-fault
insurance scheme for work and non-work injury events).
Private hospital-based services such as joint-replacement
surgery, specialist visits and radiology will be valued at the
amount the hospital charges for these services.
Price weights from the New Zealand Pharmaceutical
Schedule will be applied to the quantity of medications
reported in the questionnaire. This will be done by
extrapolating the daily quantities reported for each
medication out to 3 months and then multiplying the
3-month quantities by the relevant subsidy as reported
in the New Zealand Pharmaceutical Schedule.35 Overthe-counter medications will be valued at the average
market price for each medication from an average of at
least three vendors (ie, supermarkets, pharmacies,
health food stores) in the area.
Transportation costs will be captured by participantreported taxi or bus charges incurred. Or, if a private car
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is used, a cost per kilometre of $NZ0.83 will be applied
to the reported/calculated distance travelled. We will ask
participants to report their mileage; however, if they are
unable to do so, we will ask where they travelled from
and the distance will be calculated via Google Maps
(http://maps.google.com/).
The Osteoarthritis Cost-and-Consequences Questionnaire asks participants to report lifestyle adaptations,
aids and adaptations, and the out-of-pocket costs associated with any of these changes. For the societal
perspective, we will capture work loss as a result of OA.
When quantifying productivity losses, we will use the
friction-cost method, which only counts productivity loss
for the time it takes to replace a worker.36 We will apply
a 6-month friction period to a participant’s loss of
productivity during the MOA Trial.37 In the questionnaire, participants also report their absences from work
during the past month due to OA and the total
work time lost as a result of OA-related interventions
such as total joint replacement. We will apply individual
participant wage rates to lost time.
Because follow-up will be limited to 1 year, discounting
(to recognise the differential timing of costs and benefits) will not be necessary for this economic evaluation.
The quantity of resources used for each cost domain will
be reported separately from the cost. All costs in this
study will be expressed in 2009 New Zealand dollars
($NZ) exclusive of government goods and services tax ;
in 2009 $NZ1 z £0.43.
Study boundaries
This study will include the impact on family members
and friends of helping participants cope with their
OA. Family members’ and friends’ travel costs and
lost productivity from accompanying participants for
OA-related healthcare visits, and any other costs
incurred helping participants (provided the assistance is
OA-related), will be derived from asking participants to
estimate these amounts. Only OA-related costs will be
used for the analysis of the MOA Trial due to the
comorbidities that are abundant in the OA population,38
and the variance that is likely to be produced within the
cost estimate as a result of including comorbidities.
Participants will be encouraged to define a GP or
hospital visit as OA-related if it is a follow-up for their hip
or knee complaints, if a significant part of the visit is
devoted to their hip or knee complaints, or if the doctor
renews OA-related prescriptions. In addition, visits that
are a result of complications from OA-related management will also be captured; for example, visits to
a gastroenterologist because of gastrointestinal
complaints while on non-steroidal anti-inflammatory
medications will be counted as ‘OA-related.’
Willingness-to-pay thresholds
Countries such as New Zealand have been observed to
use funding-decision thresholds that are close to twice
the GDP per capita.39 However, agreed-upon maximum
4

willingness-to-pay thresholds can vary from one to three
times GDP per capita.21 40 Hence, one, two and three
times GDP per capita will be used as policy-relevant
willingness-to-pay thresholds in our analyses.
Statistical analysis
The comparison of costs between the physiotherapy
groups and usual care will be carried out using both
univariate and multivariable analysis. The univariate
analysis of cost data will be conducted using one-way
analysis of variance. If our cost data violate the assumptions of parametric statistics, non-parametric methods of
analysing group means will be used.41 Non-parametric
bootstrapping will be used for comparing means and
calculating CIs of cost data that violate parametric
assumptions.25 42 Multivariable analysis of cost data will
be performed in an attempt to improve the power for
tests of difference between groups by explaining variation owing to other causes.25 43 The multivariable analysis will include baseline costs and effects as covariates in
the model and these prespecified potential confounding
factors: age, body mass index, baseline pain intensity,
duration since first diagnosis, quadriceps muscle
strength, mental health and self-efficacy.18 A variety of
statistical models can be used for the multivariable
analysis of cost data; each has its strengths and weaknesses depending on the distribution of costs in the
study.43 If no single model appears most appropriate, the
results from a number of different models will be
reported.43
Missing data will be addressed by a multiple imputation approach to reflect the uncertainty present when
replacing missing data. We will consider censored data if
more than 10% of data are lost to follow-up owing to any
cause other than a participant’s death. We will calculate
the percentage of censored data based on the number of
censored assessments relative to the total number of
potential assessments. If censored data need to be
addressed, the censoring mechanism will be defined
(missing completely at random, missing at random or
missing not at random) and the appropriate statistical
method used.25 43
Summary measures will be presented along with
sampling uncertainty to describe the best estimate of the
costs and effects of the treatment groups in relation to
the comparator. We will calculate the incremental costeffectiveness ratios by dividing the incremental cost by
the incremental health benefit (ie, (CostsPTeCostsUC)/
(EffectsPTeEffectsUC)) for the combined physiotherapy
(PT) groups and usual care (UC), and for each physiotherapy treatment group, Ex, MT and MT+Ex versus UC.
The incremental differences between these groups
will be reported. CIs will be calculated for the incremental cost-effectiveness ratios, and cost-effectiveness
acceptability curves will be calculated to determine the
likelihood that physiotherapy will be considered costeffective using one, two and three times GDP per capita
as policy-relevant willingness-to-pay thresholds.
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Sensitivity analysis
Although uncertainty will be addressed through the use
of robust imputation procedures, calculation of CIs and
calculation of cost-effectiveness acceptability curves,
assumptions also need to be considered in sensitivity
analyses. Price weights used in our analyses will combine
weights that are generalisable to the New Zealand
population and others that are peculiar to the Dunedin
metropolitan area. Medical products, appliances and
equipment costs that are peculiar to the Dunedin
metropolitan area will be decreased by 2.5% to 28% to
reflect the difference in cost for these services in
different regions in New Zealand based on 2007 and
2010 health-expenditure data from Statistics New
Zealand.44 The cost of outpatient services, including our
physiotherapy interventions, will be increased by 33.6%
and decreased by 12.3% to reflect the difference in
outpatient costs between different regions in New
Zealand.44
Uncertainty can also arise from the choice of model
for the multivariable analysis of costs.43 We will develop
several multivariable models to assess this effect on the
cost estimate. If model choice leads to a significant
variation in results, multiple models for the analysis of
costs will be presented.
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Objective: To evaluate the clinical effectiveness of manual physiotherapy and/or exercise physiotherapy in
addition to usual care for patients with osteoarthritis (OA) of the hip or knee.
Design: In this 2 ! 2 factorial randomized controlled trial, 206 adults (mean age 66 years) who met the
American College of Rheumatology criteria for hip or knee OA were randomly allocated to receive manual
physiotherapy (n ¼ 54), multi-modal exercise physiotherapy (n ¼ 51), combined exercise and manual
physiotherapy (n ¼ 50), or no trial physiotherapy (n ¼ 51). The primary outcome was change in the
Western Ontario and McMaster osteoarthritis index (WOMAC) after 1 year. Secondary outcomes included
physical performance tests. Outcome assessors were blinded to group allocation.
Results: Of 206 participants recruited, 193 (93.2%) were retained at follow-up. Mean (SD) baseline
WOMAC score was 100.8 (53.8) on a scale of 0e240. Intention to treat analysis showed adjusted reductions in WOMAC scores at 1 year compared with the usual care group of 28.5 (95% conﬁdence interval
(CI) 9.2e47.8) for usual care plus manual therapy, 16.4 (#3.2 to 35.9) for usual care plus exercise therapy,
and 14.5 (#5.2 to 34.1) for usual care plus combined exercise therapy and manual therapy. There was an
antagonistic interaction between exercise therapy and manual therapy (P ¼ 0.027). Physical performance
test outcomes favoured the exercise therapy group.
Conclusions: Manual physiotherapy provided beneﬁts over usual care, that were sustained to 1 year.
Exercise physiotherapy also provided physical performance beneﬁts over usual care. There was no added
beneﬁt from a combination of the two therapies.
Trial registration number: Australian New Zealand Clinical Trials Registry ACTRN12608000130369.
! 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction
Non-pharmacological, non-surgical interventions, primarily
exercise therapy and more recently manual therapy, are recommended as the ﬁrst line of treatment for hip and knee osteoarthritis
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(OA). However there is little evidence for the long-term effectiveness of exercise therapy, and there is insufﬁcient evidence on the
effectiveness of manual therapy1.
It is well established that various forms of exercise are effective
in reducing pain and increasing physical function in people with
hip or knee OA. However, there is little knowledge about which
forms of exercise provide the greatest and most enduring beneﬁt,
with few studies having followed participants to or beyond 12
months2,3.
New developments in manual physiotherapy have demonstrated
promising improvements in pain and physical function for hip and
knee OA4e7, but effectiveness has not yet been established8,9.

1063-4584/$ e see front matter ! 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Manual therapy is intended to improve musculoskeletal function
and pain by addressing impaired kinematics of the joint, which in OA
can be affected by joint capsule contracture, loss of periarticular
ﬂexibility, and increased intracapsular pressure10. On the strength of
just one randomised clinical trial, the 2008 NICE clinical guideline
for OA recommends that manual therapy should “be considered an
adjunct to core treatment” for hip OA1. No randomized controlled
trial has investigated the beneﬁts of manual therapy in addition to
usual care alone, in patients with hip or knee OA.
The Management of OsteoArthritis (MOA) Trial investigated the
long-term effectiveness of: (1) an individualised manual physiotherapy programme in addition to usual care; (2) a multi-modal,
individualised, supervised exercise physiotherapy programme in

addition to usual care; and (3) a combination of both programmes
in addition to usual care; compared with usual care only, for the
management of pain and disability in adults with hip or knee OA.
Methods
Trial design
This was a 2 ! 2 factorial randomized controlled trial with a 1-year
follow-up (Fig. 1). The trial protocol has been published in advance11
and the trial was registered on the Australian New Zealand Clinical
Trials Registry ACTRN12608000130369. The study was approved by
the Lower South Regional Ethics Committee of the New Zealand

Fig. 1. Flow of participants through the trial. Note: all participants continued to receive usual medical care throughout the trial.
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Ministry of Health (ethics reference: LRS/07/11/044) and complies
with the Declaration of Helsinki.
Participants
We recruited participants through two sources: (1) general
practitioner (GP) referral of patients with hip or knee OA, and (2)
patients referred by their GP to a hospital orthopaedic outpatient
clinic for an orthopaedic consultation to consider hip or knee joint
replacement surgery. We recruited only patients not waitlisted for
surgery. We assured participants that involvement in the trial
would not affect their potential future access to the joint replacement waiting list. Recruitment took place in Dunedin, New Zealand.
To be eligible, participants were required to meet clinical criteria
for diagnosis of OA of the hip or knee established by the American
College of Rheumatology12e14. Exclusion criteria were rheumatoid
arthritis; previous knee or hip joint replacement surgery of the
affected joint; any other surgical procedure on the lower limbs in
the previous 6 months; surgical procedure on the lower limbs
planned in the next 6 months; initiation of opioid analgesia or
corticosteroid or analgesic injection intervention for hip or knee
pain within the previous 30 days; physical impairments unrelated
to the hip or knee which would prevent safe participation in exercise, manual therapy, walking or stationary cycling; inability to
comprehend and complete study assessments or comply with
study instructions; or stated inability to attend or complete the
proposed course of intervention and follow-up schedule11.
Procedures
A research nurse contacted then screened each potential participant against the inclusion and exclusion criteria by chart review
and questioning by telephone. Potential participants attended an
appointment, where we conﬁrmed eligibility and obtained written
informed consent and baseline measures.
Randomisation and allocation concealment
After baseline assessment, participants were randomised using
TENALEA, an online randomisation service15. Randomisation was
stratiﬁed by condition (hip or knee). Within each stratum, participants were randomised to one of the four intervention groups using block allocation. The block size was subject to random variation.
The TENALEA service generated and held the randomisation
schedule, ensuring allocation concealment.
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Manual physiotherapy
The manual therapy protocol consisted of procedures intended
to modify the quality and range of motion of the target joint and
associated soft tissue structures. Additional manual therapy interventions were prescribed individually for each participant
randomised to this intervention on the basis of the physical examination ﬁndings, from a limited list of interventions deﬁned in
our protocol (see Appendix 1). In addition we prescribed a home
programme of joint range of motion activities to be completed
three times per week. The manual therapy protocol did not provide
or prescribe aerobic, strengthening or neuromuscular control
exercises.
Exercise physiotherapy
The exercise therapy protocol consisted of a multi-modal, supervised programme of warm-up/aerobic, muscle strengthening,
muscle stretching, and neuromuscular control exercises. Additional
exercise therapy interventions were prescribed individually for
each participant on the basis of the physical examination ﬁndings,
from a limited list of interventions (see Appendix 1). In addition we
prescribed a home exercise programme to be completed three
times per week. The exercise therapy protocol did not allow
therapist-applied manual forces.
Combination therapy
This consisted of a combination of both manual therapy and
exercise therapy interventions, as described above.
Physiotherapy sessions
Each participant in one of the three intervention groups attended nine treatment sessions of approximately 50 min: seven in the
initial 9 weeks of the trial and two ‘booster’ sessions at week 16.
The interventions were provided at a university research clinic.
Registered physiotherapists employed by the institution were eligible to be providers, were integral to the development of the
therapy protocols over 3 days, and were additionally provided with
approximately 6 h training. Six physiotherapists provided interventions. Audits were conducted of provider adherence to
therapy protocols.
Outcome measures
Primary
The primary outcome was change in the composite Western
Ontario and McMaster osteoarthritis index (WOMAC) at 1-year
follow-up17.

Blinding
Outcome assessors were blind to group allocation, and were not
involved in providing the interventions. The orthopaedic surgeons
and GPs managing the participants’ care were blind to group allocation. The statisticians conducting the statistical analyses were
blind to group allocation until after the analyses were completed.
Interventions
Usual care
All participants continued to receive routine care offered by
their own GP and other healthcare providers. No trial interventions
were provided. We neither inﬂuenced nor restricted GPs’, surgeons’, other practitioners’ or participants’ use of other interventions (although we did monitor it, and report this separately
in the economic evaluation conducted alongside this trial16).
Participants allocated to the active intervention groups received
the following interventions in addition to usual care.

Secondary
Secondary outcome measures, recommended by Outcome
Measures in Rheumatoid Arthritis Clinical Trials e Osteoarthritis
Research Society International (OMERACTeOARSI) guidelines,
included measures of pain, physical function and patient global
assessment18e21. Physical function was assessed using the timed
up and go test, 30-s sit to stand test, and 40 m self-paced walk
test22e25. We assessed change in these outcomes from baseline to
1-year follow-up.
We classiﬁed participants as OMERACTeOARSI responders or
non-responders18,19. The OMERACTeOARSI responder criteria are
(1) !50% improvement in pain or function and an absolute
improvement of !20, or (2) improvement in at least two of the
following three scores: pain !20% and absolute change !10;
function !20% and absolute change !10; global assessment !20%
and absolute change !10. We calculated OMERACTeOARSI
response using the WOMAC pain and WOMAC function subscales,
and the global rating of change instrument21. We recorded the
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event rates for joint replacement surgery in each group, and veriﬁed these with the New Zealand National Joint Register26. We
tracked and classiﬁed adverse events, deﬁned according to the
World Health Organization (adapted from WHO adverse event
report and serious adverse event forms).
Follow-up
Assessors blind to group allocation performed assessments at
baseline, 9 weeks, 6 months and 1 year.
Sample size
We calculated the sample size to detect a minimum clinically
important difference of 28 WOMAC points for each of the main
effects, namely, manual therapy vs no manual therapy, and exercise
therapy vs no exercise therapy27,28. We assumed a standard deviation (SD) of 50 points4,5 and a type I error rate of 5%. These assumptions estimated a sample of 180 participants would be needed
to detect the main effects with approximately 95% power, providing
46% power to detect an interaction and 75% power for cell-by-cell
analysis of the active interventions vs control. Allowing for 20%
attrition, we planned to recruit 224 participants. Eleven months
after the start of the trial, based on higher than expected retention
rates at follow-up, a new sample size calculation showed that,
allowing for 10% attrition, only 200 participants were required.
Statistical methods
Analyses subsets
Our initial analysis used the intention-to-treat principle, however as joint replacement surgery is a major confounding, nonstudy intervention, we planned analysis of data for all participants who did not have hip or knee replacement surgery during the
1-year follow-up period. All participants were followed and
assessed through to the conclusion of the trial, irrespective of
completing the study interventions or having joint replacement
surgery. Missing data were replaced by multiple imputation using
mi in the statistical software package Stata (StataCorp)29e32. We
followed procedures to determine if missing data were ‘missing
completely at random’, and missing data patterns were examined
to determine appropriate strategies for imputation of each variable.
For each variable with missing values, 36 imputations of missing
values were generated. Estimates were checked to verify that
imputed values did not deviate signiﬁcantly from observed data in
mean value, SD, minimum and maximum values.
Primary analysis
We evaluated the effectiveness of exercise therapy vs no exercise therapy and manual therapy vs no manual therapy on patientreported outcome (WOMAC composite score) at 1 year using
methods recommended for factorial trials, including investigation
of whether there was an interaction between the two interventions33e35. We used general linear regression models
adjusted for baseline WOMAC score, stratiﬁcation variable (hip or
knee condition), and pre-speciﬁed potential confounding factors at
baseline11,36: age, body mass index, number of years since symptom
onset, quadriceps muscle strength (measured in kg by hand-held
dynamometer), mental health (using the two question depression
screening test and classiﬁed as low risk or elevated risk: score ¼ 0,
score ¼ 1 or 2, respectively)37, and self-efﬁcacy assessed using the
pain belief screening instrument (PBSI)38,39.
While adjusted effects were the primary analysis we also report
unadjusted estimates. All tests were two sided with a 5% level of
signiﬁcance. No statistical adjustment was made for multiple
testing.

Secondary analyses
Secondary analyses of the primary outcome measure (WOMAC)
were undertaken using general linear regression. To limit the
problem of multiple comparisons we do not report statistical
comparison testing of the secondary outcome measures. Instead,
we report conﬁdence intervals (CI) around the estimates for each
secondary outcome measure, by group. We also used chi square
tests where appropriate. We calculated the number needed to treat
to achieve one OMERACTeOARSI responder18,19. We assessed
whether the effects of the two interventions differed by the condition (hip or knee OA). Other analyses pre-speciﬁed in the trial
protocol will be reported separately. In particular, the economic
evaluation is reported as a companion paper and the 2-year outcomes will be reported subsequently.
Results
Recruitment commenced April 2008 and concluded March
2009. One-year follow-up was completed March 2010. Fig. 1 illustrates participant ﬂow through the trial. The baseline characteristics of the 206 participants are reported in Table I. Mean age
was 66 years (range 37e92), and mean (SD) WOMAC composite
score was 100.8 (53.8) at baseline. We recruited 116 participants
from primary care, with WOMAC scores of 80.61 (51.03), and 90
from secondary care (127.30 (47.70)). A total of 44 (21%) participants had replacement surgery of the index hip or knee during
the trial. We retained 193 (93.2%) of all participants at 1-year
follow-up.
The intention to treat factorial analysis for all participants
indicated a statistically signiﬁcant difference between WOMAC
scores at 1 year for manual therapy vs no manual therapy, in
addition to usual care (P ¼ 0.030 adjusted, 0.027 unadjusted), but
did not reach signiﬁcance for exercise therapy vs no exercise
therapy (P ¼ 0.061 adjusted, 0.079 unadjusted). There was a large
antagonistic interaction between manual therapy and exercise
therapy [coefﬁcient (SE) of interaction term 22.9 (12.6), P ¼ 0.072
in adjusted model with all participants, P ¼ 0.066 unadjusted].
For participants who did not have joint replacement surgery
during the trial, differences between WOMAC scores at 1 year for
manual therapy vs no manual therapy (P < 0.001) and exercise
therapy vs no exercise therapy (P ¼ 0.031) were both statistically
signiﬁcant. Again there was a large antagonistic interaction effect
(coefﬁcient 28.7, SE 11.3, P ¼ 0.012). Therefore we also present
here the “inside the table” analyses comparing usual care alone vs
manual therapy in addition to usual care, exercise therapy in
addition to usual care, and the combined therapies in addition to
usual care33e35,40,41.
In the intention to treat analysis, all intervention groups improved
but only usual care plus manual therapy and usual care plus exercise
therapy achieved clinically signiﬁcant reductions of >28 WOMAC
points from baseline (Table II). The usual care plus combined therapy
group also improved from baseline but failed to meet our criterion for
clinical signiﬁcance (mean 27.4, SD 41.1). The gains over usual care
alone were 28.5 (95% CI 9.2 to 47.8) points for manual therapy, 16.4
("3.2 to 35.9) points for exercise therapy, and 14.5 ("5.2 to 34.1)
points for the combined therapies programme (Fig. 2).
For participants with no joint replacement surgery during the
trial, compared with usual care alone there was a statistically signiﬁcant improvement in WOMAC scores for all three interventions
(mean reduction 31.9 (16.2 to 47.7) for manual therapy, 16.3 (95% CI
0.3 to 32.2) for exercise therapy, 18.9 (2.7 to 35.2) for the combined
therapies).
The effects of the three physiotherapy interventions on WOMAC
scores were not statistically different by joint affected (hip vs knee
term in main general linear regression models for all participants
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Table I
Characteristics of participants at entry to the trial*

Demographic
Men, n (% of group)
Women, n (% of group)
Age (years)
Body mass index (kg/m2)
Clinical
WOMAC score (range 0e240, lower scores
represent less pain, stiffness and disability)
Timed up and go test (s)
30-s sit to stand test (no. of stands)
40 m self-paced walk time (s)
Pain intensity score (range 0e10, higher scores
represent more pain)
Quadriceps muscle strength (kg/kg body mass)
Duration since ﬁrst diagnosis of OA (years)
Mental health (depression screening test) score
indicates low risk of depression, n (% of group)
Hip OA, n (% of group)
Knee OA, n (% of group)
Both hip and knee OA, n (% of group)

Usual care
control
(n ¼ 51)
26
25
66.1
29.5

Usual care plus
manual therapy
(n ¼ 54)

(51.0)
(49.0)
(10.7)
(5.8)

26
28
67.3
29.2

93.8 (52.8)
7.69
9.65
33.21
3.1

(48.1)
(51.9)
(10.2)
(5.9)

114.8 (56.3)

(3.26)
(4.29)
(12.42)
(2.0)

7.68
9.80
33.67
4.2

(3.07)
(4.54)
(10.18)
(2.3)

Usual care plus
exercise therapy
(n ¼ 51)
19
32
66.9
29.3

(37.3)
(62.7)
(8.2)
(6.0)

95.5 (57.3)
7.50
10.39
33.42
3.5

(3.14)
(4.37)
(11.14)
(2.0)

Usual care plus
combined exercise þ
manual therapy (n ¼ 50)
21
29
66.0
30.1

(42.0)
(58.0)
(8.9)
(5.4)

99.1 (48.8)
6.88
10.60
30.93
4.0

(2.33
(3.79)
(8.37)
(2.1)

0.21 (0.12)
2.8 (1.3)
26 (51.0)

0.20 (0.09)
2.5 (1.4)
27 (50.9)

0.20 (0.07)
2.6 (1.4)
27 (52.9)

0.20 (0.08)
2.9 (1.3)
28 (56.0)

23 (45.1)
28 (54.9)
13 (25.5)

24 (44.4)
30 (55.6)
12 (22.2)

22 (43.1)
29 (56.9)
10 (19.6)

21 (42.0)
29 (58.0)
17 (34.0)

WOMAC denotes Western Ontario and McMaster osteoarthritis index.
* Values are mean (SD) unless speciﬁed otherwise.

P ¼ 0.782, participants with no hip or knee replacement surgery
P ¼ 0.250). Irrespective of joint affected the greatest mean response
was seen with usual care plus manual therapy (Table III). Beneﬁts
were seen at 9-week follow-up and maintained to 6 months and 1
year (Fig. 2).
Of the participants randomised to the three active intervention
groups, 88.3% attended of at least 80% of scheduled intervention
visits, and 42.8% returned logbooks demonstrating compliance
with their programme of reinforcing activities at home. One participant randomised to usual care sought four or more non-trial
physiotherapy visits. Per-protocol analyses of the primary outcome (WOMAC) for compliant participants are presented in
Table III.
Secondary outcomes also showed consistent beneﬁts favouring
all three physiotherapy interventions in addition to usual care
(Table IV). Outcomes of the physical performance tests (timed up
and go, 30 s sit to stand, 40 m self-paced walk) favoured exercise
therapy in addition to usual care. The proportion of OMERACTe
OARSI responders in the three intervention groups differed from
than in the usual care only group. The numbers needed to treat to
achieve one OMERACTeOARSI responder are reported in Table IV.
The proportion of participants proceeding to joint replacement
surgery at 1 year did not differ signiﬁcantly between the groups
(P ¼ 0.65) (Table IV). We detected no trial-related serious adverse
events. We detected one adverse event in the combined therapy
group, related to exercise therapy (inguinal hernia).

Discussion
This randomised clinical trial investigated the additional
effectiveness of three physiotherapy intervention protocols in
addition to usual care, over usual care alone. We retained 93.2%
of the trial participants to 1-year of follow-up. We have shown
that both manual physiotherapy and exercise physiotherapy in
addition to usual care produce signiﬁcant improvements in
symptoms and physical function, respectively, in patients with
moderate to severe OA of the hips or knees. The improvements in
pain and disability were evident at 9 weeks and sustained for
a year.
In our intention to treat analysis we included all participants.
Usual care plus manual therapy showed clinically and statistically
signiﬁcant improvements in the primary outcome e change in
WOMAC score e compared with usual care alone, while usual care
plus exercise therapy showed signiﬁcant improvements in all three
physical performance outcome measures. Joint replacement surgery signiﬁcantly affects both pain and disability and was therefore
identiﬁed a priori as an important confounding factor42e44. When
we analysed the primary outcome (WOMAC) data excluding the 44
participants who had a joint replacement during the trial, both
manual therapy and exercise therapy showed statistically signiﬁcant beneﬁt.
Exercise is an established effective therapy, however the most
effective form of this therapy is not clear and recommendations have

Table II
Mean (SD) WOMAC scores at 1-year follow-up and change in score from baseline
Usual care
control
WOMAC score
No hip or knee replacement (n ¼ 162)
All participants (n ¼ 206)
Change in WOMAC score from baseline
No hip or knee replacement (n ¼ 162)
All participants (n ¼ 206)

Usual care plus
manual therapy

Usual care plus
exercise therapy

Usual care plus combined
exercise þ manual therapy

89.8 (56.7)
80.9 (57.7)

75.8 (55.4)
73.3 (54.9)

72.7 (54.4)
66.3 (54.6)

80.3 (51.8)
71.7 (50.0)

3.7 (33.4)
#12.9 (51.8)

#28.2 (46.0)
#41.4 (55.5)

#12.6 (31.0)
#29.3 (50.4)

#15.3 (34.4)
#27.4 (41.1)

WOMAC denotes Western Ontario and McMaster osteoarthritis index. Negative change represents improvement. Results are adjusted for baseline WOMAC score, stratiﬁcation
variable (hip or knee condition), age, body mass index, symptom duration, quadriceps muscle strength, depression, and self-efﬁcacy.

530

J.H. Abbott et al. / Osteoarthritis and Cartilage 21 (2013) 525e534

Fig. 2. Mean WOMAC score at baseline 9 weeks, 6 months and 1 year for (a) participants with no joint replacement surgery during the trial (n ¼ 162) and (b) all participants
(n ¼ 206). Note: all participants continued to receive usual medical care throughout the trial.

largely been based on short-term trials only1. We have shown a supervised, individually prescribed, progressive multi-modal exercise
programme, in addition to usual care, produces sustained beneﬁt to
1-year follow-up, with respect to physical performance tests in all
participants and also self-reported measures in participants who did
not have joint replacement surgery during the trial.
Our results are consistent with those of Hoeksma et al., who
found manual therapy to be superior to exercise therapy for patients with hip OA6. While our trial was not intended to compare
these two modes of physiotherapy, and the comparison was not
tested statistically, in terms of mean effect the manual physiotherapy packages of care delivered in our trial provided greater
reductions in WOMAC scores than did exercise therapy. This was
the case for both hip OA and knee OA. Both programmes required
nine supervised sessions at a physiotherapy centre, in addition to
usual care, with recommendations that the participants also complete a prescribed programme of reinforcing activities three times
a week at home.
The combination of exercise and manual therapy did not
produce additional beneﬁt. There was a signiﬁcant antagonistic
interaction between the two interventions and the combination

was generally less effective, or at best no more effective, than
either intervention alone. These results are consistent with those
of Deyle et al., who, in patients with knee OA, initially found
a programme of manual therapy plus exercise therapy to be superior to placebo5, however in a subsequent trial comparing the
same intervention to an unsupervised home exercise programme,
no signiﬁcant difference was seen at 1 year4. The independent
contributions of exercise therapy or manual therapy cannot be
ascertained from the two trials by Deyle et al. In patients with
knee OA in our trial, the combination of manual therapy plus
exercise therapy was associated with non-signiﬁcantly greater
mean WOMAC gains than was exercise therapy alone (20.9 vs 14.3
WOMAC points over usual care), but manual therapy alone was
associated with the greatest gains (33.1 WOMAC points over usual
care). It is probable that those in the combined therapy group
spent less time on each intervention than did those who received
only one intervention, and hence decreased the effectiveness of
both modalities.
A limitation of this trial is that, due to the adverse interaction
between the two main effects, we must rely on the “inside the table” analyses comparing each of the three intervention groups

Table III
Mean (95% CI) change in WOMAC score from baseline to 1-year follow-up by joint affected, and per-protocol analysis of change in WOMAC among compliers to treatment, for
participants with hip and knee OA who did not have joint replacement surgery during the trial

Hip OA (n ¼ 61)
Knee OA (n ¼ 101)
Compliant with attendance to >80%
of scheduled treatment visits (n ¼ 143)
Compliant with home reinforcing
activities >60% (logbook) (n ¼ 96)

Usual care control
(n ¼ 43)

Usual care plus manual
therapy (n ¼ 42)

Usual care plus
exercise therapy (n ¼ 40)

Usual care plus
combined exercise þ
manual therapy (n ¼ 37)

6.6 (#13.2 to 26.4)
1.6 (#10.5 to 13.7)
e

#22.9 (#43.3 to #2.6)
#31.5 (#52.7 to #10.3)
#36.9 (#53.4 to #20.4)

#12.4 (#27.1 to 2.3)
#12.7 (#27.1 to 1.7)
#21.5 (#37.8 to #5.2)

#7.9 (#30.9 to 15.3)
#19.3 (#33.7 to #4.9)
#17.6 (#34.5 to 0.6)

e

#30.1 (#50.2 to #10.0)

#17.0 (#35.4 to 1.4)

#14.7 (#33.7 to 4.4)

WOMAC denotes Western Ontario and McMaster osteoarthritis index. Negative change represents improvement. Results are adjusted for baseline WOMAC score, stratiﬁcation
variable (hip or knee condition), age, body mass index, symptom duration, quadriceps muscle strength, depression, and self-efﬁcacy. Dash e denotes not applicable. Compliers
analysis excluded participants in the active intervention groups not compliant at the level stated and one participant in the control group contaminated by >4 non-trial
physiotherapy visits.
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Table IV
Changes in secondary outcome measures from baseline to 1-year follow-up. Values are mean change in test score (or time) from baseline to 1 year (95% CI) unless speciﬁed
otherwise
Secondary outcome
Timed up and go test (s)*
No hip or knee replacement (n ¼ 162)
All participants (n ¼ 206)
30-s sit to stand test (no of stands)y
No hip or knee replacement (n ¼ 162)
All participants (n ¼ 206)

Usual care control

Usual care plus
manual therapy

Usual care plus
exercise therapy

Usual care plus combined
exercise þ manual therapy

0.51
(#0.42 to 1.43)
#0.03
(#0.94 to 0.88)

#0.08
(#0.94 to 1.10)
#0.17
(#1.00 to 0.67)

#0.87
(#1.32 to #0.42)
#1.03
(#1.54 to #0.52)

#0.28
(#0.73 to 0.16)
#0.22
(#0.64 to 0.19)

0.02
(#0.79 to 0.84)
0.59
(#0.25 to 1.42)

0.67
(#0.12 to 1.45)
0.76
(#0.04 to 1.56)

1.60
(0.80 to 2.40)
1.47
(0.65 to 2.29)

1.59
(0.60 to 2.59)
1.74
(0.85 to 2.63)

#0.50
(#3.70 to 2.70)
#1.68
(#4.39 to 1.02)

#3.18
(#4.41 to #1.94)
#4.78
(#7.03 to #2.54)

#0.61
(#2.22 to 1.00)
#1.07
(#2.48 to 0.34)

#1.10
(#2.09 to #0.11)
#1.52
(#2.42 to #0.62)

#0.45
(#1.14 to 0.24)
#0.96
(#1.65 to #0.27)

#0.84
(#1.70 to 0.28)
#1.58
(#2.40 to #0.76)

21 (50.0%)
31 (57.4%)

16 (40.0%)
26 (51.0%)

12 (32.4%)
24 (48.0%)

2.15 (1.15 to 4.00)
1.63 (1.05 to 2.52)

1.72 (0.89 to 3.34)
1.44 (0.92 to 2.29)

1.39 (0.68 to 2.85)
1.36 (0.85 to 2.18)

4 (2 to 17)
5 (2 to 29)

6 (3 to N)
6 (3 to N)

11 (3 to N)
8 (3 to N)

0
0

0
0

1x
3{

12 (22.2%)

11 (21.6%)

13 (26.0%)

40 m self-paced walk time (s)*
No hip or knee replacement (n ¼ 162)

0.78
(#1.40 to 2.95)
All participants (n ¼ 206)
#0.63
(#2.90 to 1.64)
Pain intensity score (range 0e10, negative scores indicate reduced pain)
No hip or knee replacement (n ¼ 162)
0.35
(#0.26 to 0.96)
All participants (n ¼ 206)
#0.06
(#0.71 to 0.60)
OMERACTeOARSI responders, no (% of group)
No hip or knee replacement (n ¼ 162)
10 (23.3%)
All participants (n ¼ 206)
18 (35.3%)
Relative risk for surpassing OMERACTeOARSI response criteria, RR (95% CI)
No hip or knee replacement (n ¼ 162)
e
All participants (n ¼ 206)
e
Number needed to treatz
No hip or knee replacement (n ¼ 162)
e
All participants (n ¼ 206)
e
Adverse events, no (% of group)
No hip or knee replacement (n ¼ 162)
1x
All participants (n ¼ 206)
1x
Joint replacement surgeries, no (% of group)
All participants (n ¼ 206)
8 (15.7%)

OMERACTeOARSI denotes Outcome Measures in Rheumatoid Arthritis Clinical Trials e Osteoarthritis Research Society International.
* Negative times represent shorter time to complete, indicating improvement.
y
Positive values represent more repetitions, indicating improvement.
z
Values are the number needed to treat to achieve one OMERACTeOARSI responder.
x
Non-trial related death.
{
One possibly trial related inguinal hernia associated with exercise; one non-trial related post-operative complication following total knee arthroplasty; one non-trial
related death.

(manual therapy in addition to usual care, exercise therapy in
addition to usual care, and the combined therapies in addition to
usual care) to the usual care only control. As we did not make adjustments for multiple comparisons, our results should be limited
to interpretation as generating a hypothesis that both manual
therapy and exercise therapy are effective interventions for hip and
knee OA, and should not be considered conﬁrmatory evidence of
efﬁcacy. Multiple statistical comparisons can limit the interpretation of some trials: we limited the potential impact of this by
pre-specifying our primary and secondary comparisons11, limiting
the comparisons made to comparing the primary outcome measure
in each active intervention group to the usual care control only,
refraining from testing at multiple endpoints, not attempting
comparisons between sub-groups (other than the stratiﬁcation
factor), and not conducting comparisons of the secondary outcome
measures, instead reporting CI around group estimates. There remains, however, the risk of positive results arising by chance alone,
particularly among the secondary outcomes.
In terms of other limitations, it is possible that the physiotherapists delivering the interventions may have exerted bias disadvantaging one or more of the active intervention arms. We think
this unlikely, however, because although exercise physiotherapy, in
addition to usual care, did not provide clinically or statistically signiﬁcant changes compared with usual care alone, on the primary
patient-reported outcome measure, physical performance test

results strongly favoured those in the exercise therapy group. This
ﬁnding is consistent with evidence that self-reported measures of
outcome, such as the WOMAC, capture different constructs of physical function compared with physical performance tests, leading to
recommendations that both measures of outcome are necessary and
important45e47. The effect of joint replacement surgery, an unplanned, non-randomised co-intervention, has the potential to limit
interpretation of the effects of the trial interventions. As it has the
effect of inﬂuencing the primary outcome (WOMAC score) downward (as shown in Table II), we suggest that the subgroup analyses
excluding those participants who had joint replacement surgery is
likely to be a more accurate estimate of the effects of the trial interventions. In that analysis, exercise therapy showed signiﬁcant effect on both the primary outcome (WOMAC) and quality-adjusted life
years (QALYs) gained, as reported separately in the economic evaluation conducted alongside this trial.16 Our compliance analysis is
limited by low return of the logbook used for participants’ self-report
of compliance with their prescribed programme of reinforcing activities at home. This gives the impression of poor compliance with
the prescribed programme of reinforcing activities, however our
anecdotal impression from speaking with participants was that they
may have been more compliant with doing their home reinforcing
activities than they were with ﬁlling out and returning their logbooks.
We therefore advise caution interpreting compliance to the home
programme, and the associated subgroup analysis of compliers.
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Our study was not intended to directly compare the physiotherapy interventions. As both manual therapy and exercise
therapy appear effective, in addition to usual care alone, depending
on the outcome of interest, the choice of therapy should be determined by patient characteristics and patient choice. The addition of
manual therapy to usual care confers patient-reported beneﬁt (on
the WOMAC), while exercise therapy confers physical performance
beneﬁts. This may inﬂuence patient choice. Patient characteristics
that might favour manual therapy include restricted active and
passive joint motion, while factors that might favour exercise
therapy include lower limb skeletal muscle atrophy and low aerobic
ﬁtness, however there is little evidence as yet to support these
suggestions48,49. Our results do not support the use of both interventions within a single treatment session, as our combination
therapy group generally showed lower mean gains than either
manual therapy or exercise therapy alone. We therefore recommend that therapists ensure that adequate time is dedicated to
delivering each individual intervention. In our protocols this
involved nine approximately 50 min sessions (seven sessions in the
ﬁrst 9 weeks, then two booster sessions after a further 7 weeks) of
interventions that started at a high enough level to challenge the
limits of the individual patient. They were gradually progressed to
higher levels of resistance, stretch, repetitions, difﬁculty and/or
duration, such that the programme remained challenging and
continued to progressively stimulate physiological change. It
should not be assumed that our ﬁndings would be applicable to
delivery of truncated or deviating protocols.
In conclusion, we have shown that manual physiotherapy provided signiﬁcant, clinically important and sustained improvements
in symptoms for patients with OA of hips or knees. Exercise physiotherapy also provided sustained beneﬁt, with respect to physical
performance tests in all participants and both self-reported measures and physical performance tests in participants who did not
have joint replacement surgery during the trial. While not deﬁnitive, these ﬁndings indicate that our manual physiotherapy and
exercise therapy protocols may be efﬁcacious treatments for patients with hip and knee OA, to improve function and relieve
symptoms prior to considering joint replacement surgery, but not
both treatments delivered in the same treatment sessions. These
results require conﬁrmation.
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Objective: To evaluate the cost effectiveness of manual physiotherapy, exercise physiotherapy, and a
combination of these therapies for patients with osteoarthritis of the hip or knee.
Methods: 206 Adults who met the American College of Rheumatology criteria for hip or knee osteoarthritis were included in an economic evaluation from the perspectives of the New Zealand health system
and society alongside a randomized controlled trial. Resource use was collected using the Osteoarthritis
Costs and Consequences Questionnaire. Quality-adjusted life years (QALYs) were calculated using the
Short Form 6D. Willingness-to-pay threshold values were based on one to three times New Zealand’s
gross domestic product (GDP) per capita of NZ$ 29,149 (in 2009).
Results: All three treatment programmes resulted in incremental QALY gains relative to usual care. From
the perspective of the New Zealand health system, exercise therapy was the only treatment to result in
an incremental cost utility ratio under one time GDP per capita at NZ$ 26,400 (!$34,081 to $103,899).
From the societal perspective manual therapy was cost saving relative to usual care for most scenarios
studied. Exercise therapy resulted in incremental cost utility ratios regarded as cost effective but was not
cost saving. For most scenarios combined therapy was not as cost effective as the two therapies alone.
Conclusions: In this study, exercise therapy and manual therapy were more cost effective than usual care
at policy relevant values of willingness-to-pay from both the perspective of the health system and
society.
Trial registration number Australian New Zealand Clinical Trials Registry ACTRN12608000130369.
! 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction
Hip and knee osteoarthritis (OA) are considered to be the most
serious musculoskeletal disorders from a public health viewpoint1,2. OA is among the greatest causes of disability burden in
adults3, with signiﬁcant economic costs to individuals, healthcare

* Address correspondence and reprint requests to: J.H. Abbott, Centre for
Musculoskeletal Outcomes Research, Department of Surgical Sciences, Dunedin
School of Medicine, University of Otago, PO Box 913, Dunedin 9054, New Zealand.
Tel: 64-3-474-0999x8615; Fax: 64-3-474-7617.
E-mail address: haxby.abbott@otago.ac.nz (J.H. Abbott).

systems and society4. In 2009 OA was the fourth most frequent
primary diagnosis associated with hospital discharge5, and was the
most common diagnosis associated with 904,900 hip and knee
total joint arthroplasties performed in the US. Direct hospital costs
for these procedures were estimated to be $USD 42.3B.5
Multiple interventions exist for managing hip and knee OA with
conservative treatments, primarily exercise therapy, recommended
as ﬁrst line treatments6. Zhang et al. suggested that referral to a
physiotherapist for instruction in exercise may be beneﬁcial7. A
recent systematic review of economic evaluations assessing conservative treatment in this patient population identiﬁed only two
studies investigating the cost effectiveness of exercise therapy8.
Both studies found group exercise to be highly cost effective, but

1063-4584/$ e see front matter ! 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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one of them was associated with high risks of bias for the effect
estimate8. Although these results suggest exercise therapy may be
cost effective, neither investigated individualized, land-based exercise therapies8, a treatment method commonly used by physiotherapists and considered to be the “ideal standard of clinical
practice”9. Manual therapy is another conservative intervention
used by physiotherapists that has shown promise for improving
pain and disability associated with hip10,11 and knee OA12,13. The
cost effectiveness of manual therapy has not been formally evaluated, nor has the combination of manual therapy and exercise6.
We showed in the Management of Osteoarthritis (MOA) Trial
that manual physiotherapy and exercise physiotherapy are beneﬁcial for people with OA.14 We now report an incremental cost
effectiveness and cost utility analysis of providing the three physiotherapy treatments in addition to usual medical care, evaluated
from the perspectives of the New Zealand health system and
society15.
Methods
We conducted an economic evaluation alongside a 2 ! 2
factorial randomized controlled trial for patients with knee or hip
OA carried out in New Zealand between April 2008 and April 2010
with a 1-year follow-up period. The MOA Trial compared manual
physiotherapy, exercise physiotherapy, and both treatments
together (i.e., combined manual therapy and exercise therapy) vs
usual medical care only15. The trial was registered on the Australian
New Zealand Clinical Trials Registry ACTRN12608000130369. We
published in advance the protocols for the randomized controlled
trial15 and the economic evaluation16.
Study population
Participants were recruited from two sources: (1) patients with
hip or knee OA attending general practitioners (GPs), and (2) patients referred to a hospital orthopaedic outpatient clinic to
consider hip or knee joint replacement surgery. To be eligible,
participants were required to meet the American College of
Rheumatology clinical criteria for hip or knee OA17,18. Participant
ﬂow is reported in our companion article14.
Randomization and blinding
After baseline assessment, participants were randomized using
an online randomization service that generated and held the
randomization schedule, ensuring allocation concealment.
Randomization was stratiﬁed by condition (hip or knee OA). Within
each stratum, participants were allocated to one of four groups:
usual care, exercise physiotherapy, manual physiotherapy, and
combined therapy. The block allocation size was subject to random
variation. Outcome assessors were blind to group allocation and
were not involved in providing the interventions. The orthopaedic
surgeons and GPs managing participants’ care were also blind to
group allocation.
Interventions
All participants continued to receive routine care offered by
their GP and other health care providers. The trial interventions
were delivered in a University of Otago community-based clinic
serving a population of 120,000. The MOA Trial interventions are
described elsewhere15,16. In brief, all treatments included a total of
nine 1-h treatments. Manual therapy focused on improving joint
mobility through manually administered forces to the target joint
and surrounding soft tissue. Exercise therapy focused on increasing
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strength, neuromuscular control and ﬂexibility of the muscles of
the lower extremities. Combined therapy included both of these
interventions in each treatment session.
Main outcome measures
The primary outcome for the MOA Trial was change in Western
Ontario and McMaster University osteoarthritis index (WOMAC)
score after 1 year14. The primary outcomes for the economic evaluation were quality-adjusted life years (QALYs) and total health
care costs related to OA for each intervention group compared with
usual care, expressed as incremental cost utility ratios (ICUR)16. We
estimated QALYs using the Medical Outcomes Study-Short Form 12
(SF-12v2)19, a 12-dimension instrument for measuring (generic)
health-related quality of life, which has been abridged to a sixdimension instrument (SF-6D)20. The SF-6D applies utility
weights from the UK general population to estimate QALYs. We
calculated QALYs by using time-weighted averages at the beginning
and end of the 6-month and 1-year measurement periods. Costs
were reported from the perspectives of the New Zealand health
system and society.
We also considered changes in the number of participants
meeting the responder criteria of the Outcomes Measures in
Rheumatology Clinical TrialseOsteoarthritis Research Society International (OMERACTeOARSI), which has been suggested as a
clinically relevant outcome in studies assessing the efﬁciency of
interventions for managing OA21.
Resource use and valuation
We used the Osteoarthritis Cost and Consequences Questionnaire (OCC-Q) to collect data describing the costs and consequences
of hip and knee OA to the participants, their friends and families.
The OCC-Q has been validated for use in the New Zealand OA
population22. It was administered via patient interviews at the
baseline, 6-month and 1-year time points. Each participant was
asked to recall visits to health professionals, public and private
hospital use, medications, transportation costs, aids and adaptations, and community service use for the preceding 3-month
period. Information about costs borne by participants’ friends or
family (out-of-pocket costs, transportation costs, lost earnings, and
informal care) was also collected.
The resource use data captured by the OCC-Q were valued using
unit costs derived from local and national sources (see Appendix 1).
All costs are expressed in 2009 New Zealand dollars (NZ$) exclusive
of government Goods and Services Tax (GST); in 2009 NZ$
1 y £0.43. For costs that needed to be adjusted for inﬂation, we
used the Organization for Economic Co-operation and Development (OECD) price indices of gross domestic product (GDP) as
recommended by Welte et al.23. It was unnecessary to discount
costs and outcomes as the time horizon was just 1 year.
Annualized estimates for all cost items except for total joint
replacements and time off work were calculated by doubling
the estimates covering the two 3-month periods (obtained at the
6-month and 1-year follow-ups). Total joint replacements and the
associated time off work were deemed to be items easily recalled by
participants at both follow-up points (a 6-month recall timeframe).
We veriﬁed total joint replacement surgery using the New Zealand
National Joint Register24. Time off work associated with OA, but not
as a result of surgery, was considered to be subject to a greater
degree of inaccuracy with respect to recall and was therefore
recalled over one month only25. Other cost items were assumed to
be constant over the baseline to 3-month and 6- to 9-month
periods.
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Productivity loss
To quantify productivity losses we used the friction-cost
method, which counts productivity loss for the time it takes to
replace a worker26. We applied a 6-month friction period to a
participant’s loss of productivity during the MOA Trial. We calculated work-hour equivalents for the average number of hours
worked per day based on employment status. In New Zealand,
average full time employees work 8.7 h per day and average part
time employees work 4.6 h per day27. We applied individual
participant wage rates to time lost. As recommended, productivity
losses are reported separately28,29.
Statistical methods

(CEACs) were calculated for each treatment arm from the perspectives of the New Zealand health system and society. We followed the World Health Organization recommendation to use
three threshold values in terms of GDP per capita for willingness to
pay (WTP) per QALY35. These thresholds for New Zealand in 2009
were: NZ$ 29,149 (1 ! GDP), NZ$ 58,298 (2 ! GDP) and NZ$ 87,447
(3 ! GDP). Cost effectiveness estimates were deﬁned as being
highly cost effective (<1 ! GDP), cost effective (1e3 ! GDP) or not
cost effective (>3 ! GDP)35.
Sensitivity analyses
The intention to treat (base case) analysis included imputed
missing and censored data. One-way sensitivity analyses were
conducted to assess the impact of important assumptions on the
cost effectiveness estimates:

Missing data
We chose to address both item-level missingness30 and
censored data31 via multiple imputation using the SAS IVEware
programme32. We treated data as ‘missing at random’, and imputed
missing components of the SF-12 and missing health care resources. Data from participants who died during the trial were
treated as complete data with known costs and effects33. Five
imputed datasets were created.
The distribution of mean costs and effects between groups was
compared using the combined datasets (all ﬁve imputations combined) and each individually imputed dataset. The descriptive
statistics of the fourth imputation matched those produced by the
combined datasets and was therefore chosen as the dataset for the
analysis. Mean differences between groups and 95% conﬁdence
intervals were obtained by bootstrap regressions (3,000 replications). We used generalized linear models (GLM) with baseline
values for each item. This type of model was chosen because it
maintains applicability to the sample mean cost regardless of the
scale from which costs are estimated34. Age, body mass index,
quadriceps muscle strength and self-efﬁcacy were added as covariates for all comparisons of costs and outcomes after 1 year. To
match the model used in our companion article reporting clinical
effectiveness14 we added baseline pain intensity, duration since
ﬁrst diagnosis, mental health, joint with primary complaint of OA to
the model for outcomes after 1 year.

Results

Cost utility analysis
To evaluate value for money we calculated estimates of ICURs
relative to usual care. Cost effectiveness acceptability curves

In the full sample, participants in the usual care group made
more visits to accident and emergency departments and to their GP
and rheumatologist, and received more meals on wheels and home

(1) A pre-planned subgroup analysis was performed on participants who did not receive total joint replacement as a cointervention during the 1-year follow-up period.
(2) To evaluate the impact of imputation on the censored data,
only complete cases were assessed.
(3) To check the importance of the statistical model chosen for
analyzing effect data, a separate GLM was used to estimate
QALY gains.
(4) To investigate their impact on estimates, productivity losses
were excluded from the societal perspective.

The characteristics of the 206 trial participants at baseline are
summarized in Table I. Aged between 37 and 92 years (mean 66
years), 45% of participants were wage earners, 55% female, and 98%
declared their ethnicity as New Zealand European. All participants
completed the OCC-Q and SF-12 questionnaires at baseline, 93.2%
at 6-months and 93.2% at 1 year. The dataset produced by the OCCQ questionnaire included 13% censored data. Although 15% of participants had some data missing from the OCC-Q, missing items
comprised just 1% of the data overall.
Resource use

Table I
Characteristics of participants at entry to the trial. Values are mean (SD) unless speciﬁed otherwise
Usual care control
(n ¼ 51)
Demographic
Men, no (% of group)
Women, no (% of group)
Age (years)
Body mass index (kg/m2)
Clinical
WOMAC score (range 0e240, lower scores represent less
pain and disability)
Duration since ﬁrst diagnosis of OA (years)
Pain intensity score (range 0e10, higher scores represent more pain)
Quadriceps muscle strength (kg/kg body mass)
Pain belief scoring instrument (PBSI) score (range 0e70, lower
scores indicate better self efﬁcacy)
Mental health (depression screening test) score indicates
low risk of depression, no (% of group)
Hip OA, no (% of group)
Knee OA, no (% of group)
Both hip and knee OA, no (% of group)

26
25
66.1
29.5

(51.0)
(49.0)
(10.7)
(5.8)

93.8 (52.8)
2.8
3.1
0.21
29.3

(1.3)
(2.0)
(0.12)
(14.4)

Manual therapy
alone (n ¼ 54)
26
28
67.3
29.2

(48.1)
(51.9)
(10.2)
(5.9)

114.8 (56.3)
2.5
4.2
0.20
29.4

(1.4)
(2.3)
(0.09)
(13.0

Exercise therapy
alone (n ¼ 51)

Combined exercise þ
manual therapy (n ¼ 50)

19
32
66.9
29.3

21
29
66.0
30.1

(37.3)
(62.7)
(8.2)
(6.0)

(42.0)
(58.0)
(8.9)
(5.4)

95.5 (57.3)

99.1 (48.8)

2.6
3.5
0.20
28.0

2.9
4.0
0.20
28.7

(1.4)
(2.0)
(0.07)
(13.7)

(1.3)
(2.1)
(0.08)
(11.9)

26 (51.0)

27 (50.9)

27 (52.9)

28 (56.0)

23 (45.1)
28 (54.9)
13 (25.5)

24 (44.4)
30 (55.6)
12 (22.2)

22 (43.1)
29 (56.9)
10 (19.6)

21 (42.0)
29 (58.0)
17 (34.0)
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Table II
Resource use at 1 year for MOA Trial treatment groups. Values are mean (SD)
Resource (units of measurement)

Usual care
(n ¼ 51)

Hospital based services
Joint procedures (no of procedures)
Orthopaedics (no of visits)
Rheumatology (no of visits)
Radiology (no of visits)
Accident and emergency (no of visits)
Community based services
GP (no of visits)
Repeat prescriptions (no of requests)
Practice nurse (no of visits)
Physiotherapy (no of visits)
Occupational therapy (no of visits)
Meals on wheels (no of meals)
Home help/house cleaning (no of visits)
Pharmaceuticals (no of capsules/tablets per day)
Paracetamol
Opioid analgesics
Paracetamol-opioid combined
NSAIDs
COX-2
Glucosamine & chondroitin
Omeprazole
Productivity loss (no of hours)

Manual therapy
(n ¼ 54)

Exercise therapy
(n ¼ 51)

Combined therapy
(n ¼ 50)

0.22
0.39
0.10
0.35
0.08

(0.50)
(0.60)
(0.36)
(0.74)
(0.27)

0.28
0.48
0.02
0.46
0.02

(0.53)
(0.72)
(0.14)
(0.75)
(0.14)

0.25
0.59
0.02
0.43
0.02

(0.52)
(0.85)
(0.14)
(0.67)
(0.14)

0.28
0.72
0.02
0.50
0.00

(0.50)
(1.01)
(0.14)
(0.74)
(0.00)

1.75
0.12
0.12
0.75
0.12
3.00
4.20

(1.74)
(0.43)
(0.48)
(2.30)
(0.51)
(14.29)
(14.77)

1.65
0.06
0.13
0.78
0.13
2.96
3.59

(1.56)
(0.23)
(0.95)
(2.27)
(0.52)
(12.53)
(15.05)

1.53
0.12
0.06
1.31
0.04
0.00
3.98

(1.87)
(0.43)
(0.31)
(3.25)
(0.20)
(0.00)
(9.96)

1.74
0.14
0.12
1.26
0.26
1.20
2.40

(1.48)
(0.40)
(0.48)
(2.89)
(0.75)
(8.49)
(7.63)

4.42
0.57
0.16
1.19
0.04
0.86
0.35
45.94

(5.23)
(1.62)
(0.67)
(2.44)
(0.23)
(1.27)
(0.73)
(178.77)

3.87
0.36
0.14
0.80
0.00
0.83
0.45
80.53

3.74
0.43
1.34
0.97
0.08
1.04
0.49
26.63

(4.34)
(1.40)
(3.08)
(1.42)
(0.35)
(1.36)
(0.98)
(81.10)

2.55
0.87
1.19
0.64
0.18
0.78
0.50
55.03

(4.02)
(2.64)
(2.84)
(1.42)
(0.68)
(1.3)
(0.96)
(133.19)

(4.94)
(1.20)
(0.49)
(1.81)
(0.00)
(1.16)
(0.86)
(262.77)

COX-2 ¼ cyclooxegenase II. NSAIDs ¼ non-steroidal anti-inﬂammatory drugs.

help/house cleaner visits than participants in the other groups.
They also had fewer joint procedures and made fewer visits to their
orthopaedist and physiotherapist (Table II).
Costs
From the perspective of the New Zealand health system, all
three treatments cost more than usual care (P < 0.05) regardless of
the sample analyzed (imputed sample, complete case) (Table III).
However, from the societal perspective, manual therapy cost less
than usual care under the base case and most sensitivity analyses.
From the societal perspective, exercise therapy cost more than

usual care under the base case and all sensitivity analyses. Combined therapy cost less than usual care only in the case of participants who did not have joint replacement surgery during the trial.
From both perspectives, the differences between the total costs for
the three treatments were not statistically signiﬁcant (P > 0.05).
Effects
All three physiotherapy interventions produced statistically
signiﬁcant beneﬁts (P < 0.05) in terms of QALYs gained at 1 year
relative to usual care (seen in Fig. 1 as effects predominantly in
quadrants to the right of the y-axis). Exercise therapy produced the

Table III
Costs (in 2009 NZ$) and health outcomes at 1 year in base case and sensitivity analyses.* Values are means (SD)

Cost outcomes (2009 NZ$)
MOA Trial programme
Public health system costs
Private health system costs
Costs to patient, family, and friends
(transportation costs, copayments)
Productivity costs
Total NZ health system costs
Complete case
No TJA during trial
Total societal costs
Complete case
No productivity costs
No TJA during trial
Health outcomes
QALYs
QALYs, no TJA during trial
QALYs, complete case
WOMAC full score
WOMAC physical function score
WOMAC pain score
OMERACTeOARSI responder
Percentage:

Usual care

Manual therapy

Exercise therapy

Combined therapy

0
3,207.22
724.12
490.92

(0)
(7,160.24)
(3,457.348)
(638.97)

485.93
3,756.34
349.63
485.68

(205.99)
(6,139.33)
(2,408.56)
(496.21)

503.22
3,351.18
731.57
650.80

(187.26)
(6681.67)
(3,557.99)
(921.90)

506.88
2,138.55
2,319.80
650.03

1,863.59
3,931.34
4145.92
678.70
6,285.85
6,642.96
4,422.26
2,522.38

(5221.85)
(7,649.30)
(7,837.26) n ¼ 48
(940.97) n ¼ 42
(9,908.92)
(10,109.94) n ¼ 48
(7,715.00)
(4,600.38) n ¼ 42

1,053.30
4,591.89
4,835.69
1,086.06
6,130.87
6,448.19
5,077.57
1,691.24

(4120.54)
(6,362.79)
(6,466.63) n ¼ 51
(743.32) n ¼ 41
(8,827.08)
(8,985.10) n ¼ 51
(6,438.11)
(1,154.76) n ¼ 41

1,600.73
4,585.96
4,833.78
1,037.74
6,837.49
7,214.13
5,236.76
2,737.08

(5285.90)
(72,43.95)
(7,398.82) n ¼ 48
(694.82) n ¼ 40
(9,837.63)
(10,023.56) n ¼ 48
(7,585.39)
(5,568.56) n ¼ 40

1,219.73 (5,938.64)
5,573.96 (8,066.56)
5,419.05 (8,115.93) n ¼ 45
1,192.76 (1,213.24) n ¼ 37
7,565.08 (11,584.28)
7,235.22 (11,744.66) n ¼ 45
6,221.43 (8,166.83)
1,865.93(1,529.11) n ¼ 37

0.647
0.657
0.647
80.90
57.71
15.47

(0.067)
(0.067)
(0.067)
(57.70)
(42.69)
(12.01)

18/51 (37%)

0.656
0.662
0.657
73.33
52.52
13.85

(0.062)
(0.065)
(0.061)
(54.93)
(41.45)
(11.27)

31/54 (59%)

0.687
0.692
0.683
66.25
46.20
13.43

(0.064)
(0.067)
(0.064)
(54.57)
(38.44)
(11.98)

26/51 (47%)

0.663
0.665
0.659
71.74
51.62
13.26

(189.08)
(4,629.06)
(6,942.15)
(641.26)

(0.062)
(0.067)
(0.061)
(50.01)
(36.85)
(10.99)

24/50 (52%)

MOA ¼ Management of Osteoarthritis Trial intervention costs. NZ ¼ New Zealand. OMERACTeOARSI responder ¼ met Outcomes Measures in Rheumatology Clinical
TrialseOsteoarthritis Research Society International responder criteria. TJA ¼ total joint arthroplasty.
* The fourth imputed dataset was used for means (SD) except for the complete case values for which the original dataset was used.
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Fig. 1. Cost effectiveness plane and CEACs of the MOA physiotherapy treatments relative to usual care in terms of cost (in 2009 NZ$) per QALY gained from the perspectives of the
New Zealand health system and society for participants without joint replacement surgery during the trial (n ¼ 162) and all participants (n ¼ 206).
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most QALYs gained (P < 0.05). Although manual therapy produced
more QALYs gained than combined therapy, this was not statistically signiﬁcant. Other measures of outcome effects are reported in
our clinical effectiveness article14.
Cost utility analyses
Of the three interventions evaluated, exercise therapy showed
the greatest likelihood of being cost effective from the perspective
of the New Zealand health system (Table IV and Fig. 1). At a mean
cost of NZ$ 26,400 per QALY gained, exercise therapy was below the
lowest WTP per QALY threshold adopted in this study (1 ! GDP per
capita). The probability of cost effectiveness was 53% and 95% at
WTP thresholds of 1 and 3 ! GDP per capita per QALY respectively
(Fig. 1). The probability that manual therapy was also cost effective
relative to usual care was above 50% (63%) at a WTP of 2 ! GDP per
capita and above 75% at 3 ! GDP per capita per QALY gained. From
the perspective of the New Zealand health system, combined
therapy was not cost effective for any WTP threshold considered in
this study.
From the societal perspective, manual therapy was cost saving
relative to usual care (lower cost and better health); however,
despite being better value for all WTP values, there was a large
degree of sampling uncertainty surrounding the estimate
(Table IV). Exercise therapy also performed well when considered
from the societal perspective; however, a lower probability of cost
effectiveness was reached (Fig. 1). From the societal perspective,
combined therapy produced an ICUR estimate of NZ$ 53,216;
however, the probability of combined therapy being more cost
effective relative to usual care at 3 ! GDP (NZ$ 87,447) was low
(Fig. 1).
Cost effectiveness analyses
In general, the clinically relevant outcome measures that were
assessed in the trial (improvements in the WOMAC score and cost
per additional OMERACTeOARSI responder gained) were associated with higher levels of cost effectiveness than usual care
(Table IV). Fig. 2 shows these outcomes plotted on cost effectiveness

planes and CEACs. Unlike QALYs, there are no accepted threshold
values for the clinical outcomes; therefore we restricted our
consideration of cost effectiveness to a maximum threshold of NZ$
29,149 (1 ! GDP per capita). From the perspective of the New
Zealand health system and relative to usual care, the probability of
cost effectiveness reached 83% for both manual therapy and exercise therapy per additional OMERACTeOARSI responder (Fig. 2).
Sensitivity analyses
Subgroup with no joint replacement
When participants with a total joint replacement during the
trial were excluded from the analysis the signiﬁcant differences
between therapies remained as in the full sample with the exception that combined therapy no longer showed signiﬁcant
improvement in QALYs relative to usual care (seen in Fig. 1 as the
distribution representing combined therapy crossing the y-axis). In
addition, there was less variability in the cost estimates, as
demonstrated on the cost effectiveness plane (Fig. 1). From the
health system perspective all distributions were predominantly
above the x-axis, indicating higher costs for the treatment groups
relative to usual care (P < 0.05). For exercise therapy the ICUR was
NZ$ 10,217 per QALY, below the WTP threshold of 1 ! GDP per
capita. At a WTP of 1 ! GDP per capita (NZ$ 29,149) the probability
of cost effectiveness reached 99%. The ICUR for manual therapy
relative to usual care also fell below 1 ! GDP per capita, with its
probability of cost effectiveness relative to usual care reaching 75%
and 92% at 1 and 2 ! GDP per capita respectively. The ICUR estimate
for combined therapy was NZ$ 47,702 (below 2 ! GDP per capita),
but the probability of cost effectiveness for this treatment relative
to usual care only reached 68% at the highest threshold considered
in this study (3 ! GDP). At WTP values below NZ$ 10,217, usual care
was more cost effective than the treatment programmes. At
threshold levels below NZ$ 2,000 this difference was signiﬁcant
relative to all treatment programmes (Fig. 2).
From the societal perspective, manual therapy showed the
highest probability of being cost effective relative to usual care. This
was true for all WTP per QALY thresholds, ranging from 77% to 98%
for WTP thresholds of NZ$ 0 to NZ$ 87,447 per QALY (Fig. 1). The

Table IV
Incremental cost utility and effectiveness ratios for manual therapy, exercise therapy, and combined therapy relative to usual care (in 2009 NZ$)*
Manual therapy
New Zealand health system perspective (base case)
QALYs
37,964 ("80,990 to 430,801)
WOMAC index score
56 ("223 to 323) [85%]
WOMAC function score
80 ("491 to 747) [85%]
WOMAC pain score
265 ("1,148 to 2,420) [85%]
OMERACTeOARSI responder
6,886 ("10,383 to 75,259) [75%]
Sensitivity analyses
No TJA during trial
17,939 (2,668e345,856)
Complete case
35,371 ("69,788 to 258,963)
QALYs (GLM)
39,668 ("86,517 to 553,003)
Societal perspective (base case)
QALYs
"38,072y ("684,711 to 699,903)
WOMAC index score
"89y ("4,259 to 1,933) [85%]
WOMAC function score
"129y ("11,968 to 3,515) [85%]
WOMAC pain score
"417y ("27,953 to 10,581) [85%]
OMERACTeOARSI responder
"6905y ("267,237 to 53,526) [75%]
Sensitivity analyses
No TJA during trial
"29,834y ("644,387 to 75,294)
Complete case
"32,723y ("298,873 to 254,012)
No productivity losses
40,271 ("78,468 to 452,666)
QALYs (GLM)
"39,781y ("791,497 to 830,269)

Exercise therapy
26,400
87
107
693
8,891

("34,081 to 103,899)
("233 to 6,037) [85%]
("169 to 554) [85%]
(36 to "23,896) [60%]
("10,875 to 148,629) [80%]

10,217 (2,401e23,628)
31,550 ("35,988 to 114,870)
27,230 ("35,208 to 108,392)
23,365
72
89
575
7869

("102,356 to 163,958)
("16,229 to 7,602) [85%]
("1,428 to 1,419) [85%]
("2,544 to 4,289) [55%]
("67,654 to 156,133) [80%]

163
31,312
30,898
24,100

("55,543 to 56,285)
("223,693 to 295,806)
("30,717 to 110,669)
("105,870 to 170,840)

Combined therapy
148,639
363
585
1,261
41,373

("31,041 to 7,934,188)
(65 to "203) [85%]
(107 to "206) [85%]
(191 to "1,539) [85%]
(7,986 to "10,952) [85%]

47,702 (4,688 to "50,545)
211,263 (13,376 to "13,894,893) [85%]
155,192 ("1,350 to 1,375,368)
53,216 ("860,844 to 1,115,191)
129 ("1,898 to 3,357) [55%]
207 ("3,822 to 11,867) [50%]
451 ("9,579 to 16,493) [65%]
14,813 ("19,7756 to 356,890) [45%]
e 41,051y
150,761
155,509
55,562

("1,346,311 to 113,497) [75%]
("6,963,719 to 7,649,696) [80%]
("22,376 to 8,143,496)
("1,410,040 to 1,968,810) [90%]

GLM ¼ generalized linear model, family (Gaussian), link (power 0.1).
* Values are incremental cost utility or cost effectiveness ratios (widest deﬁnable conﬁdence interval) [95% conﬁdence interval unless noted otherwise].
y
Treatment dominates usual care, i.e., treatment costs less and is more effective than usual care.
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Fig. 2. Cost effectiveness plane and CEACs of the MOA physiotherapy treatments relative to usual care in terms of cost (in 2009 NZ$) per OMERACTeOARSI responder gained from
the perspectives of the New Zealand health system and society for participants without joint replacement surgery during the trial (n ¼ 162) and all participants (n ¼ 206).
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CEAC in Fig. 1 shows that manual therapy was better value than
usual care (>0.5 probability) regardless of the WTP threshold. For
exercise therapy, the probability of cost effectiveness relative to
usual care remained favourable; however, at very low WTP
thresholds (<NZ$ 150) manual therapy, combined therapy and
usual care appeared superior to exercise therapy. From the societal
perspective, combined therapy showed its highest level of cost
effectiveness in this subgroup with no replacement surgery during
the trial. In this analysis, combined therapy was cost saving relative
to usual care. The probability of cost effectiveness ranged from 68%
to 86% for WTP thresholds of NZ$ 0 to NZ$ 87,447 per QALY;
however, there was a large degree of sampling uncertainty surrounding these estimates.
Other sensitivity analyses
In the complete case analysis the ICURs were higher across all
treatment groups relative to usual care, except for manual therapy
from the societal perspective, which remained cost saving. From
both cost perspectives, the ICUR for exercise therapy relative to
usual care shifted above the 1 ! GDP threshold, but remained
below the 2 ! GDP threshold. In this sensitivity analysis, from both
cost perspectives, ICUR estimates for combined therapy were
higher than all WTP threshold values considered in the study.
The exclusion of productivity losses from the analysis had its
greatest impact on the ICUR estimate of manual therapy. For every
other comparison manual therapy was cost saving from the societal
perspective; however, when productivity losses were excluded the
ICUR estimate showed lower levels of cost effectiveness (Table IV).
ICUR estimates for exercise therapy relative to usual care and
manual therapy relative to usual care were both below the 2 ! GDP
threshold.
There were no appreciable changes with respect to the ICURs as
a result of altering the construction of the regression model for the
effect estimate (Table IV).
Discussion
Providing either manual therapy or exercise therapy in addition
to usual care was highly cost effective relative to usual care alone
when considering the base case analyses from both cost perspectives. Similarly, these treatments relative to usual care were associated with estimates of ICURs that varied between being highly
cost effective and cost effective across all sensitivity analyses (i.e.,
estimates were between 1 ! GDP and 2 ! GDP). From the
perspective of the New Zealand health system, exercise therapy
was the most cost effective treatment: there were signiﬁcant improvements in QALYs and the cost effectiveness estimates were
distributed mostly in the northeast quadrant of the cost effectiveness plane. From the societal perspective, manual therapy was
generally the most cost effective treatment: manual therapy was
cost saving compared with usual care, and this ﬁnding was robust
to most sensitivity analyses.
When considering the QALY as an outcome (in the full sample
and for participants without joint replacement surgery) there was a
clear improvement in effect for exercise therapy relative to all other
treatments. The clinical trial showed a signiﬁcant antagonistic
interaction between the two interventions, manual therapy and
exercise therapy, with the combination generally less effective e or
at best no more effective e than either intervention alone14. As a
consequence of the signiﬁcant interaction effect, analysis of both
the clinical trial14 and this economic evaluation compared each of
the three physiotherapy interventions (in addition to usual care)
against usual care alone, rather than a factorial analysis of the main
effects of exercise therapy and manual therapy. The results of that
report14 are mirrored in both the costs and effects (QALY gains) in
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this economic evaluation, although QALY gains (like physical performance tests14, Table III) favoured exercise therapy over manual
therapy.
Comparison with previous studies
We are not aware of any previous economic studies assessing a
programme of manual physiotherapy for the treatment of hip or
knee OA. Two recent studies assessed the cost effectiveness of exercise programmes for the treatment of hip and/or knee OA36,37:
both investigated exercise therapy delivered via group sessions,
and both found cost savings. The probabilities of cost effectiveness
reported here are similar to those reported previously despite
including the additional cost of individual treatments with a
physiotherapist.
Implications for policy and recommendations
There is typically a long period of time between the initial
presentation to primary care with hip or knee complaints and the
need for joint replacement surgery; and during this time there is
low utilization of conservative therapies through primary care
management38e40. This period represents an opportunity to prevent or delay the progression of pain and disability39,41,42, during
which time recommended treatments should be initiated. The superior cost effectiveness of these treatments for participants in our
study without joint replacement suggests that conservative interventions such as physiotherapy may be most cost-effective
during this period43. The reasons why conservative therapies are
under-utilized are manifold, but one reason may be a lack of
speciﬁcity in guideline recommendations as to content and delivery of these treatments. The exercise and manual therapy programmes used in the MOA Trial have been shown to be beneﬁcial14,
and our detailed treatment protocols are now available. Our results
show that during this delay exercise therapy or manual therapy
(and to a lesser degree combined therapy) in addition to usual care
will provide good value for money for patients across the severity
spectrum.
Strengths and limitations of the study
This was a comprehensive economic evaluation set within a
randomized controlled trial with high levels of patient retention
(>93%) and robust methods to impute missing data32. The primary
data from the trial enabled the calculation of cost effectiveness
estimates using data with high internal validity44. The pragmatic
nature of the MOA Trial increases the generalizability of these
ﬁndings45. We used a cost data collection tool that captured a broad
range of costs and was validated for this purpose in the New Zealand OA population. Our sensitivity analyses tested the robustness
of our cost effectiveness estimates.
Our trial considered whether the interventions were more or
less effective when a common co-intervention was present33. From
the perspective of the New Zealand health system the physiotherapy programmes demonstrated greater probabilities of cost
effectiveness relative to usual care for those with no joint
replacement surgery. This subgroup analysis was a particularly
important consideration in this study because joint replacement
surgery is known to be one of the most cost effective interventions
in this patient population46,47, and its inclusion in the intention to
treat analysis may have skewed the cost effectiveness estimates.
We have shown that the treatment programmes improved the
WOMAC index score and increased the number of OMERACTeOARSI
responders relative to usual care14; however, it is difﬁcult to interpret the value for money of these ﬁndings. Our results showed that,
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from the societal perspective, the probability of cost effectiveness
for manual therapy per OMERACTeOARSI responder was above 70%,
even when societal valuations of an additional responder are zero.
This is a compelling ﬁnding, but it may be difﬁcult for decision
makers to interpret. It seems reasonable to conclude that high levels
of cost effectiveness at relatively low cost would be attractive to
decision makers. However, unless these beneﬁts can be tied to a
ﬁnal endpoint that is easier to value, it is questionable whether they
will be considered by decision makers29.
Conclusions
The MOA Trial exercise physiotherapy and manual physiotherapy programmes were cost effective relative to usual care
within policy relevant ranges of WTP per QALY from the perspectives of the New Zealand health system and society.
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The Incremental Effects of Manual
Therapy or Booster Sessions
in Addition to Exercise Therapy
for Knee Osteoarthritis:
A Randomized Clinical Trial
! STUDY DESIGN: A factorial randomized

! RESULTS: Of 75 participants recruited, 66

controlled trial.

! OBJECTIVES: To investigate the addition of

manual therapy to exercise therapy for the reduction of pain and increase of physical function in
people with knee osteoarthritis (OA), and whether
“booster sessions” compared to consecutive sessions may improve outcomes.

! BACKGROUND: The benefits of providing

manual therapy in addition to exercise therapy, or
of distributing treatment sessions over time using
periodic booster sessions, in people with knee OA
are not well established.

! METHODS: All participants had knee OA and

were provided 12 sessions of multimodal exercise
therapy supervised by a physical therapist. Participants were randomly allocated to 1 of 4 groups:
exercise therapy in consecutive sessions, exercise
therapy distributed over a year using booster
sessions, exercise therapy plus manual therapy
without booster sessions, and exercise therapy
plus manual therapy with booster sessions. The
primary outcome measure was the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC score; 0-240 scale) at 1-year follow-up.
Secondary outcome measures were the numeric
pain-rating scale and physical performance tests.

(88%) were retained at 1-year follow-up. Factorial
analysis of covariance of the main effects showed
significant benefit from booster sessions
(P = .009) and manual therapy (P = .023) over
exercise therapy alone. Group analysis showed that
exercise therapy with booster sessions (WOMAC
score, –46.0 points; 95% confidence interval [CI]:
–80.0, –12.0) and exercise therapy plus manual
therapy (WOMAC score, –37.5 points; 95% CI: –69.7,
–5.5) had superior effects compared with exercise
therapy alone. The combined strategy of exercise
therapy plus manual therapy with booster sessions
was not superior to exercise therapy alone.

! CONCLUSION: Distributing 12 sessions of exer-

cise therapy over a year in the form of booster sessions was more effective than providing 12 consecutive exercise therapy sessions. Providing manual
therapy in addition to exercise therapy improved
treatment effectiveness compared to providing 12
consecutive exercise therapy sessions alone. Trial
registered with the Australian New Zealand Clinical
Trials Registry (ACTRN12612000460808).

! LEVEL OF EVIDENCE: Therapy, level 1b-.

J Orthop Sports Phys Ther 2015;45(12):975-983.
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! KEY WORDS: arthralgia, OA, physical therapy
techniques, randomized controlled trial

O

steoarthritis (OA) is a
common disorder that
affects up to 40% of
adults and, according to
some sources, may affect more
than 80% of those over 65 years
of age.4,12 Knee and hip OA
are among the most common causes of
pain and disability in older adults. Exercise therapy is known to be effective19 and
is recommended as the first line of treatment for reducing pain and disability in
individuals with knee OA.13 However, recent systematic reviews indicate that these
benefits are generally modest for improvements in pain and function,19 and although
similar to those of simple analgesics and
nonsteroidal anti-inflammatory drugs, effects are often short lived.8,19,22,30 Strategies
are needed to improve treatment effect.
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Manual therapy is an intervention
commonly combined with therapeutic
exercise in clinical practice,9 although the
research available to date cannot provide
evidence as to whether it may improve
the overall effectiveness of rehabilitation for reducing pain and disability in
patients with knee OA.1,14,15 A recent trial
that included patients with knee OA who
were assigned exercise, manual therapy,
or a combination of exercise therapy plus
manual therapy found that these interventions were superior to usual care with
no additional therapy; however, no significant differences were found between
the 3 intervention groups.1 In that trial,
the overall treatment contact time was
equivalent across treatments; however,
this meant that the participants in the
combined-therapy group did not receive
a comparable dose of supervised exercise
therapy to that received by the exercise
therapy group within the same allocated
time.1 There is a need to investigate the
incremental benefit of providing manual
therapy in addition to exercise therapy
for patients with knee OA compared with
exercise therapy alone.
A weakness of most studies of exercise therapy or manual therapy interventions has been the duration of follow-up,
such that most have only provided evidence of short- to medium-term effectiveness. Few trials have followed
participants beyond 3 to 6 months, and
those that did have generally shown significant diminishment of effectiveness in
the longer term.30 Strategies are needed
to facilitate longer-term maintenance of
beneficial effects. Previous investigators
and expert opinion14,17,18,30 recommend
that patients receive regular follow-ups
or “booster sessions” in the delivery of
physical therapy. A recent systematic review heralded the benefits of booster sessions in the delivery of exercise therapy
for people with OA of the hip or knee30;
however, critical examination of the
studies from which these recommendations were made reveals that most of
those primary studies did not, in fact, investigate the effectiveness of booster ses-
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sions compared to no booster sessions.
Only 1 study testing this proposition has
appeared in the literature, which found
no benefit from booster sessions.10 There
is a pressing need to evaluate the effectiveness of regular follow-up via booster
sessions28,30 for maintaining the beneficial effect of interventions over longerterm follow-up.
In this randomized clinical trial, we
investigated, in people with knee OA,
the effectiveness of providing manual
therapy in addition to exercise therapy
as a strategy for increasing the beneficial effects of exercise therapy, and
of regularly scheduled booster sessions
as a strategy for optimizing the beneficial effects of interventions to 1-year
follow-up.
The specific aims of the trial were
(1) to investigate the effects of manual
therapy combined with exercise therapy,
compared with exercise therapy alone,
in improving pain, disability, and physical function; and (2) to compare the effects of delivering the physical therapy
intervention using periodic booster sessions versus not using booster sessions in
improving pain, disability, and physical
function at 1-year follow-up.

METHODS
Design

T

he present study was a randomized controlled trial (RCT) with a
parallel-group, factorial design and
a 1-year follow-up period. Data were collected at the Outpatient Physiotherapy
and Orthopaedics Departments, Dunedin Hospital, New Zealand. The study was
approved by the Lower South Regional
Ethics Committee of the New Zealand
Ministry of Health (LSR/10/11/055)
and registered with the Australian New
Zealand Clinical Trials Registry (ACTRN12612000460808). Participants
were recruited in Dunedin, New Zealand from 3 sources: patients presenting to physical therapy with knee pain,
patients referred for orthopaedic consultation for knee OA but not eligible for

]
joint replacement surgery, and people
with knee OA on our clinical trials mailing list. All participants provided written
informed consent.
A research nurse screened each potential participant against the inclusion
and exclusion criteria by chart review
and telephone interview. Eligible participants had to be 40 years of age or older
and meet the American College of Rheumatology clinical criteria for a diagnosis
of knee OA.5,6 Exclusion criteria were
rheumatoid arthritis; previous knee or
hip joint replacement surgery of the affected joint; any other surgical procedure on the lower limbs in the previous 6
months; surgical procedure on the lower
limbs planned in the next 6 months; initiation of opioid analgesia or corticosteroid or analgesic injection intervention
for hip or knee pain within the previous
30 days; physical impairments unrelated
to the hip or knee that would prevent safe
participation in exercise, manual therapy,
walking, or stationary cycling; inability to
comprehend and complete study assessments or comply with study instructions;
or stated inability to attend or complete
the proposed course of intervention and
follow-up schedule.
Potential participants attended an
appointment, at which an assessor confirmed their eligibility and obtained
written informed consent and baseline
measures. Baseline and follow-up testing
was conducted by research staff blinded
to group allocation. Eligible participants
were randomly allocated to each group
by a researcher who was not involved in
participant assessment or treatment. The
random allocation sequence was generated (by J.H.A.) with an online service
(http://www.randomization.com), included randomly permuted blocks of 8
and 12 participants per block, and was
concealed from recruitment staff, assessors, and treatment providers. The allocation ratio was 1:1:1:1.

Interventions
Following baseline testing, participants
with knee OA were randomized to 1 of
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TABLE 1

Brief Description of the Exercise Therapy and Manual Therapy Interventions*

Therapy Type/Intervention

Description

Exercise

†
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Mandatory interventions

1. Aerobic exercise: up to 10 minutes, cycle or walk
2. Strengthening: 3 sets of 10 repetitions of knee extension, hip extension, knee flexion. Resistance adjusted
as appropriate
3. Stretching: 60-second passive stretch of knee flexors, knee extensors, ankle plantar flexors
4. Neuromuscular coordination control exercises: 3 sets of 2 minutes of (choose from) standing weight shifting,
standing balance on uneven surfaces, sidestepping, forward/backward and shuttle walking drills, stair walking

Secondary (nonmandatory) interventions, prescribed when
indicated by assessment findings

1. Ankle plantar flexor strengthening, hip abductor strengthening, hip lateral rotator strengthening, hip flexor
and knee extensor stretching, trunk muscle strengthening

Home exercise program

1. Prescribe up to 6 of the above activities to reinforce clinic interventions

Manual

‡

Mandatory interventions

1. Knee flexion: nonthrust physiologic motion
2. Anteroposterior-directed force to the tibia, tibiofemoral joint: nonthrust
3. Knee extension: nonthrust physiologic motion
4. Posteroanterior-directed force to the tibia, tibiofemoral joint: nonthrust
5. Patellar gliding force: nonthrust
6. Manual stretch to quadriceps, hamstrings, triceps surae muscles
7. Soft tissue manipulation: quadriceps and peripatellar connective tissue, hamstrings, hip adductors, and triceps
surae muscles

Secondary (nonmandatory) interventions prescribed when
indicated by assessment findings

1. Long-axis hip distraction with thrust
2. Lateral hip distraction: nonthrust
3. Anteroposterior-directed force to proximal femur: nonthrust
4. Posteroanterior-directed force to proximal femur: nonthrust
5. Medial hip rotation: nonthrust
6. Soft tissue manipulation to hip and thigh musculature and fascia
7. Manual stretches to connective tissue of hip and thigh
8. Ankle and talocalcaneal joint distraction: thrust or nonthrust
9. Ankle talocrural anteroposterior-directed force: nonthrust
10. Anteroposterior-directed force to distal fibula, tibiofibular joint: nonthrust
11. Soft tissue manipulation: ankle plantar flexor muscle group
12. Lumbopelvic rotation: thrust manipulation

Home program of reinforcing activities

1. Prescribe up to 6 range-of-motion activities to reinforce clinic interventions

*A full description of the intervention protocol and procedures is available from the corresponding author.
†
Supervised exercise physical therapy. The exercise therapy protocol did not allow therapist-applied manual forces.
‡
Individualized manual physical therapy. Manual therapy was defined as skilled therapist–applied manual procedures intended to modify the quality
and range of motion of the target joint and associated soft tissue structures. The manual therapy protocol did not provide or prescribe aerobic, strengthening,
or neuromuscular control exercises. The home program of reinforcing activities did not include any exercise therapy exercises.

4 groups: (1) exercise therapy without
booster sessions (Ex), (2) exercise therapy
with booster sessions (ExB), (3) exercise
therapy plus manual therapy with no
booster sessions (Ex+MT), or (4) exercise therapy plus manual therapy with

booster sessions (ExB+MT). Factor 1 was
therefore booster versus no booster; factor 2 was exercise alone versus exercise
plus manual therapy.
The exercise therapy protocol consisted
of a multimodal, supervised program of

warm-up/aerobic, muscle strengthening,
muscle stretching, and neuromuscular
control exercises (TABLE 1). Additional exercise therapy interventions were prescribed
individually for each participant, based on
the physical examination findings, from a
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limited list of interventions. In the case
of bilateral symptoms, the limb with the
greatest numeric pain-rating scale (NPRS)
score at baseline assessment was considered the affected limb, and treatment was
targeted to that limb. All participants were
provided twelve 45-minute sessions of exercise therapy, supervised and progressed
by a physical therapist. The dose of exercise therapy was therefore balanced across
all of the groups.
Participants randomized to the nobooster condition received 12 consecutive
sessions of their assigned intervention in
the first 9 weeks of the study. We defined
booster sessions as sessions of supervised
therapy provided at time intervals separated from the consecutive sessions of the
initial episode of care, with intervening
periods of no supervised therapy provision. Participants randomized to receive
booster sessions had their assigned intervention distributed in the following manner: 8 consecutive sessions in the first 9
weeks, 2 booster sessions at 5 months, 1
booster session at 8 months, and 1 booster session at 11 months, also for a total
of 12 sessions. We selected 3-month intervals between booster sessions because
it appears likely that benefits from exercise programs may diminish within this
period.30
The manual therapy protocol consisted of procedures intended to modify the
quality and range of motion of the target
joint and associated soft tissue structures.
Additional manual therapy interventions
were prescribed individually for each
participant randomized to this intervention, based on the physical examination
findings, from a limited list of interventions defined in our protocol (TABLE 1).
This manual therapy protocol has been
shown to be effective in earlier research.1
Participants allocated to manual therapy
were provided twelve 30- to 45-minute
sessions of manual therapy in addition to
the exercise therapy sessions.
All interventions were provided by
physical therapists at Dunedin Hospital, following training in delivery of the
intervention protocols. Audits of treat-
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Characteristics of Participants
at Entry to the Trial*

TABLE 2

Ex (n = 19)

ExB (n = 19)

Ex+MT (n = 18)

ExB+MT
(n = 19)

Demographic
Men, n (%)

8 (42)

8 (42)

6 (33)

7 (37)

Women, n (%)

11 (58)

11 (58)

12 (67)

12 (63)

64 ! 10

65 ! 10

61 ! 12

64 ! 10.2

29.2 ! 6.1

30.2 ! 5.6

27.6 ! 4.7

29.8 ! 6.6

70.9 ! 45.1

108.4 ! 54.8

71.1 ! 42.8

93.5 ! 50.1

2.1 ! 1.2

3.4 ! 2.1

2.8 ! 1.9

2.5 ! 1.5

Age, y
Body mass index, kg/m

2

Clinical
WOMAC score (0-240)†
Pain-intensity score (0-10)‡
Timed up-and-go test, s

7.8 ! 1.8

7.8 ! 2.3

7.2 ! 2.1

9.2 ! 3.1

40-meter self-paced walk time, s

31.7 ! 5.8

32.2 ! 7.3

30.1 ! 7.3

35.7 ! 10.1

30-second sit-to-stand test, n

10.8 ! 5.1

10.8 ! 3.1

12.2 ! 4.7

8.3 ! 5.0

10 (53)

12 (63)

6 (33)

13 (68)

Less than 1 y

3

4

4

5

1-2 y

2

3

4

4

3-5 y

3

3

1

3

5-10 y

9

4

2

3

More than 10 y

2

5

7

4

Bilateral symptoms, n (%)
Duration of symptoms, n

Abbreviations: Ex, exercise therapy without booster sessions; Ex+MT, exercise therapy plus manual
therapy with no booster sessions; ExB, exercise therapy with booster sessions; ExB+MT, exercise
therapy plus manual therapy with booster sessions; MT, manual therapy; WOMAC, Western Ontario
and McMaster Universities Osteoarthritis Index.
*Values are mean ! SD unless otherwise indicated.
†
Lower scores represent less pain, stiffness, and disability.
‡
Higher scores represent more pain.

ment records were conducted throughout the trial to assess provider adherence
and treatment progression. Due to the
nature of the interventions, it was not
possible to blind treatment providers to
group allocation.

Outcome Measures
The primary outcome variable was
change in the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) total score. We used WOMAC
Version NRS 3.1, in which each of the
24 items is rated on a 0-to-10 numeric
rating scale, for a total scale range of 0
to 240 points. The WOMAC is a wellestablished, disease-specific measure of
pain, stiffness, and physical function for

individuals with knee OA.25 Minimum
important change has been shown to be
approximately 20% of baseline score.7
We also assessed treatment success,
defined according to the Outcome Measures in Rheumatoid Arthritis Clinical
Trials-Osteoarthritis Research Society
International (OMERACT-OARSI) responder criteria,29; as either (1) greater
than or equal to 50% improvement in the
WOMAC pain or function subscales and
an absolute improvement of greater than
or equal to 20 points when transformed
to a 0-to-100 scale, or (2) at least 2 of
the following: (a) pain reduction greater
than or equal to 20% from baseline and
absolute change greater than or equal to
10 (WOMAC pain score, 0-100 scale), (b)
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12-month
follow-up

Allocation

Randomized, n = 75

Analysis
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Assessed for eligibility, n = 134

Declined to participate, n = 3
Did not meet inclusion criteria, n = 4
• Less than 40 years of age, n = 3
• Did not meet ACR criteria, n = 1
Excluded, n = 52
• Unable to attend, n = 16
• Inflammatory arthritis, n = 10
• Prior TKR or TKR planned, n = 6
• Other prior surgery, n = 2
• Insufficient communication ability, n = 2
• Other reasons, n = 16

Ex, n = 19
Received allocated intervention, n = 19

ExB, n = 19
Received allocated intervention, n = 19

Ex+MT, n = 18
Received allocated intervention, n = 18

ExB+MT, n = 19
Received allocated intervention, n = 19

Lost to follow-up, n = 1
• Unable to contact, n = 1

Lost to follow-up, n = 3
• Illness, n = 1
• Personal reasons, n = 1
• Unknown, n = 1

Lost to follow-up, n = 1
• Time commitments, n = 1

Lost to follow-up, n = 4
• Unable to contact, n = 1
• Declined, n = 2
• Declined due to pain, n = 1

Included in complete case
analysis, n = 18

Included in complete case
analysis, n = 16

Included in complete case
analysis, n = 17

Included in complete case
analysis, n = 15

FIGURE. Flow diagram. Abbreviations: ACR, American College of Rheumatology; Ex, exercise therapy without booster sessions; Ex+MT, exercise therapy plus manual therapy
with no booster sessions; ExB, exercise therapy with booster sessions; ExB+MT, exercise therapy plus manual therapy with booster sessions; TKR, total knee replacement.

functional improvement greater than or
equal to 20% from baseline and absolute change greater than or equal to 10
(WOMAC function score, 0-100 scale), or
(c) patient global assessment of change of
4 or greater (scale, –7 to 7) assessed using
the global rating of change instrument.21
Secondary outcome measures included the NPRS,2 the timed up-and-go
test, the 30-second sit-to-stand test, and
the 40-meter fast-paced walk test.16 Assessors were trained in the assessment
methods and blinded to group allocation.

Statistical Analysis
An analysis of covariance (ANCOVA) is
the preferred method of analyzing RCTs

with paired baseline and follow-up values.32 We therefore used ANCOVA linear
regression as the primary analysis to assess main effects and the interaction effect between groups, adjusting for age,
sex, and bilateral symptoms at baseline.24,27 To determine whether the data
violated statistical assumptions of linear
regression, we used Shapiro-Wilk and
skewness/kurtosis tests of the regression
residuals and residuals plots. An intention-to-treat analysis, with 20 multiple
imputations for each missing value,33
was conducted with the “mi” suite of
commands in the Stata Version 13.1 statistical package (StataCorp LP, College
Station, TX), using the same explanatory

variables as those of the primary analysis.
The appropriateness of imputed values
was assessed. Multiple imputed (primary) and complete case analyses were
performed for the primary outcome,
as recommended by CONSORT, with
the imputed analysis performed for the
intention-to-treat analysis and the complete case analysis to reveal any sensitivity to the imputed values.26
We also reported the number needed
to treat (NNT) by the trial intervention
groups (groups 2-4) compared with the
reference group (group 1, Ex) to achieve
a gain of 1 additional OMERACT-OARSI responder, as well as mean change in
the secondary outcome measures from
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baseline to 1-year follow-up. Differences
in means were analyzed using an ANCOVA adjusted for age, sex, and bilateral
symptoms at baseline. Only the results of
complete case analyses were reported for
secondary outcomes.
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RESULTS

O

f 75 participants recruited
from April 2011 to June 2012, 66
(88%) were retained at 1-year follow-up. The participants are described
in TABLE 2. The FIGURE shows the flow of
participants through the trial.
In the intention-to-treat ANCOVA factorial model with multiple imputation of
missing outcome data, the main effects
for both manual therapy (WOMAC score,
–37.49 points; 95% confidence interval
[CI]: –69.72, –5.26; P = .023) and booster
sessions (WOMAC score, –46.02 points;
95% CI: –80.04, –11.99; P = .009) were
clinically and statistically significant. However, the factorial analysis also identified a
statistically significant interaction effect (P
= .001) between interventions of manual
therapy and booster sessions, which therefore required an analysis of all results by
group, with group 1 (Ex) as the reference
group.24,27 The results, reported in TABLE
3, indicate that groups 2 and 3 (ExB and
Ex+MT) showed outcomes superior to
those of the reference group (Ex), while the
outcomes of group 4 (ExB+MT) were not
superior to those of Ex. The model using
only complete cases was consistent with
the imputed intention-to-treat model.
Treatment success, as defined by the
OMERACT-OARSI responder criteria, was
observed among 36 of 66 (54.5%) complete
cases. The NNT, reported in TABLE 4, was
statistically significant for groups 2 and 3
(ExB and Ex+MT) compared with the reference group (Ex). Group 4 (ExB+MT) was
not superior to Ex. These results were consistent with the ANCOVA model.
Change in pain intensity (NPRS)
significantly favored the Ex+MT group
(TABLE 4). While change in physical performance test scores generally favored
group 2 (ExB), the only statistically

RESEARCH REPORT
TABLE 3

]

Results of the Adjusted Analysis-ofCovariance Regression Models*
Multiple Imputation, m = 20 (n = 75)†
Coefficient

‡

P Value

Complete Case Analysis (n = 66)
Coefficient‡

P Value

Treatment groups
Ex

Reference

...

Reference

...

ExB

–46.0 (–80.0, –12.0)

.009§

–46.9 (–79.4, –14.4)

.005§

Ex+MT

–37.5 (–69.7, –5.3)

.023§

–37.3 (–68.8, –5.8)

.021§

ExB+MT

–1.5 (–35.3, 32.3)

.928

–2.0 (–34.9, 30.9)

.905

0.2 (–1.4, 1.0)

.747

–0.2 (–1.3, 0.9)

.727

Age
Sex
Male

Reference

...

Reference

...

–5.2 (–29.2, 18.9)

.669

–4.4 (–28.6, 19.7)

.715

No

Reference

...

Reference

...

Yes

12.2 (–13.4, 37. 8)

.342

12.7 (–11.3, 36.8)

.293

Female
Bilateral symptoms

Abbreviation: Ex, exercise therapy without booster sessions; Ex+MT, exercise therapy plus manual
therapy with no booster sessions; ExB, exercise therapy with booster sessions; ExB+MT, exercise
therapy plus manual therapy with booster sessions; MT, manual therapy.
*Values are Western Ontario and McMaster Universities Osteoarthritis Index points (0-240 scale),
with lower scores (negative difference) indicating improvement.
†
Adjusted for age, sex, and bilateral symptoms at baseline.
‡
Values in parentheses are 95% confidence interval.
§
Statistically significant at 2-sided P<.05.

significant difference was seen for the
30-second sit-to-stand test, with ExB superior to Ex (TABLE 4).

DISCUSSION

O

ur results indicated that providing either manual therapy or
booster sessions, in addition to
exercise therapy, conferred incremental
benefits over providing exercise therapy
alone. However, our results did not support the hypothesis that providing both
manual therapy and booster sessions in
addition to exercise results in incremental
benefit. In fact, we detected a strong interaction effect between manual therapy
and booster sessions that resulted in a diminished effect in that combined group.
These results indicate that benefits,
in terms of pain and self-reported disability at 1-year follow-up, result from
providing 12 sessions of manual therapy
in addition to exercise therapy. Earlier

studies showed conflicting results regarding the effectiveness of combined
manual therapy plus exercise therapy
for knee OA.14,15,20,23 The present finding
builds on a recent report that found both
exercise therapy and manual therapy in
addition to usual medical care to provide
benefits superior to those of usual medical care alone.1 That trial also included
combined exercise therapy plus manual
therapy, which did not provide significant benefits over either intervention
alone. However, in that trial, all conditions received approximately the same
treatment contact time. Consequently,
in the combined exercise therapy plus
manual therapy condition the delivered
dose was reduced compared with that in
the separately delivered exercise therapy
and manual therapy conditions.1 This is
an important distinction between that
trial and the present trial, in which all
exercise conditions were equivalent and
the manual therapy sessions were addi-
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TABLE 4

Changes in Secondary Outcome Measures From Baseline to 1-Year Follow-up*

Secondary Outcome

Ex
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Mean ! SD (range) total treatment time, min

440 ! 137 (60-570)

ExB
346 ! 167 (0-555)

741 ! 192 (227-960)

622 ! 237 (180-970)

–34.2 (–57.5, –11.0)‡

–3.3 (–30.9, 24.2)

–1.3 (–2.5, –0.1)‡

1.2 (–0.4, 2.8)

5.0 (–14.2, 24.3)

Pain-intensity score (0-10)§

1.0 (–0.3, 2.3)

–1.0 (–2.3, 0.3)

Timed up-and-go test, s

40-meter self-paced walk time, s‖
30-second sit-to-stand test, n¶
Adverse events, n
NNT to gain 1 additional OMERACT-OARSI responder

††

ExB+MT

–51.1 (–82.2, –20.0)‡

Total WOMAC score (0-240)†

‖

Ex+MT

0.4 (–0.4, 1.3)

–0.6 (–1.9, 0.7)

0.4 (–0.8, 1.5)

0.3 (–1.4, 2.0)

–0.5 (–3.7, 2.7)

–2.4 (–6.1, 1.5)

–1.4 (–4.3, 1.6)

–1.1 (–1.5, 3.6)

0.2 (–1.8, 2.1)

2.7 (1.4, 3.9)‡

2.1‡ (0.7, 3.4)‡

1.2 (–0.9, 3.3)

#

1

0

0

1**

Reference

2.8 (1.7, 50.5)

2.7 (1.7, 23.4)

NA‡‡

Abbreviations: Ex, exercise therapy without booster sessions; Ex+MT, exercise therapy plus manual therapy with no booster sessions; ExB, exercise therapy
with booster sessions; ExB+MT, exercise therapy plus manual therapy with booster sessions; MT, manual therapy; NA, not available; NNT, number needed
to treat; OMERACT-OARSI, Outcome Measures in Rheumatoid Arthritis Clinical Trials-Osteoarthritis Research Society International responder criteria;
WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
*Complete case analysis (n = 66). Values are mean change (95% confidence interval) in test score (or time) from baseline to 1 year unless otherwise indicated.
†
A lower score (negative difference) is better.
‡
P<.05 compared with exercise therapy only (reference), adjusted for baseline value, age, sex, and bilateral symptoms at baseline.
§
Negative scores indicate reduced pain.
‖
Negative times represent shorter time to complete, indicating improvement.
¶
Positive values represent more repetitions, indicating improvement.
#
Possibly trial-related hip pain associated with exercise.
**Possibly trial-related fall onto knee associated with exercise.
††
As defined in Pham et al.29
‡‡
Unable to calculate (nonsignificantly less than reference).

tional. This trial indicates that, keeping
content and dose of exercise equivalent,
the addition of manual therapy confers
additional benefits. However, that incremental benefit carries the additional
cost of providing the manual therapy intervention, which required an additional
300 minutes per participant of therapist
time (TABLE 4).
The results indicating benefit from
booster sessions are contrary to the recent findings of Bennell et al,10 who found
that 2 booster sessions did not influence
pain or physical function outcomes in
patients with knee OA who completed
a 12-week course of physical therapist–
supervised exercise. The age of the participants, the duration and severity of
their symptoms, the content of the intervention, its intensity, and the number of
visits were similar to those of the present
study. However, the booster sessions were
shorter in the trial by Bennell et al10 (30
minutes) compared to the present trial
(approximately 45 minutes in the ExB
group and 75 minutes in the ExB+MT

group). The content of the booster sessions might have differed slightly. In the
trial by Bennell et al,10 the home exercise
program was reviewed and the patient
was observed performing the home exercises, whereas in the present trial the
full supervised intervention protocol was
completed and the home exercises were
reviewed. Also, the duration of follow-up
was shorter in that trial (36 weeks) compared to that of the current trial (1 year),
while within-group treatment standardized effect size (calculated from reported
results) was greater in the trial by Bennell
et al10 (approximately 0.78 at 13 weeks11)
than it was in the present trial (0.1 for exercise alone at 1 year). This indicates that
there was considerably more room for
improvement in treatment effect in the
current trial than there was in the study
by Bennell et al.10,11 It also reveals an
unexpectedly low treatment effect from
the Ex intervention group in the current
trial, compared with the previous trial on
which its treatment protocol was based.1
However, the current trial had a lower

number of participants per group, and
therefore greater uncertainty of treatment effect and higher risk of chance
findings compared with larger trials.
An important difference between this
trial and the previous trial investigating
the effectiveness of booster sessions10 was
that, in the present trial, the nonbooster
and booster conditions had equal treatment time, whereas in the study by Bennell et al,10 the booster condition had
2 additional sessions. In this trial, all
groups had 12 exercise therapy sessions,
only distributed differently over the
12-month duration of the trial. In fact,
the ExB group participants consumed
93 minutes less therapist contact time,
on average, over the 12 months. Yet, we
found superior benefits in terms of selfreported disability and the 30-second
sit-to-stand test from distributing sessions over 12 months, to include booster
sessions, rather than providing all 12 sessions in the first 9 weeks.
The finding of an adverse interaction effect between manual therapy and
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booster sessions, that is, lower WOMAC
change in the combination condition
compared with each intervention individually, was perplexing. The ExB+MT
group did receive less therapist contact
time than the Ex+MT group (622 minutes compared with 740 minutes, on
average), but more than the Ex and ExB
groups (TABLE 4). This trial was not designed to reveal mechanisms, so potential
explanations are conjecture. The simplest
and therefore most likely explanation is
that the interaction effect may be simply a chance finding due to the relatively
small individual group sizes (n = 18 or
19 per group) in this trial, which was
intended to test the main effects within
the factorial design (ie, n = 37 or 38 per
factor). This might have introduced instability in the resulting per-group findings, leading to type II error in finding no
significant effect for the ExB+MT group.
This explanation may indicate that interpretation should rest with the primary factorial analysis, which indicated
that providing either manual therapy or
booster sessions, in addition to exercise
therapy, conferred incremental benefits
over providing exercise therapy alone. If
the interaction results represent a real
phenomenon, the mechanism cannot be
determined and would require further
investigation.
A strength of the present trial was
the use of exercise therapy and manual
therapy protocols previously shown to be
effective.1 Also, all participants were allocated a standard dose of twelve 45-minute sessions of standardized exercise
therapy, so all comparisons can be attributed to the allocated group conditions.
We consider the results to be generalizable to clinical practice, as we excluded
few patients with knee OA, the included
patients represented a wide spectrum of
symptom severity, the trial was set in a
busy hospital physical therapy clinic, and
the clinicians providing the interventions
were not selected on the basis of specialist skills or qualifications and received
only in-service training. A potential
threat to the analysis was the continu-
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ous outcome (WOMAC) being skewed
at follow-up assessment, which risks
violating the assumptions of common
parametric statistical methods, such as
linear regression. Given that supervised
exercise is a known effective therapy,13,19
it was not surprising that improvement
in all groups at follow-up led to skewed
distribution of the WOMAC scores. This
is common following treatment in musculoskeletal conditions.3 However, ANCOVA has been established as robust to
nonnormally distributed data31 and is the
preferred statistical analysis for RCTs,32
and our statistical analysis of the regression residuals indicated acceptable conformance to a normal distribution. The
NNT analysis of difference in proportions of responders between the groups
(TABLE 4) is not subject to distributional
assumptions and was consistent with
the ANCOVA. Another potential weakness was the chance inequivalence in the
primary outcome (WOMAC) at baseline;
however, the ANCOVA controls for baseline, and all of our analyses resulted in
the same interpretations for both selfreported disability and pain. Therefore,
we believe that our results are statistically robust. Both the factorial and the
per-group analyses showed statistically
significant results in favor of the booster
and manual therapy interventions. However, because we were forced to conduct
a per-group analysis following the factorial analysis, due to the adverse interaction effect between the main factors,
this resulted in a relatively small sample
size per group. Therefore, the data may
be variable and susceptible to chance
findings, so we recommend further
investigation.
While the results of this trial indicate
that booster sessions or manual therapy
provide incremental benefits in addition
to exercise therapy, these results are not
definitive: the booster session results in
this trial do not concur with the results
of Bennell et al,10 the Ex group in the
current trial showed lower-than-expected treatment effect compared with the
protocol on which it was based,1 and the

]
interaction effect seen in the ExB+MT
group was contradictory. The dose of interventions delivered has differed among
trials in the literature and is very likely to
be a factor determining treatment effect.
The incremental effectiveness of these
interventions therefore remains unresolved, and further research will be necessary to resolve the aims of this trial. We
are aware of a larger, recently completed
study (ClinicalTrials.gov; NCT01314183),
the results of which provide further
evidence toward establishing whether
booster sessions and/or manual therapy
provide incremental benefits in addition
to exercise therapy.

CONCLUSION

D

istributing supervised exercise
therapy sessions over the course of
1 year, in the form of 8 initial sessions in the first 2 months, then 4 booster
sessions at 5, 8, and 11 months, improved
outcomes at 1 year compared with delivery of 12 consecutive sessions of supervised exercise therapy within 2 months,
without additional therapist contact
time. The addition of 12 sessions of individually tailored manual therapy to 12
sessions of supervised exercise therapy,
delivered over 2 months, also improved
outcomes at 1 year, while also requiring
additional therapist time. However, providing manual therapy distributed over
12 months using booster sessions in addition to supervised exercise therapy did
not provide incremental benefit at 1 year
compared with delivery of 12 consecutive
sessions of supervised exercise therapy
alone, and required additional therapist time. Further research is required
to establish the incremental benefits of
booster sessions and/or manual therapy
in addition to exercise therapy. !

KEY POINTS
FINDINGS: Providing manual therapy in

addition to exercise therapy improved
treatment effectiveness compared with
providing 12 consecutive exercise therapy sessions only. Distributing 12 exercise
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therapy sessions over a year in the form
of booster sessions was more effective
than providing consecutive exercise
therapy sessions.
IMPLICATIONS: The addition of manual
therapy, or distribution of exercise therapy sessions over a year, enhances the
treatment effectiveness of 12 sessions of
supervised exercise therapy.
CAUTION: The findings, including that of
an adverse interaction effect between
manual therapy and booster sessions,
may be due to chance, as a result of
small per-group sample size.
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Objective: (1) Do treatment effects differ between participants receiving manual therapy (MT) with
exercise compared to subjects who don't, (2) are treatment effects sustained better when participants
receive booster sessions compared to those who don't over a one year period in subjects with knee
osteoarthritis (KOA)?
Design: Multi-center, 2 ! 2 factorial randomized clinical trial. 300 participants with knee OA were
randomized to four groups: exercise-no boosters (Ex), exercise-with boosters (ExþB), manual
therapyþexercise-no boosters (MTþEx), manual therapyþexercise-with boosters (MTþExþB). The primary outcome was the Western Ontario and McMaster osteoarthritis index (WOMAC) at 1 year. Secondary outcomes included knee pain, physical performance tests, and proportions of participants
meeting treatment responder criteria.
Results: There were no differences between groups on the WOMAC at 1 year or on any performancebased measures. Secondary analyses indicated a) better scores on the WOMAC and greater odds of being a treatment responder at 9 weeks for participants receiving MT, b) greater odds of being a treatment
responder at 1 year for participants receiving boosters. Exploratory interaction analysis suggested knee
pain decreases for participants receiving boosters and increases for participants not receiving boosters
from 9 weeks to 1 year.
Conclusions: MT or use of boosters with exercise did not result in additive improvement in the primary
outcome at 1 year. Secondary outcomes suggest MT may have some short term beneﬁt, and booster
sessions may improve responder status and knee pain at 1 year. However, the role of booster sessions
remains unclear in sustaining treatment effects and warrants further study.
Clinical Trials.gov (NCT01314183).
© 2016 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Keywords:
Physical therapy
Knee
Osteoarthritis
Manual therapy
Exercise
Booster sessions

Exercise therapy is important in managing knee osteoarthritis
(KOA) and several evidence-based practice guidelines advocate use
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of exercise to reduce pain and improve function in people with
KOA1e3. Exercise therapy recommendations include lower extremity muscular strength training, joint mobility, and aerobic exercises to overcome impairments believed to contribute to
disability associated with KOA1e3. Although there is general
agreement exercise can reduce pain and improve function for
people with KOA, systematic reviews indicate beneﬁts are modest
with reported effect sizes of 0.39e0.49 for pain and 0.31e0.52 for

http://dx.doi.org/10.1016/j.joca.2016.03.001
1063-4584/© 2016 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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function4e6. Beneﬁcial effects of exercise therapy also appear to
diminish and may disappear over time7. Based on current evidence,
there is need to improve overall treatment effects for people with
KOA and incorporate strategies that facilitate long term maintenance of beneﬁcial treatment effects.
Manual therapy (MT) techniques are often combined with exercise by physical therapists to treat pain and functional deﬁcits in
patients with KOA. Some studies report enhanced treatment effects
for pain and function when MT is combined with exercise8. A recent
study found MT to be effective, compared with no MT, for patientreported functional outcome, however, exercise therapy alone was
superior in improving performance-based functional scores9. At
present, there are no strong recommendations for or against use of
MT as an adjunct to exercise therapy in evidence-based guidelines
due to equivocal results in the literature. Additional evidence is
needed to inform recommendations for using MT to address pain
and functional deﬁcits with KOA.
To sustain favorable treatment effects obtained from exercise
therapy, ongoing clinical follow-up with provision of regular
booster sessions has been recommended7,8,10,11. A booster session is
a periodic follow-up appointment occurring several weeks/months
following a course of supervised therapy. Therapists meet face-toface with patients to review current rehabilitation programs,
troubleshoot problems, and make recommendations for progression and/or modiﬁcation. It is believed booster sessions minimize
barriers affecting progression of patients' independent programs
and serve to motivate program maintenance so initial treatment
gains can be preserved over long term10,11. However, supporting
evidence is limited and somewhat conﬂicting. One study did not
ﬁnd booster sessions to be superior to home exercise in sustaining
effects of exercise on pain and function12. In contrast, preliminary
work by our group (ACTRN12612000460808) indicated using
booster sessions to distribute treatment sessions over longer periods may be more effective for maintaining treatment effects than
receiving all treatment sessions in a relatively short period.13
The aims of this multi-center, randomized clinical trial were to
determine if; (1) treatment effects differed between study participants receiving MT þ exercise therapy compared to participants
receiving exercise therapy alone, and (2) sustainability of treatment
effects differed between participants receiving periodic booster
sessions with or without MT compared to participants not receiving
periodic booster sessions at one year.
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individuals received notiﬁcation of the study through public announcements via paper ﬂyers, radio, and hospital television monitors at participating sites and contacted us directly. An initial
phone screening was used to rule out participants with obvious
study exclusion criteria (e.g., not in age range, had TKA, had history
of excluding co-morbidity). Participants passing the phone screen
received a second face-to-face screening to determine if they met
the remaining study criteria. Eligible participants had to be #40
years of age and meet the American College of Rheumatology's
1986 Clinical Criteria for KOA15. Participants were excluded if they
did not meet the ACR criteria, were scheduled for total knee
arthroplasty (TKA), had undergone total joint arthroplasty of any
lower extremity joint, exhibited uncontrolled hypertension,
answered “Yes” to the question at the time of recruitment: “Do you
currently have back or leg pain in other areas besides your knee
that affects your ability to perform physical activities?”, or had
history of neurological disorders that would affect lower extremity
function (stroke, peripheral neuropathy, Parkinson's disease, multiple sclerosis). All participants provided written informed consent
prior to participation.
Randomization procedures
A web-based data entry system was employed to facilitate
recording of data and randomization process between the three
sites. A computer generated randomization scheme with stratiﬁcation based on study site and bilateral involvement was employed.
Automated randomized group assignment was triggered in the
data entry system, once baseline data was collected and clinical
assessment data was entered into the data entry system. The system ensured allocation concealment. Participants were randomized to one of four groups: (1) exercise-no booster sessions (Ex), (2)
exercise-with
booster
sessions
(ExþB),
(3)
manual
therapyþexercise-no booster sessions (MTþEx), (4) manual therapyþexercise-with booster sessions (MTþExþB).
Blinding

Methods

Outcome assessors were blinded to treatment group allocation
and did not perform interventions. It was not possible to blind
participants from treatment they received or physical therapists
from interventions they provided. The statistician was not blinded
to group assignment during the analyses.

Trial design

Interventions

Multi-center, 2"2 factorial randomized clinical trial (Fig. 1). This
design allows testing of two intervention approaches (MT and
Boosters) simultaneously14. Three sites in the United States
participated, including the Departments of Physical Therapy at the
University of Pittsburgh (study data center), Pittsburgh PA, Intermountain Healthcare, Salt Lake City, Utah, and the San Antonio
Military Medical Center, San Antonio, TX. The trial protocol was
registered with Clinical Trials.gov (NCT01314183). The study was
approved by the Institutional Review Board at each respective
study site. The study was conducted in accordance with the principles of the Helsinki Declaration.

Exercise therapy
All four groups performed the same exercise program. The exercise program was representative of recommendations for exercise therapy in several published evidence-based practice
guidelines1e3. The program starts with 10 min aerobic (treadmill
walk or stationary cycling) warm-up. After warm-up, participants
performed a series of strengthening, stretching, and neuromuscular
control (agility and balance training techniques) activities which
are considered core exercises for the program. In addition to core
exercises, therapists had the option to select additional exercise
activities, based on initial examination ﬁndings. These exercises
addressed strength or ﬂexibility in the hip and ankle if impairments
were identiﬁed on initial examination. Participants receiving exercise only did not receive therapist-applied manual forces during
the exercise. In contrast, participants receiving MT received
therapist-applied manual stretching exercises. Detailed descriptions of all exercises are provided in the online supplement
appendix.

Participants
Participants were recruited from three categories of sources: (1)
referral to study from physician ofﬁces, (2) individuals registered in
our institutional research participant registries were informed of
the studies by the registries and contacted us directly, and (3)
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Fig. 1. Study CONSORT diagram.

MT
The MT techniques are maneuvers applied with manual force
from the treating therapist. Techniques are based on those recommended for reducing pain and improving function in people
with KOA8,9,16. Core MT techniques included techniques speciﬁcally
addressing knee joint mobility/ﬂexibility and soft tissue manipulations of the quadriceps, rectus femoris, hamstring, and gastrocnemius muscles and peripatellar tissues. Additional but optional
manual techniques were provided for hip, foot and ankle joints if
indicated by deﬁcits on initial examination. Detailed description of
all MT procedures is provided in the online supplemental appendix.
Therapy sessions
All participants received 12 supervised therapy sessions. Therapy was delivered individually to each participant in an outpatient
clinic setting at each site. Participants allocated to non-booster
groups received all 12 sessions in a 9 week period. Participants
receiving booster sessions completed eight sessions in the ﬁrst 9
weeks, two booster sessions at 5 months, and one booster session
at 8 and 11 months. The duration of an exercise therapy session
averaged 45 min to 1 h. The MT added an additional 15e20 min per
session. Costs of supervised therapy sessions were covered by the
project grant.
Home exercise program
All participants were instructed in home exercise programs that
included exercises they performed during supervised sessions.
They were encouraged to perform home programs twice/week or

more and to engage in at least 30 min of aerobic exercise at least 3
times/week.

Outcome measures
Primary
The primary outcome was the Western Ontario and McMaster
osteoarthritis index total score (WOMAC) at 1 year17.

Secondary
Secondary outcome measures included knee pain, and
performance-based function tests. Knee pain was measured using a
0 to 10 numeric pain scale18. Participants were instructed to rate
the “worst knee pain” in the past 24 h. Performance-based measures of function included the Timed Up and Go (TUG), 30 s chair
rise, and 40 m walk tests.19
We also used the Outcome Measures in RheumatologyOsteoarthritis Research Society International (OMERACT-OARSI)
responder criteria as a guide to categorize participants as responders to treatment20. Responder criteria included (1) greater
than or equal to 50% improvement in WOMAC pain or WOMAC
function and an absolute improvement of greater than or equal to
20, or (2) improvement in at least two of the following three scores:
20% improvement in pain and absolute change !10 on WOMAC
pain score, 20% improvement in pain and absolute change !10 on
WOMAC function score, or moderate or greater improvement ("4)
on a 15 point global rating of change scale.

G.K. Fitzgerald et al. / Osteoarthritis and Cartilage 24 (2016) 1340e1349

Follow-up
Outcome measures were obtained at baseline, 9 weeks, and 1
year. Participants were scheduled for in-person follow-up test
sessions. In the few cases participants were unable to schedule an
in-person follow-up visit, attempts were made to obtain patientreported measures via mail or telephone.
Potential co-variates
Age, sex, body mass index, bilateral involvement, duration of
knee symptoms, anxiety (Beck Anxiety Index)21, depression (Center
for Epidemiologic Studies Depression (CES-D) scale)22, and the
number of comorbidities were recorded for each group as potential
covariates perhaps needing to be accounted in the ﬁnal analysis.
Covariates of interest were tested at signiﬁcance level of 0.05.
Sample size
We assumed main effects would each be associated with a 25point difference in mean WOMAC scores, with standard deviation
assumed to be 458. For simplicity, the sample size was estimated
based on two-way analysis of variance (ANOVA). The statistical
analysis (mixed-effects regression model) used for identifying
intervention differences at 1 year is in general equivalently powered compared to a two-way ANOVA. Based on these assumptions,
a sample size of n ¼ 60 per group yields 99% power to detect each
main effect, i.e., individual treatment, as statistically signiﬁcant vs
exercise-only. Assuming a 20% drop-out rate, we aimed to recruit
300 participants. We pre-speciﬁed that 100 patients would be
recruited from each participating site to ensure equal representation across study sites.
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signiﬁcant, group differences for ExþB, MTþEx and MTþExþB
compared to Ex were reported from the full model. Except where
otherwise noted, results are reported from the model excluding the
MT*booster and MT*booster*time interaction terms.
Secondary analyses
Similar models as described for the primary analysis were used
for the secondary outcomes, knee pain, TUG, 30 s chair rise, and
40 m walk tests. The models included as a covariate the baseline
score of the appropriate test in place of baseline WOMAC scores.
Differences on all outcome measures at 9 weeks follow-up were
also compared as secondary outcomes. Repeated measures logistic
mixed models, constructed similarly to those described for the
other secondary outcomes above were used to examine differences
in responder status between groups. These models were also
adjusted for baseline WOMAC scores, study site, presence of bilateral knee involvement, baseline CESD scores, and time point, with a
random intercept to account for within participant correlation.
Treatment effects were tested at signiﬁcance level of 0.05, and all
reported p-values are uncorrected for multiple comparisons.
Although not powered to detect interactions between MT and
Booster interventions on our outcome measures, these effects were
investigated as exploratory analyses, as is recommended for
reporting in 2#2 factorial designs.14
Sensitivity analysis
To assess the sensitivity of the primary analysis to the MCAR
assumption, results were compared with weighted least squares
(WLS), ﬁxed-effects regression models using only participants who
completed follow-up (See online supplementary study information
table for detailed description).

Statistical methods

Results

Data analyses were performed using an intention-to-treat
approach. There was no cross-over of participants to other
groups, nor were any participants excluded from the analyses due
to protocol deviations. All statistical analysis was performed using
STATA version 14.0.

Participant recruitment began in April 2011 and was completed
in October 2012. 300 participants were recruited for the study (100/
site, 103 direct physician referral, 156 advertisements, 41 from
research registries). A study ﬂow chart is provided in Fig. 1. Fourteen participants did not undergo follow-up testing at either 9
weeks or 1 year (5 did not respond to requests for follow-up, 6
declined to come in for follow-up, 1 had total knee arthroscopy
before ﬁnishing rehabilitation, 1 relocated to care for a family
member, and 1 underwent cardiac catheterization and did not return to the study). Fifteen participants did not complete 1 year
follow-up testing because, in addition to the 14 mentioned above,
one participant who had 9 week follow-up data did not complete 1
year follow-up testing. The proportion of participants receiving at
least 10 to 12 of the targeted 12 treatment sessions (adherent)
ranged from 84% to 95% across groups. Partial adherence (received
7e9 sessions) ranged from 0 to 5%, and non-adherence ($6 sessions) ranged from 4 to 11%. Table I provides participant baseline
characteristics. Table II provides adjusted group means for all
follow-up points and adjusted mean changes from baseline for all
four treatment groups. Table III provides adjusted proportions of
treatment responders in each group based on OARSI treatment
responder criteria. Five participants experienced adverse events, 2
or which were related to the interventions (See online
supplementary study information table for details).

Primary analysis
The primary analysis was performed using mixed models to
estimate treatment effects, with the WOMAC at 1 year as outcome
variable. All 300 randomized participants who completed baseline
assessments, regardless of whether they completed follow-up assessments at 9-weeks or 12-months were included. Imputation
methods were not used for this approach23. Separate models were
ﬁt for the primary outcome and each of the ﬁve secondary outcomes. In addition to allowing the inclusion of all 300 participants
on an intention-to-treat basis, the use of mixed models allowed us
to estimate treatment effects at 1 year and 9 weeks simultaneously
using a single model per outcome. This approach assumes a missing
completely at random (MCAR) missing data mechanism for dropout over time.
Initially, all models in the primary analysis included effects for
booster group, MT group, time (including baseline, 9 weeks and 1
year), and all 2- and 3-way interactions between these three variables. In addition, models adjusted for covariates found to be
associated with outcome measures: baseline CESD scores, study
site, and presence of bilateral involvement. All models included a
random intercept term to account for within participant correlation. If the MT*booster and MT*booster*time interactions were not
statistically signiﬁcant at the 5% level, main effects for MT (aim 1)
and booster sessions (aim 2) were reported from a model that did
not include these interactions. If interaction terms were statistically

Primary outcome
Table IV provides adjusted mean differences in the WOMAC at 1
year between booster vs non-booster groups and between MTþEx
vs Ex only groups. There were no differences between groups on
the primary outcome.

1344

G.K. Fitzgerald et al. / Osteoarthritis and Cartilage 24 (2016) 1340e1349

Table I
Baseline subject characteristics by treatment group. Values are in means (standard deviation) for continuous variables and N (%) for frequency variables

Age (years)
Sex
Male
Female
Body mass index
Bilateral involvement
Duration of knee symptoms
<1 year
1e2 years
3e5 years
5e10 years
>10 years
Beck Anxiety Index
Center for Epidemiological Studies-Depression Scale (CES-D)*
Comorbidity count
0
1
2
>2
WOMAC total
WOMAC pain
WOMAC physical function
Knee pain rating scale
TUG test
Timed Chair Rise test
40 m walk test

Ex N ¼ 75

ExþB N ¼ 76

MTþEx N ¼ 75

MTþExþB N ¼ 74

58.3 (10.0)

58.4 (8.7)

58.0 (9.8)

58.5 (9.4)

23 (32%)
52 (69%)
30.1 (6.5)
45 (60%)

25 (33%)
51 (67%)
31.4 (7.2)
46 (61%)

26 (35%)
49 (65%)
31.1 (5.7)
46 (61%)

27 (36%)
47 (64%)
31.7 (5.6)
44 (59%)

8 (10.7%)
12 (16.0%)
14 (18.7%)
25 (33.3%)
16 (21.3%)
5.7 (5.6)
5.6 (6.2)

9 (11.8%)
10 (13.2%)
19 (25.0%)
18 (23.7%)
20 (26.3%)
6.3 (5.5)
6.9 (6.7)

9 (12.0%)
7 (9.3%)
13 (17.3%)
27 (36.0%)
19 (25.3%)
5.2 (5.1)
5.9 (7.1)

8 (10.8%)
8 (10.8%)
14 (18.9%)
20 (27.0%)
24 (32.4%)
6.3 (5.1)
8.8 (9.1)

12
24
20
19
87.7 (47.3)
18.2 (9.8)
60.1 (35.1)
5.4 (2.4)
8.6 (2.4)
10.3 (3.2)
29.3 (7.8)

11
22
19
24
86.0 (47.1)
17.5 (10.3)
59.4 (34.8)
6.0 (2.4)
8.2 (2.1)
10.4 (2.8)
28.2 (6.5)

13
19
26
17
88.1 (48.0)
19.7 (9.7)
59.6 (35.6)
5.7 (2.3)
8.2 (2.0)
10.3 (2.8)
28.0 (6.3)

14
15
22
23
82.7 (40.3)
16.9 (8.6)
56.8 (30.1)
5.6 (2.4)
8.0 (1.7)
10.2 (3.3)
27.7 (5.5)

Participating physical therapist information
Pittsburgh
PT 1
9 years of clinical experience
PT 2
7 years of clinical experience, clinical residency in sports and orthopedic PT, board certiﬁed sports physical therapist
PT 3
23 years of clinical experience, board certiﬁed orthopedic physical therapist
San Antonio
PT 1
2 years of clinical experience
PT 2
2 years of clinical experience
Salt Lake City
PT 1
3 years of clinical experience, board certiﬁed orthopedic physical therapist, board certiﬁed strength and conditioning specialist
All physical therapists had formal training in MT in their PT education and through continuing education. All therapists were directly trained by the investigative team in the
study intervention procedures.
Ex ¼ exercise only.
ExþB ¼ exercise þbooster.
MTþEx ¼ manual therapy þ exercise.
MTþExþB ¼ manual therapyþexerciseþbooster.
PT ¼ Physical Therapist.

Secondary outcomes
Table V summarizes results from secondary outcomes, including
differences at 1 year in worst knee pain, TUG, chair rise, 40 m walk,
and responder status. Differences in WOMAC scores at 9 weeks are
also presented in Table V. Although not signiﬁcant at 1 year,
WOMAC scores were signiﬁcantly lower (better) by about 9.7
points at 9 weeks among participants receiving MT compared to
those not receiving MT. The effect of booster sessions on WOMAC
scores was not signiﬁcant at 9 weeks. Intervention effects for worst
knee pain, TUG, chair rise, and 40 m walk tests were not signiﬁcant
at either 9 weeks or 1 year, for either booster sessions or MT.
However, there were signiﬁcant differences in responder likelihood. At 9 weeks, the MT group had about 150% higher odds of
responding compared to no MT. At 1 year, those receiving booster
had about 130% higher odds of responding compared to those not
receiving booster sessions, while there was no difference between
the MT and no MT groups.
Exploratory interactions
Table VI summarizes the exploratory interaction analysis. The
booster*MT interaction and booster*MT*time interaction terms
were not signiﬁcant for all outcomes except TUG, for which the
booster*MT*time interaction was statistically signiﬁcant at 1 year
compared to baseline. However, there were no differences in TUG

between the four groups (Ex-NB, Ex-B, MT-NB, MT-B) at 1 year.
There was a signiﬁcant MT*time interaction for treatment
responder status between 9 weeks and 1 year. Participants
receiving MT had higher probability of achieving responder status
at 9 weeks but this was not signiﬁcant at 1 year. There was a signiﬁcant booster*time interaction for knee pain between 9 weeks
and 1 year. Participants receiving boosters had a reduction in pain
between 9 weeks and 1 year while those not receiving boosters had
an increase in pain over this time.
Sensitivity analysis
Results from regression models estimated using WLS were very
similar to results from the primary ITT analysis using all randomized participants, justifying the assumption of MCAR for missing
data imposed by the mixed models approach (Table VII).
Discussion
The results indicate that adding MT or booster sessions to exercise did not result in greater treatment effects for our primary
outcome, the WOMAC score at 1 year. These ﬁndings are in contrast
to our previous report indicating both of these interventions could
improve outcomes for exercise therapy at 1 year13. Our previous
study had signiﬁcantly fewer participants and lower treatment
effect of Ex alone, that likely explains the discrepancy in our

1345

G.K. Fitzgerald et al. / Osteoarthritis and Cartilage 24 (2016) 1340e1349

Table II
Adjusted group mean (standard deviation) and adjusted mean change from baseline for all four treatment groups: primary and secondary outcome measures by follow-up
time
Baseline

9 week

1 year

Change from baseline
9 week

WOMAC total
Ex
ExþB
MTþEx
MTþExþB
Knee pain rating
Ex
ExþB
MTþEx
MTþExþB
TUG
Ex
ExþB
MTþEx
MTþExþB
Timed Chair Rise
ExþB
Ex
MTþExþB
MTþEx
40 m walk
Ex
ExþB
MTþEx
MTþExþB

1 year

87.7
86.0
88.1
82.7

(13.2)
(14.0)
(12.8)
(17.4)

46.9
53.5
42.4
40.9

(13.2)
(14.0)
(12.8)
(17.4)

55.4
52.0
57.4
49.6

(13.2)
(14.0)
(12.8)
(17.4)

"40.8
"35.7
"48.9
"50.1

(4.4)
(6.7)
(11.8)
(6.9)

"32.3
"37.2
"33.9
"41.5

(4.5)
(7.0)
(11.8)
(7.0)

5.4
6.0
5.7
5.6

(0.5)
(0.6)
(0.5)
(0.7)

3.2
3.8
3.3
3.2

(0.5)
(0.6)
(0.5)
(0.7)

4.1
3.5
3.9
3.4

(0.5)
(0.6)
(0.5)
(0.7)

"2.2
"1.6
"1.6
"2.2

(0.3)
(0.4)
(0.7)
(0.4)

"1.3
"1.9
"0.9
"2.0

(0.3)
(0.4)
(0.7)
(0.4)

8.6
8.2
8.2
8.0

(0.5)
(0.6)
(0.5)
(0.8)

7.5
7.2
7.3
7.2

(0.5)
(0.6)
(0.5)
(0.8)

7.5
6.9
7.2
7.5

(0.5)
(0.6)
(0.5)
(0.8)

"1.1
"1.5
"1.8
"1.6

(0.2)
(0.3)
(0.5)
(0.3)

"1.1
"1.7
"1.8
"1.3

(0.2)
(0.3)
(0.5)
(0.3)

10.4
10.3
10.2
10.3

(1.8)
(1.7)
(2.1)
(1.6)

12.4
12.0
12.1
12.2

(1.8)
(1.7)
(2.1)
(1.6)

13.0
12.9
12.5
12.8

(1.8)
(1.7)
(2.1)
(1.6)

2.1
1.7
2.0
2.1

(0.5)
(0.3)
(0.5)
(0.9)

2.8
2.5
2.4
2.7

(0.5)
(0.3)
(0.5)
(0.9)

29.3
28.2
28.0
27.7

(1.4)
(1.5)
(1.5)
(2.0)

26.6
25.9
26.1
25.5

(1.4)
(1.5)
(1.5)
(2.0)

26.9
25.3
26.1
26.4

(1.4)
(1.5)
(1.5)
(2.0)

"2.7
"3.7
"4.5
"4.4

(0.4)
(1.0)
(1.7)
(1.0)

"2.4
"4.2
"4.6
"3.5

(0.5)
(1.0)
(1.7)
(1.0)

Adjusted statistics are calculated from the predicted values produced by the full mixed model. All subjects were included in this model, and therefore the sample sizes are all
the original sample sizes of each randomization group.
WOMAC denotes Western Ontario and McMaster osteoarthritis index.
WOMAC total score range is 0e240, with higher scores representing greater disability.
Knee pain rating range is 0e10 with 0 representing no pain and 10 representing worse pain imaginable.
TUG and 40 m walk are in units of seconds. Shorter time represents better performance.
Timed Chair Rise is the number of chair rises performed in 30 s. Higher number represents better performance.
Ex ¼ exercise only.
ExþB ¼ exercise þbooster.
MTþEx ¼ manual therapy þ exercise.
MTþExþB ¼ manual therapyþexerciseþbooster.

ﬁndings. Our ﬁndings for MT on WOMAC scores at 1 year are
consistent with those reported by Deyle et al.,8 who reported no
difference in the change from baseline in WOMAC scores between
participants receiving MT with supervised exercise vs those
receiving a home exercise program at 1 year. Our ﬁndings are also
similar to those reported by Abbott et al.,9 who did not ﬁnd combined use of MT and exercise was superior to exercise only or MT
only in WOMAC scores at 1 year. Our results for effects of booster
sessions on the WOMAC are also consistent with those of Bennell
et al.,12 who reported no difference in WOMAC physical function
scores between participants receiving additional booster sessions

Table III
Adjusted group mean (standard deviation) for probability of achieving responder
status by group at 9 week and 1 year follow-up

Ex
ExþB
MTþEx
MTþExþB

9 week

1 year

0.62
0.52
0.80
0.66

0.56
0.69
0.52
0.66

(0.2)
(0.2)
(0.1)
(0.2)

(0.2)
(0.2)
(0.2)
(0.2)

Adjusted statistics are calculated from the predicted values produced by the full
mixed model. All subjects were included in this model, and therefore the sample
sizes are all the original sample sizes of each randomization group.
Ex ¼ exercise only.
ExþB ¼ exercise þbooster.
MTþEx ¼ manual therapy þ exercise.
MTþExþB ¼ manual therapyþexerciseþbooster.

of their therapeutic exercise program and those who did not over 6
month follow-up.
For secondary outcomes, while there were no differences between groups in any performance-based outcome measures, there
were some differences in patient-reported measures. WOMAC
scores were better at 9 week follow-up for participants receiving
MTþEx compared to Ex only. Likewise, the proportion of participants who met the OARSI treatment responder criteria was also
greater at 9 week follow-up. These ﬁndings suggest a short-term
beneﬁt of adding MT to exercise programs. This effect, however is
not sustained over longer follow-up. Again, these ﬁndings are
consistent with those previously reported by Deyle et al.,8 who
reported better improvements in WOMAC scores at 8 week follow-

Table IV
Difference in adjusted WOMAC scores between booster and non-booster groups and
MT and no MT groups at 12 months. Differences are reported as intervention minus
control (i.e., Booster e No Booster; MTþEx e Ex only). N ¼ 300
WOMAC 12-month

Booster vs No booster

MTþEX vs Ex

Mean difference
95% CI
P-value

"7.76
("17.55, 2.03)
0.12

"1.39
("11.11, 8.34)
0.78

WOMAC denotes Western Ontario and McMaster osteoarthritis index.
MTþEx ¼ Manual therapy þ exercise.
Ex only ¼ exercise without manual therapy.
Treatment differences estimated from model without Booster*MT or Booster
*MT*time interaction terms.
Negative numbers indicate better scores for the intervention groups (booster, MT).
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Table V
Differences in adjusted secondary outcomes between booster and non-booster groups and MT and no MT groups at 9 weeks and 12 months. Differences are reported as
intervention minus control (i.e., Booster e No Booster; MTþEx e Ex only). N ¼ 300
9-weeks

WOMAC
Mean difference
95% CI
P-value
Knee pain rating
Mean difference
95% CI
P-value
TUG
Mean difference
95% CI
P-value
Chair Rise
Mean difference
95% CI
P-value
40 m walk
Mean difference
95% CI
P-value
Responder status
Odds ratio
95% CI
P-value

12 months

Booster vs No booster

MTþEX vs Ex only*

Booster vs No booster

MTþEx vs Ex only*

0.38
(#9.26, 10.03)
0.94

#9.68*
(#19.23, #0.10)
0.048

0.23
(#0.34, 0.80)
0.42

#0.26
(#0.83, 0.30)
0.36

#0.55
(#1.13, 0.03)
0.06

#0.16
(#0.74, 0.42)
0.59

#0.31
(#0.73, 0.11)
0.15

#0.16
(#0.59, 0.25)
0.21

#0.28
(#0.71, 0.15)
0.21

0.06
(#0.37, 0.49)
0.79

0.26
(#0.44, 0.95)
0.47

0.07
(#0.62, 0.76)
0.85

0.08
(#0.63, 0.79)
0.82

#0.20
(#0.91, 0.50)
0.58

#1.07
(#2.43, 0.28)
0.12

#0.61
(#1.95, 0.74)
0.38

#1.04
(#2.42, 0.33)
0.14

#0.10
(#1.46, 1.27)
0.89

0.57
(0.26, 1.26)
0.17

2.57*
(1.17, 5.68)
0.019

2.32*
(0.40, 5.08)
0.036

0.85
(0.40,1.83)
0.68

WOMAC denotes Western Ontario and McMaster osteoarthritis index.
MTþEx ¼ Manual therapy þ exercise.
Ex only ¼ exercise without manual therapy.
Treatment differences estimated from model without Booster*MT or Booster*MT*time interaction terms.
For WOMAC, Knee pain rating, TUG, and 40 m walk, negative numbers indicate better scores for the intervention groups (booster, MT).
For Chair Rise, positive numbers indicate better scores for the intervention groups (booster, MT).
*
Signiﬁcant at p < 0.05.

Table VI
Tests of interaction effects from the full model, including forced confounding variables, treatment groups, time, and all 2- and 3-way interactions between treatment and time

WOMAC
Coefﬁcient
95% CI
P-value
Knee pain rating
Coefﬁcient
95% CI
P-value
TUG
Coefﬁcient
95% CI
P-value
Chair Rise
Coefﬁcient
95% CI
P-value
40 m walk
Coefﬁcient
95% CI
P-value
Responder status*
Odds ratio
95% CI
P-value

MT*time
(9 weeks)

MT*time
(12 months)

Booster*time
(9 weeks)

Booster*time
(12 months)

Booster*MT

Booster*MT*time
(9 weeks)

Booster*MT*time
(12 months)

#4.91
(#17.15, 7.33)
0.43

1.56
(#10.78, 13.94)
0.80

8.21
(#4.06, 20.47)
0.19

#1.75
(#14.40, 10.90)
0.79

#5.09
(#23.97, 13.78)
0.60

#4.37
(#21.75, 13.00)
0.62

#0.72
(#18.42, 16.98)
0.94

#0.24
(#1.11, 0.63)
0.59

#0.52
(#1.39, 0.36)
0.25

0.04
(#0.83, 0.91)
0.93

#1.14y
(#2.04, #0.24)
0.013

#0.78
(#1.89, 0.32)
0.17

0.05
(#1.18, 1.29)
0.93

0.83
(#0.43, 2.08)
0.20

0.13
(#0.30, 0.55)
0.57

0.11
(#0.33, 0.54)
0.63

0.05
(#0.38, 0.48)
0.83

#0.19
(#0.63, 0.26)
0.41

0.02
(#0.81, 0.85)
0.96

0.13
(#0.48, 0.74)
0.68

0.66y
(0.03, 1.28)
0.041

0.26
(#0.55, 1.06)
0.53

#0.04
(0.86, 0.79)
0.93

0.26
(#0.55, 1.06)
0.54

0.06
(#0.78, 0.90)
0.89

#0.05
(#1.42, 1.32)
0.94

#0.30
(#1.44, 0.85)
0.61

#0.26
(#1.43, 0.92)
0.67

0.88
(#0.36, 2.11)
0.17

0.53
(#0.74, 1.80)
0.41

0.35
(#0.89, 1.60)
0.58

#0.52
(#1.81, 0.77)
0.43

0.47
(#2.21, 3.14)
0.73

#0.70
(#2.46, 1.07)
0.44

1.08
(#0.74, 2.90)
0.24

*
*

0.27y
(0.08, 0.98)
0.046

*
*

3.36
(0.95, 11.93)
0.06

0.78
(0.17, 3.78)
0.78

*
*

1.45
(0.24, 8.65)
0.68

WOMAC denotes Western Ontario and McMaster osteoarthritis index.
MT*time ¼ Manual therapy treatment group $ time interaction.
Booster*time ¼ Booster group $ time interaction.
Booster * MT ¼ Booster group $ manual therapy group interaction.
Booster*MT*time ¼ Booster group $ manual therapy $ time interaction.
ySigniﬁcant at p < 0.05.
*
Responder status could not be derived for baseline, and therefore interactions with time only apply to the 1 year time-point compared to 9 weeks (as opposed to baseline).
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Table VII
Results from regression models estimated using WLS, using as weights the inverse probability of response. (Note: Probability of response was signiﬁcantly impacted by several
variables, including site, patient height, baseline womac scores, age, and ethnicity. Differences in primary and secondary outcomes between treatment and control groups at 9
months and 12 months, from the model without Booster*MT or Booster*MT*time interaction terms. Differences are reported as intervention minus control
9-weeks (N ¼ 285)
WOMAC
Mean difference
95% CI
P-value
Interaction p-valy
Worst knee pain
Mean difference
95% CI
P-value
Interaction p-valy
TUG
Mean difference
95% CI
P-value
Interaction p-valy
Chair Rise
Mean difference
95% CI
P-value
Interaction p-valy
40 m walk
Mean difference
95% CI
P-value
Interaction p-valy
Responder status
OR
95% CI
P-value
Interaction p-valy

12 months (N ¼ 271)

Booster vs No booster

MTþEx vs Ex only

Booster vs No booster

MTþEx vs Ex only

N¼285
3.88
(#3.24, 11.01)
0.28
0.36
N¼285
0.37
(#0.13, 0.86)
0.15
0.24
N¼284
#0.24
(#0.57, 0.10)
0.17
0.50
N¼284
0.15
(#0.49, 0.79)
0.65
0.53
N¼284
#0.75
(#1.89, 0.39)
0.20
0.91
N¼285
0.67
(0.38, 3.08)
0.13
0.71

N¼285
#8.13*
(#15.19, #1.07)
0.02
0.36
N¼285
#0.17
(#0.66, 0.32)
0.50
0.24
N¼284
#0.12
(#0.45, 0.22)
0.49
0.50
N¼284
#0.02
(#0.65, 0.61)
0.95
0.53
N¼284
#0.43
(#1.56, 0.70)
0.45
0.91
N¼285
1.81*
(1.06, 3.08)
0.03
0.71

N¼271
#4.72
(#13.19, 3.78)
0.27
0.80
N¼271
#0.48
(#1.08, 0.13)
0.12
0.79
N¼262
#0.22
(#0.65, 0.20)
0.29
0.09
N¼262
#0.09
(#0.88, 0.71)
0.83
0.57
N¼262
#0.79
(#2.09, 0.51)
0.23
0.15
N¼285
1.79*
(1.06, 3.00)
0.03
0.98

N¼271
0.39
(#8.00, 8.77)
0.93
0.80
N¼271
#0.09
(#0.69, 0.50)
0.76
0.79
N¼262
0.12
(#0.31, 0.52)
0.61
0.09
N¼262
#0.36
(#1.15, 0.43)
0.37
0.57
N¼262
#0.02
(#1.26, 1.30)
0.98
0.15
N¼285
0.91
(0.55, 1.50)
0.71
0.98

WOMAC denotes Western Ontario and McMaster osteoarthritis index.
MTþEx ¼ Manual therapy þ exercise.
Ex only ¼ exercise without manual therapy.
For WOMAC, Knee pain rating, TUG, and 40 m walk, negative numbers indicate better scores for the intervention groups (booster, MT).
For Chair Rise, positive numbers indicate better scores for the intervention groups (booster, MT).
*
Signiﬁcant at p < 0.05.
y
From the model including Booster*MT interaction.

up for participants with KOA who received MT combined with exercise compared to those receiving a home exercise program, but
found no difference between groups at 1 year.
There was also greater probability of participants meeting the
OARSI treatment responder criteria at 1 year among participants
receiving booster sessions compared to those who did not. This
ﬁnding provides some evidence that booster sessions may indeed
be beneﬁcial in sustaining treatment effects of exercise therapy.
This is in contrast to the results of our primary outcome. The OARSI
treatment responder criteria requires minimum criteria for improvements in self-reported pain, function, and global rating of
change to classify a person as a treatment responder20. Some may
argue this is a more comprehensive metric of outcome than a single
patient-reported measure, and might explain the conﬂicting
ﬁnding with our primary outcome measure. The role of using
booster sessions to sustain the effects of exercise therapy appears to
warrant further investigation.
Although the study was not powered to test interactions, to
comply with recommendations for reporting in factorial designs
we have reported them in exploratory analyses14. The MT*time
interaction for the OARSI responder status supports the notion of
short-term beneﬁt but not long-term sustainability for MT added to
exercise. The booster*time interaction for knee pain indicates that
participants in the booster group tend to have continued reductions
in numeric pain ratings over time while the non-booster group
tends to increase in numeric pain ratings over time. This interaction

was also similar for the OARSI responder criteria, but was not statistically signiﬁcant and likely due to low power. These ﬁndings
may suggest some support for use of booster sessions in sustaining
treatment effects of exercise therapy on self-reported pain and
achieving responder criteria over time. However, these results are
at best exploratory and further study, will be needed to make
deﬁnitive conclusions.
It is important to note all four treatment groups in our study
made statistically signiﬁcant (p < 0.01) and clinically meaningful
within group changes in all outcome measures from baseline to 9
weeks. The magnitude of effects were reduced somewhat for some
measures at 1 year, and improved or unchanged for a similar proportion of measures, however most continued to be statistically
and meaningfully improved from baseline. This is consistent with
earlier research comparing these interventions to usual care only9.
So regardless of whether booster sessions or MT are used, treatment approaches used in this study can result in beneﬁts for patients that can still be considered meaningful at 1 year.
Limitations
In addition to being underpowered to test group interactions,
there were other potential limitations of the study. Because there
were different numbers of therapists at each clinic site, there may
have been a differential effect of therapist on outcomes. The sample
size was not inﬂated to take into consideration the potential
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therapist cluster effects on outcomes. Although the adherence rates
for supervised treatment sessions across groups was good (84e95%
of participants attending at least 10 to 12 of the targeted 12 treatment sessions), this rate of adherence to supervised treatment may
be more than what occurs in real life clinic environments. Participants in the study were not subject to a co-payment for their
intervention sessions, as is frequently required in daily practice. It is
possible that the relatively high adherence rate observed was, in
part, attributable to this fact. It has been reported that co-payments
or other forms of cost-sharing can reduce utilization of both
essential and non-essential healthcare services24. Little is known
about how co-payments may affect utilization of rehabilitation
services. One cannot ignore the possibility that the high adherence
rates and favorable treatment outcomes may have been inﬂuenced
by participants not having to make co-payments, which could limit
generalizability of the ﬁndings. Further research is needed to
determine the implications of modifying or eliminating copayments on adherence and outcomes.
Another potential limitation is the study recruitment sources.
One third of participants were from direct physician referral and
the other 2/3 were from advertisements or patient research registries. There may be concern participants answering advertisements
or who volunteer for research studies through patient research
registries may be different from those directly referred by a
physician to therapy and this might inﬂuence treatment outcome.
We would contend that the rehabilitation needs of volunteers
presenting without physician- or self-referral to physical therapy
may be as valid as those referred. Perusal of the sample's baseline
characteristics, the levels of pain and function scores indicate that
the sample consisted of people with clinically meaningful difﬁculties that would potentially beneﬁt from physical therapy. The
results indicate that the overwhelming majority of participants,
regardless of group assignment did indeed beneﬁt from participating in the interventions.
Conclusion
There was no difference between treatment groups on WOMAC
scores at 1 year. Adding MT or use of booster sessions with exercise
did not result in an additive improvement in our primary outcome
at 1 year. Combining MT with exercise may have some short term
additive beneﬁt in the WOMAC score and in being a treatment
responder, but these are not sustained over longer duration.
Booster sessions may improve the likelihood of achieving treatment responder status based on the OARSI treatment responder
criteria and may encourage continued improvement in numeric
knee pain ratings at 1 year. However, these results are not deﬁnitive
at this time and the role of booster sessions in sustaining treatment
effects warrants further study.
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Background. Limited information exists regarding the cost-effectiveness of rehabilitation strategies for individuals with knee osteoarthritis (OA).

Objective. The study objective was to compare the cost-effectiveness of 4 different
combinations of exercise, manual therapy, and booster sessions for individuals with knee
OA.

Design. This economic evaluation involved a cost-effectiveness analysis performed
alongside a multicenter randomized controlled trial.

Setting. The study took place in Pittsburgh, Pennsylvania; Salt Lake City, Utah; and San
Antonio, Texas.

Participants. The study participants were 300 individuals taking part in a randomized
controlled trial investigating various physical therapy strategies for knee OA.

Intervention. Participants were randomized into 4 treatment groups: exercise only
(EX), exercise plus booster sessions (EX+B), exercise plus manual therapy (EX+MT), and
exercise plus manual therapy and booster sessions (EX+MT+B).

Measurements. For the 2-year base case scenario, a Markov model was constructed
using the United States societal perspective and a 3% discount rate for costs and quality-adjusted life years (QALYs). Incremental cost-effectiveness ratios were calculated to
compare differences in cost per QALY gained among the 4 treatment strategies.

Results. In the 2-year analysis, booster strategies (EX+MT+B and EX+B) dominated no-booster strategies, with both lower health care costs and greater effectiveness.
EX+MT+B had the lowest total health care costs. EX+B cost $1061 more and gained 0.082
more QALYs than EX+MT+B, for an incremental cost-effectiveness ratio of $12,900/QALY
gained.

Limitations. The small number of total knee arthroplasty surgeries received by individuals in this study made the assessment of whether any particular strategy was more
successful at delaying or preventing surgery in individuals with knee OA difficult.

Conclusions. Spacing exercise-based physical therapy sessions over 12 months using
periodic booster sessions was less costly and more effective over 2 years than strategies
not containing booster sessions for individuals with knee OA.

Post a comment for this
article at:
https://academic.oup.com/ptj
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O

steoarthritis is a leading cause
of disability in the United States,
with annual patient and payer
expenditures exceeding $186 billion.1,2
Because the knee is the most commonly affected joint,3 it is imperative to
identify knee osteoarthritis (OA) treatments that are both clinically effective
and cost-effective. A recent systematic
review concluded that evidence regarding cost-effectiveness of surgical knee
OA treatments is limited.4 An economic
analysis found various combinations of
exercise and manual therapy were all
more cost-effective than usual care (eg,
physician visits, pharmaceuticals, knee
injections) among New Zealanders with
osteoarthritis.5 However, it is unclear
which treatment combination is most
cost-effective for knee OA in the United
States.
To reduce knee OA–related pain and
disability, exercise is an effective firstline intervention endorsed by professional organizations including the
American Academy of Orthopaedic
Surgeons, American College of Rheumatology, Osteoarthritis Research Society International, and European League
Against Rheumatism.6–9 A recent systematic review suggested that greater
improvements may be achieved with
an individually supervised exercise
program rather than a group- or homebased program.10
Evidence regarding manual therapy for individuals with knee OA is
mixed,6–9,11,12 but recent studies suggest
that it likely provides at least short-term
benefits in pain and physical function
and may be cost-saving compared to
usual care.5,13,14 Recently published
clinical effectiveness results of a randomized controlled trial (RCT) also support the presence of short-term benefits
of manual therapy for knee OA.15
Current evidence is conflicting regarding whether booster physical therapy
sessions sustain rehabilitation benefits over longer periods. Booster sessions are supervised sessions occurring
weeks or months following the initial
formal supervised program and may aid
in progression of an independent home
program and motivate the patient to
continue the program.14,16 We recently

found similar clinical effectiveness at
1-year follow-up between physical therapy strategies that did and did not include booster sessions.15 Other recent
evidence is conflicting, with 2 studies noting positive clinical benefits of
booster sessions for those with knee
OA and a third study finding no benefit.14,16 The cost-effectiveness of booster
sessions has not been studied.
The clinical effects of the 4 physical
therapy strategies studied in the present RCT were similarly positive, further
supporting the effectiveness of exercise
but providing conflicting information
regarding whether manual therapy
and/or booster sessions enhance the
magnitude or persistence of benefits
from exercise therapy.15 These findings
warrant further investigation to determine whether different physical therapy strategies are equally effective, but
1 strategy costs substantially less. Dissemination and implementation of that
strategy may provide substantial cost
savings and inform payer and provider
policies regarding delivery of physical
therapy services for knee OA. In the
present economic evaluation conducted
alongside a 2-year RCT,15 we evaluated
the cost-effectiveness of 4 combinations
of exercise therapy, manual therapy,
and booster sessions provided by physical therapists.

Participants were recruited from sites in
Pittsburgh, Pennsylvania; Salt Lake City,
Utah; and San Antonio, Texas. Local
institutional review boards approved
the study, and all participants provided
informed consent. Table 1 outlines the
baseline characteristics of the participants; additional details are described
elsewhere.15

Randomization and
Interventions
Participants were randomized into 4
physical therapy treatment groups: exercise only (EX), exercise plus booster
sessions (EX+B), exercise plus manual
therapy (EX+MT), and exercise plus
manual therapy and booster sessions
(EX+MT+B). All groups received similar exercise interventions focusing
on strength and flexibility of hip and
knee musculature. The manual therapy
groups additionally received stretching
and nonthrust knee joint mobilizations.
Hip and ankle treatments were used if
clinical examination indicated the presence of impairment in these joints. Additional details of the interventions are
described elsewhere.15

We adopted a societal perspective to
compare the relative cost-effectiveness
of 4 different physical therapy strategies for individuals with knee OA over
a 2-year period. The economic evaluation was conducted alongside an RCT
investigating the clinical effectiveness
of the 4 physical therapy strategies.15
Economic outcomes were described
in incremental cost-effectiveness ratios
(ICERs), briefly described as the difference in costs between 2 physical therapy strategies divided by the difference
in effectiveness.

Individuals receiving booster sessions
received 8 visits over 9 weeks, followed
by 4 additional booster sessions spaced
across 1 year. Booster sessions were periodic face-to-face appointments with
the treating physical therapist. At each
booster session, the physical therapist
reviewed the home exercise program
with the participant, discussed problems, and made recommendations for
progression or modification of the program. Although individuals receiving
booster sessions had a reduced frequency of initial physical therapy (8
visits over 9 weeks) compared to the
1 to 3 visits per week commonly used
in outpatient physical therapy care, the
overall dosage of physical therapy was
equal across both groups (12 total visits). Individuals not receiving booster
sessions received 12 physical therapy
sessions across 9 weeks.

Setting and Participants

Outcomes and Follow-Up

Methods

Design Overview

Data were collected from 300 RCT participants who were 40 years old or older and who met American College of
Rheumatology criteria for knee OA.17
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Clinical outcome measures, including the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC), were measured at baseline,
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Table 1.
Baseline Characteristics of Study Participantsa
Treatment Groupb
Characteristic

Ex (n = 75)

Ex+B (n = 76)

Ex+MT (n = 75)

Ex+MT+B (n = 74)

58.3 (10.0)

58.4 (8.7)

58.0 (9.8)

58.5 (9.4)

Men

23 (31)

25 (33)

26 (35)

27 (36)

Women

52 (69)

51 (67)

49 (65)

47 (64)

30.1 (6.5)

31.4 (7.2)

31.1 (5.7)

31.7 (5.6)

45 (60)

46 (61)

46 (61)

44 (59)

8 (10.8)

Age, y, X,(SD)
Sex

Body mass index, X, (SD)
Bilateral involvement
Duration of knee symptoms, y
<1

8 (10.7)

9 (11.8)

9 (12.0)

1–2

12 (16.0)

10 (13.2)

7 (9.3)

8 (10.8)

3–5

14 (18.7)

19 (25.0)

13 (17.3)

14 (18.9)

5–10

25 (33.3)

18 (23.7)

27 (36.0)

20 (27.0)

<10

16 (21.3)

20 (26.3)

19 (25.3)

24 (32.4)

aData

are reported as number (percentage) of participants unless otherwise indicated.
bEX = exercise only, EX+B = exercise plus booster sessions, EX+MT = exercise plus manual therapy, EX+MT+B = exercise plus manual therapy and booster
sessions.

9 weeks, 1 year, and 2 years. Health
care utilization and quality-of-life data
were measured at baseline, 1 year, and
2 years.15
Direct medical and direct nonmedical
costs were obtained and calculated from
a combination of participant self-report
and publicly available databases. Using the Osteoarthritis Cost and Consequences Questionnaire,18 participants
reported 12-month health care utilization at baseline (looking back over the
12 months prior to study enrollment), 1
year, and 2 years. Utilization variables
included surgeries because of osteoarthritis, corticosteroid or hyaluronan
injections, imaging, medication related
to osteoarthritis, outpatient services
specific to knee OA, durable medical
equipment and home modifications,
use of community services, cost of
transportation to/from medical appointments for knee OA, and emergency
room and inpatient services specific to
knee OA (eTab. 1; available at https://
academic.oup.com/ptj). Unit costs for
services covered by health insurance
were obtained from the Medicare Physician Fee Schedule and the Nationwide
Inpatient Sample.19,20 Costs for services
not covered by health insurance (eg,
acupuncture, massage, house cleaner

18 !
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directly related to knee OA, transportation costs to and from medical visits)
were self-reported. These costs were
aggregated by health state (eg, poor
function, good function; Fig. 1) and by
treatment group. For example, monthly
cost of pain medication for participants
in the EX+MT group averaged $117.29
per person who was functioning poorly
according to the WOMAC; for participants in the EX+MT group who were
functioning well, monthly cost of pain
medication averaged $37.40.
To capture risk and associated costs of
relatively rare events such as surgical
complications, we used publicly available databases and data from large
studies. Further detail regarding health
resource utilization and cost data is located in eTable 1.
Effectiveness was measured in quality-adjusted
life
years
(QALYs).
Quality-of-life utility values were
elicited using the US version of the EuroQol-5-Dimension tool, which queries
an individual’s perceived limitations
related to mobility, self-care, usual activities, pain/discomfort, and anxiety/
depression.21 Each participant’s ratings
were transformed into a utility score
using published preferences based on
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the US population. Utility values are a
measure of preference for health states,
anchored at scores of 0 = death and 1 =
perfect health.

Data Analysis

Model construction. Markov statetransition modeling was used to
estimate the cost-effectiveness of the
4 physical therapy strategies. Primary
physical function data collected from
each study participant over the 2-year
period were entered into the model to
depict the functional and surgical status
of each study participant over time.
Although a trial-based cost-effectiveness
model would provide extremely similar
results to modeling for the base case
analysis, modeling was selected in
favor of a trial-based cost-effectiveness
analysis method for 2 primary reasons.
First, modeling allows robust sensitivity
analysis, with systematic variation of
each parameter over empiric ranges,
including the probability of adverse
events not observed in the sample.
Second, modeling allows projection of
data beyond the observation period.
There are several possible Markov
health states that a participant could be
in at any point in time (see Fig. 1 for
a schematic depiction of health states).
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Figure 1.
Schematic depiction of Markov model. Participants in all 4 treatment groups (exercise only, exercise plus manual therapy, exercise plus
booster sessions, and exercise plus manual therapy and booster sessions) entered the model in “Poor/Worsening Function.” Model health
states are shown as ovals. During monthly model cycles, transitions between health states or remaining in the same health state could occur
and are represented by arrows. Transitions to different states depended upon whether a participant underwent surgery and whether the
Western Ontario and McMaster Universities Osteoarthritis Index score changed beyond the minimum clinically important difference. Death,
while possible in our model, is not depicted because all participants were alive at the 2-year follow-up. Scope = arthroscopy, TKA = total
knee arthroplasty.

All study participants were assumed to
be in a state of “poor/worsening function” upon entry to the study. Transitions between states were dependent
upon whether each participant underwent surgery of the affected knee and
whether the WOMAC score improved
or declined beyond the published minimum clinically important difference
(16-point improvement or 33-point
decline on the 240-point version of
the scale).22 Transitions between states
were averaged across each time period. For example, if 12 individuals had
“good function” at the 1-year follow-up
and “poor function” at the 2-year follow-up, then the model assumed that
1 individual per month had transitioned from good function to poor
function. Individuals whose baseline
WOMAC score was too low to improve
beyond the minimum clinically important difference (ie, the participant was
too highly functioning) were excluded
from the analysis. Otherwise, missing
data (which totaled 7.5% of data because of dropouts during the study)
was handled by imputing the mean value for the missing variable. Death was

assumed possible only as a complication from surgery.
The model does not depict the possibility of a person moving directly
from “good/improving function” to
any of the surgical states. Logically, a person who is functioning well
would not undergo surgery. However, since our WOMAC data were only
collected at baseline, 9 weeks, 1 year,
and 2 years, a few individuals did indeed progress directly from good/
improving function to arthroscopy
or total knee arthroplasty (TKA). The
probability of doing so varied from
0 to 0.043; this direct transition was
accounted for in the model but is not
depicted in Figure 1 or Table 2 for the
sake of simplicity.
Table 2 provides the values of model
parameters used in the base case scenario and the variable ranges used in
sensitivity analyses. We used a societal
perspective, as defined by the Panel
on Cost-Effectiveness in Health and
Medicine.23 Year 2011 US dollars were
used, and an annual discount rate of
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3% was applied for future costs and
effectiveness in accordance with the
panel’s recommendation.23 ICERs were
calculated to compare the relative
cost-effectiveness of the 4 treatment
strategies, by dividing the difference in
costs between 2 strategies by the difference in effectiveness between 2 strategies. There is no agreed-upon criterion
in the United States regarding an ICER
that denotes whether a strategy should
be considered cost-effective. For the
present study, we chose to use a criterion of $100,000/QALY gained, in accordance with recent literature recommendations.24,25
Sensitivity analysis. In 1-way sensitivity
analyses, each parameter was individually
varied over the ranges outlined in
Table 2. In addition, a probabilistic
sensitivity analysis (PSA) was performed
to account for sampling and parameter
uncertainty.26 All parameter values were
varied simultaneously over distributions
5000 times. Triangular distributions were
used for most variables, and uniform
distributions were used when data were
sparse. A cost-effectiveness acceptability
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Table 2.
Parameter Values and Ranges Used in the Sensitivity Analysisa
Description

Base Case

Minimum

Maximum

Source of Data

6.2

13.2

Observed

Probabilities (%)b
Total knee arthroplasty (TKA)
Probability of TKA
EX

7.6 (5 TKAs)

EX+B

6.5 (4 TKAs)

EX+MT

13.2 (9 TKAs)

EX+MT+B

6.2 (4 TKAs)

Mortality from TKA

0.26

0.001

0.26

Bozic et al35; Singh et al36

Complications from TKA

3.1

1.8

9.0

Bozic et al35; Singh et al36

0

3.3

Observed

0.008

0.0004

0.008

Martin et al27; Salzler et al28

1.6

0

2.8

Martin et al27; Salzler et al28

0

0

3.22

Observed37

HCUP19

Arthroscopy
Probability of arthroscopy
EX

0 (0 arthroscopies)

EX+B

3.3 (2 arthroscopies)

EX+MT

0 (0 arthroscopies)

EX+MT+B

1.5 (1 arthroscopy)

Mortality from arthroscopy
Complications from arthroscopy
Non–knee surgery related
Complications from medical treatment (eg, gastrointestinal
bleed)

Medical Costs ($)c
TKA
TKA surgery and hospitalization (1-time cost)

14,028

13,984

14,097

TKA surgery with complications (1-time cost)

19,595

19,335

19,732

HCUP19

355

613

Observed

359

624

Observed

4732

7888

Lubowitz and Appleby38

81

225

Observed

130

530

Observed

Good function after TKA (monthly cost)
EX

471

EX+B

355

EX+MT

498

EX+MT+B

613

Poor function after TKA (monthly cost)
EX

359

EX+B

N/A

EX+MT

469

EX+MT+B

624

Arthroscopy
Knee arthroscopy surgery (1-time cost)

6310

Good function after knee arthroscopy (monthly cost)
EX

N/A

EX+B

N/A

EX+MT

N/A

EX+MT+B

225

Poor function after knee arthroscopy (monthly cost)
EX

N/A

EX+B

530

EX+MT

N/A
(Continued)
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Table 2.
Continued
Description

Base Case

EX+MT+B

Minimum

Maximum

Source of Data

N/A

Costs of remaining in nonsurgical health states
Good function (monthly cost)

81

EX

108

EX+B

140

EX+MT

113

EX+MT+B

89

Poor function (monthly cost)
EX

154

EX+B

180

EX+MT

218

EX+MT+B

161

164

Observed

130

264

Observed

1204

1440

Observed, Medicare fee
schedule

5101

10,770

HCUP19

0.647

1.0

Observed

0.659

1.0

Observed

0.678

1.0

Observed

0.738

0.861

Observed

0

1.0

Observed

Other medical costs
Total cost of providing study physical therapy treatment
EX, EX+B

1204

EX+MT, EX+MT+B

1440

Complications from medical treatment (eg, hospital stay for
gastrointestinal bleed; 1-time cost)

6837

Utility Values by Health Stated
Poor function
EX

0.833

EX+B

0.828

EX+MT

0.821

EX+MT+B

0.811

Good function
EX

0.862

EX+B

0.888

EX+MT

0.880

EX+MT+B

0.883

Good function after TKA
EX

0.899

EX+B

0.836

EX+MT

0.822

EX+MT+B

0.913

Poor function after TKA
EX
EX+B

0.8
0.8

EX+MT

0.782

EX+MT+B

0.795

Good function after arthroscopy
EX

1.0

EX+B

1.0

EX+MT

1.0

EX+MT+B

1.0
(Continued)
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Table 2.
Continued
Description

Base Case

Poor function after arthroscopy
EX

Minimum

Maximum

Source of Data

0.756

0.861

Observed

0.8

EX+B

0.809

EX+MT

0.8

EX+MT+B

0.8

aEX

= exercise only, EX+B = exercise plus booster sessions, EX+MT = exercise plus manual therapy, EX+MT+B = exercise plus manual therapy and booster
sessions, HCUP = Healthcare Cost and Utilization Project, N/A = not applicable.
bObserved cumulative probabilities over the 2-year study period; in the model, these probabilities varied at each study time point.
cBase case costs of surgery, hospitalization, and study-related physical therapy were based upon information from the literature and nationally available
databases; the minimum and maximum values reflected the confidence intervals. Annual costs of each health state reflected the sum of all costs for knee osteoarthritis–related health care utilization, averaged for each treatment group.
dFor base case utility values, we used the average utility score for each group across all study time points. The minimum and maximum values reflected the
highest and lowest utility scores reported by any individual in any treatment group at any time point.

curve was constructed from the results
of the PSA.
Short-term reductions in utility were
expressed for 5 scenarios (arthroscopy with or without complication, TKA
with or without complication, and
hospitalization because of complications from medical treatment of knee
OA). For each scenario, the number
of days of disutility were expressed as
the median length of stay; minimum
and maximum values were the median
length of stay plus/minus the standard
error.19,27,28 We assumed those days
were worth zero utility and were essentially QALYs lost; in a sensitivity
analysis, we varied this over a utility
range of 0.0 to 1.0.
Our base case scenario had a 2-year
time horizon, based on the duration of
study data collection. The Markov cycle
length was 1 month (a participant must
remain in a health state for 1 month;
at the end of the monthly cycle, the
participant may move into a different
health state depending upon functional and surgical status). State transition
probabilities were averaged over time
to account for the fact that data were
not collected monthly.
Secondary analysis. In an exploratory
aim, a secondary analysis projected
costs and effectiveness to 5 years, to
allow exploration of potential benefits
of rehabilitation that were not captured
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within the 2-year study follow-up
period. This analysis continued the
same probability values used in the
second year of the model. Because most
participants somewhat declined from
year 1 to year 2 while they were not
receiving active treatment, continuation
of these probabilities models the
continued decline that would be
expected with a chronic degenerative
disease such as knee OA. TreeAge Pro
version 2015 (TreeAge Software Inc,
Williamstown, MA) was used for model
construction and analyses.

Average costs were, predictably, higher
for participants who underwent TKA
surgery because of increased utilization of rehabilitation, durable medical
equipment, home health services, and
imaging in the perioperative period
(Tab. 2; eTab. 1). Surgical utilization was
relatively low, with a total of 22 TKAs
and 3 knee arthroscopies over 2 years
(Tab. 2). Among participants who did
not undergo surgery, monthly direct
costs were higher for those reporting
poor function than those reporting
good function (Tab. 2).

Role of the Funding Source

Table 3 provides 2-year base case
cost-effectiveness results. Lowest costs
were observed for the EX+MT+B strategy, while greatest effectiveness (most
QALYs gained) was in the EX+B strategy. When EX+MT+B is compared to
EX+B, EX+B gains 0.08 QALY while
costing an additional $1062. The result
is an ICER of $12,900/QALY gained,
which falls well within the $100,000/
QALY threshold.24,29 Strategies that did
not contain boosters were dominated
(higher costs and lower effectiveness)
by booster strategies.

This study was supported by a grant
from the Agency for Healthcare Research and Quality. The study sponsors
did not play a role in study design; collection, analysis, or interpretation of the
data; writing of the manuscript; or manuscript publication decisions.

Results
A total of 270 participants completed all study follow-up visits (EX:
n = 66; EX+B: n = 59; EX+MT: n = 69;
EX+MT+B: n = 64). However, 6 participants were excluded from analysis
because of a ceiling effect on the baseline WOMAC score (1 in EX+B, 1 in
EX, 2 in EX+MT+B, and 2 in EX+MT).
Thirty participants dropped out during the course of the study (EX: n = 7;
EX+B: n = 13; EX+MT: n = 3; EX+MT+B:
n = 7); reasons for attrition have been
described elsewhere.15
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Table 3 also provides results of the
5-year projected model. The EX+MT+B
strategy remains the least expensive
strategy, while the EX and EX+B strategies fall within a cost-effective range,
with EX+B remaining the favored strategy when a $50,000 or $100,000/QALY
threshold is used. The EX+MT strategy
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Table 3.
Base Case and 5-Year Projected Model Results Listed in Order of Increasing Cost, From Least Costly to Most Costlya
Strategy

Cost ($)

Incremental Cost ($)b

Effectiveness
(QALYs)

Incremental Effectiveness (QALYs)b

ICERb

Base Case Results
EX+MT+B

5283

EX

5437

154

1.32
1.22

−0.10

Dominated

EX+B

6344

1062

1.40

0.08

$12,900

EX+MT

8249

1904

1.05

−0.35

Dominated

0.062

$5059

5-Year Projected Model
EX+MT+B

12,997

EX

13,310

312

3.14
3.21

EX+B

15,275

1965

3.30

0.09

$21,548

EX+MT

21,299

6024

2.48

−0.81

Dominated

aEX

= exercise only, EX+B = exercise plus booster sessions, EX+MT = exercise plus manual therapy, EX+MT+B = exercise plus manual therapy and booster
sessions, ICER = incremental cost-effectiveness ratio, QALYs = quality-adjusted life years.
bIncremental costs (in US dollars), incremental effectiveness, and ICERs were in relation to the least costly strategy (EX+MT+B).

Table 4.
One-Way Sensitivity Analysisa
Parameter

Base Case Table Multiplierb

Threshold Multiplier Valueb

Favored Strategy Below Threshold

EX

1.0

0.5

EX dominated all other strategies

EX+MT+B

1.0

0.7

EX+MT+B, EX+B dominatedc

1.0

0.9

EX+MT+B, EX+B dominatedc

Probability of continuing poor function

Probability of continuing good function
EX+B
aEX

= exercise only, EX+B = exercise plus booster sessions, EX+MT+B = exercise and manual therapy plus booster sessions.
to time-based, strategy-specific values in Appendix Table 2 (eg, a multiplier of 0.5 would take all of that table’s listed time-based probabilities for that
strategy and cut them by half).
cIn this case, the preferred strategy (EX+MT+B) would become even more strongly preferred.
bApplied

remains dominated by the booster
strategies.
In 1-way sensitivity analyses performed to test the robustness of the
model, variation across the ranges
outlined in Table 2 did not change
the results of the cost-effectiveness
analysis except in a few unlikely scenarios. In the EX+MT+B and EX+B
treatment groups, if the probability
of remaining in poor function (for
EX+MT+B) or good function (EX+B)
is varied to a substantial degree,
then the EX+MT+B strategy becomes
dominant over all other strategies
(Tab. 4). In other words, the preferred
strategy becomes even more strongly
preferred.

Only 1 parameter was revealed to potentially change the preferred strategy
in a 1-way sensitivity analysis. Within
the EX group, substantially altering the
probability of a participant in poor function remaining in poor function makes
the EX strategy dominant over the other
3 strategies. However, this time-based
probability (eTab. 2, row 1) would need
to be halved (Tab. 4; threshold multiplier value of 0.5) compared to the observed probability in the study; this is
extremely unlikely.
A PSA varying all parameters simultaneously over distributions in the 2-year
model showed that the EX+B strategy was most likely to be cost-effective
when the willingness-to-pay threshold
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was greater than $15,000/QALY gained
(Fig.2); below that threshold, the
EX+MT+B strategy is the most likely to
be cost-effective. Strategies not containing boosters (EX+MT and EX) were less
likely than booster strategies (EX+MT+B
and EX+B) to be cost-effective across
the range of willingness-to-pay values.
At willingness-to-pay thresholds of
$50,000 and $100,000 per QALY gained,
EX+MT+B was favored in approximately 33% and 30% of model iterations;
EX+B was favored in approximately
60% and 63% of model iterations, respectively.
In a post hoc analysis, we calculated
incremental costs and effectiveness between the 4 strategies after including
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Figure 2.
Cost-effectiveness (CE) acceptability curve. Below a willingness-to-pay threshold of $13,000, the exercise (EX) plus manual therapy (MT) and
booster sessions strategy was preferred more often. Above a willingness-to-pay threshold of $13,000, the EX plus booster sessions strategy
was preferred more often. Strategies not containing booster sessions were never the most likely option to be cost-effective at any willingness-to-pay value.

the 6 participants who had been excluded from the base case calculations
because of a ceiling effect on the WOMAC. This did not change the preferred
strategy; the EX+MT+B strategy remained the least costly and was dominant over nonbooster strategies.

Discussion
Our results indicate physical therapy
strategies using booster sessions, where
physical therapy sessions are distributed over 1 year, result in greater effectiveness and lower health care utilization
than nonbooster strategies (all allotted
sessions delivered within 9 weeks). In
nearly every plausible scenario, the
preferred strategy in our cost-effective
analysis was a combination of exercise
and booster sessions, with or without
manual therapy.
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Clinical effectiveness results of this trial
(published elsewhere) indicated that all
4 treatment strategies were associated
with marked improvement in physical
function, but no single strategy resulted
in superior WOMAC scores compared
to the others.15 Because it may be argued that all 4 strategies may result in
similar clinical improvement, determining cost-effectiveness is important because both clinicians and insurers may
want to select the strategy that is least
costly or provides the greatest improvement in quality of life. Therefore, these
results support the adoption of booster
sessions in the physical therapy management of knee OA.
A strength of this study is that data were
collected directly from participants over
2 years. It was important to collect primary data for this analysis because little
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information is available regarding the
use of booster sessions for patients in
the United States; therefore, reliance
upon existing literature would have significant limitations. We did refer to existing literature to estimate probabilities
and costs when appropriate. Because
of the breadth of information needed
to perform a cost-effectiveness analysis,
it is relatively rare to have a data set
based on actual measurements of most
parameters as opposed to estimation
from the literature or expert opinion.
Sensitivity analysis strongly supported
the results of the study, as shown by the
stability of the model. We varied all parameters across plausible ranges and/or
95% confidence intervals. Results indicate that all variables were stable across
all plausible ranges. Preferred strategies
changed only when varying parameters

January 2018

Exercise, Manual Therapy, and Booster Sessions in Knee OA
well beyond what was observed within the study. The PSA further supported the model’s stability, indicating that
strategies containing booster sessions
are superior to those without booster
sessions.
Current clinical practice is influenced
by payment models that encourage
short episodes of physical therapy care
with a specific number of visits over a
discrete period. Our findings indicate
spacing visits across longer periods
may result in sustained improvements
in function and decreased health care
utilization. These sustained improvements would have a substantial impact
on health and well-being for patients
with knee OA. However, widespread
adoption of booster sessions in physical
therapy would require health insurers
to consider innovative payment models.
Literature examining the cost-effectiveness of physical therapy strategies
to treat knee OA is scarce.4 One wellknown study in the United Kingdom,
the ESCAPE knee pain trial, found that
an exercise-based program consisting of 12 physical therapy visits was
cost-effective over 30 months compared
to usual care across willingness-to-pay
thresholds up to £9750.30 This analysis, however, was reported from the
third-party payer perspective only
while our base case analysis was performed from the societal perspective as
recommended by the Panel on Cost-Effectiveness in Health and Medicine.30,31
One study examined the cost-effectiveness of a physical therapy strategy
including physical activity promotion
and booster sessions over 1 year compared to traditional guideline-based
physical therapy for people with hip
and/or knee OA.32 Surprisingly, this
study found large ICERs favoring usual physical therapy care. These results
were largely driven by a lack of difference in effect between the 2 strategies. That study did not include manual therapy, and thus is not directly
comparable to the strategies used in
our study. In addition, that study was
performed in the Netherlands; its information regarding costs and health
care utilization are not generalizable to
the United States.

In the recent Management of Osteoarthritis (MOA) trial, Abbott et al13 found
that either exercise therapy or manual
therapy was superior to usual care for
individuals with hip and knee OA. The
combination of exercise and manual
therapy was beneficial, but less effective than exercise or manual therapy
alone.13 Cost-effectiveness analysis revealed similar results: manual therapy
was cost-saving; exercise therapy was
cost-effective, while combination therapy and usual care were not as cost-effective.5 Our results within nonbooster
strategies are fairly consistent with the
MOA trial; the EX+MT group had higher costs and lower effectiveness than
the EX group. However, results for the
2 booster strategies in the present trial are somewhat inconsistent with the
findings of Abbott et al (the EX+MT+B
group in the present study had lower
costs and slightly lower effectiveness
than the EX+B group). It is difficult to
directly compare the 2 studies because
we did not study manual therapy alone,
and the MOA trial did not investigate
booster sessions. However, dosage may
play a role in the relative cost-effectiveness of different strategies. In the MOA
trial, participants receiving combined
manual and exercise therapy tended
to receive less of each (eg, participants
may receive 60 minutes of manual therapy, 60 minutes of exercise therapy, or
30 minutes of each). In our trial, participants who received combined manual
therapy and exercise had longer physical therapy visits.

Limitations
A primary limitation in our study was
the small number of TKA surgeries.
This resulted in limited power to detect
differences between strategies in the
number of cases that progressed to TKA.
If 1 strategy is superior in its ability to
delay or eliminate the need for TKA,
then that strategy would likely be the
least costly. The study was not powered
to detect differences in the number of
TKAs undergone by participants in each
group. A larger sample size and longer
follow-up would be needed to investigate this issue. In addition, our estimates
of utility scores for individuals with TKA
are likely imprecise because of the small
number of TKAs. However, we did vary
utility scores from 0 to 1 in additional
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sensitivity analyses, and the preferred
treatment strategy remained the same.
We relied on participant self-report for
utilization of common health care procedures such as knee radiographs, injections, and medications. Although our
cost data were derived from publicly
available databases and thus were accurate, it is possible that recall bias regarding utilization impacted the overall
calculation of health care costs.19,20 However, the Osteoarthritis Cost and Consequences Questionnaire has been validated against reference-standard provider
databases over 3 months and similar
cost questionnaires have been validated
over longer periods of time.18,33,34
To capture potential benefits of physical therapy strategies used beyond the
2-year follow-up, we used our Markov
model to perform secondary analyses
projected to a 5-year time horizon using the same probabilities observed
over the 2-year period. It is possible
that these probabilities would not have
remained steady from year 2 to year 5,
so the results of the 5-year projected
analysis should be interpreted with
caution.
We followed guidelines for costeffectiveness analysis that recommend
using the societal perspective.23,31 We
did not include lost productivity, as it
was not recommended by the Panel on
Cost-Effectiveness in Health and Medicine at the time this study was conducted. Because our analysis is from
a societal perspective, our analysis is
not generalizable to individual health
care consumers or payers. These results
may change if the analysis is performed
from an individual or payer perspective.
The trial on which this analysis was
based did not include a usual care
group because the trial’s purpose was
to compare different strategies of physical therapy for individuals with knee
OA. This precludes us from comparing
cost-effectiveness between usual care
and structured rehabilitation. However,
because most clinical practice guidelines recommend physical therapy or
supervised exercise as a first-line treatment for knee OA, we feel that the
present study provides policy-relevant
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information to the field of physical
therapy.

Future Directions
Our findings suggested that people
with knee OA may benefit from a policy
shift allowing longer episodes of physical therapy care with periodic boosters to promote long-term maintenance
of improvements. Innovative payment
models, including bundled care and
pay-for-performance, may be the first
step toward adoption of cost-effective
nonsurgical management of knee OA.
Future research should comprehensively study progression to TKA or other
costly surgery in a larger sample, as
well as the potential influence of various physical therapy strategies on this
progression.

Spacing exercise-based physical therapy sessions over 12 months using periodic booster sessions was cost-effective
over 2 years compared to strategies not
utilizing boosters.
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Objective: To investigate the clinical- and cost-effectiveness at 2-year follow-up of providing individual,
supervised exercise physiotherapy and/or manual physiotherapy in addition to usual medical care.
Method: People with hip or knee osteoarthritis meeting the American College of Rheumatology clinical
diagnostic criteria were randomised (1:1, concealed, assessor-blinded) to four groups: usual medical
care; supervised exercise physiotherapy; manual physiotherapy; or combined exercise and manual
physiotherapy. Physiotherapy group participants were provided 10 50-min treatment sessions including
booster sessions at 4 and 13 months, in addition to usual care. The primary outcome at 2-year follow-up
was incremental cost-utility ratio (ICUR) of each physiotherapy intervention in addition to usual care,
compared with usual care alone, from the health system and societal perspectives. To allow interpretation of negative ICURs, we report incremental net beneﬁt (INB). The primary clinical outcome was the
Western Ontario and McMaster Osteoarthritis Index (WOMAC).
Results: Of 206 patients, 186 (90$3%) were retained at 2-year follow-up. Exercise physiotherapy and
manual physiotherapy dominated usual care, demonstrating cost savings; combined therapy did not.
Exercise therapy had the highest incremental net beneﬁts (INBs), statistically signiﬁcant at all
willingness-to-pay (base-case: societal New Zealand (NZ)$6,312, 95%CI 334 to 12,279; health system
NZ$8,065, 95%CI 136 to 15,994). Clinical improvements were superior to usual care only in the exercise
physiotherapy group (!28.2 WOMAC points, 95%CI -49.2 to !7.1). No serious adverse events were
recorded.
Conclusion: Individually supervised exercise therapy is cost-effective and clinically effective in addition
to usual medical care at 2-year follow-up, and leads to cost savings for the health system and society.
Trial registration: Prospectively registered with the Australian NZ Clinical Trials Registry, reference
ACTRN12608000130369.
© 2018 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Hip and knee osteoarthritis (OA) are typically characterized by a
long period of progressively increasing morbidity between the ﬁrst
development of clinical symptoms and, in many cases, the eventual
need for joint replacement surgery1e3. During this time, clinical
guidelines generally recommend the use of conservative non-
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surgical, non-pharmacological treatment options, primarily exercise therapy, as ﬁrst-line treatments4, however such therapies are
under-utilized.5
The aims of the Management of Osteoarthritis (MOA) trial were
to investigate the incremental clinical- and cost-effectiveness of an
exercise therapy programme and/or a manual therapy programme
informed by the best available evidence, delivered in addition to
usual medical care, compared to usual medical care only for the
management of hip and knee OA6. We hypothesised that such interventions may provide incremental beneﬁts over usual medical
care alone in terms of clinical outcomes and value for money. The
pre-planned primary outcome at the 2-year endpoint of this trial
was cost-effectiveness of the physiotherapy programmes compared
with usual care6. This study reports on the cost-effectiveness and
clinical outcomes of the MOA trial interventions using 2-year
follow-up data to investigate the long-term economic and health
gains attributable to providing individual, supervised physiotherapy in addition to usual medical care.
Methods
Study design and participants
The MOA trial was a factorial randomised controlled trial of
exercise therapy and manual therapy, in addition to usual medical
care, for patients with knee or hip OA. Pre-speciﬁed protocols for
both the trial and the economic evaluation have been published6,7.
The primary outcome at 2-year follow-up (speciﬁc aim 36) was a
parallel group economic evaluation of each intervention compared
with usual care only.
Details of participant recruitment, eligibility and exclusion
criteria, and participant ﬂow have been reported previously6,8.
Brieﬂy, patients with suspected hip or knee OA were recruited via
two sources: a) patients attending general medical practitioners
(GPs) in Dunedin, New Zealand (NZ); and b) patients referred by
their GP to attend a ﬁrst specialist consultation by an orthopaedic
surgeon at the Department of Orthopaedic Surgery outpatient
clinic (Dunedin Hospital, New Zealand) for assessment of hip or
knee OA, but not meeting the priority threshold for offer of joint
replacement surgery.
Consenting participants were required to meet the American
College of Rheumatology clinical criteria for hip or knee OA9, have
no previous history of rheumatoid arthritis or previous hip or knee
joint replacement surgery at the time of study enrolment, no recent
(within 30 days) initiation of opioid or corticosteroid intervention,
and able to complete the proposed course of intervention and
follow-up.
Randomisation and masking
To ensure allocation concealment, a research manager (nonclinician) randomly assigned participants, using the TENALEA
online computer-generated randomisation service10, after baseline assessment and enrolment by the outcome assessors. Randomisation was stratiﬁed by joint affected (hip or knee), in equal
ratio and randomly varying block sizes6, to one of four intervention groups: usual care only; physiotherapist-delivered exercise
therapy in addition to usual care; physiotherapist-delivered
manual therapy in addition to usual care; and a combination of
both the exercise therapy and manual therapy in addition to usual
care. Assessments were conducted by one of 3 study assessors
blinded to group allocation. Physiotherapy interventions were
provided by physiotherapists not involved in outcome assessment. GPs and orthopaedic surgeons were blinded to patients’
group allocation.6,8
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Procedures
In each of the three treatment groups, participants attended
seven physiotherapy sessions of approximately 50 min each over a
9-week programme, as well as two additional ‘booster’ sessions at
week 16, and a ﬁnal booster session at week 54. The treatment
protocols have been reported earlier (Web Appendix 1).8,11
The usual care control group received no trial physiotherapy. We
measured, by participant self-report questionnaire, all medical and
other healthcare services consumed by all participants during the
trial, including any reported access to non-trial physiotherapy. Each
participant's GP, blinded to group allocation, was requested to avoid
referral to physiotherapy within the 9-week intervention phase, to
avoid contamination, but we did not require physiotherapy be
withheld throughout the follow-up period of the trial. All participants recruited from secondary care continued to receive their
usual care by consultant orthopaedic surgeons blind to group
allocation. Participation in the trial had no bearing on patients'
prioritisation for, or access to, joint replacement surgery. All participants continued to receive the usual routine care offered by
their own GP and other healthcare providers throughout the trial
and follow-up. In this way, the trial evaluates the effectiveness of
physiotherapy care in addition to usual care, and provides a realworld, policy-relevant comparator on which to base value-formoney decisions regarding health services provision.
Outcomes
Assessors administered patient-reported outcome questionnaires and performed clinical assessments at baseline, 9 weeks, 6
months, 1 year, and 2 years. Economic variables were self-reported
by patients at baseline and at 6 months, 1- and 2- years.
The primary outcome at the 2-year endpoint of this trial was
incremental cost-effectiveness of the physiotherapy programmes6.
The primary effectiveness outcome for the economic evaluation
was the quality-adjusted life years (QALYs) experienced over the 2year follow-up period, assessed using the SF-6D, a six-dimension
health-related quality of life (HRQoL) instrument derived from
the 12-item Medical Outcomes Study-Short Form 12 (SF-12v2).
Utility weights derived from the UK general population were
applied to SF-6D proﬁles to estimate QALYs12. We calculated QALYs
by using time-weighted averages at the beginning and end of each
of the 6-month, 1-year, and 2-year measurement periods. QALYs
and costs from the second year of follow-up were discounted by an
annual rate of 3.5 percent.13
Total OA-related costs were estimated from both the health
system and societal perspectives. Healthcare costs, other related
expenditures, and lost productivity resulting from OA to participants and their friends and family members was collected using the
Otago Costs and Consequences Questionnaire (OCC-Q) instrument
validated for use in the OA population14. Total joint replacements
were veriﬁed against the NZ National Joint Register. Resource use
within the healthcare sector was valued using 2009 unit costs
derived from various sources (see Web Appendix 2). All costs are
expressed in 2009 NZ dollars, exclusive of Goods and Services Tax.
Productivity losses associated with inability to work due to OA
were valued using the friction cost method, applying a 6-month
friction period, and are reported separately. Individual participant
wage rates were applied to time lost.
The primary clinical outcome was change in the composite
Western Ontario and McMaster osteoarthritis index (WOMAC)
between baseline and 2-year follow-up. Secondary outcome measures included measures of pain, physical function, and global
rating of change. Participants were classiﬁed as responders or nonresponders according to the Outcome Measures in Rheumatoid
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Arthritis Clinical Trials e Osteoarthritis Research Society International (OMERACT-OARSI) responder criteria at 2 years: "50%
improvement in pain or function and an absolute improvement of
"20; or "20% improvement and an absolute improvement of "10
in at least two out of three of pain, function, and global assessment15, using the WOMAC pain and function subscales and the
global rating of change instrument. Adverse events were recorded
and classiﬁed.
Statistical analysis
All data analyses were done in Stata (Station, TX, USA) version
14.2 by a health economist (RW) not involved in the trial design or
conduct. As pre-speciﬁed in the trial protocol, all analyses were
conducted according to intention-to-treat, and results are reported
separately for the full sample of participants and for those participants who did not receive the potentially confounding, non-study
intervention of hip or knee replacement during the trial and followup period.6
Both item-level data missingness and censoring due to loss to
follow-up were addressed via multiple imputation using the MI
package in Statav14.2. Data were treated as missing at random
(MAR). Patterns of missing data and the distribution of responses
were examined to determine appropriate imputation equations for
each variable. Data from three participants who died during the
follow-up period were treated as complete cases with known costs
and effects in the economic analysis, and excluded from the analysis of clinical outcomes at 2-year follow-up. Thirty-six imputed
data sets were created, and variable distributions examined against
observed data.
We calculated incremental cost-utility ratios (ICURs) and incremental net beneﬁts (INBs) at the willingness to pay thresholds of
one, two, and three times GDP per capita (NZ$42,981, NZ$85,962,
and NZ$128,943, respectively)16. incremental net beneﬁt (INB)
analysis, not included in the initial protocol7, was added to solve
difﬁculties with the interpretation of ambiguous negative ICURs,
and as such is a best-practice recommendation17. INB represents
the value of an intervention in monetary terms given a willingnessto-pay threshold for the unit of beneﬁt (i.e., QALY), and is calculated
as [incremental beneﬁt x threshold] minus incremental cost. Conﬁdence intervals (CIs) around INB estimates were calculated around
sample mean incremental costs and QALYs18. Conﬁdence ellipses
were constructed on the cost-effectiveness plane to illustrate the
impact of sample uncertainty on the cost-effectiveness of each
intervention relative to usual care. All analyses were undertaken
from both the societal and health system perspectives. Results were
adjusted for age, sex, primary OA joint (hip or knee), body mass
index, number of years since symptom onset, and baseline WOMAC
score, quadriceps muscle strength, mental health, self-efﬁcacy, and
SF-6D score, as pre-speciﬁed in the analysis protocol6. Additional
sensitivity analyses were conducted by (1) restricting the sample to
complete cases only, to evaluate the impact of the imputation of
censored data; and (2) excluding productivity losses from the
analysis from the societal perspective.7
The primary clinical outcome analysis investigated ﬁrstly the
main effects of the factorial design and interaction, and secondly
the between-group treatment effect, compared with usual care, of
each of the three interventions on change in the WOMAC composite score between baseline and 2-year follow-up6. Both adjusted
and unadjusted analyses were undertaken; adjusted analyses were
primary, performed using analysis of covariance controlling for the
same set of covariates (except baseline SF-6D value) as the economic analysis. Secondary clinical outcomes are reported as means
and 95% CIs of the change from baseline to 2-year follow-up, by
intervention group. Analyses were adjusted for the same set of

confounding variables as above, using linear (pain, physical function, and global change) and logistic (OMERACT-OARSI response)
regression models.
Results
206 participants aged between 37 and 92 years (mean 66 years)
were recruited (Fig. 1) between 23 March 2008 and 30 March 2009,
and are described in Table I as previously8. 203 were surviving at 2year follow-up. All 206 participants completed the OCC-Q and SF12 questionnaires at baseline, 192 (93$2%) at 6-months, 192
(93$2%) at 1-year, and 186 (90$3%) at 2-years. 180 (87$4%)
completed the questionnaires at all three follow-up points.
Seventy-one participants (34$5%) received either a hip or knee joint
replacement during the 2-year follow-up period.
From the perspective of the NZ health system, the programme of
manual therapy in addition to usual care had a mean incremental
cost over 2 years of $1,011 relative to usual care only, while the
combined manual and exercise therapy had an incremental cost of
$1,635 (Table II). The exercise therapy intervention was cost-saving
relative to usual care (-$935 per patient). From the societal
perspective, both manual therapy and exercise therapy were costsaving (incremental costs of -$2,184 and -$3,530 respectively).
Combined therapy had an incremental cost of $210 relative to usual
care only. Excluding productivity costs from the societal perspective, only exercise therapy was cost-saving relative to usual care
(-$1795; Table II).
Restricting the sample to complete cases only (n ¼ 183), manual
therapy and exercise therapy were cost-saving from the health
system perspectives, while all interventions were cost-saving from
the societal perspective. Among those without joint replacement
surgery during the trial (n ¼ 135), exercise therapy and combined
therapy were cost-saving from both the health system and societal
perspectives, while manual therapy was cost-saving from the societal perspective only.
All three physiotherapy interventions produced clinically signiﬁcant gains in QALYs lived over the 2-year follow-up compared
with usual care (Table II)19. Exercise therapy produced the largest
gains (0$15 QALYs), while manual therapy and combined therapy
both produced gains of 0$07 QALYs. Results were similar for both
the complete cases sub-sample and the sample of participants
without joint replacement surgery during the trial.
Cost-utility analyses revealed that all three interventions were
cost-effective relative to usual care only at willingness to pay
thresholds of one, two, and three times GDP per capita (Table III).
After adjusting for covariates, both exercise therapy and manual
therapy dominated usual care from both the societal and health
system perspectives. Exercise therapy had the highest probability
of cost-effectiveness in almost all scenarios (Fig. 2).
INBs were positive for all three physiotherapy interventions at
all willingness to pay thresholds (Table III). Exercise therapy had the
highest INBs, with 95% CIs strictly greater than zero at all willingness to pay thresholds. Manual therapy had INBs signiﬁcantly
greater than zero at the 2$GDP per capita (health sector perspective) and the 2$GDP per capita (societal perspective) thresholds,
while INBs for combined therapy did not reach statistical
signiﬁcance.
In the subgroup without joint replacement during the trial, all
three MOA trial interventions were highly cost-effective relative to
usual care from both the societal and health system perspectives;
exercise therapy again dominated usual care from both the societal
and health system perspectives, while manual therapy dominated
usual care from the societal perspective only. Exercise therapy was
again the intervention with the highest INBs, which were signiﬁcantly greater than zero, at the 95% conﬁdence level, at all
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Fig. 1. Proﬁle of the Management of Osteoarthritis (MOA) trial.

willingness to pay thresholds. Manual therapy and combined
therapy had similar INBs in this sub-sample; however these were
signiﬁcantly greater than zero from the societal perspective only, at
the 1$(combined therapy) and 2$(manual therapy) GDP per capita
thresholds and above.
Sensitivity analyses showed that, in the complete case analysis,
the INBs were generally slightly higher than the base case analysis.
Both the manual therapy and exercise therapy interventions had
INBs statistically signiﬁcantly greater than zero at all willingness-

to-pay thresholds, from both the societal and health system perspectives. The combined therapy intervention remained costeffective, but did not reach statistical signiﬁcance.
Excluding productivity costs from the societal perspective
slightly reduced the cost-effectiveness of all three interventions. All
interventions, however, remained highly cost-effective relative to
usual care only, with INBs signiﬁcantly greater than zero for exercise therapy (at all willingness-to-pay thresholds) and manual
therapy (at the 2$GDP per capita threshold and above).
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Table I
Characteristics of participants at entry to the trial

Demographic
Men, n (% of group)
Women, n (% of group)
Age (years)
Body mass index (kg/m2)
Clinical
WOMAC score (range 0e240, lower scores
represent less pain, stiffness and disability)
Timed up and go test (s)
30-s sit to stand test (no. of stands):
40 m self-paced walk time (s):
Pain intensity score (range 0e10, higher scores
represent more pain)
Quadriceps muscle strength (kg/kg body mass)
Duration since ﬁrst diagnosis of osteoarthritis (years)
Mental health (depression screening test) score
indicates low risk of depression, n (% of group)
Hip osteoarthritis, n (% of group)
Knee osteoarthritis, n (% of group)
Both hip and knee osteoarthritis, n (% of group)

Usual care
control
(n ¼ 51)

Usual care plus
manual therapy
(n ¼ 54)

Usual care plus
exercise therapy
(n ¼ 51)

Usual care plus combined
exercise þ manual therapy
(n ¼ 50)

26 (51.0)
25 (49.0)
66.1 (10.7)
29.5 (5.8)

26 (48.1)
28 (51.9)
67.3 (10.2)
29.2 (5.9)

19 (37.3)
32 (62.7)
66.9 (8.2)
29.3 (6.0)

21 (42.0)
29 (58.0)
66.0 (8.9)
30.1 (5.4)

93.8 (52.8)

114.8 (56.3)

95.5 (57.3)

99.1 (48.8)

7.69 (3.26)
9.65 (4.29)
33.21 (12.42)
3.1 (2.0)

7.68 (3.07)
9.80 (4.54)
33.67 (10.18)
4.2 (2.3)

7.50 (3.14)
10.39 (4.37)
33.42 (11.14)
3.5 (2.0)

6.88 (2.33
10.60 (3.79)
30.93 (8.37)
4.0 (2.1)

0.21 (0.12)
2.8 (1.3)
26 (51.0)

0.20 (0.09)
2.5 (1.4)
27 (50.9)

0.20 (0.07)
2.6 (1.4)
27 (52.9)

0.20 (0.08)
2.9 (1.3)
28 (56.0)

23 (45.1)
28 (54.9)
13 (25.5)

24 (44.4)
30 (55.6)
12 (22.2)

22 (43.1)
29 (56.9)
10 (19.6)

21 (42.0)
29 (58.0)
17 (34.0)

Values are mean (SD) unless speciﬁed otherwise. WOMAC¼ Western Ontario and McMaster osteoarthritis index.

Table II
Mean (SD) costs and health outcomes through 2 years in base case and sensitivity analyses*

Cost outcomes
MOA trial programme
Public health system costs
Private health system costs
Costs to patient, family, and friends
Productivity costs
Total New Zealand health system costs
Complete cases only (n ¼ 183)
No hip or knee replacement (n ¼ 135)
Total societal costs
Complete cases only (n ¼ 183)
Excluding productivity costs
No hip or knee replacement (n ¼ 135)
Health outcomes
QALYs
Complete cases only (n ¼ 183)
No hip or knee replacement (n ¼ 135)
*

Usual care control

Usual care plus
manual therapy

Usual care plus
exercise therapy

Usual care plus combined
exercise þ manual therapy

0
7,410
1,863
1,477
4,620
9,273
9,777
3,299
15,370
15,551
10,750
9,689

(0)
(12,239)
(6,600)
(2,968)
(13,212)
(13,957)
(14,419)
(6,936)
(20,447)
(20,521)
(14,281)
(18,425)

486
9,047
752
806
2,096
10,284
9,444
4,904
13,187
12,183
11,090
6,586

(204)
(14,915)
(2,655)
(1,146)
(6,184)
(14,840)
(14,255)
(14,606)
(16,808)
(16,223)
(15,228)
(15,871)

503
6,851
984
618
2,884
8,338
8,266
1,281
11,840
11,564
8,955
2,748

(185)
(10,572)
(3,648)
(583)
(9,853)
(10,976)
(10,820)
(2,588)
(17,336)
(17,270)
(11,113)
(6,778)

507
7,248
3,154
929
3,742
10,908
10,888
2,669
15,580
15,433
11,837
4,327

(187)
(10,600)
(7,899)
(1,206)
(9,793)
(11,875)
(11,977)
(7,415)
(18,102)
(18,134)
(12,352)
(9,497)

1.31
1.31
1.32

(0.286)
(0.292)
(0.315)

1.39
1.40
1.39

(0.210)
(0.208)
(0.224)

1.46
1.44
1.51

(0.234)
(0.221)
(0.231)

1.38
1.40
1.41

(0.186)
(0.173)
(0.186)

All participants (n ¼ 206); QALYs ¼ quality-adjusted life years.

The clinical outcomes of all three treatment groups showed
clinically signiﬁcant reductions of >28 WOMAC points from baseline to 2-year follow-up (Table IV, Fig. 3(a)). In the factorial analysis,
exercise therapy was superior to no exercise therapy (!28$2
WOMAC points, 95% CI -49$2 to !7$1), manual therapy was not
signiﬁcantly better than no manual therapy (!6$3, WOMAC points,
95% CI -28$1 to 15$5) in the main intention-to-treat analysis, with a
non-signiﬁcant detrimental interaction effect (þ13$7 WOMAC
points, p ¼ 0$368). Compared with usual care only, exercise therapy
provided a clinically-signiﬁcant gain in WOMAC (Table IV), while
manual therapy and combined therapy did not. Improvement over
time was observed in the usual care only group, however this did
not reach the clinical signiﬁcance threshold (!22$5 WOMAC points,
95% CI -37$5 to !7$5), and disappeared after eliminating the effects
of joint replacement surgery (Table IV). The number needed to treat
(NNT) to gain one additional OMERACT-OARSI responder,
compared with usual care only, was 5 (2.6e73.7) for exercise
therapy and 5 (2.4e23.8) for combined exercise- and manual
therapy. For manual therapy the NNT was equivocal, at 7 with a

lower 95% conﬁdence bound of 2.0 extending to a number needed
to harm of 22.2.
For the sample of participants without joint replacement surgery during the trial, the usual care group showed a non-signiﬁcant
worsening of WOMAC points over the period (þ6.8 WOMAC points,
95% CI -7$2 to 20$8) [Fig. 3(b)]. In the factorial analysis, exercise
therapy was superior to no exercise therapy (!30$8 WOMAC
points, 95% CI -53$5 to !8$0), manual therapy was not signiﬁcantly
better than no manual therapy (!19$6, WOMAC points, 95% CI
-43$8 to 4$6), with a large but marginally non-signiﬁcant detrimental interaction effect (þ33$6 WOMAC points, p ¼ 0$054).
Compared with usual care only, exercise therapy again provided a
clinically-signiﬁcant gain in WOMAC (Table IV), while manual
therapy and combined therapy did not. The change in WOMAC
scores in each treatment group was similar for those with hip OA
and those with knee OA (Web Appendix 3).
In secondary analyses, the physical performance tests showed
non-signiﬁcant worsening in the usual care group, consistent improvements in the exercise therapy group, and inconsistent
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Table III
Incremental cost-utility ratios and incremental net monetary beneﬁts for manual therapy, exercise therapy, and combined therapy relative to usual care only, base case and
sensitivity analyses*
Manual therapy relative to
usual care
Incremental cost-utility ratio
Base case
NZ health system perspective
Societal perspective
No hip or knee replacement
NZ health system perspective
Societal perspective
Complete cases only
NZ health system perspective
Societal perspective
Excluding productivity costs
Societal perspective
Incremental net beneﬁt (95% CI)
Base case
NZ health system perspective
1$GDP/capita
2$GDP/capita
3$GDP/capita
Societal perspective
1$GDP/capita
2$GDP/capita
3$GDP/capita
No hip or knee replacement
NZ health system perspective
1$GDP/capita
2$GDP/capita
3$GDP/capita
Societal perspective
1$GDP/capita
2$GDP/capita
3$GDP/capita
Complete cases only
NZ health system perspective
1$GDP/capita
2$GDP/capita
3$GDP/capita
Societal perspective
1$GDP/capita
2$GDP/capita
3$GDP/capita
Excluding productivity costs
Societal perspective
1$GDP/capita
2$GDP/capita
3$GDP/capita

!7,138
!43,475
11,932
!34,075

y

Exercise therapy relative to
usual care

Combined exercise þ manual
therapy relative to usual care

!3,657
!16,616

y

y

!9,753
!39,637

y

y

!10,225
!20,628

y
y

32,513
22,658

y

y

35,566
20,832
!3,876
!55,233

y
y

!20,135
!50,501

y

!14,789

y

!10,068

y

27,709

4,480
8,322
12,163

(-1,595 to 10,554)
(224 to 16,419)
(1,542 to 22,785)

6,312
12,128
17,945

(344 to 12,279)
(4,137 to 20,119)
(7,440 to 28,449)

464
3,156
5,848

(-5,695 to 6,624)
(-5,049 to 11,362)
(-4,912 to 16,609)

7,728
11,570
15,411

(-494 to 15,949)
(1,739 to 21,400)
(3,402 to 27,421)

8,065
13,882
19,698

(136 to 15,994)
(4,324 to 23,440)
(7,947 to 31,449)

1,387
4,079
6,771

(-6,673 to 9,447)
(-5,674 to 13,833)
(-5,244 to 18,787)

3,422
8,160
12,898

(-3,334 to 10,179)
(-1,663 to 17,983)
(-471 to 26,267)

8,144
14,783
21,421

(1,800 to 14,489)
(5,374 to 24,192)
(8,494 to 34,347)

4,621
8,860
13,099

(-2,618 to 11,860)
(-1,488 to 19,208)
(-909 to 27,106)

8,494
13,231
17,969

(-1,043 to 18,030)
(1,411 to 25,052)
(3,140 to 32,798)

12,760
19,398
26,036

(4,019 to 21,501)
(8,312 to 30,484)
(11,905 to 40,168)

9,686
13,925
18,163

(234 to 19,138)
(1,961 to 25,888)
(2,953 to 33,374)

6,330
10,641
14,952

(17 to 12,644)
(2,181 to 19,102)
(3,834 to 26,071)

6,890
12,455
18,021

(775 to 13,004)
(4,202 to 20,709)
(7,135 to 28,907)

645
3,294
5,943

(-5,764 to 7,054)
(-5,260 to 11,848)
(-5,281 to 17,166)

9,376
13,687
17,998

(1,124 to 17,628)
(3,644 to 23,730)
(5,590 to 30,406)

8,237
13,802
19,368

(202 to 16,271)
(3,995 to 23,610)
(7,224 to 31,511)

1,252
3,901
6,550

(-7,070 to 9,574)
(-6,216 to 14,018)
(-5,946 to 19,046)

5,164
9,005
12,847

(-1,053 to 11,380)
(784 to 17,227)
(2,118 to 23,576)

7,179
12,996
18,812

(1,068 to 13,290)
(4,880 to 21,112)
(8,200 to 29,425)

957
3,649
6,341

(-5,339 to 7,252)
(-4,679 to 11,976)
(-4,528 to 17,209)

y

Results are adjusted for age, sex, primary OA joint, baseline WOMAC score, baseline SF-6D HRQoL, body mass index, symptom duration, quadriceps muscle strength,
depression, and self-efﬁcacy.
*
All participants (n ¼ 206).
y
Treatment dominates usual care only.

changes in the other intervention groups (Table V). Exercise therapy provided signiﬁcant gains over usual care at 2 years follow-up
in the Timed Up-and-Go test and 40 m fast-paced walk test. Pain
intensity scores improved over time in all three intervention
groups; in the usual care group, scores improved within the full
sample, but worsened slightly for those without a joint replacement during the follow-up period. The proportion of OMERACTOARSI responders was higher in all three intervention groups
than in the group receiving usual care only, and statistically signiﬁcant in the exercise therapy and combined therapy groups (full
sample only) compared with usual care alone.
The number of joint replacement surgeries was signiﬁcantly
greater in the combined therapy group compared with usual care
(Table V). No serious adverse events associated with trial interventions were recorded.

Discussion
This study has shown that providing physiotherapist-delivered,
individualised programmes of exercise therapy and/or manual
therapy in addition to usual care for the treatment of hip and knee
osteoarthritis was cost-effective relative to usual care only, from
both the societal and the narrower health system perspectives. In
particular, the programme of exercise therapy was found to be
cost-saving to the health system and society over 2 years, resulted
in the largest health utility gains, and provided INBs signiﬁcantly
greater than zero at 95% conﬁdence levels, in the base case and all
sensitivity analyses, at all willingness to pay thresholds. These
results imply that if health systems were to provide access to
high-quality, individually supervised exercise physiotherapy
intervention programmes in addition to usual care, cost savings
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Fig. 2. Cost-effectiveness plane (95% Conﬁdence intervals (CIs)) and cost-effectiveness acceptability curves for the MOA physiotherapy treatments relative to usual care in terms of
cost per QALY gained from the perspectives of the New Zealand (NZ) health system and society for participants without joint replacement surgery during the trial (n ¼ 135) and all
participants (n ¼ 206).

may be reaped through reduced healthcare consumption and
raised productivity.
The main strengths of this trial were its pragmatic design, utilizing a real-world comparison of usual, GP-led medical care, and its
adequate sample size and statistical power, low loss to follow-up,
comprehensive cost data, and the informativeness of the longterm (2-year) follow-up. This allowed an externally-valid

investigation of the incremental effects and value-for-money of
providing ancillary health services in addition to usual care. A
limitation of economic evaluations alongside clinical trials is that
sample size is typically calculated for the primary clinical outcome,
leaving the economic evaluation underpowered. Our study turned
out to be sufﬁciently powered to ﬁnd statistical signiﬁcance at the
95% conﬁdence level of INBs for the most clinically effective
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Table IV
Mean (SD) WOMAC scores at 2-year follow-up and change in score from baseline*
Usual care
control
(n ¼ 50)

Usual care plus manual
therapy (n ¼ 53)

Unadjusted
WOMAC score at 2 years
All participants (n ¼ 203) 76.7
(62.1)
No hip or knee
93.3
(62.8)
replacement (n ¼ 132)
Within-group change in WOMAC score from
All participants (n ¼ 203) !17.8 (66.0)
No hip or knee
11.8
(46.0)
replacement (n ¼ 132)
Adjusted
WOMAC score at 2 years
All participants (n ¼ 203) 78.5
(51.5)
No hip or knee
94.4
(43.2)
replacement (n ¼ 132)
Within-group change in WOMAC score from
All participants (n ¼ 203) !22.5 (51.5)
No hip or knee
6.8
(43.2)
replacement (n ¼ 132)

Usual care plus exercise
therapy (n ¼ 51)

Between-group
diff. (95%CI)
74.2
84.7

(58.4)
(57.3)

baseline
!42.4 (63.5)
!20.7 (48.9)

72.2
74.8

(53.8)
(42.7)

baseline
!28.7 (53.8)
!12.8 (42.7)

Usual care plus combined
exercise þ manual
therapy (n ¼ 49)

Between-group
diff. (95%CI)

Between-group
diff. (95%CI)

!2.4 (!25.0 to 20.1)
!8.6 (!36.9 to 19.7)

48.9
54.7

(45.2)
(47.5)

!27.8 (!50.1 to !5.5)
!38.6 (!66.0 to !11.2)

58.9
77.9

(51.7)
(54.0)

!17.7 (!40.9 to 5.5)
!15.4 (!45.5 to 14.8)

!24.7 (!49.9 to 0.5)
!32.5 (!56.8 to !8.1)

!45.6
!20.4

(58.7)
(43.9)

!27.8 (!52.9 to !2.7)
!32.2 (!55.6 to !8.8)

!38.5
!11.4

(58.4)
(50.2)

!20.7 (!46.6 to 5.2)
!23.2 (!49.2 to 2.8)

!6.3 (!28.1 to 15.5)
!19.6 (!43.8 to 4.6)

50.3
63.6

(43.0)
(37.5)

!28.2 (!49.2 to !7.1)
!30.8 (!53.5 to !8.0)

57.7
77.6

(47.8)
(45.2)

!20.7 (!43.0 to 1.5)
!16.8 (!42.9 to 9.4)

!6.3 (!28.1 to 15.5)
!19.6 (!43.8 to 4.6)

!50.6
!24.0

(43.0)
(37.5)

!28.2 (!49.2 to !7.1)
!30.8 (!53.5 to 8.0)

!43.2
!10.0

(47.8)
(45.2)

!20.7 (!43.0 to 1.5)
!16.8 (!42.9 to 9.4)

*
Of participants surviving at 2 year follow-up (n ¼ 203 of 206, 98.5%). Negative change represents improvement. Adjusted results: linear regression model adjusting for age,
sex, primary OA joint, baseline WOMAC score (scale 0e240), body mass index, symptom duration, quadriceps muscle strength, depression, and self-efﬁcacy. WOMAC¼
Western Ontario and McMaster osteoarthritis index.

Fig. 3. Course of outcomes by group from baseline through 2-year follow-up. 3a ¼ Primary intention-to-treat analysis (n ¼ 206); 3b ¼ subgroup analysis of participants who did not
undergo joint replacement surgery during follow-up (n ¼ 132). Bars represent time-speciﬁc estimates with 95% conﬁdence intervals, adjusted for age, sex, primary OA joint, baseline
WOMAC score, body mass index, symptom duration, quadriceps muscle strength, depression, and self-efﬁcacy. WOMAC¼ Western Ontario and McMaster osteoarthritis index (scale
0e240).

intervention, that was robust to all sensitivity analyses. Other
limitations included the fact that joint replacement surgery was
non-randomised co-intervention that has the potential to bias the
effects of the trial interventions; to clarify this, we planned a priori
to conduct secondary subgroup analyses of participants who did
not undergo joint replacement surgery6. The observation of higher
rates of joint replacement surgery in the combined therapy group
after adjusting for covariates (not signiﬁcant in the other two
physiotherapy groups) was unexpected and may be due to chance,
given that GPs and orthopaedic surgeons were blinded to group
allocation, but as surgery is the highest cost item this had the potential to bias the results. Any bias in regard to cost-effectiveness
would, however, have been in favour of the usual care group,
which was shown in the results to be dominated by the three
intervention groups. The healthcare costs collected were restricted
to only OA-related utilisation; given that costs relating to other
comorbidities were not accounted for, this approach likely provides
only a limited perspective, which may have resulted in underestimation of cost-effectiveness. Generalizability of cost-

effectiveness results between countries is limited by six key
threats: demography and epidemiology of the disease; clinical
practice patterns and conventions; healthcare provision; relative
price levels; opportunity costs of resources; and consumer health
state valuation preferences.20 We consider these threats as minimal
in regard to osteoarthritis among British Commonwealth health
systems, and we used UK preference weightings for calculation of
QALYs from the SF-6D.12
Other evidence of the cost-effectiveness of manual or exercise
therapy for the treatment of hip and knee OA is scarce21,22. The
results reported here for the exercise therapy intervention are
consistent with two recent studies that assessed the costeffectiveness of a physiotherapist-delivered class-based exercise
programme and a water exercise programme delivered by qualiﬁed swimming instructors, both of which found lower costs and
incremental QALY gains relative to usual care comparators23,24.
The ﬁndings extend our previously published analyses of 1-year
follow-up data from the MOA trial25. At 1 year, manual therapy
and exercise therapy were both found to be cost-effective relative
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Table V
Changes in secondary outcomes from baseline to 2-year follow-up.* Mean (SD) unless speciﬁed otherwise

Timed up and go test (s)y
No hip or knee
replacement (n ¼ 132)

Usual care
control

Usual care plus
manual therapy

Between-group
diff. (95%CI)

Usual care plus
exercise therapy

Between-group
diff. (95%CI)

Usual care plus
combined
exercise þ manual
therapy

Between-group
diff. (95%CI)

1.32

1.07

!0.26

!0.81

!2.14

0.09

!1.24

(0.02 to 2.12)
0.44
(-0.39 to 1.26)

(-1.74 to 1.23)
!0.09
(-1.28 to 1.10)

(-1.77 to 0.14)
!1.37
(-2.17 to !0.57)

(-3.52 to !0.78)
!1.89
(-3.05 to !0.73)

(-1.07 to 1.25)
0.01
(-0.85 to 0.86)

(-2.78 to 0.31)
!0.52
(-1.72 to 0.69)

!0.17

0.33

1.65

2.15

1.29

1.79

(-1.87 to 1.53)
0.36
(-1.04 to 1.76)

(-2.08 to 2.75)
0.44
(-1.59 to 2.46)

(0.04 to 3.23)
0.43
(-0.93 to 1.78)

(-0.18 to 4.47)
0.50
(-1.46 to 2.46)

(-0.65 to 3.23)
1.39
(-0.06 to 2.84)

(-0.82 to 4.40)
1.47
(-0.57 to 3.51)

!0.24

!4.44

!3.85

!8.04

1.17

!3.02

(-8.11 to 0.42)
!6.77
(-10.11 to !3.42)

(-14.17 to !1.92)
!8.04
(-12.88 to !3.20)

(-4.00 to 6.35)
!0.85
(-4.54 to 2.84)

(-9.88 to 3.83)
!2.12
(-7.24 to 2.99)

!0.89

!1.07

!0.37

!0.55

(0.35 to 2.30)
0.53
(-0.31 to 1.36)
30s sit to stand test (no. of stands)z
No hip or knee
!0.50
replacement (n ¼ 132)
(-2.12 to 1.12)
All participants (n ¼ 203)
!0.08
(-1.48 to 1.33)
y
40 m self-paced walk time (s)
No hip or knee
4.20
replacement (n ¼ 132)
(-0.05 to 8.44)
All participants (n ¼ 203)
1.27
(-2.20 to 4.74)
Pain intensity score (range 0e10, negative scores
No hip or knee
0.19
replacement (n ¼ 132)
(-0.58 to 0.95)
All participants (n ¼ 203)
!1.01
(-1.66 to !0.36)
OMERACT-OARSI responders, no. (% of group)
No hip or knee
9 (26.9%)
replacement (n ¼ 132)
All participants (n ¼ 203)
21 (44.4%)
All participants (n ¼ 203)

Joint replacement surgeries, no. (% of group)
All participants (n ¼ 203)
13 (27.3%)
Complete cases (n ¼ 183)

13 (28.3%)

(-4.97 to 4.50)
!1.48
(-5.01 to 2.05)
indicate reduced
!1.07
(-1.91 to !0.24)
!1.65
(-2.29 to !1.00)

(-10.87 to 2.00)
!2.75
(-7.74 to 2.23)
pain)
!1.26

(-1.66 to !0.12)
!1.92
(-2.55 to !1.29)

(-2.18 to 0.03)
!0.91
(-1.83 to 0.01)

(-1.29 to 0.56)
!1.78
(-2.45 to !1.10)

(-1.79 to 0.68)
!0.77
(-1.72 to 0.19)

15 (48.3%)

(-2.42 to !0.10)
!0.63
(-1.57 to 0.30)
Odds ratio (CI)
2.85 (0.87 to 9.36)

17 (48.3%)

2.85 (0.89 to 9.07)

12 (38.9%)

30 (51.5%)

1.39 (0.57 to 3.37)

33 (66.4%)

2.80 (1.12 to 6.98)

32 (67.1%)

1.84 (0.53
to 6.45)
2.91
(1.14 to 7.41)

19 (29.3%)

1.14 (0.41 to 3.11)

17 (35.4%)

1.66 (0.61 to 4.52)

22 (47.0%)

15 (31.9%)

1.19 (0.49 to 2.89)

15 (32.6%)

1.22 (0.51 to 2.99)

19 (43.2%)

3.18 (1.14
to 8.87)
1.93 (0.80
to 4.63)

Results (except for counts of OMERACT-OARSI respondents and joint replacement surgeries) are adjusted for age, sex, primary OA joint, baseline WOMAC score, body mass
index, symptom duration, quadriceps muscle strength, depression, and self-efﬁcacy.
*
Of participants surviving at 2 year follow-up (n ¼ 203 of 206, 98.5%).
y
Negative times represent shorter time to complete, indicating improvement.
z
Positive values represent more repetitions, indicating improvement.

to usual care only from both perspectives, and manual therapy
cost-saving from the societal perspective, while combined therapy
was cost-effective only from the societal perspective. This update
shows that these gains are maintained and extended over 2 years,
in particular for the exercise therapy intervention. To our
knowledge, no previous studies have assessed the costeffectiveness of a programme of supervised exercise physiotherapy or of manual physiotherapy in addition to usual care for
the treatment of hip or knee OA21. The external validity of this
study, establishing the long-term effectiveness of this highly
generalizable intervention, compared with a real-world comparator, is a strength of this study.
Trials assessing the long-term clinical effectiveness of conservative therapies are also scarce; the little available evidence indicates absence of long-term effect26e29. The 2-year follow-up of
this trial shows that the treatment effect of exercise therapy can
strengthen compared with usual care. Although we observed
diminishment of the treatment effects of the physiotherapy interventions over time in this subgroup [Fig. 3(b)], notably, we
observed deterioration in the subgroup of usual care patients who
did not receive joint replacement surgery (11$8 WOMAC points,
95% CI -3$2 to 26$8, unadjusted). This ﬁnding bears consideration
when interpreting long-term follow-up data of studies with
alternative comparison populations. Our 2-year follow-up shows
that the gains from exercise therapy were maintained and
extended over 2 years, compared with usual care, while those of

manual therapy were not, likely due to the active, self-efﬁcacious
nature of exercise therapy. Maintenance and enhancement of the
modest but signiﬁcant treatment effect of conservative therapies
is an important new area of study. Building on very thin systematic review evidence28, data from our trials and collaborations
indicate that providing ‘booster sessions’ intended to reinforce
patient adherence and enhance treatment effects are an effective30 and cost-effective31 strategy when the clinical effectiveness
of exercise therapy is modest, but equivocal when the exercise
therapy effect is stronger or follow-up shorter32,33. The results
also corroborate evidence from our 1-year follow-up that, within
a limited treatment session time, single interventions result in
better outcomes than combined interventions8. These results are
consistent with previous evidence that attempting to deliver too
many modes of therapy in a restricted timeframe may compromise the effective dose delivered of each component34, and provide no greater effect than an attentive therapist delivering
placebo and advice.35
Conclusions
Our ﬁndings indicate that the MOA trial exercise therapy
intervention programme resulted in substantial health gains to
patients over 2 years of follow-up, was cost-effective at conventional willingness-to-pay thresholds, and was cost-saving relative
to usual care only from both the health system and societal
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perspectives. These ﬁndings suggest that if health systems were to
provide access to high-quality, individually supervised exercise
physiotherapy intervention programmes in addition to usual care,
cost savings may be reaped through reduced healthcare consumption and raised productivity.
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Table 2
Between-groups differences on 3D knee kinematics evolution between baseline and 6-month

Abstracts from the 2019 OARSI World Congress on Osteoarthritis
Clinical
and; N¼75
Basic2-KG-Knee
Research
Betweenp " 0.05 : * ; p <Promoting
0.005 : **
1-CMM (Control)
; N¼26 in Osteoarthritis
3-KGKnee+Education ;
N¼59

group
differences

-3.3$ (-5.1;-1.4) / 17
-0.1$ (-1.1;+0.9) / 25
+0.8$ (-1.4;+3.0) / 22
+8.3$ (-13.1;+29.6) / 3
+1.2$ (-1.2;+3.6) / 23

-2.1$ (-3.5;-0.7) / 48
-0.3$ (-0.9;+0.4) / 56
+0.2$ (-0.5;+0.9) / 50
X/0
+1.5$ (-0.5;+3.6) / 46

p¼0.23
p¼0.72
p¼0.19
p¼0.01 *
p¼0.22

+0.0$ (-0.2;+0.3)
-0.1$ (-0.9;+0.8)

+1.4 (+0.1;+2.7) / 19
-0.6$ (-1.7;+0.5) / 10
+1.1$ (-0.2;+2.3) / 18

-0.1$ (-1.0;+0.8) / 41
-0.8$ (-1.2;-0.3) / 22
-0.1$ (-1.0;+0.9) / 37

p¼0.21
p¼0.01 *
p¼0.41

+0.3$ (-0.5;+1.0)
+0.5$ (-0.0;+1.1)
N is the number of patients

-0.8$ (-5.9;+4.2) / 6
+1.5$ (-0.1;+3.1) / 10
who exhibited the marker

-2.8$ (-4.2;-1.4) / 19
+1.2$ (+0.3;+2.1) / 20
at risk in groups 2 and 3

p<0.005 **
p¼0.27
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Sagittal plane: Mean (95% CI) / N
Flexum at heel contact
Flexion excursion during loading
Flexion during stance
Maximum ﬂexion during swing
Range of motion
Frontal plane: Mean (95% CI) / N
Varus at heel contact
Varus thrust during loading
Varus during stance
Transversal plane: Mean (95% CI) / N
External tibia rotation at heel contact
Internal tibia rotation during loading
Note: Mean (95% CI) / N:

-1.2 $ (-2.3;+0.0)
+0.1$ (-0.5;+0.7)
-0.6$ (-1.3;+0.2)
-0.6$ (-1.9;+0.7)
-0.2$ (-1.2;+0.9)
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LONG-TERM COST-EFFECTIVENESS OF EXERCISE THERAPY AND/
OR MANUAL THERAPY FOR HIP OR KNEE OSTEOARTHRITIS:
RANDOMIZED CONTROLLED TRIAL AND COMPUTER SIMULATION
MODELLING
J.H. Abbott 1, R. Wilson 1, D. Pinto 2, The MOA Trial Team 1, 2. 1 Univ. of
Otago, Dunedin, New Zealand; 2 Marquette Univ., Milwaukee, WI, USA
Purpose: To investigate the 5-year and lifetime net monetary beneﬁt of
providing exercise therapy and/or manual therapy, in addition to usual
medical care, in people with hip and knee OA.
Methods: We conducted an economic evaluation alongside a RCT to
5-year follow-up. Adults meeting the American College of Rheumatology criteria for hip or knee OA were randomly allocated to
receive either exercise therapy, manual therapy, combined exercise
therapy and manual therapy, or no trial physiotherapy intervention,
in addition to usual medical care. Costs and health-related quality
of life data were collected using validated instruments at baseline, 6
months, and 1, 2 and 5 years. We used a validated state-transition
simulation model of the clinical course of OA to estimate, from the
5 years of observed data, the lifetime costs, health-related quality of
life (HRQoL), and incremental net monetary beneﬁt (INMB), to
the health system and society, in New Zealand (NZ) dollars. Probabilistic sensitivity analysis was used to evaluate uncertainty in
model inputs. Scenario analyses and one-way sensitivity analyses
were used to test the robustness of our ﬁndings to modelling
assumptions.
Results: A total of 299 patients were assessed for eligibility, of whom
206 met the study eligibility criteria and agreed to participate. Of the
195 participants surviving at 5-year follow-up, 129 (66%) returned
completed survey questionnaires. Data were complete for 93% at 6
months, 93% at 1 year, and 90% at 2 years. Missing data were replaced
using multiple imputation. HRQoL gains at 5-year follow-up were 0.076
(0.020 to 0.132) for exercise therapy; -0.004 (-0.063 to 0.054) for
manual therapy; 0.009 (-0.048 to 0.067) for combined therapy, relative
to usual care (UC). Lifetime QALY gains were statistically signiﬁcant and
meaningful for exercise therapy relative to usual medical care only
(0.12, 90% CI 0.07 to 0.15), but not for manual therapy (0.04, -0.00 to
0.09) or combined therapy (0.03, -0.03 to 0.07). INMBs were positive,
indicating cost-effectiveness of all three interventions, at all willingness-to-pay thresholds, from both the health system and societal perspectives. Exercise therapy was cost-effective, with the largest (and only
statistically signiﬁcant) INMBs, in all scenario analyses. Combined
therapy was the least cost-effective treatment. All interventions
remained cost-effective relative to usual care at all parameter levels
considered in the one-way sensitivity analyses. The discount rate
applied to future costs and QALYs and the trajectory of ongoing

group*grade
interaction

p¼0.21

p<0.005 **

p¼0.90

treatment costs had the largest impacts on estimated INMBs;
assumptions regarding eligibility criteria and intervention uptake rates
had modest impacts; and differences in the cost of delivering physiotherapistservices had very little impact.
Conclusions: The three physiotherapist-delivered, individualised
programmes of exercise or manual therapy provided for the treatment of hip and knee osteoarthritis were found to be cost-effective
over a lifetime analysis horizon, relative to usual medical care only,
from both the health system and societal cost perspectives. From
both perspectives, the exercise therapy programme was the most
cost-effective intervention, providing cost savings and signiﬁcant
health gains over usual care only. The data refute assumptions that
treatment effects of exercise therapy diminish over time, or that
multimodal (combined) therapy is a superior approach. Health systems would likely realize net cost savings, and society net monetary
beneﬁts, by providing funded access to a high-quality, individuallysupervised course of individualized exercise therapy provided by a
physiotherapist.

Figure 1. Cost-effectiveness plane for the lifetime costs and effects of the
MOA trial exercise therapy, manual therapy, and combined exercise and
manual therapy programmes, relative to usual care only, from the health
system and societal perspectives.
Note: Each point represents the incremental lifetime discounted costs
and QALYs of the interventions, relative to usual care, from one PSA
replication. The grey line indicates the 1! GDP/capita willingness-topay threshold; points below and to the right of the line indicate costeffectiveness of the interventions relative to usual care only.
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A B S T R A C T

Objective: To investigate the cost-effectiveness of nonpharmacological, nonsurgical interventions for the treatment of hip and/or knee
osteoarthritis. Methods: We identified economic evaluations or cost
studies associated with randomized or quasi-randomized controlled
trials that assessed nonpharmacologic, nonsurgical interventions for
the treatment of hip and/or knee osteoarthritis. Medline, Embase,
PubMed, National Health Service Economic Evaluation Database,
CENTRAL, EconLit, and OpenSIGLE were searched up to October 1, 2010.
Study characteristics extracted include study population, health outcomes, and economic analysis elements. Economic analyses were assessed by using the Quality of Health Economic Studies instrument,
and the methodological quality of the randomized controlled trials was
graded by using an internal validity checklist. All costs were converted
to 2008 US dollars. Results: Ten economic evaluations and one randomized controlled trial reporting health-care costs met our inclusion

Introduction
Hip and knee osteoarthritis (OA) are significant contributors to the
poor health of many older people worldwide [1,2] and are considered to be the most serious musculoskeletal disorders from a public health viewpoint [3,4]. Because of the large burden of disease
and associated costs of treatment, the effective management of
hip and knee OA is a priority of the World Health Organization [1]
and national rheumatology associations [5].
Guidelines for the treatment of hip and knee OA recommend
the use of conservative treatments prior to surgical interventions
[6,7]. A preference for alternatives to pharmacologic treatments
has been reported because of the risk of complications with pharmacologic treatments [8]. Guidelines for the care and management of hip and/or knee OA from the National Institute for Health
and Clinical Excellence (NICE) recommend nonpharmacologic,
nonsurgical interventions as core treatments, including education, advice and access to information, aerobic and strengthening
exercise, and weight loss if overweight/obese [6]. The NICE guide-

criteria. Interventions included exercise programs, acupuncture, rehabilitation programs, and lifestyle interventions. Six of the 11 studies
exhibited high risks of bias for the cost and/or effect components of
their cost-effectiveness estimate. Six studies used comparators of unknown cost-effectiveness. Four studies reported cost-effectiveness estimates lower than $50,000 per quality-adjusted life-year. All studies
evaluating exercise interventions found the programs to be cost saving.
Conclusions: There is only limited evidence for the cost-effectiveness
of conservative treatments for the management of hip and/or knee
osteoarthritis. More high-quality economic evaluations of conservative
interventions are needed to further inform practice.
Keywords: conservative treatment, cost-effectiveness, hip, knee, osteoarthritis, systematic review.
Copyright © 2012, International Society for Pharmacoeconomics and
Outcomes Research (ISPOR). Published by Elsevier Inc.

lines include other nonpharmacologic, nonsurgical treatments as
adjunctive treatments because of their less well-proven efficacy.
The Osteoarthritis Research International (OARSI) recommendations for hip and knee OA include all the NICE recommendations
plus acupuncture [7]. Although NICE recommendations incorporate cost-effectiveness findings into clinical recommendations,
OARSI recommendations do not.
Our study aimed to investigate the cost-effectiveness of nonpharmacologic, nonsurgical interventions for the treatment of hip
and/or knee OA. To our knowledge, a systematic review of economic evaluations of these interventions has not previously been
published.

Methods
We searched electronic databases for economic evaluations or
cost studies associated with randomized or quasi-randomized
controlled trials (RCTs) that assessed nonpharmacologic, nonsurgical interventions for the treatment of hip and/or knee OA. We
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defined a quasi-randomized trial as one in which participants
were allocated to groups by a method that was not truly random,
such as allocation by geographic location, birth date, or member
record number. We searched Medline (1950 –October 2010), Embase (1989 –October 2010), National Health Service (NHS) Economic
Evaluation Database (inception–October 2010), PubMed (inception–October 2010), and the Cochrane Central Register of Controlled Trials (CENTRAL, inception–October 2010). For access to the
“gray” literature, we also searched EconLit (inception–October
2010) and OpenSIGLE (inception–October 2010). For the PubMed,
Medline, and Embase searches, we used recommended search
terms for economic analyses [9-11], and for the Medline, Embase,
and CENTRAL searches, we included a wildcard for articles mentioning “cost” that also met the main search criteria. No language
restrictions were imposed. We also searched the references of all
articles that we considered potentially relevant. The search results
were reviewed and assessed by the first author (D.P.). A protocol
was prepared but not published prior to commencing the review.
Full details of the search strategies are given in Appendix 1 of the
Supplemental Materials at doi: 10.1016/j.jval.2011.09.003.

Data extraction
The first author (D.P.) extracted the following data from the included studies, and the second author (M.C.R.) checked them:
study population, country, intervention, comparator, main health
outcomes (mean, 95% confidence interval [CI], P value), length of
follow-up, type of economic analysis, perspective, cost items,
price year, health-related quality-of-life (HRQoL) measures, source
of HRQoL weights, and methods for addressing uncertainty. To aid
the comparison of study results, we converted all costs to 2008
prices by using the relevant country’s consumer price index and
converted them to US dollars by using purchasing-power-parity
exchange rates [12]. We contacted four authors for additional information about their studies and all responded, with one providing numerical data not reported in the article [13]. The main outcome measure for our review was the incremental cost per
quality-adjusted life-year (QALY).
Incremental cost-effectiveness ratios in terms of cost per QALY
were extracted or calculated from the published data. For studies that reported mean Short Form-36 (SF-36) (QualityMetric
Health Outcomes Solutions, Lincoln, RI) scores but did not report QALYs, we used the algorithm proposed by Ara and Brazier
[14] to convert the eight mean health dimension scores of the
SF-36 into cohort-level HRQoL weights. A willingness to pay
(WTP) of $50,000 per QALY was used as the threshold indicating
good value for money [15].

Assessment for risk of bias
To investigate any potential bias in the estimation of effectiveness, two authors (D.P. and J.H.A.) independently assessed the
RCTs for their methodological risk of bias. For details about the
study design of the RCTs, we obtained hard copies of articles referred to by the economic studies [16-21]. Risk-of-bias assessment
was performed by using the internal validity checklist recommended by the Cochrane Collaboration Back Review Group [22],
which consists of 11 questions assessing selection, performance,
attrition, and detection biases. By using this checklist, van Tulder
et al. [23] demonstrated a relationship between internal validity
and effect size; studies satisfying fewer than 6 of the checklist’s 11
internal validity criteria reported effect sizes on average 50%
higher than equivalent estimates reported from RCTs fulfilling six
or more of the criteria [23]. Based on this threshold, studies included in our review were classified as having either a “high risk of
bias” (!6 items satisfied) or a “low risk of bias” (!6 items satisfied).
The internal validity criteria were graded as suggested by van Tulder et al. [23], and final scoring was based on consensus.

Quality assessment of economic analyses
We graded the included studies by using the Quality of Health
Economic Studies (QHES) instrument that assesses studies for the
appropriateness of their methods, the validity and transparency of
their results, and the comprehensiveness of how they are reported
[24]. The QHES is a 16-item scale that uses a dichotomous “yes” or
“no” response for each item. A “yes” is worth a specific number of
points for each item (reflecting its relative importance), and a “no”
is worth zero. For each study, the points are summed to get a total
score that can range from 0 " “extremely poor” quality to 100 "
“excellent” quality. The QHES has demonstrated good overall construct validity [24,25]. Based on the total score threshold recommended by Ofman et al. [24], the included studies were classified
as either “high” (!75 points) or “low” (!75 points) quality.
Because instruments for assessing the quality of cost-effectiveness analyses have, in general, been found to have poor interrater reliability [26], we established a protocol for using the QHES
specifically for this review (see Appendix 2 of the Supplemental
Materials at doi: 10.1016/j.jval.2011.09.003). Two authors (D.P. and
M.C.R.) independently assessed the studies by using these guidelines, with final scoring based on consensus; if a consensus could
not be reached, a third author (P.H.) mediated.

Results
Our search identified 1287 articles that were potentially relevant,
of which 21—plus another identified from a reference list [27]—
appeared to satisfy our search criteria (Fig. 1). Of these 22 articles,
we excluded 11; the articles and reasons for their exclusion are
reported in Appendix 3 of the Supplemental Materials at doi:
10.1016/j.jval.2011.09.003.
Characteristics of the 11 included studies are reported in Table
1, the key results from cost-utility analyses are reported in Table 2,
and the internal validity and QHES assessment scores are reported
in Tables 3 and 4, respectively.
Six of the studies were set in the United Kingdom [28-33], two in
the United States [34,35], and one each in Germany [36], the Netherlands [13], and Spain [37] (Table 1). Incremental cost-effectiveness ratios with QALYs as the unit of health benefit were reported
by six of the studies [13,28,29,31,33,36], and we calculated the
QALYs for two studies by using published data [30,38]. Exercise
interventions were evaluated by three studies [28,31,34], rehabilitation programs by three [13,29,32], acupuncture by one [36], and
lifestyle programs by four [30,33,35,37].

Exercise interventions
Each of the three studies evaluating exercise programs found that
the exercise intervention resulted in better health outcomes at
lower cost (i.e., cost saving). The first of these studies evaluated a
class-based exercise program for people with knee OA. A senior
physiotherapist supervised a circuit of exercises that included
stretching, balance training, and strengthening with functional
and isometric exercises in addition to a home-based exercise program [19,31]. From the perspective of the United Kingdom’s NHS
and the social services sector, the class-based exercise program
resulted in lower costs and incremental QALY gains relative to
home-based exercise alone (Table 2). Participants also improved
their aggregate locomotor function scores by an average of 2.89
seconds (95% CI 1.82–3.96; P ! 0.001).
The second study evaluated a yearlong water exercise program delivered by qualified swimming instructors [28]. The program was directed at the hip and knee and included exercises to
improve strength, motion, balance, coordination, and cardiovascular conditioning [28]. From a societal perspective and relative to usual care, water-based exercise resulted in lower costs
and incremental QALY gains. Participants in the water exercise
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Fig. 1 – Flowchart of the study selection process.

group also improved their Western-Ontario and McMaster universities OA index (WOMAC) pain scores by 0.89 (95% CI 0.08 –
1.70; P ! 0.05).
The third study evaluated two programs implemented at two
clinical centers (tested in the same study) consisting of 3 months
of aerobic exercise (a walking program at 50%–70% heart rate reserve) and full body resistance training, respectively. From the
perspective of the health funder and relative to three sessions of
health education plus regular contact, both programs resulted in
lower costs and improved disability scores. Incremental improvement in self-reported disability scores for aerobic and resistance
exercise programs were 0.18 (95% CI 0.07– 0.29; P ! 0.001) and 0.16
(95% CI 0.05– 0.27; P " 0.003), respectively [34]. Aerobic exercise
resulted in lower health-care costs and greater health gains than
did resistance exercise. QALYs were not reported, and we were
unable to calculate them from the data available.

Acupuncture
In the single study of acupuncture for patients with hip and/or
knee OA, the cost-effectiveness ratio favored the intervention. The
treatment involved needle acupuncture with manual stimulation
performed by physicians certified as trained in acupuncture, with
the number of needles and acupuncture points used at the physician’s discretion [36]. From a societal perspective and relative
to delayed acupuncture (i.e., treatment delayed 3 months), acupuncture resulted in higher costs and incremental QALY gains.
The incremental cost per QALY was $25,707 (2008 US dollars),
indicating good value for money. Participants also improved

their WOMAC scores by 16.80 points (95% CI 14.02–19.58; P !
0.001) after 3 months.

Rehabilitation programs
The three studies evaluating rehabilitation programs produced
conflicting results. The behavioral-graded activity program aimed
at gradually increasing participants’ activity levels via short- and
long-term goal setting and the integration of new activities into
daily life [13,16]. From a societal perspective and relative to physiotherapy as recommended by the Dutch physiotherapy guidelines, the program’s lower costs were offset by incremental QALY
losses. No significant differences in the other primary outcomes
were detected.
The two other rehabilitation studies evaluated the ESCAPEknee pain rehabilitation program, which included discussions
with patients about topics such as self-management and coping
strategies and an individualized, progressive exercise routine
[29,32]. The first study reported that from the perspectives of society and the NHS and social services sector, respectively, the intervention resulted in higher health-care costs and incremental
QALY losses relative to usual care [29]. Nevertheless, the ESCAPEknee pain group showed a 12% increase in the number of participants achieving significant improvements in WOMAC function
scores from baseline (P " 0.038). The program was not cost-effective when QALYs were the measure of benefit, and this result
held whether the program was delivered individually or in a
group format.
A follow-up study evaluated a shortened ESCAPE-knee pain

489 participants with hip and knee OA
(age ! 40y ). Clinical/radiologic OA of
hip/knee $6- mo duration, pain in 15
of last 30 d

200 participants from physiotherapy
practices and newspaper
advertisements. Clinical hip or knee
OA, American College of
Rheumatology criteria

Rehabilitation
Behavioral-graded
activity [13]
2007
The Netherlands
Cost-effectiveness

439 participants (age ! 60 y) with knee
OA from primary care and newspaper
advertising. Knee pain most days of
the month, radiographic evidence of
OA, and functional limitations

Facility-based
exercise [34]
2000
United States
Cost-effectiveness

Acupuncture
Acupuncture [36]
2008
Germany
Cost-utility

312 primary care patients (age $ 60 y)
with hip and knee OA, clinical lower
limb OA, GP confirmation of diagnosis
and treatment

214 patients with knee OA from primary
and secondary care settings. Met
American College of Rheumatology
Criteria, radiographic evidence of
knee OA

Participants and indication for OA

Water-based
therapy [28]
2005
United Kingdom
Cost-effectiveness

Exercise
Class-based
exercise [19,31]
2006
United Kingdom
Cost-utility

Intervention,
publication year,
country, type of analysis

Table 1 – Study characteristics.

65 wk, clustered on physiotherapy
practices, behavioral-graded activity 18
30-min sessions in 12 wk, up to seven
booster sessions vs. treatment
according to Dutch physiotherapy
guidelines up to 18 30-min sessions in
12 wk

3-mo pragmatic design, acupuncture 10–
15 treatment sessions in 3 mo
performed by physicians vs. delayed
acupuncture treatment delayed 3 mo

18-mo 2-center trial, aerobic and
resistance exercise led by trained
exercise leader, 1-h sessions, 3 ! week
for 3 mo " home program ! 15 mo vs.
1.5-h education, 1 ! month for 3 mo,
regular contact by nurse

18-mo pragmatic design,
usual care " water-based therapy,
maximum 30 participants per 1-h
class, up to 84 in 12 mo, led by
swimming instructors vs. usual care

1-y pragmatic design, physiotherapist led
class-based exercise, 12 participants
per 45-min class, 2 ! week for 8 wk "
home exercise, difficulty increased at 4
and 8 wk vs. home exercise

Design and interventions

Pain (visual analogue scale and WOMAC
subscale), function (WOMAC subscale),
and patient global assessment: NS
difference for all outcomes

WOMAC index: 16.80 (95% CI 14.02–19.58)
P # 0.001

Self-reported disability:
Aerobic exercise 0.18 (95% CI
0.07–0.29) P # 0.001
Resistance exercise 0.16 (95% CI
0.05–0.27) P % 0.003

WOMAC Pain subscale score:
0.89 (95% CI 0.08–1.7)
P # 0.05

Locomotor function:
ALF 2.89 (95% CI 1.82–3.96)
P # 0.001

Results for primary health outcome
measure(s) and WOMAC index*

Societal, 2003, UK general population via
time trade-off method; GP,
physiotherapy, manual therapist
visits, medications, outpatient and
specialist care, X-ray, MRI and CT
scan, hospital admission, hip/knee
replacements, absenteeism paid,
productivity losses, professional home
care, informal care by friends and
family; 65 wk
(continued on next page)

Societal, price year not reported
(assumed 2004), UK general population
via standard gamble method;
acupuncture, physician visits, hospital
visits and services (excluding personal
costs), health insurance costs,
medications, lost workdays; 3 mo

NHS and social services sector,
1999/2000, UK general population via
time trade-off method; Intervention
cost, GP home and surgery visits,
district nurse and practice nurse visits,
day hospital visit, day case
attendances, inpatient cost per day,
outpatient attendances, accident and
emergency attendances; 12 mo
Societal, 2002/2003, UK general
population via time trade-off method;
medications, hospital use,
family/community services, aids or
adaptations, allied or complementary
health visits, personal friends or
family costs, loss of productivity; 12
mo
Health-care funder, 1994, NA;
medical consultation, in-center
activities, home visits, telephone
follow-up, medical referral costs,
adverse events; 18 mo

Perspective(s), price year, source of
health-related quality-of-life weights;
cost items; time horizon
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64 people (age ! 50 y) with chronic knee
pain (consulted a primary care
physician for mild, moderate, or
severe knee pain lasting for more than
6 mo)

Modified ESCAPE-knee
pain [32]
2009
United Kingdom
Cost-effectiveness

Arthritis selfmanagement
program [33]
2009
United Kingdom
Cost-effectiveness

812 primary care patients (age ! 50 y)
with hip and/or knee OA and pain
and/or disability

170 primary care patients with knee OA,
symptoms of the knee, radiographic
evidence of OA

418 primary care patients (age ! 50 y)
with mild, moderate, or severe knee
pain for more than 6 mo

ESCAPE-knee pain [29]
2007
United Kingdom
Cost-effectiveness

Lifestyle
Patient education
program [30]
1999
United Kingdom
Cost-minimization

Participants and indication for OA

Intervention,
publication year,
country, type of analysis

Table 1 (continued)

12-mo pragmatic design, six sessions of
arthritis self-help management plus
education booklet vs. education
booklet alone

1 y, clustered on primary care practices,
nurse-led patient education $
conventional management (4 1-h
sessions " 4 wk) vs. conventional
management

12-mo pragmatic design,
physiotherapist-led rehabilitation
program up to ten 1-h sessions 2 "
week " 5 wk in groups of six with one
booster session at 4 mo vs. usual
physiotherapy up to ten 30- to 45-min
individual sessions, usual clinical
practice

6-mo pragmatic design, clustered on
primary care practices,
physiotherapist-led rehabilitation
program for individuals, 1-h 2 " week
" 6 wk vs. rehabilitation for groups of
eight vs. usual primary care

Design and interventions

SF-36 physical and mental health summary
scores, NS differences

WOMAC index: NS difference for all
subscales

WOMAC index: NS differences for all
subscales

Difference in percentage of participants
improving 15% from baseline on WOMAC
Function subscale: 12%
P # 0.038

Results for primary health outcome
measure(s) and WOMAC index*

Societal/NHS/individual, 1996/1997, UK
general population via time trade-off
method; intervention, hospital
inpatient and outpatient services, Xray, community medical services,
medications, vitamins/supplements,
wound management products, social
benefits, allied/complementary health;
1y
NHS and social services sector/societal;
2002–2003 rates; UK general
population via time trade-off method;
income, health and social care
resources (drugs, hospital, and
community-based health and social
care); personal and family and friends
costs (out-of-pocket expenses, lost
pay, and informal care); indirect
impacts (time off work for participants
and carers); and social security
benefits; 12 mo
(continued on next page)

NHS and social services sector/societal,
2003/2004, UK general population via
time trade-off method; intervention
costs, hospital inpatient, outpatient
services, radiograph, MRI, ultrasound,
arthroscopy, blood test, orthotist, day
hospital, community-based medical
services, medications, social security
benefits, lost productivity, informal
care; 6 mo
Perspective unspecified, 2005; UK general
population via time trade-off methods;
intervention costs, health-care
utilization (outpatient visit, accident
and emergency, other secondary care,
GP visit, nurse visit, other primary
care, medication); 12 mo

Perspective(s), price year, source of
health-related quality-of-life weights;
cost items; time horizon
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316 participants from primary care and
newspaper advertising, knee OA (age
! 60 y), BMI ! 28 kg/m2. Knee pain
most days of the month, sedentary
lifestyle, radiographic knee OA, and
functional limitations due to knee
pain

100 patients attending hospital
outpatient clinic with knee OA, met
Kellgren and Lawrence criteria, on
waiting list for knee replacement "6
mo

Exercise and diet
program [35]
2009
United States
Cost-effectiveness

Therapeutic education
and functional
readaptation
program [37]
2006
Spain
Cost outcomes

18-mo efficacy trial, Exercise: aerobic and
resistance, facility-based; 1-h, 3 !
week ! 4 mo, then given the option to
exercise at home with telephone
contact; Diet: encouraged to lose 5%
baseline weight, maintain loss ! 18
mo, included home visit and group
meetings; Exercise and diet:
combination of the programs; Healthy
lifestyle control: monthly 1-h
educational meetings ! 3 mo, regular
contact
9-mo trial, 3-mo program: two 30-min
individual visits including education,
exercise instruction, pain medication
and two 1.5-h group visits vs. two GP
visits and pain medication

Design and interventions

WOMAC index:
Pain and Stiffness subscales NS
Function subscale 5.63 (95% CI 0.48–10.78)
P # 0.035

WOMAC index percentage improvement:
Exercise and diet vs. healthy lifestyle
control
Pain subscale 30.3% (P " 0.05)
Function subscale 24.3% (P " 0.01)
Stiffness subscale NS

Results for primary health outcome
measure(s) and WOMAC index*

Perspective unspecified, GP visits only,
price year not reported (assumed
2001); 9 mo

Health-care funder; 2000 dollars; NA;
intervention costs (staff time,
facilities, equipment, and materials),
physician office visits, overnight
hospitalizations; 18 mo

Perspective(s), price year, source of
health-related quality-of-life weights;
cost items; time horizon

ALF, aggregate locomotor function; CT, computerized tomography; GP, general practitioner; MRI, magnetic resonance imaging; NHS, National Health Service; NA, not applicable; NS, not significant;
OA, osteoarthritis; WOMAC, Western-Ontario and McMaster Universities osteoarthritis index.
* Positive values represent a beneficial difference.

Participants and indication for OA

Intervention,
publication year,
country, type of analysis

Table 1 (continued)
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Table 2 – Key results of cost-utility analyses.
Program
Exercises
Class-based exercise [19,31]
vs. home-based program
Water-based therapy [28]
vs. usual care
Facility-based
aerobic exercise [34]
vs. resistance exercise
vs. education
Acupuncture [36]
vs. delayed acupuncture
Rehabilitation
Behavioral-graded activity [13]

vs. physiotherapy guidelines
ESCAPE-knee pain
rehabilitation [29]
vs. individual rehabilitation
vs. group rehabilitation
vs. usual care
Modified ESCAPE-knee pain [32]
vs. physiotherapy
Lifestyle programs
Nurse-led patient-education
program [30]
vs. usual care
Diet and exercise [35]
vs. diet only
vs. exercise only
vs. healthy lifestyle
Six-session arthritis self-management
program [33]
vs. education booklet
Therapeutic education and functional
readaptation [37]
vs. control

Mean QALY
per person

0.045
0.022
0.022‡
NA
NA
NA
0.024‡

Mean total cost
per person*

Mean program
cost per person*

Incremental cost per QALY*,†

Primary analysis
perspective

$769
$779
$796
$1,062
$467

Not reported

Cost saving (no point estimate
reported)

NHS and social services
sector

Cost saving

Societal

$470
$497
$702
$71

$830
$452

$190–$480§

NA
NA
NA
$25,707* per QALY gained

Health-care funder

Societal

0.71

$3,103

Not reported

$63,019! saved per QALY lost
(95% CI –$128,374 to
$2,040,599)

Societal

0.73
0.0057

$4,097
$573

Not reported

Dominated by usual care

NHS and social services
sector

!0.0034
0.0009
0.0096
0.45¶

$679
$454
$272
$517

$454
$522

Dominated by usual care
Dominated by usual care

$103

Cost saving (no point estimate
reported)

Not reported

0.36¶

$941

$211

!0.011¶

$659

$255

$538,750! per QALY gained

Social direct cost

NA
NA
NA
NA
Dominated by control/

Health-care funder

!0.012
NA
NA
NA
NA
!0.01‡

¶

0.011¶
!0.005¶

$209
$6,704
$3,523
$3,348
$697
$461/2427

$6,126
$2,960
$2,828
$192
$273

$289/2503
$68

Not reported

$4400! saved per QALY lost
Not available (insufficient
data)

NHS and social services
sector/societal
Not reported

$80

ICER, incremental cost-effectiveness ratios; NHS, National Health Service; NA, not applicable; QALY; quality-adjusted life-year.
* Costs reported in US dollars at 2008 prices.
†
Relative to comparator treatments (usual care, education, etc.).
‡
Total QALYs were reported as incremental difference.
§
Calculated by review authors by using reported per session cost of $19 to $32 for 10 to 15 sessions.
!
¶

ICER was adjusted for baseline costs/covariates.
Calculated by review authors by using area under the curve accounting for baseline with published data.

rehabilitation program and added a booster session at 4 months to
make it more clinically applicable and to promote long-term adherence to exercise [32]. Relative to usual physiotherapy, the modified ESCAPE-knee pain program was cost saving (perspective unspecified). The QALY gains and improvements in the WOMAC
subscale scores were not statistically significant.

Lifestyle programs
None of the four studies evaluating lifestyle programs was costeffective when QALYs were the measure of benefit [30,33,35,37].
The cost-effectiveness results, however, were contradictory when
other measures of benefit such as WOMAC scores were employed.
The first study evaluated a patient-education program led by
nurses that sought to inform patients about OA pain prevention,
exercise, joint protection, diet, and relaxation techniques [30].
From the perspectives of society and relative to usual care, the
education program’s significantly higher costs and incremental
QALY gains resulted in an estimated cost of $538,750 per QALY.

This estimate is not considered to be cost-effective based on conventional standards of cost-effectiveness. No improvement in
WOMAC scores was found.
The second study evaluated a six-session self-management program in addition to the provision of an education booklet [33]. The
self-management program focused on principles of self-help, emotion management, exercise instruction, disease education, communication skills, pain management, and healthy eating. From the perspective of the NHS and social services sector and relative to the
provision of an education booklet alone, the program cost more and
resulted in a QALY loss of 0.01 (95% CI – 0.04 to 0.01). From the societal
perspective, the QALY loss was offset by slightly lower program costs
($44 savings). Neither estimate is considered cost-effective based on
conventional standards of cost-effectiveness. No significant improvement in HRQoL was found by using the SF-36.
The third study evaluated a program of exercise and diet relative to diet alone, exercise alone, and a healthy lifestyle control
[35]. From the perspective of the health-care funder, the diet and

Yes
Don’t know
Yes

No
No
No
Don’t know
Yes
Yes
Yes

Yes
Low

No

Yes

No

No

No

No

Yes

No

Yes

Yes

High

Coupe [13]

Yes

Cochrane
[28]

Low

Yes

No

Yes

Yes

Don’t know

No

No

No

Yes

Yes

Yes

Hurley [29]

Low

Yes

Yes

Yes

Yes

Yes

No

No

No

Yes

Yes

Yes

Jessep
[32]

High

Yes

Yes

Yes

Yes

Don’t know

No

No

No

No

Don’t know

Don’t know

Lord [30]

High

No

Yes

Yes

Don’t know

No

No

No

No

Yes

Don’t know

Yes

Nunez [37]

* Operationalization of the risk of bias criteria listed can be found in the article by van Tulder et al. [23].

Was the method of randomization
adequate?
Was treatment allocation
concealed?
Were groups similar at baseline
regarding most important
prognostic indicators?
Was the patient blinded to
intervention?
Was the care provider blinded to
intervention?
Was the outcome assessor blinded
to intervention?
Were cointerventions avoided or
similar?
Was compliance acceptable in all
groups?
Was the dropout rate described
and acceptable?
Was the timing of the outcome
assessment in all groups
similar?
Did the analysis include an
intention to treat analysis?
Risk of bias

Risk of bias assessment*

Table 3 – Risk of bias assessment for health outcomes.

Low

Yes

Yes

Yes

Yes

Yes

No

No

No

Yes

Yes

Yes

Patel [33]

High

No

Yes

No

Don’t know

Yes

No

No

No

Yes

Yes

Yes

Reinhold [36]

Low

Yes

Yes

No

Yes

Yes

No

No

No

Yes

Yes

Yes

Richardson [19,31]

Low

Yes

Yes

Yes

Yes

Don’t know

No

No

No

Yes

Yes

Yes

Sevick [34]

Low

Yes

Yes

Yes

Yes

Don’t know

No

No

No

Yes

Yes

Yes

Sevick [35]
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exercise intervention cost more than did the other three interventions and produced a greater benefit on all subscales of the
WOMAC. The diet and exercise intervention was found to be significantly more effective than the health lifestyle control by using
the WOMAC pain and function subscales, 30.3% (P ! 0.05) and
24.3% (P ! 0.01), respectively. An improvement was also found on
the stiffness subscale of the WOMAC, but it was not significant.
QALYs were not reported, and we were unable to calculate them
from the published data.
The fourth study evaluated a therapeutic education and functional readaptation program led by a health educator that included
energy conservation and joint protection strategies, pain control, use
of assistive devices, exercise instruction, and pain medication prescription [37]. Although the study was not a full economic evaluation
and cost-effectiveness was not addressed, general practitioner costs
were reported. Relative to an alternative treatment regimen of two
general practitioner visits and pain medication, the therapeutic education and functional readaptation program resulted in a $12 decrease in costs, an incremental QALY gain of 0.04, and an improvement of 5.63 points (95% CI 0.48 –10.78; P " 0.035) in WOMAC function
score at 9 months. Also, the number of analgesics taken per week by
participants in the therapeutic education and functional readaptation program increased significantly (P " 0.036).
Further information about the characteristics of the included
studies and the key results of the cost-utility analyses are reported
in Tables 1 and 2, respectively.

Methodological quality of trials
We considered the methodological quality of the RCTs to be an
important underlying determinant of the quality of the economic
evaluations (Table 3). Seven studies satisfied at least six items on
the risk-of-bias checklist, indicating low risk of bias [13,29,31-35].
In most studies, assessors were reported to be blind to group allocation. Nevertheless, in all studies participants were not blind to group
allocation and used self-reported outcome measures; therefore, assessor blinding was scored as unmet for all studies (Table 3).

Quality of economic analyses
Eight studies [13,28 –31,33,35,36] met the 75-point threshold demarcating “low”-quality studies from “high”-quality ones (Table
4). For eight studies [13,28,30 –35], their time horizons for costs and
health outcomes were considered for at least 1 year. For the remaining three studies [29,36,37], their time horizons were 6, 3, and 9
months, respectively. None of the 11 studies considered costs and
effects in the longer term such as over the participants’ lifetimes.
The studies’ intervention comparators were diverse. They included usual care [28 –30], a home exercise program [31], a patient
education program [34], delayed acupuncture [36], the Dutch
physiotherapy guidelines [13], two general practitioner visits, prescribed pain medication [37], an education booklet [33], usual
physiotherapy [32], and a healthy lifestyle intervention [35].
All but one [35] of the studies meeting the 75-point quality
threshold addressed sample uncertainty via bootstrapping [13,28 –
31,36]. Of these studies, seven performed sensitivity analyses
[13,29 –31,33,35, 36]. In addition, just over half of the studies addressed decision uncertainty by providing cost-effectiveness acceptability curves [28,29,31,33,36]. Of the two economic studies
that did not meet the quality threshold, one performed a sensitivity analysis but did not address sampling uncertainty [34] and the
other addressed neither source of uncertainty [32].

Discussion
Despite recommendations for nonpharmacologic, nonsurgical interventions in OA management guidelines, there is limited evidence that such interventions are cost-effective. We could find
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only 11 published studies that included evidence of this type.
Moreover, just 5 of these 11 studies exceeded the quality threshold
for the QHES and were associated with RCTs with a low risk of
methodological bias. We created the QHES guide (see Appendix 2
in Supplemental Materials at doi: 10.1016/j.jval.2011.09.003) to
make our grading decisions about the quality of these studies
transparent. We also reported the characteristics of the studies in
detail (Table 1) so that readers would be able to judge for themselves the extent to which particular studies are relevant and generalizable to their own patients or population groups.
The evaluation of an intervention’s cost-effectiveness is especially sensitive to the particular comparator used. It is important
that usual care or an existing treatment of known cost-effectiveness is the comparator so that the study is able to address the
fundamental issue of whether the new treatment improves the
overall efficiency of health-care spending for the disease or population under investigation [39]. Unfortunately, more than half of
the studies in our review included comparators of unknown costeffectiveness. Therefore, the capacity of these studies to address
the above-mentioned fundamental issue is seriously compromised. Only three studies identified usual care as the comparator
[28 –30], and two others [31,33] used the equivalent of a “do-nothing” comparator when evaluating a home-based exercise program
and education booklet, respectively.
Health outcomes other than QALYs are often reported in economic evaluations, enabling decision-makers to consider trade-offs
between a range of benefits. All but one of the RCTs [34] included the
WOMAC scale as an outcome measure, but the economic studies
either did not report the WOMAC [30,31,33] or the manner in which it
was reported precluded comparisons of studies [13,28,29,32,36]. Only
one study [13] included the OMERACT-OARSI criteria, which has
been recommended as a clinical outcome measure for use in economic evaluations of treatments for OA [40].
Two of the rehabilitation studies [13,29] and two of the lifestyle
studies [33,35] had low risks of bias for both health and cost outcomes. Three of these four studies produced smaller treatment
effects than did their comparators when QALYs were used as the
measure of benefit [13,29,33], and the fourth did not report QALYs
[35]. The probability that the ESCAPE-knee pain rehabilitation program was cost-effective was just 38% when a WTP threshold of
$32,000 per QALY was applied in the cost-effectiveness acceptability curve [29]. The probability that the arthritis self-management
program was cost-effective peaked at 20% for WTP thresholds of
up to $46,000 per QALY [33].
The third study, assessing behavioral-graded activity, reported
both QALY losses and lower costs that translated to $63,000 saved
per QALY lost (2008 US dollars) [13]. In other words, for each QALY
lost by undertaking this intervention, $63,000 is saved that could,
potentially, be used for other health-care services or treatments.
The value that society is willing to accept (WTA) as compensation
for the loss of a QALY and the value that society is willing to pay to
gain a QALY are often regarded as being equal in order to simplify
the interpretation of the cost-effectiveness plane [41]. If the
threshold values of WTP and WTA are equal (i.e., the relationship
between WTP and WTA is symmetrical), the $63,000 saved by the
behavioral-graded activity program represents good value for
money as it exceeds $50,000. There is evidence, though, that WTA
threshold values are higher than WTP values, with the “selling
price” (WTA) of a QALY on average 1.9 times greater than WTP values [41]. On this basis, the $50,000-WTP threshold per QALY corresponds to a $95,000 WTA threshold, and the $63,000 per QALY, in
effect, “offered” by the behavioral-graded activity represents poor
value for money because it is below the $95,000 threshold.
The cost-effectiveness results of the two studies of waterbased exercise therapy and acupuncture, respectively [28,36], indicated that they were good value for money. Our confidence in
these results, however, is undermined by the studies’ limitations.
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Table 4 – Quality of health economics studies assessment results.
Quality of Health Economics
Studies assessment
1. Was the study objective
presented in a clear, specific,
and measurable manner?
2. Were the perspective of the
analysis (societal, third-party
payer, etc.) and reasons for its
selection stated?
3. Were variable estimates used
in the analysis from the best
available source (i.e., RCT !
best, expert opinion ! worst)?
4. If estimates came from a
subgroup analysis, were the
groups prespecified at the
beginning of the study?
5. Was uncertainty handled by
(1) statistical analysis to
address random events, (2)
sensitivity analysis to cover a
range of assumptions?
6. Was incremental analysis
performed between
alternatives for resources and
costs?
7. Was the methodology for data
abstraction (including the
value of health states and
other benefits) stated?
8. Did the analytic horizon allow
time for all relevant and
important outcomes? Were
benefits and costs that went
beyond 1 y discounted (3%–
5%) and justification given for
the discount rate?
9. Was the measurement of
costs appropriate and the
methodology for the
estimation of quantities and
unit costs clearly described?
10. Was the primary outcome
measure(s) for the economic
evaluation clearly stated and
were the major short-term,
long-term, and negative
outcomes included?
11. Were the health outcomes
measures/scales valid and
reliable? If previously tested
valid and reliable measures
were not available, was
justification given for the
measures/scales used?
12. Were the economic model
(including structure), study
methods and analysis, and
the components of the
numerator and denominator
displayed in a clear,
transparent manner?
13. Were the choice of economic
model, main assumptions,
and limitations of the study
stated and justified?
14. Did the author(s) explicitly
discuss the direction and
magnitude of potential
biases?

Points
available

Cochrane
[28]

Coupe
[13]

Hurley
[29]

Jessep
[32]

Lord
[30]

Nunez
[37]

Patel
[33]

Reinhold
[36]

Richardson
[19,31]

Sevick
[34]

Sevick
[35]

7

7

7

0

0

7

0

7

7

7

7

7

4

4

4

4

0

4

0

4

4

0

0

4

8

0

8

8

8

0

0

8

0

8

8

8

1

1

0

1

1

1

1

1

0

1

1

1

9

0

9

9

0

9

0

9

9

9

0

0

6

6

6

6

0

6

0

6

6

6

6

6

5

5

5

5

5

5

5

5

5

5

5

5

7

7

7

0

7

7

0

7

0

7

7

7

8

8

8

8

0

8

0

8

8

8

8

0

6

6

6

6

6

6

0

6

6

6

6

6

7

7

7

7

7

7

7

7

7

7

0

7

8

0

8

8

8

8

0

8

8

8

8

0

7

7

7

7

0

0

0

7

7

7

7

7

6

6

6

6

0

6

0

6

6

6

6

6

(continued on next page)
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Table 4 (continued)
Quality of Health Economics
Studies assessment
15. Were the conclusions/
recommendations of the
study justified and based on
the study results?
16. Was there a statement
disclosing the source of
funding for the study?
Total score

Cochrane
[28]

Coupe
[13]

Hurley
[29]

Jessep
[32]

Lord
[30]

Nunez
[37]

8

8

8

8

8

8

8

3

3

3

3

3

3

100

75

99

86

53

85

Points
available

Patel
[33]

Reinhold
[36]

Richardson
[19,31]

Sevick
[34]

Sevick
[35]

8

8

8

0

8

0

3

3

3

3

3

21

100

84

96

72

75

RCT, randomized controlled trial.

Both RCTs suffered from high risks of bias, and their respective
incremental cost-effectiveness ratio estimates were marred by the
lack of a sensitivity analysis [28] and an inadequate expression of
sample uncertainty [36]. In addition, the acupuncture study was
limited to a 3-month time horizon [36].
The study of class-based exercise exhibited low risks of bias for
both health and cost outcomes and indicated good value for
money as the intervention incurred lower health-care costs and
achieved more QALYs than did its comparator [19,31]. The probability of class-based exercise being good value for money given a
decision-maker’s WTP of $17,000 per QALY was greater than 70%.
Although providing 95% confidence limits is the norm when reporting measures of effect, it is debatable whether cost-effectiveness results require a 95% level of confidence [42].

highlighting each study’s risk of bias with respect to internal validity as well as assessing the quality of the economic analysis. The
internal validity criteria (Table 3) specifically address attrition bias
and the use of cointerventions, which allows readers to judge
whether contamination or dilution of the treatment effect may
have occurred. We responded to the studies’ complexity by highlighting the conservative treatment with the most support based
on high internal validity and a high-quality economic analysis
instead of attempting to report an average result [43]. In our opinion, a worthwhile area for future research is the development of
assessment tools that identify and balance the biases related to
both internal validity and external validity. In addition, we believe
a discourse is needed to consider how to make decisions about
interventions that are difficult to compare.

Limitations

Recommendations for future research

Our review has several limitations. First, it is restricted to trialbased economic studies of nonpharmacologic, nonsurgical treatments of hip and/or knee OA, and therefore model-based economic evaluations and evaluations of other technologies were not
included. Trial-based economic analyses and model-based analyses are not considered comparable in a systematic review of economic studies [43]. Therefore, in order to retain comparability,
only one form of economic analysis should be assessed in a systematic review. Second, just one author (D.P.) screened the search
results for review of full-text articles, though a second author
(M.C.R.) was consulted during the review of full-text articles before
the final inclusion or exclusion decision was reached for the articles. A third limitation of our review is the small number of studies
that met our inclusion criteria, which is somewhat surprising
given hip and knee OA’s large burden of disease and the call for
cost-effective treatments at the start of the Bone and Joint Decade
in the new millennium [44]. Fourth, the generalizability of our
study results is limited by the heterogeneity of the interventions
and comparators evaluated and the fact that relatively few studies
were available.
A controversy in the literature is the extent to which systematic reviews of economic studies are capable of providing generalizable results given the studies’ heterogeneity [43]. Most of the
studies included in our review explicitly identified themselves as
being pragmatic trials (Table 1), which is commendable as this
type of trial is generally regarded as the preferred approach for
trial-based economic evaluations [45]. Pragmatic trials, however,
by their nature, include real-world idiosyncrasies peculiar to the
particular environment in which the trial was undertaken, so that
comparing trials vis-à-vis each other can be problematic [43]. In
favoring external validity, pragmatic trials inevitably sacrifice internal validity and hence strict comparability or repeatability. On
the other hand, explanatory trials pursuing results that are “methodologically pure” increase the risk that outcomes are clinically
meaningless [46]. In recognition of these important trade-offs, a
balance between internal and external validity is required [47].
In our review we sought to acknowledge these trade-offs by

We have five main recommendations. First, outcomes should be
more uniformly reported to enable comparison with other studies.
We recommend that trials regularly collect HRQoL data by using
common generic instruments for calculating QALYs. Future economic analyses based on trials that measure the WOMAC should
not selectively report on one of the WOMAC subscales, but rather
should report the WOMAC index score that incorporates all three
subscales. Echoing Drummond et al. [39,40], we also recommend
that future studies use usual care, the equivalent of a “do-nothing”
alternative, or justify the cost-effectiveness of their comparator
and that the analytic horizon of economic evaluations of symptom-modifying treatments of OA be at least 1 year. To improve
reporting of threats to internal validity, we recommend that researchers report levels of adherence and use of cointerventions in
economic studies. Finally, on the basis of this review overall, we
recommend that more cost-effectiveness studies with high methodological standards and common clinical outcomes be conducted to better inform clinicians, funders, and policy makers.

Conclusion
Most of the RCTs in our review exhibited high risks of bias for the
cost and/or effect components of their cost-effectiveness estimates. Current guidelines recommend exercise and patient education for patients with hip and/or knee OA, but evidence of the
cost-effectiveness of these conservative treatments is limited.
Consistent measures of potential biases impacting on internal validity and external validity are needed so that the information
from systematic reviews of economic evaluations is more useful
for decision makers. When QALYs are used as the measure of
benefit, exercise programs appear to offer the best value for
money for the conservative management of hip and/or knee OA.
Source of financial support: This research was supported in
part by a contract from the Health Research Council of New Zealand and by the School of Physiotherapy, University of Otago, Dunedin, New Zealand.
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Physical Activity and Exercise Therapy
Benefit More Than Just Symptoms
and Impairments in People With Hip
and Knee Osteoarthritis

O

steoarthritis (OA) is among the leading causes of global
disability, with the hip and knee contributing most to the
burden.20 Knee OA alone is estimated to affect approximately
250 million people worldwide.88 Importantly, most people
with OA are of working age, with more than half being younger than
65 years of age,24 and the prevalence of OA is expected to continue
its dramatic increase in the future.20 Furthermore, OA is a significant
barrier to physical activity, due to activity-related pain associated with
! SYNOPSIS: Osteoarthritis (OA) of the hip and

knee is among the leading causes of global disability, highlighting the need for early, targeted, and effective treatment. The benefits of exercise therapy
in people with hip and knee OA are substantial and
supported by high-quality evidence, underlining
that it should be part of first-line treatment in clinical practice. Furthermore, unlike other treatments
for OA, such as analgesia and surgery, exercise
therapy is not associated with risk of serious harm.
Helping people with OA become more physically
active, along with structured exercise therapy
targeting symptoms and impairments, is crucial,
considering that the majority of people with hip
and knee OA do not meet physical activity recommendations. Osteoarthritis is associated with a
range of chronic comorbidities, including type 2

diabetes, cardiovascular disease, and dementia, all
of which are associated with chronic low-grade inflammation. Physical activity and exercise therapy
not only improve symptoms and impairments of
OA, but are also effective in preventing at least 35
chronic conditions and treating at least 26 chronic
conditions, with one of the potential working
mechanisms being exercise-induced anti-inflammatory effects. Patient education may be crucial to
ensure long-term adherence and sustained positive effects on symptoms, impairments, physical
activity levels, and comorbidities. J Orthop Sports
Phys Ther 2018;48(6):439-447. Epub 18 Apr 2018.
doi:10.2519/jospt.2018.7877

! KEY WORDS: comorbidity, implementation,
nonsurgical treatment, osteoarthritis, patient
education

the disease.25 Physical inactivity is an
underappreciated causal factor of most
chronic diseases, including OA, type 2
diabetes, cardiovascular disease (CVD),
some types of cancer, and dementia.17
Therefore, an evidence-based approach
is greatly needed to address the future
burden and associated costs of not only
symptoms and impairments in OA, but
also physical inactivity.

We Have a Solution: It’s Not a Tablet,
Injection, or Surgery
Exercise therapy is a safe and effective solution for managing both OA and a range
of other chronic conditions that does not
require potentially harmful and costly
pharmacotherapy, injections, or surgery.
Substantial evidence supports the effects
of exercise therapy in the treatment of at
least 26 chronic conditions,64 including
hip and knee OA.33,34
This clinical commentary presents
the evidence for exercise therapy as an
effective treatment for OA and suggests
broad guidance on how to apply this evi-
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dence in clinical practice. Subsequently,
it highlights the importance of promoting
physical activity alongside structured exercise therapy and presents other health
benefits that individuals with OA may
experience from adequately designed and
implemented exercise therapy programs.
Finally, it discusses the importance of patient education to long-term adherence
and benefits.

Exercise Therapy in OA
Exercise therapy is a specific type of physical activity designed and prescribed for
specific therapeutic goals.59 Compelling
evidence from more than 50 randomized
controlled trials (RCTs) in knee OA33 and
10 RCTs in hip OA34 supports the efficacy
of land-based exercise therapy in reducing
symptoms and impairments. Compared
to the 2 most common pharmacological pain relievers, exercise therapy seems
to be at least as effective as nonsteroidal
anti-inflammatory drugs8,33 and 2 to 3
times more effective than acetaminophen
(paracetamol) in reducing pain in knee
OA.8 Like analgesic medication, exercise
therapy needs to be taken at a sufficient
dose and duration to be effective and ensure optimal and clinically relevant effects
on symptoms and impairments (see the
TABLE for key exercise therapy recommendations). Importantly, the pain-relieving
effect of exercise therapy and other nonsurgical treatments is similar, regardless
of knee OA severity, as evaluated by radiography48,75 and pain intensity at baseline.48 However, exercise therapy66 is not
associated with the same risk of adverse
events as nonsteroidal anti-inflammatory
drugs and acetaminophen.8
A range of different exercise programs
have been used in RCTs of land-based
exercise therapy for individuals with hip
and knee OA.33,34 When grouped into 3
broad categories that include aerobic
(with the focus of improving cardiorespiratory fitness), resistance (with the focus
of improving muscle strength), and performance (with the focus of improving
the ability to perform specific activities)
exercise, no significant differences in ef-

fects between types of exercise therapy
could be identified.48 Specifically, effect
sizes (standardized mean difference) related to symptoms and impairments reported for aerobic (0.56-0.67), resistance
(0.60-0.62), and performance (0.480.56) exercise therapy programs in people with knee OA are similar.48 Based on
this, some people might conclude that the
choice of exercise therapy type is not important when treating symptoms and impairments in people with OA. However,
several studies have identified subgroups
of people with knee OA who benefit more
from one type of exercise therapy than
another14,50,54; for example, people with a
visually observable varus thrust seem to
benefit more from neuromuscular exercise than from quadriceps-strengthening
exercise, while people who are obese
seem to benefit more from quadricepsstrengthening exercise.14 Therefore, there
is potential to optimize treatment effects
by choosing the most relevant exercise
therapy type for the individual, based on
his or her specific symptoms and impairments and values, circumstances, and
needs. Although the benefits for symptoms and impairments from aquatic exercise therapy in the treatment of hip and
knee OA are smaller than the effects from
land-based exercise therapy,9 aquatic exercise therapy may also be relevant for in-

TABLE

]

dividuals with too much pain to exercise
in a full–weight-bearing environment.
Previous research suggests that people
with knee (and hip) OA have deficits in
proprioceptive acuity, muscle strength,
and ability to stabilize the joint.16,18 It
seems likely that both resistance exercise
therapy targeting lower-limb strength and
performance-based exercise therapy could
help improve these deficits. Neuromuscular exercise is a specific type of exercise
therapy often used to address these deficits and is reported to be effective without
serious adverse effects in people with mild
to severe hip and knee OA.3,4,77,79,85 Neuromuscular exercises may be performed on
both the symptomatic and asymptomatic
legs and progressed or regressed based on
the therapist’s assessment of movement
quality and control, and on the patient's
report of pain and movement control.3
Pain during exercise is allowable, as long
as the individual finds it to be of an acceptable level, and any increase to normal
pain and symptoms following the exercise
session has reduced to the same level or
lower within 24 hours (FIGURE 1).3 Videos
of 2 examples of neuromuscular exercises can be found online at https://www.
youtube.com/watch?v=vBLUXs0oLLg
and at https://www.youtube.com/
watch?v=rigH1TCq_1o.3 The exercises focus on the alignment of the weight-bear-

Seven Exercise Therapy Recommendations
for Hip and Knee Osteoarthritis

Recommendation

Description

1

Provide aerobic, resistance, performance, or neuromuscular exercises tailored and targeted to
individual patient needs and preferences

2

Consider aquatic exercise in patients who are unable to adequately complete land-based exercise
due to pain

3

Provide a minimum of 12 supervised exercise sessions of 30 to 60 minutes per session over a
6-week period (ie, 2 sessions per week)

4

Encourage an additional 1 to 2 sessions per week to optimize outcomes, particularly related to
strength

5

Consider extending initial exercise therapy programs to 12 weeks or longer to optimize outcomes,
particularly related to strength

6

Include patient education and consider booster sessions in the long term to enhance adherence
and progression

7

Provide education and reassurance about managing potential pain flares and inflammation, and
how to modify exercises and physical activity to ensure continued participation
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ing leg, with the purpose of moving the
other leg to challenge stability and control.
It is clear from clinical trials evaluating the efficacy of exercise therapy for
OA that not everyone achieves reduced
symptoms and impairments from the
same exercise prescription, and it is possible that some people with OA may not
respond favorably to exercise prescription at all. However, considering the
multiple forms of exercise therapy that
might be effective (aerobic, resistance,
and performance),48 the treating therapist is encouraged to adapt the exercise
prescription should people not respond
favorably initially, and to ensure that
people are educated about the various
exercise options to try before abandoning an active approach to management of
symptoms and impairments.

Total Number of Sessions
and Supervision
Supervision of exercise therapy sessions
may be particularly important for a variety of reasons. It allows the therapist an
opportunity to adjust the level and type of
exercise based on individual response (ie,
perceived exertion and pain responses)
and performance quality. Additionally,
education on expectations regarding pain
during exercises and other activities and
reassurance about exercise performance
can be provided, potentially enhancing
self-efficacy. Current evidence suggests
that a greater number of supervised exercise sessions, at least for aerobic exercise,
may enhance the effects of exercise therapy in knee OA.48 Specifically, more than
Safe

0
No pain

Acceptable

2

High Risk

5

10
Worst pain
possible

FIGURE 1. Visual analog scale that can be used to
supervise pain during and after exercise therapy. Pain
flares are acceptable as long as the pain intensity
subsides to its baseline level within 24 hours.
Acceptable pain is defined by the individual, but this
proposed visual analog scale has been previously
demonstrated to be feasible and relevant in people
with hip and knee osteoarthritis.3,76 Modified from
Thomeé.83

12 supervised exercise sessions appear to
reduce symptoms and impairments to
a greater extent than fewer than 12 sessions.48 A recent systematic review and
meta-analysis of supervised land-based
exercise therapy for people with hip OA
did not replicate that finding, potentially
owing to insufficient reporting of the
exercise dose in several of the included
studies.58 Although still unidentified, an
upper limit of the number of exercise
sessions where no further improvements
can be expected does presumably exist.
Regardless, the added benefits of greater
volume of exercise therapy participation
in both hip and knee OA to other systems
in the body discussed below should also
be considered.
A limitation related to previous trials
evaluating exercise therapy for individuals with hip and knee OA is that it may
be of insufficient duration to address
common deficits, such as reduced hip
and knee strength. Importantly, a recent
systematic review and meta-regression
indicates that an increase in knee extensor strength of less than 30% is not likely
to lead to clinically meaningful improvements in symptoms and impairments for
people with knee OA.10 Considering that
the majority of previous exercise therapy
trials performed with individuals with
knee OA are in the range of 4 to 12 weeks,
with few exceeding 12 weeks, this magnitude of improvement is not likely to occur
for programs of shorter duration. In practice, we recommend continuing exercise
therapy well beyond 12 weeks when the
aim is to address strength deficits and
muscle atrophy resulting from the OA
process.36 Accordingly, booster sessions,
where the individual revisits the therapist after the initial supervised exercise
program has ended, seem to be relevant
to improve long-term adherence,1,65 although the evidence in support of this
approach is not conclusive.15,32

Frequency, Duration, and Intensity
of Exercise Therapy Sessions
Three or more exercise therapy sessions
per week are more effective at address-

ing symptoms and impairments in individuals with hip and knee OA when
compared to fewer than 2 sessions per
week.48 However, with an eye to feasibility in clinical practice, and referring to
general recommendations for exercise
among older people and people with
chronic diseases,31 2 sessions per week of
30 to 60 minutes in duration, with the
potential of 1 to 2 further sessions per
week of unsupervised home exercise,
could be a good starting point for people with hip and knee OA, especially for
those with less experience in exercising.2
Importantly, based on currently accepted
exercise prescription recommendations
from the American College of Sports
Medicine, 2 sessions per week, with 2 to
4 sets of 8 to 12 repetitions at an intensity
of 60% to 80% of the individual’s 1-repetition maximum effort in a number of
carefully selected exercises, are likely to
address strength deficits seen in hip and
knee OA.36 In fact, supervised land-based
exercise therapy interventions for people
with hip OA with high compliance to the
American College of Sports Medicine
recommendations36 resulted in greater
improvements in symptoms and impairments compared to interventions with
uncertain compliance.58 Additionally,
based on the nationwide implementation
initiative Good Life with osteoArthritis
in Denmark (GLA:D), implementing
education and 2 sessions of supervised
neuromuscular exercise therapy per week
for 6 weeks leads to a significant positive
impact on patient symptoms, impairments, consumption of pain medications,
and sick leave.78 The program is currently
being implemented in Canada,21 Australia, and China. For more information on
GLA:D and similar programs, including
information on the content of the treatment programs, please refer to Skou and
Roos,78 the GLA:D website ( https://
www.glaid.dk/english.html), and Allen
et al.6
A recent meta-analysis in hip OA
found that exercise therapy with higher
compliance to currently accepted recommendations on frequency, duration, and
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intensity36 was more effective in reducing
pain compared to exercise therapy with
uncertain compliance.58 Other previous
reviews have reported that the intensity
and duration of the individual exercise
sessions are seemingly less important for
the treatment effects.48,68 However, the
details reported in most trials are not sufficient to actually evaluate the impact of
intensity and duration of each session.11
Therefore, we encourage more research
in this area, with an emphasis on adhering to reporting guidelines such as the
Consensus on Exercise Reporting Template80 and the Template for Intervention
Description and Replication checklist.45

Physical Activity and Inactivity in OA
Current physical activity guidelines recommend at least 150 minutes of moderate or 75 minutes of vigorous physical
activity, in bouts of at least 10 minutes’
duration, per week.36 Helping people
with OA become more physically active,
along with participating in structured exercise therapy, is crucial, as the majority
of people with hip and knee OA do not
meet physical activity guidelines,91 and
are less active than their age-matched
counterparts.23 Importantly, physical inactivity in people with OA also increases
their risk of a number of comorbidities17
and functional decline, leading to higher
health care costs.28 As walking 150 minutes per week might not be tolerable for
individuals with end-stage knee OA,90
other types of physical activity, such as
biking and walking with Nordic poles
(walking poles specifically designed to be
used to support a total-body version of
walking) (FIGURE 2), might be preferable
for this subgroup. Notably, fewer steps
than the recommended 10 000 steps per
day might be sufficient, as a recent study
found that walking more than 6 000
steps per day protected against developing functional impairments in people
with or at risk of knee OA.93
Reduced physical activity levels in
people with knee OA may be a key factor
driving greater body mass index (BMI)
in this group of people.12 Highlighting a

likely vicious cycle, risk of knee OA is also
reported to increase exponentially with
increasing BMI.96 Importantly for people
with knee OA, a 5% reduction in weight
leads to moderate to large improvements
in functional impairments,19 and there
is a dose-response relationship between
percentage of weight loss and symptomatic improvement.7 Although addressing
dietary factors is a key component to
achieving weight reduction,19 increasing
physical activity levels will also assist.12,96
The relationship of hip OA with greater
BMI is less clear,39 but may still be important in some individuals.
Choice of intervention to improve
symptoms and impairments may be the
key to improving physical activity levels.
Patient education and exercise therapy, including aerobic exercise, can have moderate positive effects on both symptoms and
impairments,48 even in people on a surgical wait list for joint replacement.72,79,89
Physical activity, including exercise
therapy, can also improve gait speed and
lower-limb function, factors thought to be
important to increasing physical activity
levels.82 However, while evidence suggests
that there are small long-term improvements in physical activity levels following physical activity interventions in OA,
a lack of consensus on methodology and
outcome reporting severely hampers the
conclusions that can be drawn on the effects on physical activity levels.95 In severe
hip and knee OA, total joint replacement
is considered a cost-effective intervention
to reduce symptoms and impairments.29
However, some studies have reported
only small increases in physical activity
levels post surgery, despite large improvements in symptoms and impairments.22,86
These findings highlight a possible need
to promote and guide increases to physical
activity levels following joint replacement
surgery. Clearly, implementing exercise
therapy and promoting physical activity in
the management of people with hip and
knee OA are vital to improving their physical activity levels and the broader health
benefits this will lead to; however, more
work is needed to support this notion.95

]

The Importance of Physical Activity and
Exercise Therapy to Overall Health
Physical activity represents a cornerstone
in the primary prevention of at least 35
chronic conditions,17 and exercise therapy is considered first-line treatment in
many chronic conditions.64 Physical inactivity is regarded both as a cause and
a consequence of OA and is associated
with a number of diseases, such as CVD,
type 2 diabetes, and dementia. Two out
of 3 people with OA have comorbidities,
including CVD, type 2 diabetes, and mental health conditions,92 and people with
hip and knee OA are at higher risk of allcause mortality compared with the general population. The association of OA
with CVD and dementia is particularly
pronounced.62 The benefits of physical
activity and exercise therapy to people
with hip and knee OA are, therefore, not
limited to addressing symptoms and impairments, but can also decrease the risk
and impact of comorbidities.
Inflammation: Linking OA and Comorbidity A number of chronic diseases,

including CVD, type 2 diabetes, and dementia, are associated with OA and chronic low-grade inflammation.64 Importantly,
persistent systemic inflammation is associated with a high cardiovascular risk and
predisposes one to metabolic disorders
and muscle wasting.13 Therefore, these
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FIGURE 2. Woman walking with Nordic poles. Photo:
Colourbox.com/Søren Thomsen.

disorders may lead to disability and decreased physical activity, exacerbating
inflammation, and to the development of
a number of chronic diseases, including
OA, creating a “vicious cycle” of chronic
inflammation (FIGURE 3).13 Therefore, the
anti-inflammatory effects13 of exercise
may contribute to explain the positive
effects of physical activity and exercise
therapy in many diseases.13
Cardiovascular Disease In developed
countries, OA and CVD are the 2 most
prevalent chronic conditions among people over the age of 70 years. Considering
that OA is a leading cause of physical disability, including the ability to walk,30,43 it
will also likely reduce an individual’s capacity for physical activity, and thus the
capacity to prevent these chronic conditions. It is well established that regular
physical activity decreases the risk for
ischemic heart diseases and stroke.73
Importantly, evidence has shown that

symptomatic knee OA may increase the
risk of stroke46 and CVD, including ischemic heart disease and chronic heart
failure.41,67
There are a number of reasons why
physical activity and exercise therapy may
prevent or treat CVD in people with OA.
Both OA and CVD share common risk
factors, including greater age and higher
BMI.64 Both conditions are also associated with chronic inflammation, and, as
highlighted above, it is well documented
that regular physical activity has antiinflammatory effects.13 Physical activity
benefits with regard to protection against
CVD also include training-induced increased fibrinolysis, decreased platelet
aggregation, improved blood pressure
regulation, optimized ratio of high-density to low-density lipoproteins, improved
endothelium-mediated coronary vasodilation, increased heart rate variability,
and improved glycemic control.64

Physical inactivity

Type 2 Diabetes Type 2 diabetes has

been reported to be a risk factor for OA
development in 2 meta-analyses.55,94 It is
less clear whether OA is a risk factor for
type 2 diabetes development. However,
physical inactivity that results from hip
and knee OA91 makes it likely, as this is
a predisposing factor for type 2 diabetes
development.74 Regardless, promoting
physical activity in people with OA in the
presence of concurrent type 2 diabetes is
important. There is international consensus that exercise therapy is 1 of the 3
cornerstones in the treatment of diabetes,
along with diet and medication.64 Physical activity and exercise therapy mediate
their positive effects on the pathogenesis
of type 2 diabetes via many mechanisms,
including an effect on insulin sensitivity.
Additionally, the role of inflammation in
the pathogenesis of type 2 diabetes and
associated complications is also well established,27 meaning that it is likely that
this population benefits from physical
activity via its anti-inflammatory effect
(FIGURE 3).51
Cognition and Neuropsychiatric Health
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FIGURE 3. The “vicious cycle” of chronic inflammation (based on Figure 1 of Benatti and Pedersen13). In
osteoarthritis, local inflammation of the synovial membranes of the knee (or hip) joint can lead to chronic systemic
inflammation, which can predispose one to conditions that contribute to functional impairments, including insulin
resistance, dyslipidemia, endothelial dysfunction, accelerated atherosclerosis, neurodegeneration, muscle atrophy,
and anemia. Lack of physical activity and exercise, in turn, can cause the accumulation of visceral fat and thereby
exacerbate inflammation and promote metabolic disorders, atherosclerosis, and the development of a number of
chronic diseases. In a positive feedback loop, this will negatively affect cardiovascular performance and the ability
to be physically active and exercise. Abbreviation: GLUT-4, glucose transporter type 4, insulin responsive.

Osteoarthritis is an independent risk
factor for dementia,47,87 and it is well established that physical activity decreases
the risk of cognitive impairment and dementia.35 Additionally, physical activity
reduces neuropsychiatric symptoms in
people with mild dementia,44 improves
dementia symptoms,52 and improves
the capacity to participate in activities
of daily living.64 Current research indicates that vascular and metabolic risk
factors are the major players in cognitive impairment and dementia, including Alzheimer’s disease.84 However,
physical activity might prevent dementia
due to an effect on brain-derived neurotrophic factor, a growth factor for the
hippocampus.63
Mental Health Osteoarthritis is associated with impaired mental health, high
stress perception, and depression.49 Evidence exists that physical activity may
reduce symptoms of anxiety in people
with chronic illnesses and improve symptoms associated with psychological stress
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and depression.64 The positive effect on
mental disorders is thought to be multifactorial, and is beyond the scope of this
commentary. The interested reader is
recommended to consult other published
reviews on this topic.64,70

Patient Education: The Missing
Link to Ensure Long-Term Effects
From Exercise Therapy?
Evidence of the benefits of exercise therapy for symptoms and impairments in
individuals with hip and knee OA is substantial, and these benefits are sustained,
at least to some extent, 6 months after
ending the exercise therapy program.33,34
However, benefits appear to decline over
time following a program of supervised
sessions,33,34 and compliance is suggested
to be the primary predictor of long-term
exercise therapy outcomes in people with
hip and knee OA.69 Like most other noncurative treatments, including analgesia,
exercise therapy effects will disappear
when the individual does not continue
the prescribed exercise regime at a sufficient dose, session duration, and intensity level. This holds true for OA-associated
symptoms and impairments, as well as
other benefits to prevention and management of the other chronic diseases
mentioned above.
Education is recommended in most
clinical practice guidelines for hip and
knee OA,60 and, together with booster
supervised exercise therapy sessions,1,65
may be important to improve compliance with physical activity and exercise
therapy.37 Education should include
knowledge related to the causes and
disease process of OA, including the
influence of inactivity, effective and ineffective treatments, the importance of
continuing physical activity, and selfhelp tools, such as guidance on how to
self-manage symptoms. Patient knowledge will ensure that patients have more
balanced expectations regarding their
disease process and the importance of
self-management, including understanding the important role of ongoing
independent exercise therapy and boost-

er sessions with a therapist to improve
and maintain an acceptable symptom
state.61 Most importantly, this should
facilitate continued physical activity participation, allowing better weight
management and other health benefits.
Beyond education and exercise therapy
targeting disease-specific impairments,
goal setting, activity monitoring (eg,
wearable technology), and improving social support (eg, walking groups) should
also be implemented in an attempt to
improve activity levels and long-term
adherence to exercise therapy in people
with hip and knee OA.38
When the potential benefits48 and
harms66 are compared, it is difficult to
argue against the implementation of
physical activity and exercise therapy for
people with OA. However, some barriers
and potential contraindications do exist.
Key barriers to physical activity and exercise therapy in people with OA relate to
fear of movement and pain flares. Fearavoidance beliefs are common in individuals with OA and relate to impaired
physical function.42,81 A substantial number of people with OA fear that they may
injure themselves as a result of physical
activity participation.40 Therefore, assistance in addressing fear of physical
activity is essential to addressing physical inactivity and improving long-term
adherence to exercise therapy. In most
cases, reassurance to patients who may
be fearful that exercise therapy can damage their joints should be provided.26,71
It is vitally important that patients are
well educated about potential pain flares
and how to adjust their exercises should
pain flares occur (see FIGURE 1). In cases
of acute, severe joint inflammation, the
affected joint may also need rest for a
short period (2-3 days), and anti-inflammatories should be considered.64 While
patients with OA may experience pain
flares from exercise therapy, the size of
the flares will decrease with an increasing number of exercise sessions.71 If
needed, the nature of the exercise therapy can be changed for a period from,
for example, land-based to water-based

]

exercise therapy. Exercising joints other
than the one(s) affected will also have a
positive, clinical effect.64
Being severely overweight may be
a relative contraindication for weightbearing exercise therapy, as a mechanical overload may promote progression
of the disease.64 However, even in obese
patients with knee OA, land-based exercise therapy can improve symptoms and
impairments, with larger improvements
seen when combining exercise therapy
and weight loss.56,57
It may be necessary to educate young
people with OA resulting from a joint injury to avoid or minimize participation
in sports that involve heavy loading of
the joints, especially with an axial compressive load or twisting (eg, basketball,
football, handball, volleyball, high-intensity running, etc). Importantly, though,
people with OA should be educated not
to be fearful of other sports and physical
activity in general, especially considering
its potential health benefits. The overall
weight of evidence indicates that even
recreational running (not competitive) is
not a risk factor for OA,53 and it is seemingly associated with a lower occurrence
of OA compared to having a sedentary
lifestyle.5

CONCLUSION

R

ecommendations for the implementation of exercise therapy are
hard to dispute in light of strong
supporting evidence, reduced potential
harms compared with other common
OA treatments such as analgesia and
surgery, and its beneficial effects on
overall health. With the growing international burden of OA, embracing exercise therapy and promoting physical
activity as first-line treatments offered
to all people with hip and knee OA are
essential. This clinical commentary provides a clear “call to action” for exercise
therapy in hip and knee OA, along with
key exercise therapy recommendations
based on current evidence to help reduce
future burden and costs. !
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Objective: To identify research gaps and inform implementation we systematically reviewed the literature evaluating cost-effectiveness of recommended treatments (education, exercise and diet) for the
management of hip and/or knee OA.
Methods: We searched Medline, Embase, Cochrane Central Register of Controlled Trials, National Health
Services Economic Evaluation Database, and EconLit from inception to November 2019 for trial-based
economic evaluations investigating hip and/or knee OA core treatments. Two investigators screened
relevant publications, extracted data and synthesized results. Risk of bias was assessed using the
Consensus on Health Economic Criteria list.
Results: Two cost-minimization, ﬁve cost-effectiveness and 16 cost-utility analyses evaluated core
treatments in six health systems. Exercise therapy with and without education or diet was cost-effective
or cost-saving compared to education or physician-delivered usual care at conventional willingness to
pay (WTP) thresholds in 15 out of 16 publications. Exercise interventions were cost-effective compared
to physiotherapist-delivered usual care in three studies at conventional WTP thresholds. Education interventions were not cost-effective compared to usual care or placebo at conventional WTP thresholds in
three out of four publications.
Conclusions: Structured core treatment programs were clinically effective and cost-effective, compared
to physician-delivered usual care, in ﬁve health care systems. Providing education about core treatments
was not consistently cost-effective. Implementing structured core treatment programs into funded
clinical pathways would likely be an efﬁcient use of health system resources and enhance physiciandelivered usual primary care.
© 2020 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Hip and knee osteoarthritis (OA) pose a substantial burden to
individuals and health systems.1,2 International guidelines recommend education, exercise and dietary weight management (if
appropriate) as core treatments for hip and knee OA regardless of
disease severity and co-morbidity.3 Core treatments are safe,
appropriate and effective but uptake of these proven treatments
remains low.4 Evaluating cost-effectiveness can support implementation of core treatments in health care systems and reimbursement plans.5
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Economic evaluations allow decision-makers to understand the
consequences of resource allocation decisions by comparing cost
and health outcomes of two or more interventions.6 A cost-effective treatment provides additional health beneﬁt at additional cost
but within the decisions makers willingness to pay (WTP) for those
health beneﬁts.6 A previous systematic review of cost-effectiveness
research for nonsurgical and nonpharmacological OA treatments
found limited evidence and poor quality methodology.7 Since then
a reference case was published to outline minimum criteria for
economic evaluations of OA treatments.8 Evaluating and synthesizing the current literature will identify research gaps and inform
appropriate implementation. We will systematically review the
literature evaluating cost-effectiveness of core treatments (education, exercise, and dietary weight management) for management of
hip and/or knee OA.
Methods
We followed the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines and speciﬁc recommendations for systematic reviews of economic evaluations.9e12
Our PRISMA checklist is in Supplementary File 1. We prospectively
registered our protocol with PROSPERO (Registration Number
CRD42020155964; accepted 28/04/2020).
Eligibility criteria
We included full economic evaluations conducted alongside
randomized or nonrandomized clinical trials of people with hip
and/or knee OA receiving education, exercise and dietary weight
management interventions compared to any control. Education
was deﬁned as any formal instruction about OA and self-management techniques.3 We deﬁned exercise as any prescribed activity
requiring muscular contraction.3 Dietary weight management was
deﬁned as any type of intervention with the goal of caloric restriction.3 Full trial-based economic evaluations compare two or
more comparators using a cost-utility analysis (CUA), cost-effectiveness analysis (CEA), cost-beneﬁt analysis (CBA) or cost-minimization analysis (CMA).6
Publications were excluded if they did not have a comparator or
evaluated surgical, pharmaceutical or nutraceutical interventions.
Literature search and study selection
We modiﬁed published search ﬁlters13 to develop the search
strategy in Supplementary File 2. Medical Subject Headings (MESH)
for economic evaluations, OA and core interventions were used as
search terms and combined using the “OR” and “AND” Boolean
operators. Medline, Embase, Cochrane Central Register of
Controlled Trials (CENTRAL), National Health Services Economic
Evaluation Database, and EconLit were searched from inception to
November, 2019 without restriction in year or language. PubMed
was not included because Medline records are identical. Search
quality was evaluated by ensuring a list of known economics
evaluations were included in the retrieved records.
All retrieved records were imported to Covidence, a web-based
data management tool designed for synthesizing health care evidence.14 Two authors (DRM and AA) used a pre-deﬁned screening
process to independently review titles and abstracts. Conﬂicts were
resolved by consensus or a content matter expert (JHA and DAM).
Full-text articles were screened using a similar process. During fulltext review we contacted authors of study protocols and conference
abstracts when a subsequent published manuscript was not found.
Authors were given 8 weeks to respond. Alerts were set up in each
database to notify DRM if additional publications met our inclusion

criteria. May 27, 2020 was our ﬁnal cut-off date for including
publications.
Data extraction and synthesis
Two authors (DRM and AA) split data extraction. Twenty-four
items from the International Society for Pharmacoeconomics and
Outcomes Research (ISPOR) Consolidated Health Economic Evaluation Reporting Standards (CHEERS) checklist were extracted.15
CHEERS outlines best practice for reporting economic evaluations.15
We also extracted country, model of delivery, resource use assumptions, inﬂation rate, health outcomes, intervention costs and
the conclusion about cost effectiveness made by the authors. The
primary outcome of an economic evaluation is the incremental
difference in cost and outcomes between interventions and control.
A CUA produces an incremental cost-utility ratio (ICUR) reported as
cost per quality-adjusted life year (QALY), whereas, a CEA produces
an incremental cost-effectiveness ratio (ICER) reported as cost per
health outcome. DRM reviewed all extracted data to ensure
accuracy.
Synthesis of results
A meta-analysis was not attempted because methods for pooling cost-effectiveness estimates do not currently exist.16 Subgroup
analysis was attempted to identify common themes producing a
cost-effective recommendation. We used these subgroups: randomized versus nonrandomized study designs, type of treatment
received, type of comparator, country, and OA population based on
inclusion criteria.
Risk of bias assessment
Two authors (DRM and AA) independently assessed risk of bias
using the Consensus on Health Economic Criteria (CHEC) list.17 The
CHEC list is a validated risk of bias tool with 19 yes-or-no questions.17 The CHEC list was designed and is recommended for systematic reviews of trial-based economic evaluations.10,17,18 Similar
to Odnoletkova et al., we added one additional question to assess
model-based analyses because two publications met our inclusion
criteria but modelled outcomes over longer-time horizons than the
observational time period.19e21 We followed the CHEC list instructions, recording “yes” when study authors appropriately
considered the characteristic and “no” when characteristics were
not reported, justiﬁed and adequately considered.22 We added an
intermediate category, “unclear,” to differentiate from “no” when
authors reported a characteristic but did not adequately consider or
provide justiﬁcation.
Results
We obtained 2,160 relevant records, 1,641 titles and abstracts
were screened, 122 articles were reviewed and 23 publications met
our inclusion criteria (Fig. 1). One author contributed preliminary
results to our review.23
We
included
two cost-minimization,24,25
ﬁve
costeffectiveness26e30 and 16 cost-utility analyses,21,23,31e45 characteristics of each study are described in Table I. Authors reported a
societal,21,37,42,43 health care payer28,29,33,36,44,45 or both
perspectives.21,23,24,26,27,30e32,34,35,38,39,41 One author did not
explicitly report a chosen perspective.40 European Quality of Life 5Dimension (EQ-5D) was the most common generic patient-reported outcome measured (PROM) used to calculate health utilities.
Three publications collected patient-level data then used Markov
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Fig. 1

Prisma ﬂow diagram of study selection.

state transition models to assess 2 year,21 5 year23 and lifetime
horizons.32
We classiﬁed publications reporting lower incremental costs
and improved outcomes as cost-saving (no ICUR is reported in
these cases).6 Seven publications concluded interventions were
cost-saving,25,27,29,37,38,40,43 nine publications concluded interventions were cost-effective21,23,26,30e32,36,39,44 and seven publications concluded interventions were not cost-effective compared
to the control24,33e35,41,42(Table II). Converted to 2019 US dollars
using purchasing-power-parity exchange rates, 16 CUA's produced
an ICUR ranging from cost-saving to $882,814/QALY.21,23,31e45
Fifteen out of 19 exercise interventions with and without education
and diet adjunct therapies reported cost-effective or cost-saving
results compared to control on the cost-effectiveness plane while
two diet and education interventions were not cost-effective
compared to control (Fig. 2). Two CMAs were not included in the
ﬁgure but reported conﬂicting results.24,25 Seventeen out of 24
items from the CHEERS checklist are reported in Tables I and II. The
remaining items (characterizing uncertainty, characterizing

Osteoarthritis
andCartilage

heterogeneity, study parameters, analytic methods, assumptions,
conﬂict of interest and funding) were assessed using the CHEC list
(Fig. 3) which is the appropriate tool to assess the quality of trialbased economic evaluations. Economic evaluations longer than
1 year did not apply a discount rate29,33,42 or used 3%,21,32 3.5% and
5%.28,30 Three studies observed ceiling effects using EQ-5D threelevel version (EQ-5D-3L) to calculate health utilities.42e45 Four
publications suggested cost-questionnaire recall bias may impact
cost estimates.21,28,33,38 Three publications cautiously interpreted
results because sample sizes were underpowered for economic
evaluation.34,37,40
Four studies used subgroup analysis to show cost-effectiveness
results were sensitive to a small minority of participants who
proceeded to joint replacement surgery during the follow-up
period.31,33,38,39 The cost-effectiveness results changed in a quantity and direction which depended on the number of participants
who underwent surgery, which was a non-randomized co-intervention, in each treatment arm. Bootstrapping was used for sampling uncertainty in nine studies.24,26,30,33e35,41e44 Sensitivity
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Hip or knee OA, ACR criteria

Hip or knee OA, ACR criteria

Knee OA, K&L grade 2 or 3,
pain on most days due to
OA, overweight or obese
("27 kg/m2 and <41 kg/
m2), age "55
Knee OA, ACR criteria

Knee OA, clinical Dx
meeting NICE criteria, age
"45
Hip or Knee OA, ACR criteria
age 40e80, not on a Sx
waitlist, insufﬁciently
active
Knee OA, "18 yrs,
overweight or obese
("27 kg/m2 and #40 kg/
m2), "3/10 numerical
rating scale, moderate level
of interference ADL
Scheduled for Hip or Knee
OA due to symptomatic OA,
age " 18
Knee OA, Age " 50, ACR
criteria, pain for "3
months, "40/100 on VAS,
difﬁculty with ADLs
Hip OA, ACR criteria, age
"45

Abbott [31], 2019*,
New Zealand

Abbott [23], 2019*,
New Zealand

Losina [32], 2019,
United States

Kigozi [33], 2018,
United Kingdom

Knee OA, clinical Dx, age
"50, mild to severe knee
pain "6 months
Knee OA, age "50, have
consulted with a GP for
mild to severe knee pain
lasting "6 months
Hip and/or knee OA, age
"50, self-reported pain
and/or disability

Hurley [27], 2012y,
United Kingdom

Patel [41], 2009,
United Kingdom

Jessep [40], 2009,
United Kingdom

Hip or knee OA, ACR criteria

Pinto [39], 2013*,
New Zealand

Tan [38], 2016
Netherlands

Bennell [37], 2016,
Australia

Fernandes [36], 2017,
Denmark

O'Brien [35], 2018,
Australia

Kloek [34], 2018,
Netherlands

Bove [21], 2018,
United States

Population

Author, Year, Country

Combined group exercise and
education

Group education class

Pragmatic RCT,
N ¼ 64, CUA
RCT, N ¼ 812, CUA

Pragmatic RCT,
N ¼ 418, CEA

Individual exercise and adjunct
manual therapy in isolation and
combination
Combined group exercise and
education

RCT, N ¼ 206, CUA

Individual exercise therapy

Combined individual exercise
and education

RCT, N ¼ 222, CUA

RCT, N ¼ 203, CUA

Combined group exercise and
education

RCT, N ¼ 165, CUA

Individual exercise with eexercise web-application

RCT, N ¼ 207, CUA

Weight management education
and coaching phone calls

Individual and group exercise

RCT, N ¼ 514, CUA

Pragmatic RCT,
N ¼ 120, CUA

Individual exercise with
booster sessions and/or adjunct
manual therapy

Supervised intensive weight
loss program and individual
exercise program in isolation
and combination

Individual exercise and adjunct
manual therapy in isolation and
combination
Individual exercise and adjunct
manual therapy in isolation and
combination

Interventions

RCT, N ¼ 300, CUA

RCT, N ¼ 399, CUA

RCT, N ¼ 206, CUA

RCT, N ¼ 206, CUA

Study Design, Sample
Size, Analysis
SF-6D (SF-12),
United Kingdom
Tariffs
SF-6D (SF-12),
United Kingdom
Tariffs

Physician-delivered
Usual Care

Education Booklet

Usual Rehab Care

SF-6D (SF-36),
United Kingdom
Tariffs

EQ-5D-3L, N/R

SF-6D (SF-12),
United Kingdom
Tariffs
WOMAC, N/A

Physician-delivered
Usual Care
Physician-delivered
Usual Care

EQ-5D-5L,
Netherland Tariffs

AQoL-6D, Australia
Tariffs

EQ-5D-3L,
Denmark Tariffs

SF-6D (SF-12),
United Kingdom
Tariffs

EQ-5D-3L,
Netherlands Tariffs

Physician-delivered
Usual Care

Exercise only and
education only

Pre-operative
education package

Physician-delivered
Usual Care

Usual Rehab Care

EQ-5D-3L, United
Kingdom Tariffs

EQ-5D-3L, United
States Tariffs

Exercise Only

Usual Rehab Care

WOMAC crosswalked to SF-6D
(SF-12), N/R

Physician-delivered
Usual Care

Physician-delivered
Usual Care

Health Outcome,
Preference Weights

Control

N/A

N/A

1 year

1 year

3.5%

N/A

1 year

30 months

N/A

N/A

N/A

N/A

N/A

1 year

1 year

1 year

6 months

1 year

N/R

Societal and
Health and
Social Care

Societal and
Health Care
Payer
Societal and
Health Care
Payer
Societal and
Health Care
Payer
N/R

Societal

Health Care
Payer

Societal and
Health Care
Payer

Societal and
Health Care
Payer

Health Care
Payer

Societal

3%

3.5%

5 years
(observed) and
Lifetime
(modelled)
Lifetime
(modelled,
from 18months
observed)
2 years
(observed) and
5 years
(modelled)
18 months

Societal and
Health Care
Payer
Societal and
Health Care
Payer
Societal and
Health Care
Payer

3.5%

2 years

Perspective

3%

Discount Rate

Time Horizon
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Hip or knee OA, ACR criteria

Knee OA, clinical Dx, age
"50, mild to severe knee
pain "6 months
Knee OA, ACR criteria,
referred to physiotherapy
by GP
Hip or knee OA, age " 60,
current pain and/or
stiffness, X-ray conﬁrmed
OA by a physician
Self-reported knee pain
(localized pain and
tenderness or pain on
movement, or both), age
"45
Knee OA, age " 60, pain in
one or both days of the
month, difﬁculty with ADLs,
X-ray conﬁrmed

Coupe [42], 2007,
Netherlands

Hurley [26], 2007y,
United Kingdom

Knee OA, X-ray conﬁrmed

Mazzuca [25], 1999,
United States

Non-random clinical
trial, N ¼ 211,
CMA

Placebo Education

Individual education

Group education

Physician-delivered
Usual Care

Group exercise (aerobic and
weight training)

RCT, N ¼ 439, CEA

Telephone support
only

Physician-delivered
Usual Care

Group education

Exercise therapy with or
without telephone support

RCT, N ¼ 759, CEA

Cluster RCT, N ¼ 174,
CMA

Group water-based exercise

RCT, N ¼ 106, CUA

Physician-delivered
Usual Care

Combined group exercise and
education
Home-exercise
program

Usual Rehab Care

Individual exercise with
booster sessions

Group exercise and individual
home exercise program

Healthy Lifestyle
Education

Exercise and diet in isolation
and combination

Pragmatic RCT,
N ¼ 214, CUA

Cluster RCT,
N ¼ 200,
CUA
Pragmatic RCT
N ¼ 418, CEA

RCT, N ¼ 316, CEA

QWB, United States
Tariffs

Self-Reported
Disability, 6-Minute
Walk, Stair Climb,
Lift and Carry Task,
Car Task
WOMAC, N/A

WOMAC, N/A

EQ-5D-3L, United
Kingdom Tariffs

EQ-5D-3L, United
Kingdom Tariffs

WOMAC

WOMAC, Weight,
6-Minute Walk,
Stair Climb
EQ-5D-3L, United
Kingdom Tariffs

1 year

N/A

N/A

N/R

18 months

1 year

5%

N/A

N/A

N/A

N/R

5%

2 years

1 year

1 year

7.5 months

65 weeks

18 months

Societal and
Health Care
Payer
N/R

Health Care
Payer

Health Care
Provider and
Patient

Societal

Societal and
Health Care
Payer
Health Care
Payer

Societal

Health Care
Payer

Table I

Study characteristics

Osteoarthritis
andCartilage

RCT ¼ Randomized Controlled Trial, CUA ¼ Cost-Utility Analysis, CEA ¼ Cost-Effectiveness Analysis, CMA e Cost-Minimization Analysis.
N/A ¼ Not Applicable, N/R ¼ Not Reported, SF-6D ¼ Short-Form Six-Dimension, SF-12 ¼ 12-item Short Form Survey, SF-36 ¼ 36-Item Short Form Survey, EQ-5D-3L ¼ European Quality of Life 5-Dimension Three-Level Version.
EQ-5D-5L ¼ European Quality of Life 5-Dimension Five-Level Version, Rehab ¼ Rehabilitation, QWB ¼ Quality of Well Being, WOMAC ¼ Western Ontario and McMaster Universities Osteoarthritis Index.
*
Same clinical trial with different time horizons.
y
Same clin4ical trial with different time horizons, BMI ¼ Body Mass Index, Dx ¼ Diagnosis.

Knee OA, clinical Dx, X-ray
conﬁrmed

Lord [24], 1999,
United Kingdom

Sevick [28], 2000,
United States

Thomas [30], 2005,
United Kingdom

Richardson [44, 45],
2006, United
Kingdom
Cochrane [43], 2005,
United Kingdom

Knee OA, age "60, BMI
"28 kg/m2

Sevick [28], 2009,
United States
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Author, Year (price year)

Intervention

QALY Diff.

Resultsy

Conclusion

Abbott [31], 2019 (2009
NZD)

1) Individual
physiotherapist
supervised exercise vs physiciandelivered usual care
2) Manual therapy vs physiciandelivered usual care
3) Combined
Individual
physiotherapist supervised exercise
and manual therapy vs physiciandelivered usual care
1) Individual
physiotherapist
supervised exercise vs physiciandelivered usual care

0.15

R: $8,237/QALY U: 95% @ 1 $ GDP WTP
Threshold

0.08

R: $6,330/QALY U: 95% @ 1 $ GDP WTP
Threshold
R: $6,330/QALY U: 95% @ 1 $ GDP WTP
Threshold

Physiotherapist-delivered exercise
therapy and/or manual therapy in
addition to usual care was costeffective relative to usual care from
both societal and health system
perspective.

2) Manual therapy vs
delivered usual care

%0.004

Abbott [23], 2019 (2013
NZD)

physician-

0.07

0.076
0.12

0.04
3) Combined
Individual
physiotherapist supervised exercise
and manual therapy vs physiciandelivered usual care

0.009

Losina [32], 2019 (2016
USD)

1) Supervised
dietary
caloric
restriction and individual exercise
program vs physician-delivered
usual care

0.054*

Bove [21], 2018 (2011
USD)

1) Physiotherapist supervised exercise
with booster sessions and manual
therapy vs exercise only

%0.10

0.03

0.062
2) Physiotherapist supervised exercise
only vs physiotherapist supervised
exercise with booster sessions

0.08

0.09

Kigozi [33], 2018 (2012
e2013 GBP)

Kloek [34], 2018 (2015
EUR)

O'Brien [35], 2018 (2016
AUD)

3) Physiotherapist supervised exercise
with booster sessions vs
physiotherapist supervised exercise
with manual therapy

%0.35

1) Individually tailored exercise vs
physiotherapist-delivered usual
care
2) Targeted exercise adherence vs
physiotherapist-delivered usual
care
Physiotherapy and e-exercise webapplication vs physiotherapistdelivered usual care

%0.015

Weight management education and 10
tailored coaching phone calls vs
physician-delivered usual care

0.00

%0.81

%0.03
0.01

R: Exercise cost-saving @ 5 yr
U: N/A, intervention dominated control
R: Exercise cost-saving @ 5 yr
U: N/A, intervention dominated control
R: $2,921/QALY @ 5 yr
U: N/R
R: Manual therapy cost-saving @ LT
U: N/A, intervention dominated control
R: Exercise and manual therapy costsaving @ 5 yr
U: N/A, intervention dominated control
R: Exercise and manual therapy costsaving @ LT
U: N/A, intervention dominated control
R: $30,000/QALY
U:68% @ WTP of $50,000/QALY

R: Exercise with booster sessions and
manual therapy produced higher
QALYS and lower costs @ 2 yr
U: Exercise with booster sessions and
manual therapy favored 33% and 30% of
the time @ WTP of $50,000/QALY and
$100,000/QALY over 2 yr
R: $5,059/QALY @ 5 yr
U: N/R @ 5 yr
R: $12,900/QALY @ 2 yr
U: Exercise and booster session
preferred at 60% and 63% of the time @
WTP of $50,000/QALY and $100,000/
QALY over 2 yr
R: $21, 548/QALY @ 5 yr
U: N/R @ 5 yr
R: Exercise with booster sessions costsaving @ 2 yr
U: N/A, intervention dominated control
R: Exercise with booster sessions costsaving @ 5 yr
U: N/A, intervention dominated control
R: intervention produced less QALYS
and cost more
U: <40% @ WTP of £20,000 per QALY
R: Intervention produced less QALYS
and cost more
U: <40% @ WTP of £20,000 per QALY
R: intervention produced slightly more
QALYs and cost slightly less
U: 68% @ WTP of V10,000 per QALY

R: $581,828/QALY
U: 63% @ WTP of $0/QALY

Individualized exercise therapy
with or without manual therapy
were cost-effective interventions
compared to usual GP care over 5year and lifetime from both societal
and health care payer perspectives.
Exercise therapy provided the most
health beneﬁt per dollar and was
cost-saving compared to usual GP
care in both perspectives.

Supervised diet and exercise
interventions compared to usual GP
care are highly cost-effective from
both societal and health system
perspective.
Over a 2- or 5-year time horizon
exercise therapy delivered by a
physiotherapist with booster
sessions dispersing treatment over
1 year provided the most costeffective treatment compared to
exercise therapy alone or exercise
combined with manual therapy.

From a health care payer
perspective individual tailored
exercise and targeted exercise
adherence were not cost-effective
compared to usual care delivered by
a physiotherapist.
Minimal difference in health
outcomes with less cost related to
the e-Exercise intervention
although large variability in results
suggest e-exercise is not costeffective compared to
physiotherapist-delivered usual
care from either a healthcare or
societal perspective. Adoption
decision should be based on
preferences of the patient and
provider rather than costs.
From a societal perspective tailored
coaching phone calls are not costeffective compared to usual care
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Table II (continued )
Author, Year (price year)

Intervention

QALY Diff.

Resultsy

Conclusion

Fernandes [36], 2017
(2012 EUR)

Supervised group neuromuscular
exercise and preoperative educational
package vs preoperative educational
package

0.05

R: Intervention produced more QALYs
and cost slightly less
U: ~60% @ WTP of V20,000*

Bennell [37], 2016 (AUD)
(price year N/R)

1) Pain coping skills training þ exercise
vs exercise only

0.03

2) Pain coping skills training þ exercise
vs pain coping skills training only

0.03

3) Pain coping skills training only vs
exercise only
1) Exercise therapy vs physiciandelivered usual care

0.01

R: Pain coping skills þ exercise costsaving
U: 95% CI [-$3,329 to $1,795]
R: Pain coping skills þ exercise costsaving
U: 95% CI [-$3,325 to $1,638]
R: Not reported
U: Not reported
R: V97,195 saved per QALY lost
U: 68% @ WTP of V20,000 per QALY and
76% probability of cost-saving

From a societal perspective
preoperative supervised
neuromuscular exercise was costeffective in patients scheduled for
THR and TKR surgery at common
willingness to pay thresholds.
From a societal perspective costsavings and a small improvement in
QALYs was observed for combined
treatment compared to either
individual treatment, but this was a
nonsigniﬁcant result.

0.005*

Hurley [27], 2012 (2003
e2004 GBP)

1) Manual therapy only vs physiciandelivered usual care
2) Individual
physiotherapist
supervised exercise vs physiciandelivered usual care
3) Combined
Individual
physiotherapist supervised exercise
and manual therapy vs physiciandelivered usual care
Group exercise and education vs
physician-delivered usual care

Jessep [40], 2009 (2005
GBP)

Group exercise and education vs
physiotherapist-delivered usual care

0.05*

Patel [41], 2009 (2002
e2003 GBP)

Arthritis self-management program (6
sessions) and education booklet vs
education booklet
1) Exercise vs healthy lifestyle control

%0.01

R: Less QALYs and cost less
U: 20% @ WTP of £30,000 per QALY

N/A

2) Diet vs healthy lifestyle control

N/A

3) Exercise and diet vs healthy lifestyle
control

N/A

R: $10 per % improvement on distanced
walked in 6-min walk test
U: P < 0.05
R: $35 per % of body weight lost
U: P < 0.01
R: $56 per % improvement in WOMAC
stiffness score
U: P ¼ 0.057

1) Combined individual and group
exercise and education vs
physician-delivered usual care
2) Individually administered exercise
and education vs group
administered exercise and
education

N/A

R: Not reported
U: >90% if WTP is £6,000

N/A

R: Not reported
U: <38% @ WTP of £19,200

Coupe [42], 2006 (2003
EUR)

Behavioral graded exercise and booster
session vs physiotherapist-delivered
usual care

%0.02

R: Behavioral grade exercise and
booster sessions produced less QALYS
and cost less
U: -V811, 95% CI [-V2106 to V946]

Richardson [44, 45], 2006
(1999e2000 GBP)

8-Week group exercise and homeexercise program vs home-exercise
program

0.023*

R: More QALYs with lower costs
U: 50% chance of being cost saving, 70%
@ WTP of £30,000 per QALY

Tan [38], 2016 (2011
EUR)

Pinto [39], 2013 (2009
NZD)

Sevick [28], 2009 (2000
USD)

Hurley [26], 2007 (2002
e2003 GBP)

0.006

0.035*

R: manual therapy was cost-saving
U: 77% @ WTP of $29,149/QALY
R: $163/QALY
U: 99% @ WTP of $29,149/QALY

0.008*

R: Combined exercise therapy and
manual therapy were cost-saving
U: 35% @ WTP of $29,149/QALY

N/A

R: Exercise and education cost-saving
U: 81% @ WTP of £0 for 1% gain in
proportion of patients receiving
clinically signiﬁcant improvement on
WOMAC
R: Group exercise and education were
cost-saving
U: N/A, intervention dominated control

From a societal perspective exercise
therapy is likely cost-saving
compared to physician-delivered
usual care
From New Zealand health care
payer perspective and society
manual therapy and exercise
therapy interventions are costeffective compared to usual care at
conventional willingness to pay
thresholds.

Interventions showed signiﬁcant
improvement in function and costsavings from a societal and health
care perspective.
Intervention showed improved
health outcomes and cost-savings,
but results need to be conﬁrmed in
a larger study
From a societal perspective, the
intervention is likely not costeffective compared to standard care
Exercise was the most efﬁcient
intervention for improving
functional measures, diet was the
most efﬁcient for reducing weight
and combined of exercise and diet
intervention was most efﬁcient for
improving WOMAC scores. It
remains difﬁcult to make direct
cost-effectiveness conclusions
without a willingness to pay
threshold, however, authors note
health care utilization is driven by
pain so combined exercise and diet
interventions are likely the most
efﬁcient use of health care
resources.
Moderate investment in
rehabilitation was likely more costeffective than usual care from a
health care or societal perspective if
decision-makers are willing to pay
for improvements in function
measured by WOMAC. Higher costs
for rehabilitation than usual care.
From a societal perspective
behavioral grade activity had lower
costs but may be incidental due to
large uncertainty surrounding the
estimate
Health care systems should
consider adding a supplemental
class-based exercise and education
because they are likely costeffective for most reasonable
willingness to pay thresholds.
(continued on next page)
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Table II (continued )
Author, Year (price year)

Intervention

QALY Diff.

Resultsy

Conclusion

Cochrane [43], 2005
(2003 GBP)

Group water-based exercise classes vs
physician-delivered usual care

0.013

Thomas [30], 2005 (1996
GBP)

1) Exercise
with
and
without
telephone support vs no exercise
with and without telephone support
2) Telephone
support
with
and
without exercise vs no telephone
support with and without exercise
therapy

N/A

N/A

R: £5,007/QALY
U: 50% probability of being costeffective @ WTP threshold of £6857
R: £2,570/patient with 50%
improvement in WOMAC
U: 80% @ £8,000 WTP
R: Not reported
U: Not reported

1) Aerobic training vs education

N/A

2) Weight training vs education

N/A

Lord [24], 1999 (1996
e1997 EUR)

Group education vs physician-delivered
usual care

N/A

From a societal perspective results
showed incremental improvements
in health with lower costs.
From a health care payer
perspective exercise has 80%
probability of being cost-effective if
the health care payer is willing to
pay £8,000 per patient who
experiences a clinically signiﬁcant
improvement in knee pain. No
signiﬁcant health differences were
observed between telephone
support and no telephone.
From a health care payer
perspective exercise interventions
may reduce utilization and produce
cost-savings in the health system
more than education services
although this post hoc cost analysis
should be interpreted with caution.
Group education programs in
primary care are not a cost-effective
use of resources providing no
evidence of clinical beneﬁt and
greater costs than usual care.

Mazucca [25], 1999,
(1996 USD)

Individualized self-care instruction vs
attention control placebo

N/A

Sevick [29], 2000 (2000
USD)

R: -$114/point gained in self-reported
disability
U: Not reported
R: -$117/point gained in self-reported
disability
U: Not reported
R: Intervention increased health care,
social and indirect costs by £225, £239,
and £98
U: No statistically signiﬁcant difference
in costs between groups in any
perspective.
R: Net savings of $76 per participant
receiving education
U: Statistically signiﬁcant between
group difference (p ¼ 0.015)

Investing in self-management
education programs produced
fewer clinic visits.

vs. ¼ Versus, R ¼ Results, U ¼ Uncertainty, LT ¼ Lifetime horizon, N/R ¼ Not reported, N/A ¼ Not applicable, GDP ¼ Gross Domestic Product, WTP ¼ Willingness
To Pay, QALY ¼ Quality Adjusted Life Year, QALY Diff ¼ Difference between intervention QALY and control QALY, WOMAC ¼ Western Ontario and McMaster
Universities Osteoarthritis Index.
NZD ¼ New Zealand Dollar, AUD ¼ Australian Dollar, USD ¼ United States Dollar, EUR ¼ Euro, GBP ¼ Pound Stirling, “intervention dominated by control” ¼ an
incremental cost-utility ratio is not calculated in a scenario where the intervention produced more QALYS with less cost, “cost-saving” ¼ a intervention produced
more QALYs and cost less than the control, Note: study designs, intervention, controls and health system characteristics limit comparability so we chose to report
natural prices instead of converting to common units.
*
Calculated by review authors.
y
Societal results are reported if authors documented both health care payer and societal perspective.

Table II

Osteoarthritis
andCartilage

Key results

analyses were conducted in 16 studies.21,23,24,27,28,30e45 Fourteen
studies used cost-effectiveness acceptability curves to assess decision uncertainty.21,26,27,30e45
Exercise interventions
Twelve publications evaluated exercise interventions compared
to either physician-delivered usual care23,31,38,39,43, physiotherapist-delivered usual care,33,34,42 exercise21,44,45 or education.29,30
Three publications evaluating the Management of OsteoArthritis
(MOA) trial showed a 3-month physiotherapy supervised multimodal exercise program with and without adjunct manual therapy
was cost-effective or cost-saving compared to physician-delivered
usual care over one, two and 5 years at a WTP threshold of
NZ$42,981 (one times 2009 gross domestic product per capita) in
New Zealand (NZ).23,31,39 Bove et al. observed a similar supervised
multimodal exercise program with booster sessions were costeffective at a US$100,000/QALY WTP threshold compared to exercise only in the United States (US).21 Sevick et al. also observed a 3month supervised exercise program and 15-month home exercise
program would reduce health care utilization and improve OA
symptoms compared to education in the US.29 In the Netherlands
(NL), Tan et al. found exercise therapy was cost-effective at
V20,000/QALY WTP threshold compared to physician-delivered

usual care but Coupe et al. showed a comparable exercise intervention had negligible difference in cost and outcomes compared
to usual care delivered by a physiotherapist.38,42 Kloek et al. found a
supervised exercise session with an online platform to monitor
exercise dosage and symptoms was not cost effective at V10,000/
QALY WTP threshold compared to physiotherapist-delivered usual
care in NL as well.34 Four publications evaluating exercise interventions in the United Kingdom (UK) found class-based exercise
had lower ICERs compared to physician-delivered usual care or a
home exercise program but exercise therapy with 8e12 sessions
was a similar ICER compared to exercise therapy with four
sessions.30,33,43e45
Exercise and education interventions
Five publications evaluated exercise and education interventions compared to either physician-delivered usual care,26,27
physiotherapist-delivered usual care40 or education, physiotherapist-delivered usual care40 or education.36,37 In the UK, the
Enabling Self-Management And Coping With Arthritic Knee Pain
through Exercise (ESCAPE-pain) program, a self-management education and progressive exercise program, was cost-effective at
1 year and cost-saving over 30 months compared to physiciandelivered usual care at £0 and £6,000 WTP thresholds.26,27 ESCAPE-

Please cite this article as: Mazzei DR et al., Are education, exercise and diet interventions a cost-effective treatment to manage hip and knee
osteoarthritis? A systematic review, Osteoarthritis and Cartilage, https://doi.org/10.1016/j.joca.2020.10.002

9

D.R. Mazzei et al. / Osteoarthritis and Cartilage xxx (xxxx) xxx

pain was adapted into a community-based format delivering a
standardized 6 week group program producing more QALYs and
costing less than physiotherapist-delivered usual care.40 The MEDIC
study consisting of education and 12-week group exercise program
was cost-effective compared to an education pamphlet for people
with knee OA receiving pre-surgical consultation in Denmark at
conventional WTP thresholds.36 In Australia (AU), Bennell et al.
used frequentist statistics to report combined exercise therapy and
pain coping skills training led to small QALY improvements for
marginally less costs compared to pain coping skills training alone
but ﬁndings were not statistically signiﬁcant.37

intensive 18-month diet and exercise intervention with the goal of
5% weight loss would likely be an efﬁcient use of health care resources compared to a healthy lifestyle control.28 Losina et al. used a
validated OA model to perform a CUA showing an intensive 18month Intensive Diet and Exercise for Arthritis (IDEA) intervention
was cost-effective at US$50,000/QALY WTP Threshold compared to
physician-delivered usual care over a lifetime horizon.32 The IDEA
trial aimed for 10% weight loss using a structured intensive daily
caloric restriction program with a 18 month facility or home-based
exercise intervention completed three times per week.46

Exercise and diet interventions

Diet interventions

Two studies in the US evaluated the combination of exercise and
diet compared to physician-delivered usual care or a healthy lifestyle education program.28,32 Sevick et al. used a CEA to show an

O'Brien et al. showed telephone-delivered weight loss consultations to individually tailor national dietary and physical activity
guidelines did not produce a clinical beneﬁt and cost more

Fig. 2

Cost-effectiveness plane representing intervention compared to control. Number Legend: 1: Patel, 2009 2:
Hurley, 2012 3: Jessep, 2009 4: Hurley, 2007 5: Fernandes, 2017 6: Bennell, 2016 7: Abbott, 2019 8: Abbott,
2019 (5yr) 9: Abbott, 2019 10: Bove, 2018 (2 yr) 11: Bove, 2018 (5 yr model) 12: Kigozi, 2018 13: Kloek, 2018
14: Tan, 2016 15: Pinto, 2013 16: Coupe, 2007 17: Thomas, 2005* 18: Cochrane, 2005 19: Richardson,
2004 20: Sevick, 2009* 21: Losina, 2019 (LT model) 22: Sevick, 2000* 23: O'Brien, 2018. * ¼ CostEffectiveness Analysis, yr ¼ Year, LT ¼ Lifetime. Note: All costs converted to 2019 US Dollars. Note: CMA
were not included in this ﬁgure. Note: The horizontal axis represents the incremental difference in health
outcomes between the intervention and comparator of each study. The vertical axis represents the incremental difference in costs between the intervention and comparator of each study. Studies in the lower
right quadrant show the intervention produces more QALYs at a lower cost, meaning the new intervention is
cost-saving and would be recommended for adoption. Studies in the upper left quadrant produce fewer
QALYs at a higher cost, meaning the new intervention is not cost-effective and will not be recommended for
adoption. Studies in the upper right quadrant are considered cost-effective if the incremental cost-effective
ratio is below the decision-maker's willingness to pay threshold (shown by the dashed line). A similar
willingness to pay threshold may also be used for adoption decisions in the lower left quadrant but it is not
shown here because decision-makers typically do not choose to implement interventions producing worse
health outcomes even if they cost less. Note: Directly comparing the relative position of studies on this
ﬁgure is not recommended, as this ﬁgure does not account for different comparators and health care
system characteristics.
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Fig. 3

Authors' risk of bias assessment using the CHEC list. Note: Risk of bias assessment was not conducted on
preliminary results from Abbott, 201,923.

compared to physician-delivered usual care for participants with
knee OA waiting for a surgical consultation in AU.35
Education interventions
Three publications evaluated education interventions compared
to either physician-delivered usual care24 and education41 or placebo.25 Mazzuca et al. conducted a CMA in the US, which assumes
health outcomes were the same, and reported health system costsavings from an intervention with an arthritis educator nurse recommending exercise, pain management and joint protection.25
Lord et al. also conducted a CMA showing the nurse-led group
education in the UK increased costs compared to physician-delivered usual care in the UK.24 Patel et al. used a more rigorous CUA to
determine group education produced fewer QALYS and cost less
compared to an education booklet in the UK health system.41
Subgroup analysis
Eight exercise interventions were considered either cost-saving
or cost-effective compared to controls. An additional seven studies
found structured exercise therapy with education or diet as an
adjunct to exercise therapy were cost-saving or cost-effective

Osteoarthritis
andCartilage

compared to controls. No trends were observed in the subgroup
analysis for intervention, country or inclusion criteria. There were
not enough nonrandomized studies to conduct a subgroup analysis
compared to randomized studies.
Risk of bias assessment
Methodological quality has improved since the previous systematic review and reference case were published (Fig. 3).7,8 Twelve
publications have been produced since the previous systematic
review and 10 publications since the reference case was published.
All publications provided appropriate competing alternatives,
research question and valued costs appropriately. Patient population (95%), study design (95%), time horizon (91%), perspective
(59%), measured costs (64%), outcomes identiﬁed (91%), outcomes
measured (95%), outcomes valued (45%), incremental cost-effective
analysis (45%), discounting (59%), uncertainty analysis (68%), conclusions (82%), generalizability (59%), conﬂict of interest/funding
(68%) and ethical issues/distribution (14%) were appropriately
considered (% compliant). Identiﬁcation of costs were insufﬁcient
when all costs in the chosen perspective were not
identiﬁed.21,28,29,37,43 Supported by evidence from Petrou et al. we
deﬁned cost-questionnaires with longer than 3-month recall
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insufﬁcient for accurately measuring costs.21,26,27,29,33,35,40,43,47 We
considered outcomes to be valued inappropriately if justiﬁcation
was not provided for using population weights from a different
country.24,27e31,35,37,39,40,42,43 Discount rates were not included over
1 year29,33,36,42 and appropriate justiﬁcation was not provided for
publications under 1 year.24,25,37,38,40 Eight authors did not sufﬁciently explore the generalizability of their ﬁndings to the decisionmaking context.25,29,30,32,35,38,40e42 Seven publications did not
provide a conﬂict of interest statement.25e30,37 One study did not
report the funder.30 Only three publications provided sufﬁcient
ethical considerations related to the distribution of treatment
beneﬁts within the general population.39,41,43
Discussion
Exercise interventions with or without education and diet
adjunct therapies compared to physician-delivered usual care or
education appear to be cost-effective or cost-saving at conventional
WTP thresholds in numerous health systems. We found 15 out of 16
publications concluded exercise interventions (four with education
and two with diet) were cost-effective or cost-saving compared to
education or physician-delivered usual care at conventional WTP
thresholds while three publications reported exercise interventions
compared to physiotherapist-delivered usual care were not costeffective at conventional WTP thresholds. Cost-effectiveness of core
treatments seems to depend on the effectiveness of the intervention, the comparator and health care system characteristics.
More structured interventions appear to be clinically effective
and cost-effective while less structured interventions are not.
Highly structured programs such as MOA, ESCAPE-pain, MEDIC and
IDEA produced signiﬁcant clinical beneﬁts and were cost-effective
compared to physician-delivered usual care at conventional WTP
thresholds.7,23,26,27,31,32 Meanwhile providing only education about
appropriate self-management, exercise and diet for OA did not
consistently produce incremental health beneﬁts at or below conventional WTP thresholds compared to physician-delivered usual
care or placebo.24,25,35,41 Similar ﬁndings were observed in a recent
publication showing physician and nurse teams providing education and medication review aligning with National Institute for
Health and Care Excellence (NICE) clinical guidelines is not an
adequate intervention for people with hand, hip, knee and spine
OA.48 Structured programs might improve clinical effectiveness and
cost-effectiveness by encouraging treatment adherence. Sensitivity
analyses conducted by Cochrane et al. found treatment adherence
improves clinical effectiveness and cost-effectiveness results when
evaluating aquatic exercise programs compared to physiciandelivered usual care.43 Structured programs are also expected to
produce incremental health beneﬁts for multiple years after the
intervention has been completed.21,23,32 Although more costly to
deliver, a structured supervised program may improve treatment
adherence enhancing clinical effectiveness making the program a
worthwhile investment at conventional WTP thresholds.
‘Usual care’ was the most common comparator although 10
publications used physician-delivered usual care and four publications evaluated usual care delivered by a physiotherapist. Usual care
provided by a primary care physician and physiotherapist are
markedly different which may have led to different conclusions.
Participants receiving usual care from a physiotherapist are likely
being prescribed exercises whereas physician-delivered usual care
may include drug management and general physical activity recommendations but speciﬁc exercise prescription would be unlikely.
Incremental treatment difference between a speciﬁc exercise program and usual care delivered by a physiotherapist is likely smaller
than evaluating an exercise program compared to physician-delivered usual care. The incremental difference between intervention
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and control arms are likely to show different cost-effectiveness
conclusions when usual care is delivered by a physician or physiotherapist. Our results suggest that adding structured programs
delivering core treatments into health systems where OA is managed
by primary care physician without physiotherapist support would
likely produce incremental treatment effects within the cost decision-makers are willing to pay for those greater health beneﬁts.
Optimizing care by integrating core treatments into clinical
pathways would likely deliver clinically effective and cost-effective
care to people managing OA. Previous systematic reviews show
surgical and pharmacological interventions are also cost-effective
interventions for the appropriate person living with OA.3,49e51
Marra et al. found a pharmacist-led optimized care intervention
was cost-effective compared to physician-delivered usual care at
conventional WTP thresholds in Canada.52 The pharmacist led
intervention included a medication review, communication with
the primary care physician, referral to a structured education and
exercise intervention delivered by a physiotherapist and follow-up
pharmacist consultations.52 Cost-effectiveness of optimized primary care interventions may also be underestimated if nonsurgical
OA management programs delay or avoid surgery. A recent trialbased economic evaluation of total knee arthroplasty observed 68%
of surgical candidates randomized to an exercise therapy intervention have not proceeded to surgery 2 years after the study
period.53 This exercise and education program would pay for itself
if 8% of people with knee OA avoided a total joint replacement.54 An
integrated pathway aligning with OA clinical guidelines would be
cost-effective in multiple health systems but could be cost saving if
total joint replacement were avoided.
Our results contribute a number of notable observations since
the previous systematic review produced by Pinto et al.7 Many
authors have conducted trial-based economic evaluations over
1 year or longer, consistently applied discount rates and compared
interventions to usual care since Pinto et al. recommended these
methodological improvements. Cost-utility analyses are also the
primary type of full economic evaluation being conducted. Most
recent publications have reported both a societal and health care
payer perspective which aligns with ISPOR good practice guidelines, the reference case and CHEC List.8,22,55 Health care payer
perspectives are being produced at the same time which continue
to align with national regulatory guidelines.15,17,56 Although study
quality has improved, some methodological challenges persists.
Collecting resource use with cost-questionnaires was highly
variable and impacted methodological quality in several papers.
Cost-questionnaires are easily administered but recall bias is a
concern.47 Tan et al. cross-referenced patient-reported physiotherapy visits with medical records and found 11% of participants
accurately reported their attendance while 52% overreported and
38% underreported the number of physiotherapy sessions they
attended.38 Petrou et al. found patient-reported resource use was
90% accurate for hospital inpatient admissions, hospital-delivered
outpatient services and adverse events but 30% accurate for community-based care.47 Cost diaries may produce more reliable results but are more onerous to complete.42 Rather than relying on
memory, administrative data was a more robust method used by six
publications for collecting health care resource.20,21,25,33,34,36
Abbott and Pinto validated the Osteoarthritis Cost and Consequences Questionnaire showing patient-reported cost-questionnaires can produce a good cost estimate as an alternative to
collecting administrative data in NZ.57
Strengths and limitations
Our review focused on trial-based economic evaluations
because methodological differences limit comparability of model
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and trial-based studies, trials are more common than models in this
research ﬁeld and trial-based economic evaluations allow for a
more robust comparison by collecting patient-level cost and outcomes.10,18,58e60 The use of the CHEC list is also a strength as it is a
validated risk of bias tool that was speciﬁcally designed to assess
the quality of trial-based economic evaluations and is recommended as the risk of bias assessment tool for systematic reviews of
trial-based economic evaluations.10,17,18 However, a limitation of
the CHEC list is that it does not include a quality scoring rubric so a
cumulative quality score cannot be reported.
Study designs and health system characteristics continue to
limit comparability between trial-based economic evaluations.
Limited comparability and absence of meta-analysis techniques to
pool cost-effectiveness estimates limit the ability of systematic
reviews of economic evaluations to draw strong conclusions like
systematic reviews of clinical trials. Our multi-purpose systematic
review was conducted to critically appraise the literature so we did
not take the additional step of assessing the clinical trials risk of
bias using Grading of Recommendations Assessment, Development
and Evaluation (GRADE) which is recommended when the purpose
of systematically reviewing economic evaluations is to inform
clinical practice guidelines.11,61 Lastly, assessing risk of bias in
economic evaluations will include some level of subjectivity based
on authors knowledge and biases. We attempted to reduce bias by
independently applying the CHEC list and strictly adhering to the
assessment instructions.22 When our interpretation of instructions
differed a content matter expert (DAM) would resolve conﬂicts.
Disagreements and ﬁnal decision were documented to create decision rules which were uniformly applied across all studies.
Policy implications
Integrating core treatments into clinical pathways and health
care payment plans would likely be a worthwhile investment at
conventional WTP thresholds. Overall health system performance
would likely improve if health systems providing physician-delivered usual care implemented structured OA management programs
which include exercise therapy with or without diet and education.
Health systems currently delivering core treatments in clinical
pathways must carefully consider the added beneﬁt and cost of
adjunct therapies to encourage long-term treatment adherence and
behavior change.

recommend the ﬁve-level version instead of the three-level to
mitigate ceiling effects observed in OA populations.63,64 Lastly,
treatment adherence and surgical costs should be evaluated in
sensitivity analyses for all future studies evaluating cost-effectiveness of core treatments for OA. Measuring adherence will enable
analysts to conduct sensitivity analysis to evaluate how adherence
impacts cost-effectiveness results.
Conclusion
Exercise interventions with or without education and diet as
adjunct therapies appear to be cost-effective in numerous health
systems although variability in study designs limit comparability.
These ﬁndings suggest health system performance would likely
beneﬁt from integrating high quality, supervised exercise programs
into funded or insured clinical pathways.
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Recommendations for future research
This systematic review can be used to support local funding
decisions for core interventions. Analysts can assess transferability
of the publications which may require modelling techniques or
additional trial-based economic evaluations to inform local funding
decisions. Cost-effectiveness is an important criterion for funding
decisions but health care decision-makers are also concerned with
affordability of new interventions. Analysts can assess affordability
with budget impact analyses techniques.62 Whether core treatments reduce the risk of surgical intervention is an outstanding
question. Evaluating long-term follow-up (i.e. 5 or 10 years) of
previously published randomized controlled trials of core treatment may identify whether core treatments modify risk of surgical
interventions.
Future economic evaluations of OA interventions should align
methods with the reference case and take additional steps to collect
high-quality data using administrative data, validated cost-questionnaires and the most current PROMs.8 Administrative data is
preferred for collecting health resource use. Patient-borne costs can
be collected using validated cost-questionnaires in 3-month time
periods or less to limit recall bias. If authors use the EQ-5D, we also
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Objective: To identify what factors drive choices among interventions for hip or knee osteoarthritis (OA), and to
rank the characteristics of interventions.
Methods: In this phased, mixed-methods design involving cross-sectoral and multi-disciplinary stakeholders –
healthcare consumers, providers, policy-makers, M!aori health advocates and OA experts – we used the Nominal
Group Technique in focus groups to generate data. We conducted thematic analysis of the focus group data to
inform a framework of categories and sub-categories describing factors and characteristics inﬂuencing the choice
of OA interventions. We then used a dual-panel, two-round e! Delphi survey to verify the framework and rank the
characteristics of interventions.
Results: From six focus groups (n ¼ 38 participants), 364 factors were identiﬁed and clustered into 56 themes
(mean 9 themes per focus group; range 5–15). Thematic analysis revealed a framework of 3 core categories:
characteristics of interventions (10 sub-categories), characteristics of consumers (10 sub-categories) and characteristics of the health system (7 sub-categories). In Delphi round 1, the framework was veriﬁed by each of two
panels (n ¼ 65, #80% acceptability). In round 2, two characteristics of interventions were combined, resulting in
9 characteristics (in decreasing order of importance): effectiveness, appropriateness, quality of the evidence,
accessibility, harm, cost, duration, passivity, and immediacy of intervention effect.
Conclusion: Stakeholders make choices among interventions for hip or knee OA within a framework of characteristics of interventions, of consumers, and of the health system. We identiﬁed and ranked 9 key characteristics of
interventions that stakeholders consider when choosing or recommending interventions for hip or knee OA.

1. Introduction
Clinical practice guidelines (CPGs) for the management of hip and
knee osteoarthritis (OA) consistently recommend core management
strategies of exercise, weight loss, education and self-management [1,2].
Yet the care received by people with OA is often at odds with these core
strategies [3,4]. Successful implementation of interventions and health
system strategies for OA are inﬂuenced by numerous factors, often
involving multiple actors [5]. For example external context (e.g. health
policy and infrastructure); organizational culture (e.g. culture and
leadership); professional attributes (e.g. beliefs and attitudes to change)
[5]; and consumers' and providers’ attitudes about OA and OA interventions [6,7].

Fundamental to an intervention's successful implementation is its ‘ﬁt’
within a local health system (context), which depends on the compatibility of the characteristics of interventions with stakeholders' preferences for those characteristics [5]. The preferences and expectations [8]
of health care consumers and providers about characteristics such as
treatment effectiveness, cost and accessibility may impact the intervention's overall suitability within a particular context. For these reasons,
characteristics of interventions must be considered when developing or
implementing local health system strategies, such as Models of Care
(MoC) [9]. Preferences for these characteristics are often studied at one
level of the health system and are less focussed. For example ‘healthcare
decision-making’ among clinical decision-makers and policy-makers
[10], or separately among patients [11]. An important knowledge gap
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sampling of eligible stakeholders was used to maximise the diversity of
participant perspectives, to reduce the risk of limited perspectives being
represented within stakeholder groups. The M!
aori health advocates
group were included as M!
aori experience overall disproportionately
worse health outcomes relative to the non-M!
aori population in Aotearoa/NZ [18]. For each of the above stakeholder groups, focus groups with
4–8 participants were formed [19].
Stakeholders from professional, government and non-government
organisations and health care provider agencies were invited to participate by telephone and email. Consumers were targeted using local
newspaper advertisements and recruitment ﬂyers at local community
centres. Participants from across the public and private health sectors
were sampled from a NZ business directory and an online health-service
database (https://healthpages.co.nz/). OA experts were initially identiﬁed using an online database (http://expertscape.com/) and reviewed by
two authors (JC and JHA) with regards to their eligibility. Because of the
small population of OA experts in NZ, Australian OA experts were also
included on the basis that beliefs about the management of OA should not
differ between the two countries given similarities of the health systems
in these neighbouring countries and consistency of international clinical
practice guidelines [1,2].

remains concerning the characteristics multi-level stakeholders consider,
and their preferences for these characteristics.
The aims of this study were to: 1) identify the factors considered by
relevant stakeholders, across a range of health care settings, when
choosing or recommending OA interventions and express these in a
conceptual framework; and 2) deﬁne and rank the main characteristics of
interventions according to the relative importance placed on them by
stakeholders.
2. METHODS
2.1. Design
In this two-phase, mixed-methods study (Fig. 1), phase 1 consisted of
focus group discussions conducted using the Nominal Group Technique
(NGT) [12]. The NGT data were pooled and thematically analysed to
identify priority themes [12,13]. Phase 2 was a dual-panel, two-round,
eDelphi study. Round 1 aimed to verify the framework and the focus of
round 2 was to rank the importance of the characteristics of interventions. Our design included these validation processes: (i) independent parallel coding of NGT data with reduction into a composite
framework to minimise researcher bias (ii) a dual-panel eDelphi which
included an external and independent panel to verify the content validity
of the Framework.
The study was conducted in New Zealand (NZ) between November
2016 and August 2017. The methods and results for phase 1 are presented according to COREQ-32 [14] criteria for reporting qualitative
studies (Supplement 1). Study phase 2 follows guidance on reporting and
conducting Delphi studies (CREDES) [15] and the recommendations of
Diamond and colleagues (2014) [16]. Ethical approval was obtained
from the University of Otago Human Ethics Committee (D16-329).

2.2.2. eDelphi survey
The dual-panel eDelphi survey was conducted using Qualtrics (Provo,
USA). Panel A included phase 1 participants. Panel B, convened to
concurrently assess the content validity of the Framework, comprised
participants satisfying the same inclusion criteria but who were unable to
take part in the focus groups.
3. Protocols & data analysis
3.1. Focus group protocol (phase 1)

2.2. Sampling and recruitment

In phase 1, focus groups were facilitated using the mixed-method
NGT. The NGT structures group discussion in response to a question
that can then be prioritised through group consensus in real-time. Focus
groups generated data comprising: factors (representing the factors
affecting stakeholders’ choice of OA interventions), themes (factors
grouped into themes, by participants), top 7 themes ranked by importance (by the participants), audio transcripts and ﬁeld notes (hereinafter

2.2.1. Focus groups
We sampled 5 stakeholder groups: health care consumers, providers,
policy-makers, M!aori health advocates and OA experts. Convenience and
snowball sampling generated lists of stakeholders, who were screened
against inclusion criteria adapted from a previous qualitative study of
cross-sectoral experts in musculoskeletal MoC [17] (Table 1). Purposive

Fig. 1. Summary of the study design.
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$ Experience in health service or programme
delivery, coordination, management or
funding related to musculoskeletal health
care and/or chronic disease (that
implicitly includes OA) for at least 1 year at
a senior level in NZc
$ Experience at a seniora level in
musculoskeletal and/or chronic disease
(that implicitly includes OA) health policy
or advocacy for at least 1 year in NZ
$ At least one participant reﬂecting each of
the sub-categories below
$ Community services health policy or
strategy decision-maker
$ Public health services health policy or
strategy decision-maker (District Health
Boards and Primary Health Organisations)
$ Assessment, treatment and rehabilitation
services health policy or strategy decisionmaker
$ National-level advocacy for arthritis health
care
$ Health service management or
coordination at secondary hospital setting
$ Health service management or
coordination at primary care setting

Inclusion criteria

3

d

c

b

a

$
$
$
$
$

General Practice
Physiotherapy
Rheumatology
Orthopaedic surgery
Community pharmacy

$ Experience in delivery of clinical care for
people with arthritic conditions at a
senior practitioner levelb for at least 5
years in NZ
$ Awareness of guidelines for OA
$ At least one participant reﬂecting each of
the sub-categories below

$ Awareness of guidelines for OA
$ At least 5 years experience in
undertaking clinical and/or health
services research in arthritis or health
care-related implementation science at a
senior levelb with evidence of peerreviewed publication(s) in the area
$ At least one participant reﬂecting each of
the sub-categories below

$ Model of care or clinical practice
guideline development expert
$ Clinical epidemiologist in OA
$ Academia and education in OA

Clinical practitioner

Osteoarthritis expert in clinical or health
services research in NZ or Australia

$ At least one participant
reﬂecting each of the subcategories below

$ At least one male
$ At least one female
$ M!
aori service provider
$ At least 40% male
$ At least 40% female
$ National-level advocacy for arthritis
health care

M!
aori health advocate

$ Meets the NICE clinical criteria for
diagnosis of OA (i.e.: 45 years or over;
has activity-related joint pain, and
either; has no morning joint related
stiffness or morning stiffness lasting less
than 30 min)
$ At least one participant reﬂecting each of
the sub-categories below

Consumerd

At least senior ofﬁcer or manager level of employment.
Fellowship level for medical practitioners (e.g. FRNZCGP); senior clinician level for other disciplines; associate professor level for researchers.
At least at the manager or head of department level.
Self-reported diagnosis of OA or determined by the National Institute for Health and Clinical Excellence guideline recommendation for diagnosis of OA [36].

Sub-categories

Health policy/strategy, advocate or health
service/programme delivery in NZ

Stakeholders

Table 1
Inclusion criteria for the focus group discussions (phase 1).
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the data). The remaining focus group transcripts were coded using this
abductively-derived coding framework, until a broad thematic framework of participants' considerations emerged. Next, the analysis focussed
on identifying speciﬁc NGT data that were related to the overarching aim
of the study. These data were open coded by JC until a primary thematic
framework of stakeholders’ considerations emerged.
Thirdly, a thematic framework representing participants’ choicemaking with respect to OA interventions was developed. Using the
same analytical approach undertaken by JC, two researchers experienced
in qualitative analysis (AMB, JHA) independently coded and analysed
the transcribed NGT results and illustrative quotes to develop two independent frameworks. JC then mapped these two frameworks onto the
primary framework to identify areas of concordance and discordance. In
two meetings (arbitrated by PH) these 3 analysts reviewed the three
frameworks and the results of the mapping exercise to agree on a
consensus framework (hereinafter referred to as the Framework) consisting of categories and sub-categories.
Consistent with the a priori research question, i.e. to focus on the
characteristics of interventions, the sub-categories describing the characteristics of interventions were further reﬁned by consensus (JC, JHA,
AMB) into discrete sub-categories that were generalisable, complete and
non-redundant – desirable characteristics of criteria in MCDA [25,26].

“NGT data”; see Fig. 1). From these data, thematic analysis resulted in a
framework (hereinafter “the Framework”) of categories and subcategories (term descriptors are seen in Fig. 2).
Face-to-face and virtual (digital) focus groups were conducted for
each stakeholder group separately using the NGT [12]. Each focus group
was audio-recorded and transcribed verbatim for analysis. The question
posed to participants to discuss was deliberately broad to capture all
possible characteristics of interventions: “What factors do you consider
when recommending or choosing one treatment option over another, for
hip or knee OA?” Consumers were posed the question in the context of
their own experience: ”What factors do you use to choose one treatment
option over another for your OA?”
The ﬁrst author (JC) was trained in the NGT by a researcher (CC),
experienced in the method; CC facilitated the ﬁrst focus group, assisted by
JC, who facilitated all subsequent sessions. Two hours were allocated for
each group, structured using ﬁve standard NGT steps [12]: (1) introduction and explanation (~5 min), (2) individual and silent generation of
factors (15 min), (3) sharing factors identiﬁed in step 2, individually with
no group discussion (20 min), (4) group discussion and participant-led
clustering of factors into themes (40 min), and (5) voting and ranking
of themes (20 min). These 5 steps are detailed in Supplement 2.
In anticipation of the focus groups generating potentially many
themes, participants were asked to identify and rank their top 7 themes –
on the basis that this number of characteristics is commonly used in
health valuation studies employing multi-criteria decision analysis
(MCDA) [20]. In the case of OA experts, participating in a virtual environment using a modiﬁed NGT, steps 1 and 2 were performed online
using Qualtrics. Responses were collated and clustered ofﬂine by JC. For
step 4, the preliminary clustered ideas were then presented to the OA
experts, using Zoom videoconferencing (San Jose, USA) and RealtimeBoard (www.realtimeboard.com).

3.3. eDelphi protocol (phase 2)
Phase 2 was a two-round, dual-panel online Delphi (eDelphi) survey
to verify the Framework and to rank the sub-categories describing
characteristics of interventions (Fig. 1). The protocol was based on a
previously published process [9].
A two-round eDelphi was planned a priori, regardless of the overall
level of agreement with the Framework after round 1. Two panels were
planned for veriﬁcation the Framework and validation of the results.
Participants anonymously completed the survey and were eligible for a
NZ$100 gift voucher upon completion of both rounds. Email reminders
were sent after each round to increase the response rate.
The aims of round 1 were to: i) verify that no characteristics of interventions important to stakeholders were missing from the analysis
(Panel A) and; ii) establish the content validity of the Framework (Panel
B). Both panels provided ratings of agreement for the overall Framework
(assessed using a 5-point Likert scale: strongly agree, agree, neutral,
disagree, strongly disagree) and acceptability of the derived subcategories (assessed using a 3-point Likert scale: completely agree,
partially agree, disagree). Free text ﬁelds allowed participants to
comment on any component of the Framework, and participants were
prompted to explain their answer on any disagreed (disagree/strongly
disagree) component. Participants were also asked to add any essential
characteristics of interventions missing from the Framework. Demographic data were captured in round 1. Round 2 focussed on ranking
the importance of the characteristics of interventions. Panels A and B
were pooled for this quantitative analysis.

3.2. Qualitative data analysis
For the thematic analyses we used the abductive approach [21] which
builds on the general inductive approach described by Thomas [22].
From this perspective we accepted a priori that the research team's primary frame of reference (evidence-based practice and evidence-based
policy-making) [23,24] would inﬂuence the thematic analyses.
First, the NGT data generated from the focus groups were organised
using the software package Atlas.ti (Ver.7, Berlin, 2015).
Second, JC performed a thematic analysis of the data following the
steps described by Thomas (2006) [22], and guided by the advice of
McMillan and colleagues (2014) to aggregate diverse and multiple-group
NGT data [13]. The iterative process of open-coding raw data began with
reading all results and transcripts from the consumer and health care
provider focus groups, verbatim. Preliminary codes emerging from the
text resulted in the creation of categories and sub-categories (hereinafter,
“themes” and “factors” refer to patterns identiﬁed in the raw data;
“categories” and “sub-categories” refer to the analysts' constructions of

Fig. 2. Description of terms used in this paper for factors, themes, categories and sub-categories.
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in each stakeholder group are summarised in Table 2. Steps 2 and 3 of the
NGT produced 364 factors. After the removal of duplicates, 258 unique
factors emerged across focus group discussions (mean 43 per group;
median 39; range 29–62). Step 4 produced a median of 9 (range 5–15)
participant-clustered themes per group (total 56 overlapping themes).
Step 5 produced themes ranked by importance which broadly overlapped
across groups concerning consumer-related factors (e.g. clinical status
and consumer preferences), themes related to efﬁcacy and safety of
intervention and health system factors (e.g. intervention accessibility and
culturally appropriate practices). The OA expert group, conducted by the
modiﬁed NGT that did not include step 5, produced themes echoed in the
other groups. The results of the NGT exercise (the NGT data) are reported
in Supplement 2, Table S1.
Initial independent thematic analysis by the researchers (JC, AMB,
JHA) produced three frameworks, each with 3–10 categories, comprising
5–17 sub-categories. Two rounds of discussion leading to consensus
resulted in a thematic framework of three over-arching categories: 1)
characteristics of consumers (10 sub-categories), 2) characteristics of
interventions (10 sub-categories), and 3) characteristics of health systems (7 sub-categories) (Fig. 3). A summary description of the Framework is presented in Table 3(sub-category descriptions and supporting
illustrative quotes are in Supplement 2, Tables S2–S3).

3.4. eDelphi survey data analysis
An a priori consensus for round 1 of the eDelphi was deﬁned as #80%
complete or partial agreement for the sub-categories (3-point Likert
scale: completely agree, partially agree, disagree), and #80% agree or
strongly agree for the overall framework (5-point Likert scale: strongly
agree, agree, neither agree or disagree, disagree, strongly disagree). The
qualitative aspect of round 1 comprised content-analysis of participants'
free-text comments to identify new categories or sub-categories emerging
from either panel. We performed further analysis of free-text comments
across all the sub-categories rated as ‘disagree’ from >20% of respondents (per group) to clarify the descriptions of the characteristics of
interventions carried into round 2.
The aim of round 2 was to rank the characteristics of interventions by
importance. Consistent with the a priori research question, from this
point on the eDelphi survey was limited to the characteristics of interventions; other categories and sub-categories of the Framework were
not evaluated further. We calculated the average rank of the characteristics of interventions, from most-to least-important, within stakeholder
groups and for the overall sample. Level of agreement was assessed using
Kendall's W within and across the groups, where 0.1, 0.3, 0.5, 0.7 are
very weak, weak, moderate and strong levels of agreement respectively
[27]. To ensure the ﬁnal set of characteristics was representative of all
groups (which differed in size), the top two ranked characteristics for
each group were included in the ﬁnal aggregated list of characteristics,
regardless of their overall ranking, providing that adequate within-group
agreement was demonstrated (Kendall's W > 0.1, p < 0.05). Data were
analysed using IBM SPSS Statistics (ver.24, Armonk, NY).

4.2. eDelphi survey
Delphi round 1 included 65 participants (4 phase 1 participants lost to
follow-up in Panel A, N ¼ 34; Panel B, N ¼ 31). In round 2, 3 participants
were lost to follow-up due to personal circumstances (95% retention
rate). The panels’ demographic characteristics are summarised in
Table 2.

4. RESULTS
4.1. Focus group discussions

4.3. eDelphi round 1 outcomes

Six focus group meetings were held (N ¼ 38, 61% female; n ¼ 3–11
participants per group, median 6 [IQR 3.3]), each lasting approximately
90 min (range 60–120 min). Roles, experience and number participating

The overall acceptability of all the categories of the Framework was
conﬁrmed by panels A (91% strongly agree or agree) and B (94% strongly
agree or agree) and by the stakeholder groups (Supplement 3,

Fig. 3. Thematic representation of the three over-arching categories and sub-categories, derived from the 56 themes generated by the focus discussion, that stakeholders consider in their choice of hip or knee osteoarthritis intervention.
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Response rate of N ¼ 34 (89%).
Response rate of N ¼ 62 (95%).
Deﬁned by primary role.
Two stakeholders were interviewed face-to-face.
Two focus group meetings were conducted for the health care provider group.
Sub-group level data was not collected for eDelphi survey.
p ¼ 0.036 (Mann-Whitney U).
n ¼ 4 Australians.

Osteoarthritis experts

Health policy-makersf
Heath policy or
programme
developers
Health system funders
Health service delivery,
coordinators or
managers

Health care providerse
General practitioner
Physiotherapist
Orthopaedic surgeon
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Rheumatologist
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aori health
advocatesd

Consumers
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–
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eDelphi Round 2
Pooledb

(N ¼ 38)
Panel B (N ¼ 31)

eDelphi Round 1 (Phase 2)
Panel Aa

Focus groups (Phase 1)

Table 2
Demographic characteristics of the focus group (phase 1) and eDelphi survey (Phase 2) participants at rounds 1 and 2.
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$ Clinical status of individual's osteoarthritis. The recommendation or selection of
intervention based on objective tests, patient reported symptoms and age.
$ Presence of other conditions. For example, diabetes, heart disease and mental
health, and the medical care being received for these conditions which may
inﬂuence intervention choice.
$ Patient attitudes and beliefs. Intervention options need to reﬂect a consumer's (and
their family's) beliefs about OA, as well as beliefs or expectations about the
intervention options.
$ Capacity to self-manage. Consumer's health literacy, attitudes and beliefs about OA
(e.g. perception of pain), and capacity to self-manage and navigate the health
system.
$ Treatment goals. Treatment options need to relate to the immediate and longer-term
functional goals of the consumer now and into the future.
$ Desperation (e.g. from pain). Once consumers felt that they had exhausted the
therapeutic options immediately available to them to manage the symptoms of OA
they sought to improve their quality of life by trying other interventions or
medicines (e.g. herbal remedies) with poor evidence supporting their safety, beneﬁt
or interaction with other interventions.

(continued on next page)

$ “The trouble is there's the objective parts of what you ﬁnd out about the patient
and then there's the subjective part that they contribute which they talk about. So,
to me those are the two separations and I would see them as being quite important
to me. So, your x-rays, your scans, your blood tests and all that, I see them as
being objective versus what the patient says and how incapacitated they say they
are, all that sort of stuff which a subjective thing is.” Health care provider #1
$ " … a couple of things that always worry me are whether they've got a chronic
pain syndrome and whether they've got a chemical addiction already when you're
considering what you're gonna do. Those two things inﬂuence me quite a bit with
what I'm going to suggest that they might contemplate doing.” Health care
provider #1
$ “Desire. Like after all is said and done you can explain the beneﬁts, present
evidence based practice, and if they don't want to take it they just don't want to
take it. They've got to want to; they've got to want the treatment. And someone
might just want to die and not take the treatment; like I'm over this, I'm sick of
being old. I have patients say that: ‘Don't get old dear, don't get old’ … or you
might be like the 20th health professional to contact them about this and
they just stop … They're just over it.” M!
aori advocate #1

$ “Availability; for example, I explored physiotherapy and exercise options but I
live an hour or so out of town … to access services whether it be the public system,
whether it be close to; in my case travel's a factor.” Consumer #6
$ Capacity and conﬁdence and motivation might be different; I might put that as a
different ‘cause somebody might have the capacity and conﬁdence, but they're not
motivated to change … if you look at the goal-setting care plans, the way they're
done, those sorts of things [factors related to self-management] would deﬁnitely
be taken into consideration.” Osteoarthritis expert #1
$ “A whole lot around cost; what the particular cost is. The difference to the lifetime
cost system and also the patient's lifetime costs. The value for money. (Health
Policy #5)
$ “I made a note about this just while conversation was going on earlier about
surgery and last resorts because from my point of view I would much prefer
surgery to a drug medication that goes on and on and on.” Consumer #7
$ “I guess in a sense we might say that all the evidence or whatever we might come
up with on paper says that this is the right treatment, but actually for certain
groups of people in society it might be the wrong treatment because it might be
unfeasible because they're rural or can't afford to travel. So therefore it's the
wrong treatment for that person or even that group at that time.” Health Policy
Maker #2
$ “Well, efﬁcacy, simply does the drug work; or does the treatment work? And with
more complex interventions, say we've got multidisciplinary clinics, or whatever,
then you'd need effectiveness which is showing that it works within a context.”
Osteoarthritis expert #2
$ “It doesn't matter whether it's a drug that's actually prescribed by the doctor or
this Arthrem or any of those other things; you are putting something into your
body and things like that. Is it going to be worth it? Is it not? You're weighing this
up all the time.” Consumer #4
$ “The problem is though you see on the advertisements and things like that and
these people stand up and say, ‘This is the best thing since sliced bread,’ and you
think ‘Right, okay, I'm going to give this a go.’ How much are they being paid to
say that and in actual fact have they had that working for them; because you've
got no way of checking. All it is, is you think “Well if it's worked for that person do
I spend the money and give that a go,” but you have no knowledge of it.”
Consumer #9

$ Access to treatment for the consumer. The suitability of access considered in terms of
an intervention's distance to nearest provider and wait time.
$ Active versus passive intervention options. The extent to which an intervention
allows a patient to self-manage their condition over the long term, versus passive
care.
$ Cost of the intervention. The ﬁnancial costs of intervention relevant to the use or
provision of health care and society.
$ Duration of the intervention effect. The ability to delay or avoid more invasive
interventions later through improvements in quality of life (e.g. physical function).
$ Evidence about the intervention appropriateness. Providing the right treatment or
services for OA at the right time (e.g. surgical intervention for early- or advancedstage OA).
$ Evidence about the intervention effect. Considered on the basis of evidence outside a
clinical trial, including short-term and long-term evidence of effectiveness and
change in health system and societal costs.
$ Evidence about the intervention harms. The risk of short- and long-term side effects
of intervention.
$ Immediacy of the intervention effect. The time delay between starting and
experiencing the beneﬁts of intervention.
$ Quality of the evidence (þviews and opinions). The extent to which one could be
conﬁdent that the effects of the treatment or service described were real. Views and
opinions concern the value which different people assign to different sources of
evidence. For example, peer or family advice and/or personal accounts were viewed
as more trustworthy for some participants than health professionals' or
advertisement (e.g. newspaper, Facebook) advice, claims or recommendations about
the beneﬁts or harms of intervention.

Characteristics of the intervention
Stakeholders gathered information about interventions to assess
for suitability against a patient's circumstances or feasibility
within a health system. The characteristics or attributes of
interventions, applicable to any number of interventions, were
used to compare and contrast between interventions. Key
characteristics of interventions included: evidence for
effectiveness and safety, consideration of the beneﬁt and tradeoff, cost-effectiveness (to the consumer), immediacy of
treatment and access to treatment. Information about the
intervention options were also gathered from health
professionals, peer/family experience and advertising sources
(e.g. newspaper and online advertising) in the decision to
select a treatment option for consumers.

Characteristics of the consumer
When choosing or recommending an intervention for OA,
stakeholders considered it important to match an intervention
to the biopsychosocial proﬁle of the patient. Key factors
included an assessment of a patient's severity of OA, clinical
comorbidity proﬁle, preferences (inclusive of attitudes, beliefs,
ability to self-manage, motivation and treatment goals) and
access to interventions. Social considerations included support
to/from the family and/or community responsibilities.

Illustrative quotes supporting each sub-category

Sub-categories

Key Category and summative description

Table 3
Summary descriptions of the framework of factors inﬂuencing stakeholders choice of OA intervention derived from the focus group discussions.
J. Chua et al.
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Characteristics of the health system
Participants considered whether there was the need for the
society to invest in health care for OA and, whether the
interventions considered were feasible to adopt or implement
from the perspective of the health system and the consumer.
Factors considered by stakeholders included the burden of
disease proﬁle for OA, socio-political interest, health system
capacity, access and equity, culturally appropriate services
and, the cost-effectiveness of intervention to society.

Key Category and summative description

Table 3 (continued )
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$ “We've talked about the burden of disease but actually there's a far more less
palatable political reality, which is about is there a burning platform? Is there
some advocacy for this? Is this both accepted and publicly accepted as being
needed? And it might be quite small. So I wonder if burden of disease is only one
part of is there a burning platform or public support for this … Sometimes the
burning platform is because of the cost to the system. Sometimes it's because of the
consumer voice, from some effective advocates, and that's all captured in the how
is this framed in the public's mind or little P politically. Because there's a political
element to it which might just be local community; I don't mean national politics.”
Health Policy #2
$ “A whole lot around cost; what the particular cost is. The difference to the lifetime
cost system and also the patient's lifetime costs. The value for money. Health
Policy #5
$ “… I think the question is what resources are available? What funding is
available? Because you're likely to cut your service, cut your coat according to
your cloth. You're likely to come up with a service that is feasible within the
funding available and other resources available.” Health Policy #5
$ " … it's actually I guess in a way saying more about the role of the District Health
Board. [A DHB] plan for commissioned services in its own district, right? Once it
might be a national policy or capability that we're going to provide these services
in the country and then the DHBs end up providing those services in their own
district according to what's available in their district to do that.” Health
Policy #2

$ “I think health literacy, education and level of patient knowledge all relate to
what the patient needs to bring to the treatment or treatment decision.” Health
policy #2
$ “I put how I'm feeling; it's time of the day sometimes. Like how I'm feeling; if I'm in
a good space or something like that and I'm going somewhere and it's painful or
whatever I might decide to not do something. I might decide not to get sort of very
heavy about it. Or otherwise I may be having a bad day and I weigh up the pros
and cons that way. It's how I'm feeling on the day.” Consumer #3
$ “Being open for information too rather than just closing your mind off. I think you
reach the stage where you will listen to anybody in the hope that something may
work.” Consumer #7
$ “Yeah so it's not so much about equity; it's about would somebody have to travel
a big distance and that would be difﬁcult for them. It's where the costs fall for the
treatment option and which of them are most accessible for that person.” Health
policy #2
$ “The other thing too perhaps and I don't know quite how you put it in, but I'm still
part time working and so my choices up to a point is how it can still allow me to
work … Because if something's not going to allow me to continue what I'm doing
then I wouldn't be interested in it?” Consumer #10
$ “I would say family support to and of as well. Like for some M!
aori it depends on
their beliefs and their upbringing but some people would choose a spokesperson;
and so everything is dealt with that spokesperson that the patient has nominated
as the spokesperson. So you wouldn't necessarily – and this is really weird as a
health professional that you talk to someone other than the patient, ‘cause it's
really the patient that you're dealing with and their experience. But to some M!
aori
they do choose a spokesperson and so everything gets [9.10]. So let's say it's an
older person; they might choose their youngest son, or they might choose the
youngest daughter and that's the person that you deal with, with all cares
concerning or all treatments concerning the patient. So you actually don't really
deal with patient; which is different.” M!
aori advocate #1

$ Access to treatment. The consumer's geographic location and the number of
treatment options available (to choose).
$ Affordability for the consumer. The immediate out of pocket expenses to the
consumer.
$ Social support factors. Consideration of consumers' place in the community and
wider community and support requirements if a disability is present.
$ Feasibility to the consumer. Whether or not a treatment option is acceptable and
feasible to the consumer to adopt in the short and long term, based on the
biopsychosocial circumstances of the consumer, their goals and expectations of
treatment, and access to health services.

$ Political landscape – is the disease a compelling problem? Before recommending
interventions for OA, policy-makers considered if there was community and political
interest in addressing the burden of OA.
$ Costs and beneﬁts to society. Before recommending treatments for OA, policymakers considered if there was community and political interest in addressing the
burden of OA.
$ National health system capacity. Policy-makers also considered the capacity of a
health system to support OA health care including policy direction, funding availability, evidence in support of funding or implementing a new service or intervention and workforce capacity and capability
$ Local health system capacity. Health policy makers considered the feasibility for a
local health system to provide care services for OA in terms of the costs,
communication capacity among care providers, the current availability of services
(public and private), access to services and scope for integration with other existing
services
$ Access and equity. Consideration of the burden imposed on the consumer to reach an
intervention or service for OA was reasonable (e.g. geographical remoteness, ﬁt with
lifestyle) and, whether or not it was affordable to those who need it (fairness/equity
of access)
$ Culturally appropriate services. Whether or not a health care service for OA was
culturally appropriate for diverse communities.
$ Characteristics of the health service provider. The beliefs, experiences and
preferences of the health service provider.

Illustrative quotes supporting each sub-category
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Tables S1–S2). Analysis of pooled panel and stakeholder-group agreement scores for each sub-category revealed consensus across all subcategories, except for the “desperation” sub-category (77% partial or
complete agreement), conﬁrming the content of 26 of the 27 subcategories (Supplement 3, Table S3). Analysis of agreement within
stakeholder groups identiﬁed lack of agreement for the sub-categories
(Supplement 3, Table S4): [n (%) stakeholder group] 5 (45%) OA experts for “desperation”, 3 (30%) policy-makers for “views relating to the
characteristics of the intervention” and 5 (22%) providers for “local
health system capacity”.
Analysis of stakeholder's free-text comments to the overall framework
did not reveal any new categories or sub-categories. The three subcategories with >20% disagreement are discussed here. Content analysis of free text comments from 4 of the 5 OA experts (1 did not leave a
comment) who disagreed with the “desperation” sub-category posited
that consumers may be desperate to try new treatments but did not
consider it good practice; i.e. they agreed with the meaning of the subcategory per se. Likewise, the comments from three provider's who disagreed with the “local health system capacity” sub-category (2 did not
leave comments) concerned local health system barriers, rather than
disagreement with the sub-category. One policy-maker commented
about their disagreement for the “views relating to the characteristics of
the intervention” sub-category, however it was unrelated.
In summary, the eDelphi panellists agreement with the overall
Framework and it's sub-categories (excepting the “desperation” subcategory) indicate strong alignment between the stakeholder-generated
synthesis and the qualitative analysis, with validation provided by an
independent stakeholder panel. Within the “characteristics of interventions” category, consensus was not reached by the stakeholder
groups about the “views relating to the characteristics of the interventions” sub-category. Two participants' comments guided the
analysis team to conclude that these views related to the evidence concerning interventions – from a range of sources – therefore these two subcategories could be merged within the “quality of the evidence” subcategory for round 2. Thus, apart from this one change, no other modiﬁcations were made to the Framework, conﬁrming its completeness and
content validity, and leaving nine discrete characteristics of interventions
(sub-categories) to be ranked by participants.

$ “I wonder if accessibility at a system level becomes kind of fairness or equity; that
at the same time as you want to know can the system deliver this, can you set up
treatment options that will carry through, there's something about access and
about fairness of access that you might want to pick up as well. (health policy #1)
… Yeah … I just was thinking it's more than access; it's about fairness of access
which I call equity, but I mean we might frame it differently.” Health policy #5
$ “… educating the family is important also because that patient potentially is living
with them, and so they will be offering the cares in some way, shape or form; so
having the family, the patient and the whole team, the MDT, all on the same page.
Like M!
aori don't tend to – this could be generalising but in my experience M!
aori
don't put their loved ones into a rest home; so they're at home living with the
younger daughter or the niece or somebody. So having those people involved in all
aspects is really helpful ‘cause that will help the patient overall.“ M!
aori
Advocate #2

Illustrative quotes supporting each sub-category
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4.4. eDelphi round 2 outcomes

Key Category and summative description

Table 3 (continued )

Sub-categories

There was signiﬁcant but weak agreement in the rankings across the
groups (N ¼ 62; between-group W ¼ 0.333; p¼<0.00). A weak-tomoderate level of agreement in rankings was observed within stakeholder groups except for the M!
aori health advocacy group (N ¼ 5), which
did not demonstrate adequate within-group agreement (Kendall's
W ¼ 0.089, ‘very weak’; p ¼ 0.893). The top two ranked characteristics of
interventions across the resulting stakeholder groups were: evidence
about the intervention effectiveness, evidence about the intervention
appropriateness, quality of the evidence, and immediacy of treatment
effect. The M!
aori advocacy group was the only group to rank immediacy
of treatment effect among their top two characteristics; however we were
unable to achieve signiﬁcant agreement within this group. Our failure to
observe reliable estimates in this stakeholder group was likely due to the
low sample size, despite our extensive efforts, so data from the M!aori
health advocate group were pooled with those of the healthcare consumer group. The aggregate ranking of the characteristics of interventions, across all groups, was (in decreasing order of importance):
effectiveness, appropriateness, quality of the evidence, accessibility,
harm, cost, duration, passivity and immediacy of effect (Table 4).
5. Discussion
To the authors’ knowledge, this is the ﬁrst study to investigate, using
a cross-sectoral and multi-disciplinary sample, what stakeholders
consider when choosing or recommending interventions for hip or knee
9
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Table 4
Characteristics of interventions after eDelphi round 2, in decreasing order of importance (top to bottom), for each stakeholder group. Data presented as the mean
characteristic and rank by stakeholder group.
Stakeholder group
(W; p-value)
Consumers

M!
aori health advocates

Health care providers

Health policy-makers

Osteoarthritis experts

Pooled

Effect
(2.53)
Appropriate (3.87)

Immediacy (3.80)

Effect
(2.24)
Appropriate (2.33)

Quality
(2.33)
Effect
(2.44)
Appropriate (3.22)

Effect
(1.83)
Quality
(3.08)
Appropriate (3.33)

Cost
(5.44)
Access
(5.78)
Harms
(5.89)
Duration (6.00)

Harms
(4.08)
Access
(5.25)
Cost
(5.58)
Duration (6.33)

AvP
(6.95)
Immediacy (8.10)

AvP
(6.67)
Immediacy (7.22)

AvP
(7.17)
Immediacy (8.33)

(0.533; < 0.00)

(0.452; < 0.00)

(0.588; < 0.00)

Effect
(2.40)
Appropriate
(3.18)
Quality
(4.00)
Access
(4.71)
Harms
(5.34)
Cost
(5.65)
Duration
(5.85)
AvP
(6.77)
Immediacy
(7.10)
(0.333; < 0.00)

Access
(4.27)
Duration (4.87)
Quality
(5.13)
Immediacy (5.73)
Cost
(5.87)
Harms
(5.93)
AvP
(6.80)
(0.222; 0.001)

Effect
(4.00)
Appropriate (4.20)
Access
(5.20)
AvP
(5.20)
Cost
(5.20)
Duration (5.60)
Quality
(5.60)
Harms
(6.20)
(0.089; 0.893)

Quality
(4.05)
Access
(4.14)
Harms
(5.19)
Cost
(5.71)
Duration (6.29)

The mean rank for the characteristic is in parentheses (lower numbers represent greater importance). W¼ Kendall's W; AvP ¼ Active vs Passive interventions;
Effect ¼ Evidence about the intervention effectiveness; Appropriate ¼ Evidence about the intervention appropriateness; Access ¼ Access to the intervention to the
consumer; Quality ¼ Quality of the evidence; Duration ¼ Duration of the intervention effect; Immediacy ¼ Immediacy of the intervention effect; Cost ¼ Cost of the
intervention; Harms ¼ Evidence about the intervention harms.

This research highlights a discordance between what inﬂuences
stakeholders' choice of intervention relative to the evidence typically
provided to guide decision-making (e.g. CPGs). Of the nine characteristics of interventions, ‘effectiveness’ and ‘quality of the evidence’ are
routinely evaluated in the traditional evidence-based approach, and
‘appropriateness’ and ‘harms’ are often considered. The identiﬁcation of
these characteristics was, therefore, unsurprising. However, ﬁve other
characteristics also arose, including: accessibility, cost and passivity of
the intervention, immediacy and duration of the intervention effect.
These additional characteristics are highly relevant to health consumers
and providers, but typically lie outside the evidence-based paradigm and
in healthcare provider and policy-makers’ considerations in practice
[10]. The GRADE approach to clinical guideline formalisation does
encourage guideline committees to also consider these contextual factors
when making recommendations, however their consideration remains
subjective [31]. These results may therefore carry implications for
guideline developers including greater transparency in decision-making.
Further, a principle aim of CPGs is to provide recommendations [1,2],
which are an indicator of ‘appropriateness’ of the intervention for a given
application. However these recommendations are generally formed on
the basis of the characteristics of ‘effectiveness’, ‘quality of the evidence’,
and ‘harms’, meaning they are non-independent of the characteristic
‘appropriateness’.
Matching stakeholders’ preferences for characteristics of interventions with the interventions provided and delivered in a health
system may be fundamental to maximising uptake, in a context where
resources are limited but many choices exist. In this study for example,
immediacy of the intervention effect was considered more important by
the consumer and M!
aori health advocacy groups, whereas the other
(delivery sector) groups ranked it consistently last. These ﬁndings reinforce the importance of considering context-speciﬁc preferences in efforts to translate evidence into practice and policy [5,32] that may be
particularly important in the current policy landscape with calls for a
national OA Model of Care and programmatic funding for OA care from
the Ministry of Health [33,34].
The Framework's categories reﬂect the themes generated by the focus
groups. Many of the themes overlapped between groups and were not
mutually exclusive, highlighting the complex nature of intervention
choice. The M!
aori and health care provider groups, in particular,

OA. A Framework of three over-arching categories of factors considered
by stakeholders were identiﬁed: characteristics of interventions, characteristics of consumers, and characteristics of health systems. We
identiﬁed, and ranked by importance to stakeholders, nine characteristics of interventions.
The categories and sub-categories of the Framework developed here
overlap with other conceptual frameworks [5,28], underlining the
Framework's construct validity. A review [5] of the factors inﬂuencing
implementation success in primary care identiﬁed themes, many of
which meshed with our Framework, including: “external context”,
“organisation”, “professional” and “characteristics of interventions”.
Constructs of the Consolidated Framework for Implementation Research
[28] also overlapped with our Framework: “intervention characteristics”,
“outer setting”, “inner setting” and “characteristics of individuals”.
Further, in a study of arthritis MoCs [29] the following concepts were
also considered important: “patient self-management”, “provider skills
and expertise”, “health care delivery”, “health system”, “community and
public awareness” and “primary prevention”. While supporting existing
(generic) frameworks [5,28,29], the present Framework provides
important context-relevant information about factors relevant to the New
Zealand health system for selecting and delivering OA care, which have
not been established previously. Establishing context-relevant factors are
important in informing implementation initiatives [9].
The nine characteristics of interventions of our Framework span
clinical (appropriateness, effectiveness, harms and the quality of the
evidence) and health system-related characteristics (accessibility and
cost of the intervention) that align with the principles of contemporary
MoCs for OA; i.e. “the right care, delivered at the right time, by the right
team, in the right place and with the right resources” [9,17]. Alignment
of these characteristics with stakeholder preferences is important to
optimise the quality of OA care delivered within a health system. The
description of the characteristics of interventions as discrete
sub-categories that were generalisable, complete and non-redundant
makes them particularly useful for informing MCDA methods, which
go beyond rank-ordering (such as in this study) to more sophisticated
approaches that explicitly evaluate the characteristics quantitatively
[30], which may help decision-makers identify which interventions offer
the greatest value to the health system and society or, in the case of
consumers, the individual.
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generated themes speciﬁcally about culturally appropriate practices and
health services which incorporated “wh!anau” (family) and community
needs (e.g. education about OA) that were not speciﬁcally raised by the
policy-maker group. Briggs and colleagues [17] note that inclusion of
family support factors into MoCs are poorly integrated, perhaps due to
inadequate consumer participation in co-design. Due to low sample size,
our results with respect to the M!aori health advocate group's preferences
for characteristics of interventions should be interpreted with caution,
however these preliminary results suggest M!aori have culturally
moderated healthcare considerations which must be considered by
healthcare providers in NZ to achieve successful implementation and
reduce health disparities, and that providers recognise its importance.
The NZ Ministry of Health's M!aori Health Strategy [35] exempliﬁes
active M!aori participation in planning, development and delivery of
appropriate health services for M!aori people, reinforcing the beneﬁts of
inclusive policy-making.
Our study is not without limitations. Recruitment relied on convenience and snowball methods, which are prone to selection bias, but we
ﬁltered participants through purposive sampling which, while intended
to enhance diversity, may have inadvertently biased our results towards the views and opinions held by the authors. Moreover, the
sample size for each stakeholder group was modest, which may have
constrained the breadth of considerations reported in this study when
choosing or recommending OA interventions, and the ranked importance of the characteristics of interventions. The necessity to use a
modiﬁed NGT process for the OA Expert group, conducted remotely
due to their geographic dispersion, limited comparison of the NGT results with the other groups. Analysis of NGT data from multiple groups
that vary in sample size and produce diverse themes is complex [13],
however we included several veriﬁcation and validation processes in
our design to ensure validity, robustness, and generalisability of these
results for the NZ population.
Intervention choice is complex and inﬂuenced by the characteristics
of interventions, consumers and the health system. This ﬁnding has implications for developers of multi-level care strategies, such as MoCs.
Currently NZ has no such strategy for managing OA, making the
reporting of these context speciﬁc characteristics timely [33]. Future
research could incorporate the nine discrete characteristics of interventions identiﬁed in the current study into MCDA, to support complex decision-making, such as those faced by guideline developers.
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Objectives: To combine cross-sectoral stakeholders’ preferences over interventions for knee osteoarthritis (OA)
with guideline recommendations and evidence about interventions, and to investigate if these preferences differ
by stakeholder group.
Design: A survey based on multi-criteria decision analysis was implemented whereby the stakeholders revealed the
relative importance, represented as weights, of eight criteria for choosing or recommending knee OA interventions. Using data from an OA clinical guideline, 15 recommended interventions were rated on the criteria
and ranked by their total scores, calculated by summing the corresponding weights. Associations between the
weights and stakeholder groups were explored using regression analysis.
Results: Participants comprised 58 consumers with OA, 5 M!aori health advocates, 79 healthcare providers, 24
policy-informants and 12 OA-researchers (N ¼ 178; 63% female, [mean age"SD] 54 " 13 years). Mean weights
on the eight criteria, in decreasing order of importance, are: recommendation: 19.0%; quality of evidence: 17.7%;
effectiveness: 15.0%; duration of effect: 13.2%; risk of serious harm: 12.8%; risk of mild/moderate side-effects:
9.4%; cost: 6.6%; and accessibility: 6.3%. For ﬁrst-, second- and third-line OA interventions respectively, all
land-based exercise (total score ¼ 71.7%), NSAIDs (topical) (74.2%) and total joint replacement (74.3%) were
ranked ﬁrst. At all care phases, the recommended core interventions of weight management and self-management
education ranked between 11th and 15th (48.0%–56.0%). Regression analysis identiﬁed only small differences in
weights (#5.7%; p < 0.01) between stakeholder groups.
Conclusions: Not all recommended core interventions are preferred by cross-sectoral stakeholders, which may
represent a barrier to their uptake. Stakeholders’ preferences do not appreciably differ by stakeholder group.

1. Introduction
Clinical practice guidelines (CPGs) for managing osteoarthritis (OA)
consistently recommend exercise, education and weight loss (where
indicated) as ‘core’ ﬁrst-line interventions, followed by second- and
third-line interventions such as drug therapies and other nonpharmacologic interventions and surgical interventions [1,2]. However, the recommended ‘core’ interventions are not systematically delivered to or taken up by patients [3–7], resulting in missed opportunities
for potential health gains, a tendency to deliver low-value care and
increased downstream health system costs without health gains [8,9].
One reason for poor delivery and uptake may be incompatibility between

the interventions recommended in CPGs and the preferences of patients
and other stakeholders with respect to interventions they want or would
recommend [10,11].
Stakeholders' preferences for health interventions [12], especially in
primary care settings [13], play an important role in determining their
uptake, highlighting the importance of widely engaging stakeholders in
service co-design and care delivery recommendations [11]. And yet,
when CPG recommendations are being developed, stakeholder engagement is often non-existent or, at best, very limited, with the preferences
and contexts of stakeholders from across the sector often not adequately
considered [14–19]. A better understanding of what matters to stakeholders, and which interventions more closely align evidence with
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In recent times, the use of MCDA has become increasingly widespread
in health care research [21,22]. MCDA has been used to explore OA
patients' preferences for physical activity [23], patients' drug preferences,
[24] and healthcare providers' treatment choices for people with OA
[25]. However, MCDA has not yet been used to explore stakeholders’
preferences for OA interventions across a health system, which may have
the potential to assist in co-design of system-wide health service models.
This study uses MCDA to: (i) discover the relative importance of criteria
relevant to stakeholders when choosing or recommending knee OA interventions; (ii) use this preference information (criteria and weights) to
rank (prioritise) a wide range of interventions from a recent CPG for
ﬁrst-, second- and third-line OA care; and (iii) to investigate if preferences differ by stakeholder group.

stakeholders’ preferences for what they want or would recommend, may
better support delivery of value-based care [8,9].
An important strategy in the co-design of models of service delivery
may be the prioritisation of interventions based on the level of alignment
between multi-disciplinary and cross-sectoral stakeholders' preferences
for criteria that matter to them, and the performance of interventions on
those criteria. However, this approach has yet to be tested. Multi-criteria
decision analysis (MCDA) is a robust methodology for revealing stakeholders' preferences, with the potential to enhance the downstream
implementation of evidence into policy and practice [20]. As the name
implies, MCDA (i.e. ‘multi-criteria decision analysis’) is about
decision-making based on considering multiple criteria (or objectives)
together, in order to rank or prioritise the alternatives being evaluated
(here, OA interventions). In effect, MCDA is a structured decision-making
process that involves measuring the inevitable trade-offs when choosing
between alternatives. Using choice-based surveys, stakeholders' preferences for criteria can be quantiﬁed to reveal their relative importance
(weight), as well as the value placed on the alternatives, by which they
can be ranked relative to each other.

2. Methods
2.1. Design
This cross-sectional study followed six stages for conducting MCDA

Fig. 1. Flow diagram of the study by stage, primary activity and outcomes for each stage.
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search was undertaken to specify criteria performance (e.g. Cohen's d for
effect size) and their intervals of performance, including plausible upperand lower-bound levels [e.g. d # 0.2 (low); 0.2–0.5 (moderate); >0.5
(high)]. The Accessibility criterion was considered to be context speciﬁc
such that its levels were speciﬁed based on the judgement of three authors (JC, JHA, AMB). Key sources supporting the criteria speciﬁcations
are reported in Supplement 2 (Table S1).

(Fig. 1), aligned with MCDA good practice guidelines [26]. Ethics
approval was obtained from the Human Research Ethics Committees of
the University of Otago (D16-329) and Curtin University
(HRE2018-0276). The research was undertaken in New Zealand (NZ) and
Australia between October 2017 and June 2018 and is reported here in
accordance with the STROBE statement [27] (Supplement 1).
2.2. Sampling and recruitment

2.5. Stage 2: identifying the weights for the criteria and their levels
Convenience and snowball sampling were used to invite the survey
participants: consumers (with a diagnosis of OA or symptoms consistent
with the NICE criteria for OA [28]), healthcare providers (clinicians
delivering care to people with OA; e.g. general practitioners, orthopaedic
surgeons, physiotherapists), policy-informants (OA-related health policy,
strategy, health service workforce coordination, delivery or funding for
OA management, and consumer advocacy or representation for OA),
M!
aori health (with an active interest in advocacy or consumer representation for M!aori health) and OA researchers (having published at least
one academic article related to OA). A characterisation of these groups is
reported elsewhere [29].
M!aori, the indigenous peoples of NZ, are recognised as a priority
group with respect to enhancing healthcare equity and equality of health
outcomes [30]. Because there is only a relatively small pool of eligible
policy-informants and OA researchers within NZ, we included participants from Australia from these groups – justiﬁed on the basis of the two
countries' proximity and the similarity of their health systems (public-private mix, with patient co-payments [31]) and socio-cultural characteristics [10]. The Qualtrics platform (Provo, USA) was used to screen
and collect participants’ demographic data.

2.5.1. Choice-based survey
A choice-based survey administered by 1000minds software (www
.1000minds.com) and implementing the PAPRIKA method [34] – an
acronym for ‘Potentially All Pairwise RanKings of all possible Alternatives’ – was used to determine the weights on the criteria and levels,
representing their relative importance, for each participant and on
average across all participants. The PAPRIKA method involves each
participant being asked to answer a series of ‘pairwise-ranking questions’
based on choosing between two hypothetical OA interventions deﬁned
on just two criteria at a time and involving a trade-off (Fig. 2).
The ‘pairwise-ranking questions’ are repeated with different combinations of the criteria, two at a time, until all possible questions are
answered by each participant, either directly or indirectly. The consistency of each participant's answers was checked by three questions being
repeated at the end of their survey. Real-time computer adaptation, based
on applying the participant's previous answers and the logical property of
‘transitivity’ (e.g. if OA intervention ‘X’ is preferred to ‘Y’ which is
preferred to ‘Z’, then ‘X’ must be preferred to ‘Z’), serves to minimise the
number of questions the participant is required to answer directly (with
the remainder answered indirectly via transitivity). For technical details,
see Hansen and Ombler (2008) [34].
From the questions answered directly by a participant, PAPRIKA uses
quantitative methods to derive weights for the criteria and their levels,
representing their relative importance to the participant. The weights for
each participant were averaged across all participants to obtain mean
weights for the sample. The weight for a level on a criterion represents
both the relative importance of the criterion overall and the level's degree
of achievement or performance on the criterion [34]. The lowest level on
a criterion represents the minimum/worst performance on the criterion
and is assigned zero points. The highest level on a criterion represents the
maximum/best performance of the criterion and the relative importance
(weight) of the criterion overall. These weights sum across the criteria to
1 (100%).
To assist participants’ understanding of the choice-based exercise and
reduce their cognitive burden, two Supplementary materials, a 30-s
YouTube instructional video and a deﬁnition sheet for the criteria,
were included with the survey (Supplement 3). Participants were asked
to complete the survey within two weeks, and reminders were sent to
encourage completion.

2.3. Recruitment sources
Healthcare-provider participants from across the public and private
health sectors were sampled from a NZ business directory and an online
health-service database (https://healthpages.co.nz/). Health practitioner
organisations, government and non-government organisations, healthcare delivery organisations and advocacy groups were asked to distribute
invitations to participate to healthcare providers, policy-informants and
M!aori health advocates. OA researchers were initially identiﬁed using an
online database (http://expertscape.com/) and screened for potential
eligibility by three authors (JC, AMB, JHA), from which a convenience
sample was invited to participate.
2.4. Stage 1: identifying the criteria and their levels for selecting OA
interventions
Stage 1 was informed by our earlier mixed-methods study [32]
whereby multi-disciplinary and cross-sectoral stakeholders identiﬁed
nine criteria inﬂuencing their choice or recommendation of OA interventions in the NZ health system. These criteria were: Accessibility
(travel or wait time to access the intervention), Cost (total ﬁnancial costs
relevant to the use or provision of healthcare for OA), Duration (duration
of treatment effect), Effectiveness (magnitude of treatment effect),
Recommendation (for using the intervention now), Risk of harm, Quality
(quality of the evidence), Treatment Passivity and Immediacy of Treatment Effect. We excluded the last two criteria because in our previous
study they were considered to be the least important to stakeholders
[32]. After stratifying Risk of harm into Risk-Mild (risk of mild adverse
effects) and Risk-Serious (risk of serious adverse effects), eight criteria
were selected – which we deemed to be acceptable with respect to the
time and cognitive burdens imposed on participants (in
healthcare-related MCDAs, the mean number of criteria is eight [33]).
Each criterion was speciﬁed with 2–4 levels of ‘performance’ – i.e.
mutually-exclusive and exhaustive levels for differentiating between OA
interventions in terms of their characterisation on each criterion. To
support the deﬁnitions of the levels within each criterion, a literature

2.5.2. Pilot-testing
Before being launched, the survey and accompanying Supplementary
materials were pilot-tested with a convenience sample of 17 interviewees. The pilot-testing approach is included in Supplement 4.
A response veriﬁcation and process evaluation was also undertaken to
evaluate the extent to which survey participants’ results aligned with
their overall expectations about the relative importance of the criteria
and the usability characteristics of the choice-based survey (Supplement
7).
2.6. Stage 3: rating interventions on the criteria
2.6.1. Data extraction
Data for 75 OA interventions and evidence about their performance
on the criteria established from Stage 1 were extracted from the 2018
Royal Australian College of General Practitioners guideline for hip and
3
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Fig. 2. Example of the 1000minds pairwise-ranking question.

2.8.2. Association with stakeholder group
To investigate if participants' weights on the criteria differed by
stakeholder group, fractional multinomial logistic regression (FMNL)
[39–41] was performed using Stata (ver.15.1, StataCorp, TX), with the
weights as dependent variables. The independent variables were stakeholder group (consumers, providers, policy-informants, OA researchers),
controlling for NZ/Australian status, age, gender, working for a government agency, and years’ work experience in primary role. Model
robustness was assessed using ordinary least squares (OLS) regression.
Kendall's W, ranging from no agreement to perfect agreement (0–1),
was also used to assess if the relative importance of interventions differed
by stakeholder group.

knee OA (RACGP CPG) [35]. This information provided the most complete, rigorous, NZ-relevant and up-to-date evidence at the time to rate
the interventions on six of the criteria: Duration, Effectiveness, Recommendation, Risk-Mild, Risk-Serious and Quality. Accessibility was estimated via a Delphi exercise involving a nationally representative panel of
NZ OA researchers, independent from participants in our earlier study
[32]. Cost was estimated using data and methods described in a systematic review [36]. A GRADE evaluation was conducted for total joint
replacement (TJR), which was not included in the guideline evidence
tables, to inform its performance on the criteria.
2.6.2. Rating performances
Each intervention was rated on the criteria and summarised into three
‘performance matrices’ for ﬁrst-, second- and third-line OA care [37]. To
align the CPG recommendations with ﬁrst-, second- and third-line OA
care, the authors (JC, AMB, JHA) developed a rubric to transform the
guideline-assigned levels of recommendation (for any OA) into three
categories for ﬁrst-, second- and third-line OA care (Supplement 5;
methods detailed in Supplement 2, page 14).

2.8.3. Selection bias
Selection bias in the criteria weights was explored in two ways. First,
to determine if the FMNL regression results were inﬂuenced by unequal
stakeholder group size, we performed an adjusted FMNL regression,
weighting group size to achieve equal stakeholder representativeness.
Second, we interrogated the relative importance of the interventions by
assessing the level of agreement between the unadjusted and adjusted
rank order of interventions weighted for equal representativeness using
mean Spearman's rank correlation.

2.7. Stage 4: scoring the OA interventions and ranking them
A ‘total score’ for each intervention was calculated using a weightedsum model [38]: the sum of the mean weights from Stage 2 corresponding to the intervention's ratings on the criteria (Stage 3) for ﬁrst-,
second- and third-line care. The interventions were ranked (prioritised)
according to their total scores, representing their alignment with participants' preferences overall, for each phase of OA care.
Although we scored 75 interventions in the RACGP guideline [35],
our analysis hereinafter will focus on the 15 “recommended” interventions (p. 65): 3 ﬁrst-line (core) interventions, 11 s-line (optional
adjunctive and advanced pharmacological attempts) interventions, and 1
third-line (surgical) intervention (TJR). The interventions were scored
and then ranked in decreasing order of priority for ﬁrst-, second- and
third-line care.

2.9. Stage 6: uncertainty analysis (intervention scores)
2.9.1. Evaluating uncertainty in the intervention ratings
We explored the extent to which uncertainty in the ratings of the 15
guideline-recommended interventions for ﬁrst-line care (Stage 3) on the
criteria may have affected the interventions’ total scores and hence their
ranking by examining the evidence used to assign ratings. We referred to
the original studies cited in the RACGP CPG and determined plausible
upper- and lower-uncertainty ratings on the criteria. The rules deﬁning
whether the criteria were up- or down-rated, on the basis of the evidence
available are described in Supplement 2.
3. Results

2.8. Stage 5: data analysis (criteria weights)
3.1. Stage 2: identifying the criteria weights and process evaluation
2.8.1. Response consistency
We assessed if inconsistent responses biased the weights by
comparing the mean weights for the total sample and the mean weights
of respondents who answered none of the three questions consistently.

3.1.1. Participants
Invitations were sent to 422 people, of whom 272 consented to
participate; 178 (42.2%) completed the choice-based survey, and 147
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management’ and ‘self-management education’: e.g. nutraceuticals
including ‘collagen’ (69.9%), ‘pycnogenol’ (69.9%) and ‘curcuma’
(66.4%).

Table 1
Socio-demographic characteristics of the participants who completed the choicebased survey (N ¼ 178).
Socio-demographic
characteristics

Gender
Male
Female
Region
Australia
New Zealand
Age (years)
18-34
35-54
55 and over
Primary work area
Consumers*
M!
aori health advocates
Providers
Policy-informantsy
OA researchersyy

Mean years
experience " SD
[range]

Works in a
government health
agency n (%)

64 (36)
114 (64)

18.1 " 11.4 [1–42]
14.7 " 11.0 [1–55]

–
–

13 (7)
165 (93)

24.4 " 12.1 [1–38]
15.5 " 11.1 [1–55]

–
–

16 (9)
70 (39)
92 (52)

29 " 2.9 [23–34]
45.7 " 5.6 [35–54]
63.7 " 6.1 [55–82]

–
–
–

58 (33)
5 (3)
79 (44)
24 (13)
12 (7)

13.0
17.6
18.5
15.3
13.8

0 (0)
3 (60)
42 (54)
4 (17)
10 (83)

n (%)

" 11.7 [1–55]
" 12.8 [1–31]
" 10.8 [1–43]
" 11.5 [1–35]
" 7.9 [2–30]

3.4. Stage 5: relationships between weights and stakeholder groups
3.4.1. Regression analysis
For the analysis of the weights on the criteria, we chose to combine the
M!
aori health advocate group (n ¼ 5) with the consumer stakeholder group
due to a poor level of agreement previously reported for the M!aori group
[32]. Average partial effects (APEs) of the FMNL regression revealed weak
evidence of associations between weights and stakeholder groups
(Table 3). The APEs were relatively small after accounting for other
socio-demographic characteristics (no more than 5.7%, aligning with the
robustness check, Supplement 7 Table S11), suggesting that weights did
not differ meaningfully by stakeholder group (or within consumer or
healthcare provider groups – see Supplement 7, Tables S8–S10).
The level of agreement across groups by ranked interventions was
very strong (N ¼ 75, W ¼ 0.990, p < 0.000; Supplement 7 Table S6).

*Years living with OA; Australian stakeholders yn ¼ 7, yyn ¼ 6.

3.4.2. Selection bias
The adjusted FMNL regression weighted for equal stakeholder group
sample size, detected APEs that were statistically signiﬁcant (p < 0.01).
However, the APEs remained small (<5.1%), consistent with the unadjusted FMNL regression (Supplement 7, Table S7). We also calculated the
correlation between the ranked interventions by importance (Stage 4),
before and after adjusting weights for equal sample size; the correlation
between the adjusted and unadjusted ranked interventions was very
strong (rs ¼ 1.00, n ¼ 75, p < 0.01). We interpret this to mean that selection bias had a negligible effect on the relative importance of the
scored interventions.

completed the data veriﬁcation and process evaluation. Their sociodemographic characteristics are summarised in Table 1.
3.1.2. Choice-based survey
The weights for the criteria and levels are reported in Table 2. The
relative importance of the criteria, in decreasing order of importance
(weights in parentheses), are: Recommendation (19.0%), Quality
(17.7%), Effectiveness (15.0%), Duration (13.2%), Risk-Serious (12.8%),
Risk-Mild (9.4%), Cost (6.6%) and Accessibility (6.3%). Of the 178
participants who completed the survey, 145 (81%) answered at least two
of the three repeated questions consistently. Participants spent a median
of 4 s per question and answered a mean of 45 questions (range 20–92)
each in total (median 15 min in total).

3.5. Stage 6: uncertainty analysis
3.5.1. One-way sensitivity analysis
The uncertainty analyses at each phase of OA care (ﬁrst-line care
shown in Fig. 4) illustrate the aggregate effect of the uncertainty in the
performance ratings assigned to the 15 guideline-recommended interventions. ‘All land-based exercise’ could plausibly achieve the highest
score (relative to the other interventions) driven by the ratings on the
Accessibility, Duration, Cost, Effectiveness and Quality criteria. For
‘NSAIDs (topical)’ the large uncertainty in its total score was driven by
the neutral rating for the Recommendation criterion, and the evidence
informing its ratings on the Risk-Serious and Effectiveness criteria. The
uncertainty intervals for the interventions were the same for second- and
third-line care, except for ‘TJR’ at second-line care, where the intervention's total score varied by þ4.2% and %6.5% – due to the uncertainty
caused by the ‘neutral’ rating on the Recommendation criterion (disaggregated intervention scores are shown in Supplement 8).

3.2. Stage 3: rating interventions on the criteria
The results of the Delphi exercise and the GRADE evaluation are
summarised in Supplement 2. The assigned performance ratings across
the criteria at each OA care phase are reported in the performance
matrices (Supplement 6).
3.3. Stage 4: intervention scores and rankings
The total scores of the 15 guideline-recommended interventions are
reported in Fig. 3, ranked in decreasing order of importance for ﬁrst-,
second- and third-line care. For ﬁrst-, second- and third-line OA interventions respectively, ‘all land-based exercise’ (total score ¼ 71.7%),
‘NSAIDs (topical)’ (74.2%), and ‘TJR’ (74.3%) were ranked ﬁrst. Core
interventions recommended in the CPG, ‘weight management’ and ‘selfmanagement education’, were ranked in 11th to 15th place (48.0%–
56.0%). The lowest ranked CPG-recommended intervention for ﬁrst- and
second-line care was ‘TJR’ and ‘self-management education’ (44.1% and
48.0% respectively); for third-line care, it was ‘mobilisation and manipulation’ (47.0%). Rating changes on the Recommendation criterion for
second- and third-line care drove the change in total scores for ‘NSAIDs
(topical)’ and ‘TJR’. The difference in total scores between the ﬁrst- and
seventh-ranked recommended interventions (the top half) at ﬁrst-line
care was 11.1%, while the difference in total scores between the
eighth- and ﬁfteenth-ranked interventions at ﬁrst-line care was 15.8%.
Considering all 75 interventions (Supplement 7, Table S5), at ﬁrst-,
second- and third-line care, ‘Tai Chi’ was the highest ranked (total
score ¼ 76.9%), due to its strong performance on the Recommendation
and Quality criteria. Several non-recommended interventions are more
preferable to stakeholders than the core interventions ‘weight

4. Discussion
This study has systematically combined the preferences of stakeholders for OA interventions with CPG recommendations [35] and
intervention performance data. Our main ﬁndings are that although the
relative importance of the criteria differed by socio-demographic characteristics, these differences were small and did not translate to a
meaningful effect on the relative importance of the interventions, and
unequal group representation had little effect on the weights on the
criteria. With respect to the ﬁrst-line (core) interventions, ‘all land-based
exercise’ aligned strongly with stakeholders' preferences for ﬁrst-line
care; however, ‘weight loss’ and ‘self-management education’ are less
preferred than most, if not all, recommended second-line interventions.
‘TJR’ is preferable but only for third-line care.
Our results show that stakeholders valued criteria often considered in
systematic reviews of evidence, such as GRADE [42]. Participants valued
5
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Table 2
Criteria deﬁnitions and their sample mean criteria weights produced from the choice-based survey (N ¼ 178), in decreasing order of relative importance. Criterion
weights at their best performance level sum to 1 (or equivalently, 100%).
Criteriab (most to least important)
Performance levels (worst to best)

Deﬁnition

Recommendation to use the intervention now
Strong against
Conditional against
Neutrala
Conditional for
Strong for
Quality of the evidence about the intervention
Very low
Low
Moderate
High
Effectiveness of the intervention
Low (d < 0.2)
Moderate (d < 0.5)
High (d & 0.5)
Duration of the intervention effect
Short (up to 6hrs)
Short-mediuma (<3 months)
Medium (3–12 months)
Long (>12 months)
Risk of serious harm (Risk-Serious)
High (1 in 50 chance; >0.5%)
Medium (1 in 200 chance; 0.2%–0.5%)
Low (1 in 500 chance; <0.2%)

Recommendation for using
the intervention at ﬁrst-line
OA care.

Risk of mild to moderate side effects (Risk-Mild)
High (3 in 4 chance; >50%)
Medium (2 in 4 chance; 25–50%)
Low (1 in 4 chance; <25%)
Cost of the intervention
High (>$1000 per month or >$15,000 one-off)
Medium ($100-$1000 per month or $1500-$15,000
one-off)
Low (<$100 per month or $1500 one-off)
Accessibility to the intervention
Inconvenient travel, or wait time (>3 months)
Neither convenient or inconvenient travel,
or wait timea
Convenient travel, or wait time (<1 week)
a
b
c

The extent to which one can
be conﬁdent that the effects of
the reatment or service
described are real.
The clinical effect of the
intervention on pain.

The duration of follow up
demonstrating a meaningful
effect on pain.

Treatment side-effects that
have signiﬁcant medical
consequences, e.g. lead to
death, permanent disability
or prolonged hospitalisation.
Treatment side-effects that
are not serious (see risk of
serious harm).
Total ﬁnancial costs relevant
to he use or provision of
healthcare for OA.

The extent to which the
intervention can be accessed
by people with OA.

Full sample mean
weightc (n ¼ 178)

Mean weightc by group
Consumers
(n ¼ 63)

Providers
(n ¼ 79)

Policy-informants
(n ¼ 24)

OA Researchers
(n ¼ 12)

0.0
0.0647
0.1108
0.1529
0.1904

0.0
0.0645
0.1073
0.1462
0.1848

0.0
0.0618
0.1118
0.1581
0.1947

0.0
0.0720
0.1116
0.1462
0.1851

0.0
0.0697
0.1213
0.1678
0.2038

0.0
0.0587
0.1319
0.1765

0.0
0.0526
0.1145
0.1560

0.0
0.0607
0.1377
0.1835

0.0
0.0704
0.1549
0.2100

0.0
0.0546
0.1389
0.1709

0.0
0.0983
0.1501

0.0
0.0865
0.1376

0.0
0.1021
0.1559

0.0
0.1205
0.1720

0.0
0.0911
0.1335

0.0
0.0392
0.0748
0.1318

0.0
0.0421
0.0817
0.1506

0.0
0.0371
0.0704
0.1218

0.0
0.0300
0.0592
0.1145

0.0
0.0561
0.0993
0.1339

0.0
0.0795
0.1282

0.0
0.0864
0.1325

0.0
0.0763
0.1223

0.0
0.0701
0.1179

0.0
0.0826
0.1651

0.0
0.0527
0.0941

0.0
0.0513
0.0980

0.0
0.0610
0.1016

0.0
0.0396
0.0720

0.0
0.0319
0.0686

0.0
0.0407

0.0
0.0450

0.0
0.0354

0.0
0.0513

0.0
0.0326

0.0661

0.0735

0.0584

0.0760

0.0582

0.0
0.0313

0.0
0.0335

0.0
0.0309

0.0
0.0263

0.0
0.0331

0.0627

0.0670

0.0618

0.0526

0.0661

Interpolated criterion level using a B"ezier curve; d ¼ Cohen's d for effect size.
Refer to Supplement 2 for a complete description of the criteria, including how interventions' were rated on the criteria.
The weights, multiplied by 100, are equivalent to per cent points and at their best level sum to 1 (100%).

and ‘self-management education’ did not (Fig. 3) due to poor performance on the Quality and Effectiveness criteria (Supplement 8 shows
disaggregated total scores). This ﬁnding suggests that stakeholders'
preferences for the performance of the latter two interventions may
contribute to their poor uptake in practice [43]. Weight management and
the application of active self-management strategies for OA require
substantial behaviour change for patients, which is often challenging to
sustain [44]. We also note that the performance ratings on these interventions may not capture the broader beneﬁts of engaging in them,
such as reduction in the impact of other noncommunicable diseases
which may feature alongside OA. Therefore, the value of these core interventions may be under-estimated in the current study.
For OA CPGs, broader stakeholder engagement is needed [2,17,45]. A
number of studies have investigated consumer or provider preferences
for the characteristics of OA interventions using MCDA methods [23–25,
46–48]. However, none has incorporated stakeholders' preferences
across a health system. Broader engagement may lead to more effective
implementation strategies [19,49,50], particularly in primary care settings and in relation to policy change [13,51]. Yet, only about 2% of CPGs
tailor guidelines to local health system user preferences. [52] Although
stakeholders’ preferences did not meaningfully differ across the health
system for OA interventions in the current study, the method used in this

Recommendation, Quality, Effectiveness, Duration and Risk-Serious
approximately 2.5–3 times more than the two least important criteria,
Cost and Accessibility. These ﬁndings suggest that stakeholders’ are
willing to forego intervention Cost and Accessibility in favour of superior
performance on the other criteria. Ultimately, the weights show that the
choice of OA interventions is inﬂuenced by some criteria more than
others, yet these differences may not accurately reﬂect the complexity of
their real-world implementation.
Weights on the criteria did not differ meaningfully by stakeholder
group (or by subgroup, Supplement 7). The regression analysis detected
only small associations (#5.7%; Table 3) between weights and stakeholder group. Accounting for variance in group size made virtually no
difference to the relative importance of the scored interventions (rs ¼ 1,
p < 0.01), while the level of agreement in intervention rankings across
groups also conﬁrmed that small weight differences were not meaningful
(W ¼ 0.990, p < 0.000). The outcomes of these different analytic approaches conﬁrm our assertion that weights were not meaningfully
heterogeneous with respect to the sample characteristics collected in this
study. However, it would be prudent to re-evaluate these properties in a
larger sample, as subgroup differences has been reported elsewhere.
Of the three core interventions, only ‘all land-based exercise’ aligned
strongly with stakeholders' preferences whereas ‘weight management’
6
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Fig. 3. RACGP guideline recommended OA interventions (N ¼ 15) ranked by the full sample mean preference weights at ﬁrst-, second- and third-line OA care.
Table 3
Average partial effects (APE) of the fractional multinomial logit model. APEs measure the change of a mean criterion weight, relative to the other criteria, given a change
in the level of a socio-demographic characteristic. Negative coefﬁcients indicate less importance. For example, healthcare providers, on average, place 4.3% (equivalently 0.043 APE) more importance on Recommendation, whereas policy-informants place 4.9% more importance on Quality and 4.7% less importance on Duration,
relative to the other criteria and compared to consumers.
Average Partial Effects
Socio-demographic
characteristics

Recommend-ation to
use the intervention
now

Providers
0.043**
(ref: Consumers)
(0.015)
Policy-informants
0.028
(ref: Consumers)
(0.016)
OA Researchers
0.057*
(ref: Consumers)
(0.024)
Female
0.018
(ref: Male)
(0.011)
Australian
%0.028
(ref: New Zealander)
(0.019)
Gov. employee
%0.026*
(ref: other employer)
(0.013)
Age
0.001*
(at mean age 54yrs)
0.001
Work experience
0.000
(at mean exp. 16yrs)
(0.000)
Pairwise comparisons between stakeholder groups
Policy-informants
%0.014
(ref: Providers)
(0.014)
OA Researchers
0.014
(ref: Providers)
(0.02)
OA Researchers
0.029
(ref: Policy-informants)
(0.023)

Quality of the
evidence

Effectiveness of
the intervention

Duration of the
intervention effect

Risk of
serious harm

Risk of mild to
moderate harm

Cost of the
intervention

Accessibility to
the intervention

0.016
(0.012)
0.049*
(0.019)
0.007
(0.02)
%0.015
(0.01)
%0.012
(0.015)
0.003
(0.01)
0.001
(0.000)
0.001
(0.001)

%0.003
(0.015)
0.016
(0.015)
%0.029
(0.019)
%0.009
(0.009)
0.024
(0.015)
0.020
(0.013)
%0.001
(0.000)
0.000
(0.000)

%0.042*
(0.018)
%0.047**
(0.016)
%0.030
(0.026)
%0.014
(0.012)
0.025
(0.015)
0.014
(0.016)
0.000
(0.001)
0.000
(0.001)

%0.008
(0.018)
%0.019
(0.018)
0.034
(0.026)
0.009
(0.011)
0.032
(0.018)
0.001
(0.014)
0.000
(0.001)
0.000
(0.001)

0.014
(0.014)
%0.024
(0.017)
%0.020
(0.017)
0.002
(0.009)
%0.008
(0.023)
%0.018
(0.01)
0.000
(0.000)
%0.001
(0.000)

%0.010
(0.01)
0.010
(0.01)
%0.010
(0.011)
0.002
(0.006)
%0.020
(0.013)
%0.004
(0.006)
0.000
(0.000)
0.000
(0.000)

%0.009
(0.012)
%0.012
(0.015)
%0.009
(0.017)
0.005
(0.009)
%0.014
(0.015)
0.011
(0.009)
0.000
(0.000)
0.000
(0.000)

0.033*
(0.016)
%0.009
(0.019)
%0.042
(0.024)

0.019
(0.012)
%0.026
(0.013)
%0.045**
(0.016)

%0.006
(0.014)
0.012
(0.021)
0.018
(0.024)

%0.011
(0.014)
0.042
(0.022)
0.053*
(0.025)

%0.038*
(0.017)
%0.034**
(0.012)
0.004
(0.02)

0.020*
(0.008)
0.001
(0.008)
%0.020
(0.01)

%0.003
(0.012)
0.000
(0.014)
0.003
(0.017)

Standard errors are in parentheses.
Unadjusted *p < 0.05, **p < 0.01; Gov ¼ Government; exp ¼ experience; yrs ¼ years.
Separate regressions were run for the provider and policy%maker reference categories (italicised).
p¼<0.0010 goodness-of-ﬁt’ Wald Chi-square for each regression, indicating at least one of the coefﬁcients has a signiﬁcant impact on the criteria.

conﬁrm consistency of cross-sectoral preferences, prior to upscaling such
models nationally. Potential downstream effects could be realised
through systemwide approaches such as better: health outcomes, patient
and provider experiences, and use of healthcare resources – the
quadruple aim of value-based health care [55].
Strengths of our study include the mixed-methods design [32] used to
inform the criteria selection and the independent source of evidence [35]
used to inform the performance ratings. A limitation of our study is that

study may help cultivate more trustworthy decision-making and
strengthen health systems by supporting decision-makers to focus on
delivering what people value. Given that intervention success is inﬂuenced by interdependent factors across the health system, a multi-level
approach to strengthening the health systems is needed [11,53]. For
developers of health strategies, for example Models of Care [11]
(currently absent in NZ [54]) or Models of Service Delivery [53], the
approach outlined in this paper may help support better co-design and
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Fig. 4. Error bars representing the aggregate uncertainty in the 15 guideline-recommended interventions' total scores across all performance ratings for ﬁrst-line
OA care.

Author contributions

the criteria were not strictly non-overlapping and potentially
non-independent; however, our criteria selection was informed by
empirical data from local stakeholders, and we included pilot-testing and
a response-veriﬁcation and process evaluation to validate our
choice-based survey. Our sample size was also modest, such that
re-evaluation in a larger sample would be important to validate the
ﬁndings to conﬁrm that disease severity does not inﬂuence stakeholders'
preferences, or the associations in stakeholders’ sociodemographic
characteristics and preferences we identiﬁed. The RACGP CPG also did
not have an evidence-quality threshold for including evidence. This
absence may have inﬂated the relative importance of some interventions,
such as alternative medicines. The mean weights may also be at risk of
bias due to the sampling method (which may underrepresent minority
groups) and modest sample size.
This study provides a framework for exploring cross-sectoral preferences for OA care in NZ due to the stakeholder-informed criteria selection, the representativeness of multi-level NZ stakeholders surveyed and
the contextualised performance ratings for the Cost and Accessibility
criteria. The framework is likely to be generalisable to other developed
countries with similar health system funding schemes, access to health
care and patterns of delivering lower-value OA care. However, the
preference data should be interpreted cautiously due to the risk of sampling bias.
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Stakeholders' preferences for eight criteria inﬂuencing their choice of
OA interventions in decreasing order of importance are: Recommendation, Quality, Effectiveness, Duration, Risk-Serious, Risk-Mild, Cost and
Accessibility. Stakeholders' weights did not appreciably differ by stakeholder group. Not all core recommended interventions are preferred by
stakeholders; ‘all land-based exercise’ was highly valued for ﬁrst-line OA
care, but ‘weight-management’ and ‘self-management education’ are less
preferred than most second-line interventions. The performance of TJR
was most preferred for third-line OA care. These ﬁndings could help
support greater delivery and uptake of value-based OA care across a
health system.
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Knee osteoarthritis is a leading global cause of health-related quality of life loss. The aim of
this project was to quantify health losses arising from knee osteoarthritis in New Zealand
(NZ) in terms of quality-adjusted life years (QALYs) lost.

Methods
The Osteoarthritis Policy Model (OAPol), a validated Monte Carlo computer simulation
model, was used to estimate QALYs lost due to knee osteoarthritis in the NZ adult population aged 40–84 over their lifetimes from the base year of 2006 until death. Data were from
the NZ Health Survey, NZ Burden of Diseases, NZ Census, and relevant literature. QALYs
were derived from NZ EQ-5D value set 2. Sensitivity to health state valuation, disease and
pain prevalence were assessed in secondary analyses.

Results
Based on NZ EQ-5D health state valuations, mean health losses due to knee osteoarthritis
over people’s lifetimes in NZ are 3.44 QALYs per person, corresponding to 467,240 QALYs
across the adult population. Average estimated per person QALY losses are higher for nonMāori females (3.55) than Māori females (3.38), and higher for non-Māori males (3.34) than
Māori males (2.60). The proportion of QALYs lost out of the total quality-adjusted life expectancy for those without knee osteoarthritis is similar across all subgroups, ranging from 20 to
23 percent.

Conclusions
At both the individual and population levels, knee osteoarthritis is responsible for large lifetime QALY losses. QALY losses are higher for females than males due to greater prevalence of knee osteoarthritis and higher life expectancy, and lower for Māori than non-Māori
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due to lower life expectancy. Large health gains are potentially realisable from public health
and policy measures aimed at decreasing incidence, progression, pain, and disability of
osteoarthritis.

Introduction
Osteoarthritis (OA) is a highly prevalent condition that can result in disabling pain and loss of
physical function. New Zealand (NZ) data confirm that physician-diagnosed and symptomatic
OA increases with age, from at least 8% of people aged 45–55 years to 30% aged over 75.[1]
The most common site of OA is the knee;[2] knee OA is a leading cause of global disability
and is associated with significant economic costs as well as reduced quality of life.[3, 4] United
States (US) data indicate that the incidence of knee OA peaks in the 55–65 age group at around
0.4% annually and has an average incidence of approximately 0.25% from age 25 to 85 years.
[5] These rates correspond to an annual incidence of approximately 7,000 people in the 2013
NZ resident population (totaling approximately 2.8 million people aged 25 year and over).
There have been few studies quantifying the health losses due to OA in the NZ population,
and none have looked specifically at the burden of knee OA. The NZ Burden of Diseases, Injuries and Risk Factors Study (NZBD) reported that all-site OA was responsible for the loss of
20,738 disability-adjusted life years (DALYs) in 2006,[6] calculated using standardized disability weights[7] for moderate and severe OA from the Global Burden of Disease (GBD) study.[4]
However, quality-adjusted life years (QALYs)–which use a range of available health related
quality of life (HRQoL) measurements–are more commonly used for economic evaluations.
[8] Several descriptive systems for HRQoL are available, of which the EQ-5D[9] is by far the
most widely used internationally.[10] The EQ-5D and the value set of Devlin et al.[11] are
widely used for estimating QALYs in NZ, and are recommended by the Pharmaceutical Management Agency (PHARMAC) as the preferred metric for measuring health-related quality of
life and for conducting economic evaluations in NZ.[8]
This paper reports on a study to quantify health losses arising from knee OA in NZ in terms
of QALYs lost. Consistent with the above-mentioned international literature, differences in
these losses are tested for age and sex effects. In addition, the effect of ethnic group–Māori
(NZ’s indigenous minority) versus non-Māori–is investigated; ethnicity is a potentially important factor because Māori people are well known to suffer higher health losses for most health
conditions than non-Māori people.[6]

Materials and methods
The OAPol model
The Osteoarthritis Policy Model (OAPol), a validated Monte Carlo computer simulation
model of the natural history and management of knee OA,[5, 12–14] was used to estimate the
QALYs lost due to knee OA in the NZ adult population over their lifetimes. This model generates simulated cohorts of individuals based on user-defined inputs for age, sex, and knee OA
severity and pain. Each simulated individual passes through a sequence of annual transitions
that model the clinical course of knee OA from one health state to another, without interventions, corresponding to HRQoL improvements or deteriorations. The HRQoL state transitions
are based on the Western Ontario and McMaster Osteoarthritis Index (WOMAC) pain score
(see Pain and health-related quality of life, below). Details about the health-state transitions in
the OAPol model have been published elsewhere.[14, 15]
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Cohort characteristics
The data used to define our simulated cohort were sourced from the NZ Health Survey,
NZBD, Injuries and Risk Factors Study, NZ Census, and other relevant literature (see S1
Appendix for details about data sources).[6, 16–18]
The NZ adult population aged 40–84 was modelled over their lifetimes from the base year
of 2006 to death in two cohorts: one with knee OA and another without knee OA. Each cohort
was sub-divided into 5-year age ranges (e.g. 40–44, 45–49, etc), and the mean BMI for each sex
and ethnicity group (Māori or non-Māori) was derived from 2006 NZ Health Survey (NZHS)
data.[18] Mortality data for each age, sex, and ethnicity group were compiled from the NZ life
tables that provide the probability that a person will die within 5 years.[16]

Pain and health-related quality of life
In the OAPol model, knee pain is represented by the WOMAC pain score, which is a five-item
questionnaire scored in the range 0–100, where 100 is the highest level of pain.[19] Subjects
with knee OA were initialised with a mean WOMAC pain score of 30 (standard deviation 15),
and an increase of 0.5 points (standard deviation 5) for each subsequent year. The mean
WOMAC pain level of 30, based on cohort research data,[20, 21] was used to generate a cohort
with mild to moderate pain from knee OA with substantial variation around the mean. The
subsequent year increase in pain was used to give subjects a relatively stable pain trajectory
over the course of their OA progression.[21] Based on the WOMAC score, individuals were
classified into three levels of pain severity—no pain (WOMAC < 1), moderate pain (1–70),
and severe pain (>70)—each with an associated (age-specific) HRQoL value in the range 0–1,
where dead = 0 and perfect health = 1.
To determine HRQoL values for each level of pain, we proceeded in two steps. First, using
data collected in a 1999 survey of the NZ adult population that asked respondents to rate their
own current health on the five EQ-5D dimensions,[22] we stratified all responses by 5-year age
range and by the level of pain reported. For each of these sub-groups, we then calculated the
mean HRQoL value using two HRQoL valuations: the NZ EQ-5D value set 2, derived from
visual analog scale (VAS) valuations of EQ-5D health states, as recommended by PHARMAC
for health technology assessments;[23, 24] and, a transformation of these values designed to
more closely approximate valuations elicited using trade-off methods such as the standard
gamble (SG) as there have been reports suggesting that VAS scores may be more responsive to
QALY loss relative to scores elicited using SG methodology.[25] We applied both the untransformed and the transformed HRQoL values to provide alternative estimates for the health loss
associated with knee OA pain, and to aid comparisons across other literature. The derived
HRQoL values for each age group and level of pain are reported in Table 1, and Table B in S1
Appendix, for the untransformed and transformed values, respectively.
For cohorts without knee OA, HRQoL values were determined based on the population distribution of pain not due to OA. In the absence of published NZ estimates, the proportion of
the total population in pain was estimated using general population data from the North Staffordshire Osteoarthritis Project (NorStOP).[26] Based on the NorStOP findings, we applied
the assumption that 90% of the population in pain not due to OA are experiencing moderate
pain and 10% severe pain. The detailed derivation for the distribution of pain for people without knee OA is described in the Technical Appendix (S1 Appendix).

Knee OA prevalence
The prevalence of all-site OA (Table 2) was derived from the NZBD study, a partner to the
GBD study.[1, 4, 6, 27] Data from the 2012 United States (US) National Health Interview
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Table 1. Quality of life utilities, by age and pain level.
Pain level
Age

No pain or discomfort

Moderate pain or discomfort

Extreme pain or discomfort

40–44

0.959

0.652

0.314

45–49

0.959

0.642

0.285

50–54

0.951

0.646

0.239

55–59

0.946

0.649

0.122

60–64

0.968

0.643

0.160

65–69

0.947

0.627

0.280

70–74

0.974

0.623

0.239

75–79

0.950

0.635

0.165

80–84

0.916

0.609

0.107

Note: QALY input was taken from the EQ-5D Tariff 2 health state preference values (Devlin, Hansen et al. 2003) derived from a survey of the NZ population
(Devlin, Hansen et al. 2000). We stratified the original EQ-5D data set by level of pain (no pain or discomfort; moderate pain or discomfort; extreme pain or
discomfort).
https://doi.org/10.1371/journal.pone.0185676.t001

Survey (NHIS) were used to determine the proportion of people with knee OA as a proportion
of the number of people with OA at any site.[28] Details about the derivation of the prevalence
of knee OA in the NZ population can be found in the Technical Appendix (S1 Appendix).

QALYs lost
QALYs lived for each individual were calculated as the sum of HRQoL values for each year of
life. For people with and without knee OA, quality-adjusted life-expectancy (QALE) was estimated, stratified by age (5-year bands), sex, and ethnicity (non-Māori, Māori). For each of
these sub-populations, the QALYs lost due to knee OA were calculated by subtracting the
QALE of people with knee OA, weighted by the proportion of people in the group with prevalent knee OA, from the QALE of the same sub-population without knee OA.

Sensitivity analyses
A key driver of modeled QALY losses attributable to knee OA is the difference in pain between
people with and without knee OA. Therefore probabilistic sensitivity analyses (PSA) were performed to understand the impact of the assumption that 90% of the people in pain not due to
Table 2. Estimates of prevalence of knee osteoarthritis in New Zealand.
Ethnicity
Non-Maori
Maori

Sex

Age Range
40–44

45–49

50–54

55–59

60–64

65–69

70–74

75–79

80–84

Male

1.19%

4.82%

4.79%

6.27%

6.30%

11.40%

11.44%

12.75%

12.85%

Female

0.80%

4.47%

4.47%

10.45%

10.41%

16.98%

16.92%

21.55%

21.50%

Male

0.86%

2.88%

2.88%

9.72%

9.72%

14.43%

14.43%

20.84%

20.84%

Female

1.29%

4.83%

4.83%

6.98%

6.98%

13.10%

13.10%

18.34%

18.34%

Note: Prevalence of OA was taken from the New Zealand Burden of Diseases, Injuries and Risk Factors Study (NZBD) study (Ministry of Health 2013), a
partner to the GBD study (Murray, Vos et al. 2012, Cross, Smith et al. 2014). We used data from the 2012 United States (US) National Health Interview
Survey (NHIS) to determine the proportion of people with knee OA as a proportion of the number of people with OA at any site (United States National
Health Interview Survey 2012) and adjusted downward to account for self-report bias (March et al. 1998) (see S1 Appendix).
https://doi.org/10.1371/journal.pone.0185676.t002
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knee OA are in moderate instead of extreme pain. PSA was conducted using a uniform distribution from 80% to 100% moderate pain for those in pain not due to knee OA.
Sensitivity analysis was also performed by varying knee OA prevalence values. The prevalence estimates reported by the NZBD study are based on self-reports of the presence of physician-diagnosed OA; however there is some evidence that self-reported OA may be biased
upward.[29] March et al. (1998) report the false-positive rate of self-reported OA to be
0–19.3%.[29] For the base case, we used prevalence rates conservatively adjusted downward
using the positive predictive values (PPVs) from the study by March et al.[29] We checked the
impact of this assumption by conducting PSA (as above) by also running the model with unadjusted prevalence values as reported in the NZBD study.

Results
Primary analysis
For people in the NZ population aged 40–84 without knee OA, their average life expectancy is
20.67 QALYs, weighted by the proportion of the NZ population in each age-, sex-, and ethnic
group. The weighted average life expectancy for the NZ population aged 40–84 with knee OA
is 12.14 QALYs. For the sub-population with knee OA (accounting for age, sex, ethnicity, and
non-OA-related pain), the predicted QALE if they did not have knee OA is 15.57 QALYs. This
corresponds to a difference of 3.44 QALYs, which represents the QALY loss per person due to
knee OA (Table 3). This individual-level estimate corresponds to a total of 467,240 QALYs lost
across the adult population from 2006 until death (Table 3).
QALYs lost due to knee OA differ by sex, ethnicity, and age. QALY losses are higher for
females than males, and lower for Māori than non-Māori (Table 4). Māori have lower QALY
losses per person than non-Māori because of their lower average life expectancy. Overall
QALYs lost due to knee OA are inversely related to people’s age: they are higher in younger
age groups as a result of their longer life expectancy (Table 4). The proportion of QALYs lost
out of the total QALE for those without knee OA is similar across all subgroups, ranging from
20 to 23 percent.

Secondary HRQoL analysis
Using a Torrance transformation to adjust the HRQoL values results in lower QALY losses
due to knee OA in the NZ population: on average, 1.65 QALYs per person (9% of the total
Table 3. Summary of per-person and population-based QALY losses due to knee OA in New Zealand.
Weighted QALE in
people with no knee OA

Weighted QALE in
people with knee OA

Weighted QALE if people with
OA didn’t have knee OA*

QALY loss per
Population-based
person with knee OA QALY losses

Non-Maori
Male

19.73

12.20

15.54

3.34

166,023

Non-Maori
Female

21.96

12.22

15.77

3.55

272,568

Maori Male

17.57

10.05

12.64

2.60

11,562

Maori Female

19.78

12.17

15.55

3.38

17,087

Total
Population

20.67

12.14

15.57

3.44

467,240

QALE = quality-adjusted life expectancy; QALY = quality-adjusted life year; OA = osteoarthritis
*The expected QALE if persons with knee OA didn’t have knee OA was used to determine the per-person QALY losses. It was calculated by weighting the
QALE of persons without knee OA according to the age distribution of people with knee OA.
https://doi.org/10.1371/journal.pone.0185676.t003
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QALE for those without knee OA) and 224,364 QALYs at the population level. Proportional
losses were unchanged: as before, Māori and males have lower QALY losses than non-Māori
and females; QALY losses per person are highest for non-Māori females, with a mean loss of
1.73 QALYs per person (Figure A in S1 Appendix).

Sensitivity analysis
Sensitivity analyses with respect to the assumption that 90% of the people in pain not due to
knee OA are in moderate instead of extreme pain were performed on the Torrance-transformed HRQoL values. The PSA using a uniform distribution from 80% to 100% moderate
pain for those in pain not due to knee OA showed a 95% uncertainty interval (UI) of 1.42 to
1.86 QALYs lost per person. At the sub-population level, 95% UIs were from 1.34 to 1.77
QALYs for non-Māori males, 1.51 to 1.95 QALYs for non-Māori females, 0.91 to 1.85 QALYs
for Māori males, and 1.34 to 1.85 QALYs for Māori females.
Using the unadjusted prevalence rates from the NZBD study, the mean loss due to OA is
increased slightly from the above, to a UI of 1.52 to 1.94 QALYs per person.

Discussion
At both the individual and population levels, knee OA is responsible for large QALY losses
over people’s lifetimes in NZ. On average, knee OA accounts for 3.44 QALYs lost per person,
corresponding to 467,240 QALYs across the adult population, based on NZ EQ-5D health
state valuations. Due to both the high prevalence and the disablement attributable to this condition, large health gains are potentially realisable from public health and policy measures
aimed at decreasing the incidence, progression, pain, and disability of knee OA.
The QALY losses due to knee OA arising from the NZ EQ-5D value set 2, the recommended value set for NZ for economic evaluations,[23] differ from some overseas estimates
due to methodological differences resulting in different HRQoL values across countries. For
example, Losina et al.[13] estimated mean losses of 1.71 QALYs per person in the US (approximately half the present study’s estimate of 3.44 QALYs per person). The alternative valuation
in the present study, using Torrance transformed[25] HRQoL values to approximate SGderived health status scores in contrast to VAS derived scores, produced QALY losses more
closely aligned with those reported in the US,[13] and with DALY burden reported in the
NZBD and GBD studies.[4, 30] Projecting the reported 2006 DALY burden of all-site OA to
estimate lifetime DALY losses, using sex-, ethnicity-, and age-specific life expectancies from
NZ population life tables, [16] gives a total lifetime burden of all-site OA of 377,000 DALYs;
the Torrance-transformed QALY losses estimated by the OAPol model (224,364, Figure A in
S1 Appendix) represent around 60 percent of this total (226,200), consistent with the ratio of
knee to all-site OA used in this study. This contrast highlights the influence of health status valuations on disease burden estimates.
Strengths of this study include the use of an established, validated computer simulation
model[5, 12, 13] populated with robust data sourced from Statistics New Zealand, including
the NZBD study[1] (see S1 Appendix), and health status valuations based on Devlin et al.’s
EQ-5D value set,[24] as widely used for economic evaluations in NZ.[23, 24] In contrast, the
NZBD, Injuries and Risk Factors Study (NZBD) used only two levels of disability weights
derived from international research, and estimated the annual cross-sectional DALY loss for a
single year (2006).
Limitations of this study include the absence of knee-specific NZ OA prevalence data or
knee OA-related pain. Knee OA prevalence was estimated from NZHS self-reported data on
all-site OA by using the ratio of knee OA to all OA found in the US population, assuming the
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NonMaori

F

M
0.048
0.048
0.063
0.063
0.114
0.114
0.127
0.128

45–
49

50–
54

55–
59

60–
64

65–
69

70–
74

75–
79

80–
84
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0.045
0.045
0.105
0.104
0.170
0.169
0.216
0.215

45–
49

50–
54

55–
59

60–
64

65–
69

70–
74

75–
79

80–
84

Total

0.008

40–
44

Total

0.012

Proportion with
knee OA

40–
44

Ethnicity Sex Age

QALE in persons
without knee OA

15.77

6.32

8.75

11.61

14.73

17.92

21.19

24.53

27.92

31.33

15.54

5.39

7.41

9.90

12.69

15.63

18.77

22.02

25.39

28.82

12.22

4.95

6.84

9.06

11.43

13.85

16.37

18.96

21.52

24.03

12.20

4.24

5.85

7.81

9.99

12.31

14.74

17.29

19.84

22.34

QALE in persons with Per-person QALY losses in
knee OA
persons with knee OA*

3.55

1.37

1.92

2.55

3.30

4.06

4.82

5.57

6.40

7.30

3.34

1.15

1.57

2.09

2.70

3.32

4.03

4.73

5.55

6.48

(Continued)

272567.81

12593.97

22157.55

25454.77

41482.76

36980.56

56407.82

29815.42

39248.26

8426.69

166023.41

4341.30

9131.25

12914.12

21586.74

17814.60

27745.57

26514.94

35422.91

10551.97

Population-based QALE losses in
persons with knee OA

Table 4. Ethnicity, sex, and age-specific per-person and population-based QALY losses due to OA, assuming 90% moderate pain for subjects in pain not due to OA.
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F

M
0.029
0.029
0.097
0.097
0.144
0.144
0.208
0.208

45–
49

50–
54

55–
59

60–
64

65–
69

70–
74

75–
79

80–
84

0.048
0.048
0.070
0.070
0.131
0.131
0.183
0.183

45–
49

50–
54

55–
59

60–
64

65–
69

70–
74

75–
79

80–
84

Total

0.013

40–
44

Total

0.009

40–
44

Proportion with
knee OA

QALE in persons
without knee OA

15.57

15.55

5.22

7.04

9.16

11.50

13.98

16.75

19.72

22.86

26.14

12.64

4.33

5.82

7.68

9.76

11.97

14.47

17.27

20.28

23.41

12.14

12.17

4.10

5.51

7.18

8.97

10.91

13.10

15.47

17.92

20.40

10.05

3.40

4.60

6.10

7.74

9.52

11.52

13.76

16.12

18.49

QALE in persons with Per-person QALY losses in
knee OA
persons with knee OA*

3.44

3.38

1.12

1.53

1.98

2.53

3.07

3.65

4.24

4.94

5.74

2.60

0.93

1.22

1.58

2.02

2.45

2.95

3.51

4.15

4.93

467,240

17086.88

252.13

669.54

984.28

1965.30

1577.79

2767.53

2858.42

4433.65

1578.25

11561.96

148.57

455.82

760.76

1575.02

1610.46

2890.25

1303.93

2002.33

814.83

Population-based QALE losses in
persons with knee OA

https://doi.org/10.1371/journal.pone.0185676.t004

*The expected QALE if persons with knee OA didn’t have knee OA was used to determine the per-person QALY losses. It was calculated by weighting the QALE of persons without
knee OA according to the age distribution of people with knee OA.

QALE = quality-adjusted life expectancy; QALY = quality-adjusted life year; OA = osteoarthritis

Totals:

Maori

Ethnicity Sex Age

Table 4. (Continued)
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proportion of knee OA would be applicable to NZ. Prevalence estimates of OA can differ
markedly depending on case definition.[31] The estimates utilised in the model–as reported in
the GBD study–may have resulted in conservative estimate of QALE loss due to OA because,
as noted by the GBD authors, these “may be a substantial underestimate of the true prevalence”
(p. 1328 column 1),[4] and thus may underestimate the burden of disease for the purposes of
public health projections and healthcare needs assessments.[32] The non-NZ sourced data on
the population distribution of non-OA-related pain adopted provide relatively high estimates
of the proportion of the general population experiencing moderate and severe pain, compared
with unpublished NZHS data, and thus provide a conservative estimate of HRQoL decrement
attributable to OA.
By 2041, the number of people over the age of 65 will double: from 650,000 (2014) to 1.28–
1.37 million (2041), with the proportion of people over 65 having increased to 25% of the population.[33] Due to the confluence of the ageing population and rising rates of obesity, injury,
sedentary lifestyles, and other factors, it is predicted that the number of people affected by OA
will increase by around 50% over the coming two decades.[34, 35] Total joint replacements are
among the most common elective surgical procedures and rates are increasing rapidly primarily due to the ageing population.[36] By 2026 total knee joint replacement surgeries in NZ are
predicted to rise by 184%, on top of the 52% rise already evident between 2001 and 2010.[36]
These data indicate that public health and policy measures aimed at decreasing the incidence,
progression, pain, and disability of knee OA have the potential to produce large health gains.

Conclusions
At both the individual and population levels, knee OA is responsible for large lifetime QALY
losses. Based on NZ EQ-5D health state valuations, mean health losses due to knee OA over
people’s lifetimes in NZ are 3.44 QALYs per person. Due primarily to life expectancy differences, QALY losses are higher for non-Māori females (3.55) than Māori females (3.38), and
higher for non-Māori males (3.34) than Māori males (2.60). Overall, this corresponds to
467,240 QALYs lost due to knee OA over the lifetimes of the 2006 NZ adult population. Large
health gains are potentially realisable from public health and policy measures aimed at decreasing incidence, progression, pain, and disability of OA.
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Objective: To describe the construction and preliminary validation of a new population-based microsimulation model developed to analyse the health and economic burden and cost-effectiveness of
treatments for knee osteoarthritis (OA) in New Zealand (NZ).
Method: We developed the New Zealand Management of Osteoarthritis (NZ-MOA) model, a discretetime state-transition microsimulation model of the natural history of radiographic knee OA. In this
article, we report on the model structure, derivation of input data, validation of baseline model parameters against external data sources, and validation of model outputs by comparison of the predicted
population health loss with previous estimates.
Results: The NZ-MOA model simulates both the structural progression of radiographic knee OA and the
stochastic development of multiple disease symptoms. Input parameters were sourced from NZ
population-based data where possible, and from international sources where NZ-speciﬁc data were not
available. The predicted distributions of structural OA severity and health utility detriments associated
with OA were externally validated against other sources of evidence, and uncertainty resulting from key
input parameters was quantiﬁed. The resulting lifetime and current population health-loss burden was
consistent with estimates of previous studies.
Conclusion: The new NZ-MOA model provides reliable estimates of the health loss associated with knee
OA in the NZ population. The model structure is suitable for analysis of the effects of a range of potential
treatments, and will be used in future work to evaluate the cost-effectiveness of recommended interventions within the NZ healthcare system.
© 2018 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Keywords:
Osteoarthritis
Simulation modelling
Microsimulation
Quality of life

Introduction
Simulation modelling is a powerful tool that is being increasingly used to analyse the population health impact of disease1,2.
Such models combine data on disease prevalence, the distribution
of risk factors in the population, and the impact of the condition on
health-related quality of life (HRQoL) to quantify the population
health burden of disease. By incorporating estimates of the effects
of existing and proposed prevention and treatment strategies,
simulation models can be used to evaluate the cost-effectiveness of
healthcare interventions under a variety of scenarios.
Simulation modelling can also be used to estimate the future
burden of disease for health policy planning or the evaluation of

* Address correspondence and reprint requests to: R. Wilson, Centre for
Musculoskeletal Outcomes Research, Department of Surgical Sciences, University of
Otago, PO Box 56, Dunedin, 9054, New Zealand.
E-mail addresses: ross.wilson@otago.ac.nz (R. Wilson), haxby.abbott@otago.ac.nz
(J.H. Abbott).

preventive public health measures. For example, modelling expected future changes in risk factorsdsuch as, in the case of osteoarthritis (OA), structural injury, the ageing population, and
increasing prevalence of obesitydcan provide policy-relevant estimates of future disease burden3e5. Simulation methods also lend
themselves naturally to equity analysis, a growing area of concern
in healthcare evaluation. For example, in New Zealand (NZ) it is
!ori (NZ's indigenous population) have worse health
known that Ma
!ori population6, including higher (ageoutcomes than the non-Ma
standardised) prevalence of OA7. By analysing separately the impact
of diseases and interventions on potentially disadvantaged subpopulations, such as ethnic minorities, rural residents, or socioeconomically deprived groups, modelling can be used to evaluate
the effectiveness of targeted interventions to reduce disparities in
health outcomes.
Advances in computing power have made possible the development of large-scale microsimulation models, which simulate
health trajectories at the individual level and evaluate population
health outcomes by aggregating the outcomes of large numbers of

https://doi.org/10.1016/j.joca.2018.01.004
1063-4584/© 2018 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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incidence, structural progression, and HRQoL outcomes of knee OA
in a large cohort representative of the NZ adult population. NZMOA is a microsimulation model: it simulates the health trajectories of randomly-generated heterogeneous individuals, based on
a set of deﬁned probability distributions and input parameters, and
aggregates the outcomes of individual trials (microsimulations) to
estimate population-level quantities.
The model consists of two layers (Fig. 1): ﬁrst, structural disease
progression is modelled dependent on individual characteristics;
second, HRQoL outcomes and healthcare costs are assigned to the
resulting disease states. The remainder of this sub-section details
the model structure and the ﬂow of simulated individuals through
the model; the following sub-section then describes the data sources and derivation of input parameters used to populate the model.

randomly-generated individual simulations. Such microsimulation
methods, unlike group-based approaches such as Markov cohort
models, have the advantages of being able to incorporate a larger
number of patient-level characteristics and risk factors at a ﬁner
level of detail, to model dynamic intervention strategies dependent
on both past and present characteristics and disease states, and to
evaluate the distribution of outcomes and patient-level heterogeneity as well as group-level means8,9. Recent microsimulation
models used in the analysis of OA include the Osteoarthritis Policy
(OAPol) model10,11, a state-transition model of OA progression and
OA-related pain in the US, and POHEM-OA12, a continuous-time
simulation of OA incidence and risk factors in the Canadian
population.
This study reports on the development of the New Zealand
Management of Osteoarthritis (NZ-MOA) model, a populationbased microsimulation model of the burden and treatment of
knee OA in NZ. Two novel features of NZ-MOA are an explicit focus
on the stochastic progression of HRQoL outcomes along with
radiographically-described structural OA progression, and multidimensional health state modelling to capture the breadth of the
HRQoL impacts of OA. As we demonstrate in this preliminary study,
these features allow, for example, the evaluation of interventions
provided to a subset of OA patients meeting deﬁned, clinicallyrelevant criteria, such as limitations in physical functioning,
bodily pain, or structural joint deterioration.
The remainder of this paper presents the model structure and
the derivation of input parameters, and reports preliminary analyses to establish the validity of model outputs. We conclude by
discussing the model's strengths and limitations, highlighting potential future developments, and previewing planned applications
of the model for evaluating the cost-effectiveness of treatment
strategies for knee OA in NZ.

Structural progression
Structural disease states are deﬁned by Kellgren-Lawrence (K-L)
grade, from grades 0/1 indicating no/doubtful radiographic OA to
grade 4 indicating severe OA13. Each simulated individual,
randomly drawn from the NZ adult population, is followed through
a sequence of annual probabilistic transitions between these health
states: in each period they either remain at the same K-L grade or
progress by a single step, determined by transition probabilities
dependent on age, sex, ethnicity, and Body Mass Index (BMI). Death
can occur in any period, up to a maximum age of 100.
HRQoL
In each period, a HRQoL valuation is probabilistically assigned to
the individual's disease state, using the SF-6D instrument. The SF6D is a six-dimensional health-status classiﬁcation (Physical
Functioning, Role Limitations, Social Functioning, Pain, Mental
Health, and Vitality) with an associated HRQoL score index, derived
from the 12-item SF-12 questionnaire14. At baseline, each individual is randomly generated an SF-6D proﬁle (i.e., levels on each of
the six SF-6D dimensions), conditional on their age, sex, ethnicity,
BMI, and OA status, and receives the associated HRQoL value. The
SF-6D proﬁle, and hence HRQoL value, is probabilistically updated
each year, dependent on the individual's OA status and other
characteristics.

Method
Model structure
NZ-MOA is a population-based state-transition model of the
natural history of radiographic knee OA. The model simulates the

New Trial
No
t=0

Yes

Survive?

Initial Characteristics
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Update Characteristics
t=t+1

1. Structural
progression

Update K-L Grade

Initial K-L Grade
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Initialization

Update HRQoL and Costs
Annual
Transition
Fig. 1. Structure of the NZ-MOA model.

2. HRQoL
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Healthcare treatments
In both the structural disease progression and HRQoL valuation
steps presented in Fig. 1, outcomes are dependent on the course of
treatment being followed. In each period, individuals may be
allocated to a treatment regimen if they meet speciﬁed criteria
regarding structural OA severity (deﬁned by K-L grade) and
symptomatic severity (deﬁned by SF-6D proﬁle). Treatment effects
may involve a combination of weight loss (reduction in BMI),
retardation of structural OA progression, or mitigation of OA
symptoms (modelled as a reduction in the HRQoL detriments of
having OA). The healthcare costs associated with the treatment
regimen being followed (which may vary according to individuals'
other characteristics such as age, sex, ethnicity, obesity, and K-L
grade) are also recorded in each period.
The model computes two outcome paths for each individual,
corresponding to ‘business-as-usual’ (i.e., reﬂecting current patterns of treatment and healthcare utilization) and the intervention
under study (for example, incorporating a new treatment or
sequence of treatments into the business-as-usual scenario). By
running the same individuals through both pathways, the incremental quality-adjusted life years (QALY) gains and costs of the
intervention can be assessed.
Model output
At death (or age 100), the individual's total QALYs lived (the sum
of annual HRQoL values recorded in each year of life) are computed,
along with details of OA status and any healthcare costs incurred,
and the model is repeated for another randomly-drawn individual.
A large number of simulated individuals are used to provide stable
estimates of population-wide average QALY losses and costs. (The
results reported here use a sample size of ﬁve million trials for each
model run.) The incremental QALYs gained and costs incurred by
the intervention relative to the business-as-usual case are used to
assess population health impacts and cost-effectiveness.
Key input parameters and data sources
The model relies on a large number of input parameters and
distributions from a variety of sources. Where possible, NZ
population-based data were used to provide model inputs; where
NZ-speciﬁc data were not available, international data were used,
sourced both from published literature and estimated directly from
publicly-available datasets. Summaries of input parameters and
distributions are provided below, and in greater detail in Appendix
A (Tables A1eA5).
Population distribution of age, sex, and ethnicity
The 2013 NZ Census was used to deﬁne the starting population
cohort15. For the current study, we used the population aged
35e99, stratiﬁed by sex and ethnicity. In the Census, individuals
were able to report afﬁliation with multiple ethnic identities; the
model uses the total ethnic group deﬁnition recommended by
Statistics New Zealand16, identifying as M!
aori all of those reporting
!ori ethnicity, with or without any other ethnic afﬁliations.
Ma
BMI
The baseline distribution of BMI was estimated from the New
Zealand Health Survey (NZHS) 2013/1417. A lognormal distribution
was assumed for BMI, following inspection of the empirical distribution function, and ﬁt to age, sex, and ethnicity. In each subsequent annual cycle, individuals' BMI was assumed to follow the
current (sex- and ethnicity-speciﬁc) population average trajectory
of BMI with age, plus a secular trend increase of 0.3 percent per year
(extrapolating observed trends over recent decades18).
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Mortality rates
Population annual mortality rates, stratiﬁed by age, sex, and
ethnicity, were obtained from the New Zealand Period Life
Tables 2012e1419. To model the increased mortality risk for obese
individuals, estimates of the relative risk of mortality for different
levels of BMI, derived from the US population20, were used to adjust
these baseline rates. Future mortality rates were assumed to
!ori and 1.75 percent per
decrease by 2.25 percent per annum for Ma
!ori until 2026, and remain constant thereafter21.
annum for non-Ma
Beyond the differences in mortality attributable to age, sex,
ethnicity, and obesity, no attempt was made to model excess
mortality associated with radiographic knee OA, as the evidence for
OA-related mortality is equivocal.22
Prevalence of radiographic knee OA
Data on the prevalence of radiographically-deﬁned knee OA are
not available for the NZ population. NZ-MOA therefore relies on
information on the prevalence of self-reported all-site doctordiagnosed OA, for which data were obtained from NZHS 2013/
1417. To obtain estimates of radiographic OA prevalence, these rates
were ﬁrst adjusted for the ratio of knee OA to all-site OA, estimated
from US population data23. The estimated knee OA prevalence rates
were then further adjusted to reﬂect differences between prevalence estimates based on self-reported doctor-diagnosed OA and
radiographically-deﬁned OA, using relative prevalence ratios estimated by the Global Burden of Disease (GBD) study22. Annual
incidence rates were backed out from these data to ensure a constant conditional prevalence rate over time (within age/sex/
ethnicity/obesity sub-groups).
Structural progression of radiographic knee OA
Estimates of annual progression rates of knee OA were obtained
from a previous simulation model of the burden of knee OA in the
US population4. These data were originally derived from two prospective population-based studies of knee OA incidence and progression in the US and the UK24,25. Progression rates were stratiﬁed
by sex, obesity status, and K-L grade (i.e., progression from K-L
grade 2 to 3 and from grade 3 to 4).
HRQoL
The distribution of SF-6D health proﬁles in the NZ population,
by age, sex, ethnicity, and obesity, was derived from NZHS 2013/14.
As data on the impact of radiographic knee OA on SF-6D health
status are not available for the NZ population, these effects were
estimated using data from the Osteoarthritis Initiative (OAI), a large
longitudinal cohort study of those with or at risk of knee OA in the
US population (http://www.oai.ucsf.edu). To capture the progressive nature of OA symptoms, the effects were modelled as annual
rates of progression on each SF-6D dimension, conditional on
radiographic OA status (see Appendix B). These rates represent
HRQoL progression under standard background conservative
treatment regimes, but exclude outcomes following total knee
replacement (TKR).
Interventions
The primary means of treating knee OA in the NZ population at
present is provision of TKR for late-stage disease, following conservative care consisting predominantly of the prescription of analgesics or non-steroidal anti-inﬂammatory drugs for pain relief
during early to mid-stage disease progression. In the current study,
we therefore assumed that all OA patients receive the package of
conservative care only until meeting pre-speciﬁed eligibility
criteria for TKR. Based on national prioritization criteria for provision of TKR in NZ26, individuals were assumed to be eligible for
surgery if they showed limitations in physical functioning, role
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limitations due to physical health, and moderate or greater pain
(SF-6D dimensions PF 2þ, RL 2 or 4, and PAIN 3þ), together with
radiographic knee OA at K-L grade 3 or higher.
As the crude application of these criteria is likely to overestimate surgical provisiondsome of those eligible for TKR on
these criteria will not undergo surgery due to, for example, contraindications from other health conditions or patients' unwillingness to have surgerydthe model was calibrated to match
observed provision rates (sourced from the New Zealand Joint
Registry27) by varying the annual probability with which surgery
was performed, conditional on meeting the pre-speciﬁed eligibility
criteria.
In the present analysis, HRQoL losses associated with knee OA
were only estimated under background conservative care, prior to
the provision of TKR; explicit modelling of costs and outcomes
following subsequent treatment regimens, including TKR, will be
included in future cost-effectiveness analyses using the model.
Derivation of baseline distributions
For structural OA progression, OA-related HRQoL losses, and TKR
provision, the input data used in the model were speciﬁed as
annual rates of incidence or progression. The baseline distributions
of OA severity, HRQoL losses among those with radiographic OA,
and prevalence of pre-existing TKR at each year of age therefore had
to be derived from these annual rates. We speciﬁed a starting
cohort with all individuals at age 30, which was then followed
through until death (or age 100), recording the radiographic OA,
HRQoL, and TKR outcomes in each year of life from age 35 to 99 to
obtain the baseline distributions to be applied to the full population
cohort.
Analysis and model validation
This article reports on several preliminary analyses to investigate the performance and validity of the NZ-MOA model. First, the
provision of TKR surgery in the model was examined and calibrated
to observed provision rates in the NZ population. We initially
modelled the expected provision rates in 2015 under the assumption that all eligible patients would receive TKR; these were then
compared with observed rates, and the model estimates calibrated
by varying the probability, conditional on age and sex, of surgery
being offered to (and accepted by) patients meeting the speciﬁed
eligibility criteria.
Next, the derived baseline distributions of structural OA severity
and HRQoL outcomesdexcluding those with a previous TKRdwere
examined, and compared with available data from alternative
sources to establish the validity of our input parameters for OA
progression and development of symptoms.
Cross-model validation was undertaken by running the model
for the 2006 NZ population, for which alternative estimates of the
health-loss burden of OA are available for comparison. Two alternative estimates of the population health burden of OA were used.
First, the OAPol model, an established, well-validated computer
simulation model of symptomatic OA originally developed for the
US population10,11, was recently used to provide estimates of the
lifetime QALY losses due to OA for the 2006 NZ population aged
40e8423,28. Two approaches were used for the valuation of HRQoL
in those studies: the Visual Analogue Scale (VAS)-based NZ EQ-5D
tariff29, and a power transformation of the VAS tariff to more
closely approximate preference-based weights commonly obtained
in international valuation studies30. The estimates produced by the
OAPol studies correspond to QALY losses associated with the natural history of disease progression among the current cohort of
prevalent knee OA, without interventions; we therefore computed
QALY losses for initial prevalent cases only (excluding future

incidence) and excluded provision of TKR for these cross-model
comparisons.
Second, the New Zealand Burden of Diseases, Injuries and Risk
Factors Study (NZBD), as part of the GBD project, provides estimates
of the single-year disability-adjusted life-years (DALYs) attributable
to a number of conditions in 2005, including all-site symptomatic
OA31. DALYs are an alternative approach to calculating the
population-level health-loss burden of disease, combining estimates of the morbidity loss due to living with disease and years of
life lost due to disease-related premature mortality (the latter
assumed to be zero for OA22). To estimate the DALY burden
attributable to knee OA only, we applied the same ratio of knee OA
to all-site OA used in the NZ-MOA model. These were compared
with the NZ-MOA predicted QALY losses in a single-year model run
for the 2006 population (adjusted for population growth between
2005 and 2006).
To investigate the sensitivity of the model estimates to the input
parameters used, we also conducted one-way sensitivity analyses
on the population BMI, OA prevalence, structural OA progression,
and HRQoL progression parameters. Each parameter was varied to
the lower and upper bounds of the corresponding 95% conﬁdence
intervals (estimated from the data for BMI, OA prevalence, and
HRQoL progression rates, and obtained from the literature4 for OA
structural progression), and the resulting population lifetime QALY
loss associated with knee OA was modelled. Results were collated
into a tornado plot for visual analysis.
Results
Calibration of TKR surgery
Initial results, under the assumption that all eligible patients
would receive TKR, showed the expected increase in provision rates
with age, up to approximately age 80 (Fig. 2). Modelled provision
was higher than observed rates, as predicted; the discrepancy was
highest in the youngest (<50 years) and, especially, the oldest (>80
years) age groups and was higher for women than for men. By
applying age- and sex-varying probabilities of surgery being
offered to, and accepted by, patients who meet the clinical and
radiographic OA criteria, we were able to accurately match the
observed provision rates in the population. The resulting calibrated
probabilities are shown in Table A6 in Appendix A.
Modelled distributions of TKR, radiographic knee OA severity, and
HRQoL losses associated with OA
Using these calibrated rates, 2.4 percent of the baseline population were estimated to have previously received a TKR. As expected, this proportion was increasing in both age and obesity
(Table I); it was slightly lower for women than for men, and was
!ori compared to non-Ma
!ori (after controlling for
similar for Ma
differences in the distributions of age, obesity, and sex).
The baseline prevalence of radiographic knee OA, excluding
those having previously had a TKR, was estimated to be 9.7 percent,
of which 65 percent was at K-L grade 2, 30 percent at grade 3, and 5
percent at grade 4. The average severity level was increasing with
age and obesity, and was greater for women than for men (Table II).
There are limited population-based data on the distribution of
radiographic grades available to provide validation of these estimates, and none for the NZ population. Data from NHANES-III32, a
US population-based survey conducted between 1988 and 1994,
show 73 percent of radiographic OA at K-L grade 2, 21 percent at
grade 3, and 6 percent at grade 4, in the population aged 60e90
(radiographs were only taken from those aged 60þ). These shares
are generally comparable with those found in NZ-MOA for the same
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Fig. 2. Predicted and actual provision of TKRs, by age group and sex Bars indicate observed provision rates. Dashed lines indicate modelled provision rates without adjustment for
age-varying offer/acceptance rates. Solid lines indicate calibrated modelled provision rates. NZ-MOA model; New Zealand Joint Registry27. NZ-MOA results estimated using a
simulation run of 5,000,000 trials for each age group-by-sex point.

Table I
Prevalence of TKR at baseline
Age

Male

!ori
Non-Ma
!ori
Ma

Female

!ori
Non-Ma
!ori
Ma

Non-obese
Obese
Non-obese
Obese
Non-obese
Obese
Non-obese
Obese

35e44

45e54

55e64

65e74

75e84

85þ

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

0.1%
0.4%
0.1%
0.4%
0.1%
0.4%
0.1%
0.5%

1.0%
2.5%
1.0%
2.7%
0.9%
2.6%
0.9%
2.7%

3.8%
7.9%
3.8%
8.4%
3.2%
7.6%
3.2%
7.9%

8.3%
15.0%
8.0%
15.1%
7.3%
14.7%
7.1%
14.7%

11.4%
19.4%
11.3%
19.3%
10.1%
18.7%
10.1%
18.6%

NZ-MOA model. Each age group-by-sex-by-ethnicity cell estimated using a simulation run of 5,000,000 trials. Annual TKR provision rates calibrated to data sourced from the
New Zealand Joint Registry.27

Table II
Distribution of radiographic knee OA at baseline (excluding those with existing TKR)
Age

Male

Non-obese

Obese

Female

Non-obese

Obese

No radiographic
K-L grade 2
K-L grade 3
K-L grade 4
No radiographic
K-L grade 2
K-L grade 3
K-L grade 4
No radiographic
K-L grade 2
K-L grade 3
K-L grade 4
No radiographic
K-L grade 2
K-L grade 3
K-L grade 4

knee OA

knee OA

knee OA

knee OA

35e44

45e54

55e64

65e74

75e84

85þ

98.7%
1.0%
0.3%
0.0%
97.9%
1.2%
0.8%
0.1%
97.8%
1.8%
0.4%
0.0%
96.5%
2.3%
1.0%
0.2%

96.1%
2.8%
1.0%
0.1%
94.4%
3.2%
2.1%
0.4%
93.7%
4.9%
1.3%
0.1%
90.7%
5.8%
2.8%
0.7%

91.8%
5.9%
2.2%
0.1%
89.5%
6.0%
3.9%
0.6%
86.8%
9.8%
3.0%
0.3%
82.7%
10.3%
5.6%
1.5%

87.5%
9.0%
3.3%
0.2%
85.6%
8.3%
5.3%
0.8%
79.6%
14.5%
5.3%
0.6%
76.0%
13.4%
8.3%
2.3%

84.9%
10.3%
4.5%
0.3%
84.4%
8.3%
6.2%
1.1%
75.0%
16.5%
7.5%
1.0%
73.5%
13.3%
10.0%
3.3%

84.3%
8.8%
6.3%
0.6%
84.5%
6.1%
7.5%
1.9%
73.5%
14.6%
9.8%
2.1%
73.0%
10.1%
11.1%
5.8%

NZ-MOA model. Each age group-by-sex-by K-L grade cell estimated using a simulation run of 5,000,000 trials.
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0.04)34,35. As both of these previous estimates refer to symptomatic
OA only, the differences observed here are likely due to a proportion of those with radiographic OA being asymptomatic. There is
mixed evidence regarding the proportion of those with radiographic OA showing clinical symptoms, but the ratio of approximately 50 percent implied by comparing the US population-based
estimates33 with our model estimates is consistent with previous
studies36e38.

Table III
Average HRQoL detriment attributable to radiographic knee OA at baseline
(excluding those with existing TKR)
Age

Male
Female

Non-obese
Obese
Non-obese
Obese

35e44

45e54

55e64

65e74

75e84

85þ

0.026
0.037
0.027
0.036

0.028
0.037
0.028
0.038

0.028
0.036
0.030
0.039

0.028
0.035
0.031
0.039

0.029
0.035
0.033
0.040

0.032
0.038
0.035
0.044

Cross-model validation

NZ-MOA model. Each age group-by-sex cell estimated using a simulation run of
5,000,000 trials.

For the 2006 NZ population aged 40e84 with OA, the projected
total lifetime health loss was 307,000 QALYs (Table IV). The corresponding estimates from the OAPol model were 467,000 QALYs
using the original VAS-based valuations and 224,000 QALYs using
the power-transformed valuations. The pattern of health losses was
generally consistent across the population distribution of age, sex,
and ethnicity for the two models, although NZ-MOA provided
relatively lower estimates of the health-loss burden among older
!ori women (Fig. 3). In 2005, the single-year population health
Ma
loss due to knee OA was 5700 QALYs in NZ-MOA (Table IV), slightly
higher than the 4500 DALYs reported in the NZBD study (after
adjustments to estimate the burden attributable to knee OA only);
the disability weights estimated for OA by the GBD study do not

age group, although the model projections showed slightly fewer in
K-L grade 2 (64%) and more in K-L grade 3 (31%).
The average health utility detriment associated with radiographic OA was 0.03, increasing from 0.02 at K-L grade 2 to 0.05 at
grade 3 and 0.10 at grade 4. In line with the differences found in the
distribution of radiographic severity, the average utility detriment
was increasing in age and obesity, and was higher for women than
for men (Table III). These values were lower than previous estimates of the HRQoL loss associated with OA in the US population
(0.06)33, and those reported in the GBD 2013 study for ‘musculoskeletal problems: legs’ (0.02 for ‘mild’ problems, 0.08 for ‘moderate’ problems, and 0.17 for ‘severe’ problems; weighted average of

Table IV
QALY losses due to knee OA, 2006 population, prevalence cohort only
Lifetime, initial population aged 40e84

Male
Female
Total

Single-year, population aged 35e99

NZ-MOA

OAPol (VAS)

OAPol (transformed)

NZ-MOA*

NZBD/GBD (2005)

122,382
185,083
307,466

177,585
289,655
467,240

83,936
140,427
224,364

2110
3595
5706

1720
2770
4490

*
Adjusted for population growth from 2005 to 2006.
NZ-MOA model; Abbott et al. (2017)23; GBD study31. NZ-MOA results estimated using a simulation run of 5,000,000 trials for each cell.
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Fig. 3. Lifetime per-capita undiscounted QALY losses due to knee OA, by age at baseline, sex, and ethnicity, 2006 population. NZ-MOA model; Abbott et al. (2017)23. NZ-MOA results
estimated using a simulation run of 5,000,000 trials for each age group-by-sex-by-ethnicity point.
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HRQoL detriments

OA structural progression

OA prevalence

BMI distribution
0

100
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Population lifetime QALY losses (000s),
assuming conservative care only

900

1000

Fig. 4. Population lifetime QALY losses, one-way sensitivity analysisRed vertical line indicates the benchmark model estimate. Horizontal bars indicate estimates obtained at the
lower and upper bounds of the 95% CI for each input parameter. NZ-MOA model. Results estimated using a simulation run of 5,000,000 trials for each bar.

explicitly account for mental or emotional aspects of health34,35,
which may help to explain their somewhat lower health-loss
values.
Sensitivity analysis
Imprecision in estimates of the HRQoL trajectories associated
with OA was the largest source of uncertainty in the projected
population lifetime QALYs lost to OA (Fig. 4). Estimates of OA
structural progression rates and population OA prevalence were the
next largest sources of uncertainty, and population BMI had very
little impact on modelled population QALY losses.
Discussion
This article has described the structure, input parameters, and
preliminary concurrent and predictive validation of a new microsimulation model of knee OA in NZ. The NZ-MOA model provides
estimates of the population health burden of knee OA, and will be
used to assess the health gains and cost-effectiveness of speciﬁed
treatment strategies. The preliminary speciﬁcation of the model
presented here was able to provide estimates of the total healthloss burden of OA comparable to previous studies, and to accurately model the aggregate provision of TKR surgery in NZ.
Key innovations in NZ-MOA include the modelling of the
multidimensional HRQoL impacts of knee OA using the SF-6D instrument and the explicit modelling of the stochastic progression of
both radiographic and symptomatic OA. These features allowed the
modelling of TKR provision according to multidimensional criteria
involving physical functioning, bodily pain, and structural joint
deterioration, in line with clinical practice. This multidimensional
approach to the provision of interventions will be extended in
future work, to evaluate the effectiveness and cost-effectiveness of
ongoing treatment strategies involving potentially several
sequential disease states and treatments.
Limitations of the analysis reﬂect several limitations in available
data for model input parameters, particularly pertaining to the NZ
population. There are no population-based data on the prevalence
or severity distribution of radiographic knee OA speciﬁc to the NZ
population. The model therefore relies on a population-based survey of self-reported doctor-diagnosed OA, with additional

assumptions required to derive estimates of the prevalence of
radiographic knee OA, while structural severity was derived from
progression rates observed in US- and UK-based cohort studies.
There are also limited data available on the trajectories of OA
symptoms over time, and none for the NZ population. Previous
studies of pain and physical function trajectories in OA have reported mixed results39e42 while very few results have been reported for other dimensions of HRQoL affected by OA. The
estimates of symptomatic progression used here, however, which
were derived from publically-available data from the OAI, gave
outcomes consistent with previously-reported cross-sectional
data33e35, and previous model-based estimates of the population
health loss attributable to knee OA23,28,31.
The model validation analyses reported here have estimated
outcomes under generic ‘conservative care’ only, prior to the provision of TKR in late-stage OA. Further model development will
incorporate other treatments used in current practice in NZ,
including modelling of post-TKR outcomes and subsequent demand for TKR revision surgery. The results shown here demonstrate the validity of the preliminary natural history model of OA
progression and the suitability of the model structure for the
evaluation of current and recommended treatment options. In line
with clinical practice, simulated treatment assignment can be made
on the basis of both clinical and radiographic outcomes, and multiple treatment effectsdweight loss, reduction in OA incidence or
progression, or mitigation of OA symptomsdcan be assessed.
Future work will apply the model to the analysis of the costeffectiveness of various interventions, and a recommended strategy consisting of potentially multiple sequential interventions,
within the New Zealand healthcare system.
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BODY MASS

Age, period and cohort effects on body mass index
in New Zealand, 1997–2038
Ross Wilson,1 J. Haxby Abbott1

R

ecent decades have seen a significant
rise in population body mass
index (BMI) and the prevalence of
overweight and obesity worldwide.1–3
New Zealand (NZ) has among the highest
prevalence rates of overweight and obesity
among developed countries;4 between 1977
and 2011–2013, the prevalence of obesity
(defined as a BMI of greater than 30 kg/m2)
trebled to 30%.5 Obesity is a risk factor for
many common health conditions, including
diabetes,6,7 cardiovascular disease,8,9
osteoarthritis9,10 and cancer,11,12 contributing
to a growing burden of health-related quality
of life losses, premature mortality, and public
and private healthcare expenditures. High
BMI is the greatest contributing risk factor
to health loss in NZ, accounting for 9% of
total disability-adjusted life years in 2016.13
Healthcare costs associated with treating
overweight- and obesity-related conditions
in NZ were estimated to be NZ$624 million
(US$405 million) in 2006, representing 4.4%
of all healthcare spending;14 given ongoing
increases in obesity prevalence over the past
decade, current obesity-related healthcare
costs are likely to be substantially higher than
this.
Age-Period-Cohort (APC) analysis is a
commonly used framework for describing
longitudinal changes in population-level
outcomes, such as disease prevalence and
mortality rates, that can help to shed some
light on the driving factors behind obesity
increases. APC analysis disaggregates
observed outcomes into the contributions
of age-, period- and cohort-specific effects.
Age effects represent biological changes
occurring across the life course; period effects
represent changes in the social, economic

Abstract
Objective: To estimate the effects of age, period and birth cohort on observed trends, and to
provide short- to medium-term projections of population BMI in New Zealand.
Methods: Data were obtained from New Zealand national health surveys covering the period
1997 to 2015 (n=76,294 individuals). A Hierarchical Age-Period-Cohort (HAPC) model and
an Age-Period model with interaction terms were specified for population groups defined
by ethnicity and sex. Observed trends were extrapolated to estimate group-specific BMI
projections for the period 2015–2038; these were weighted by projected population sizes to
calculate population-wide BMI projections.
Results: Population mean BMI increased from 26.4 kg/m2 (95%CI 26.2–26.5) in 1997 to 28.3 kg/
m2 (95%CI 28.2–28.5) in 2015. Both models identified substantial, approximately linear, period
trends behind this increase, with no significant cohort effects. Mean BMI was projected to reach
30.6 kg/m2 (95%CI 29.4–31.7; HAPC model) to 30.8 kg/m2 (95%CI 30.2–31.4; Age-Period model)
by 2038.
Conclusions: BMI continues to increase in New Zealand. On current trends, population mean
BMI will exceed 30 kg/m2 – the clinical cut-off for obesity – by the early 2030s.
Implications for public health: Unless prevented by comprehensive public health policy
changes, increasing population obesity is likely to result in unfavourable economic and health
impacts.
Key words: obesity, BMI, Age-Period-Cohort analysis
and physical environment that affect
outcomes for all individuals simultaneously;
and cohort effects represent outcomes
specific to those experiencing an initial event
(commonly birth) in the same year.
It is well-known that body weight tends to
increase in individuals until middle age, due
to physiological changes and reduced levels
of physical activity, and then to decrease in
old age.15–18 Given the changing age structure
of the population and the projected increase
in the average age of the population in
coming decades, it is important to adjust for
the effects of age in predicting future obesity
rates. After adjusting for age, secular period
effects have received the largest interest
in previous explorations of the increasing

burden of obesity. This is an understandable
emphasis: contemporaneous environmental
influences, including the availability of
energy-dense foods,19,20 the increasing
importance of sedentary occupations and
leisure activities,21 and the low use of active
modes of transportation such as walking
or cycling,23,24 may well be expected to
influence all age groups exposed at the
same time, and would hence be identified
with period effects in the APC framework.
Until recently, however, little attention has
been paid to the potential impact of cohort
effects on obesity. There are a number of
reasons to hypothesise that birth cohort
effects may be behind at least some of the
observed rise in obesity observed in recent
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Body mass index in New Zealand, 1997–2038

decades. More recent birth cohorts may be
affected by experiencing the obesogenic
modern environment at a younger age,
shaping lifelong patterns of activity and food
consumption behaviours.25–27 It has also
been posited that physiological changes in
response to childhood exposures – or even
in utero exposure to maternal obesity28-30 –
may lead to increased lifetime risk of obesity,
independent of changes in contemporaneous
environmental influences.25-27,31 Recent
international evidence suggests an increase in
obesity among cohorts born after about 1960
in several countries,32-35 even after controlling
for significant age and period effects, but no
estimates of such effects are yet available for
the NZ population.
This study estimates the contributions of age,
period and cohort effects to observed trends
in mean BMI in the NZ population, stratified
by sex and ethnicity, and uses these estimates
to construct projections of mean BMI at the
population and sub-population level out to
2038.

Methods
Data sources
Data were obtained from six time periods
(2002/03, 2006/07, 2011/12, 2012/13,
2013/14 and 2014/15) of the New Zealand
Health Survey (NZHS), a large survey of the
health status and healthcare use of the NZ
population undertaken regularly by Statistics
New Zealand and the New Zealand Ministry
of Health,36-41 and the 2008/09 Adult Nutrition
Survey42 and 1997 National Nutrition Survey43
conducted by the University of Otago LINZ
Nutrition and Activity Research Unit. In each
survey, respondents’ height and weight were
measured by trained interviewers using
standardised protocols and equipment.41,44,45
Survey response rates were approximately
80% in the NZHS from 2011/12 onwards and
70% in the 2002/03 and 2006/07 surveys, but
slightly lower in the two nutrition surveys
(50% 1997 and 61% in 2008/09), which had
a higher respondent burden due to the
collection of detailed food diaries.36–43 For
this study, we merged data from all available
survey waves, resulting in a combined dataset
consisting of 76,294 adult respondents.
Inverse population sampling weights were
applied within each survey to account for
non-uniform sampling methods. Population
BMI data were also obtained from the 1989
Life in New Zealand survey46 and the 1977
National Diet Survey47 to provide a longer
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historical time series. These earlier surveys did
not use the same standardised sampling and
data collection protocols, however, so were
used for secondary sensitivity analyses only.

Statistical analysis
We first investigated the bivariate
relationships between mean BMI and each of
the three key sources of temporal variation:
age; period (survey year); and cohort (birth
year). Analyses were conducted separately
for each sex/ethnicity sub-population, as
well as for the total NZ population. In our
main analyses, only Maori/non-Maori ethnic
affiliation was considered. People of Pacific
ethnicities (representing approximately 7%
of the NZ population48) are known to have
substantially higher BMI, on average, than
the NZ general population, but insufficient
data were available to analyse this population
separately in our primary analysis; an analysis
of BMI trends in the Pacific population is
included separately in the Supplementary
File.

Estimating any APC model requires
imposing constraints on at least one of
the age, period or cohort effects, in order
to break the perfect linear dependence
between the three explanatory variables (i.e.
Cohort=Period–Age). Following common
practice,32,50 we grouped birth cohorts into
five-year intervals and assumed BMI follows
a quadratic function of age, as suggested
by the bivariate analyses. These restrictions
break the linear dependence between the
measures of age, period and birth cohort,
allowing the statistical model to be identified.
As the estimated results may depend on
the specific constraints chosen, we also
undertook robustness checks by varying each
of these constraints: 1) using three-year or 10year intervals to define birth cohorts; and 2)
using alternative functional forms for the age
trajectory of BMI.
We estimated the sociological cohort effects
model using a hierarchical age-period-cohort
(HAPC) mixed effects specification.51 This is
a two-level mixed effects model, with a fixed
effects quadratic specification for age within
each period-by-cohort group (Level 1) and
crossed (non-nested) random effects for
period and cohort (Level 2):

To identify the separate effects of age,
period and cohort we employed a variety of
approaches suggested in the literature, which
may broadly be grouped into two categories
Level 1 (within period-cohort cells):
representing different conceptualisations
of the ‘cohort’ effect.49 First, the ‘sociological’
BMI��� � ��,�� � �� Age��� � �� Age���� � ���� ,
definition of cohort effects views the cohort
�
where i=1,2,…,njk BMI
individuals
within cohort
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period effects experienced by different age
The parameters β4,k represent period fixed
groups (i.e. an interaction between age and
effects (at the sample mean age), and β5,k and
period in a two-way age-period model).
β6,k are period-specific age and age-squared
interaction terms. The existence of cohort
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To estimate projected population BMI, we
extrapolated trends in the observed period
and cohort effects, from each of the HAPC
and age-period interaction models to predict
age-, sex-, and ethnicity-specific mean BMI
in each year from 2015–2038. Statistics NZ’s
annual ethnic population projections were
then used to weight these predictions to
provide the projections of population mean
BMI. The parametric bootstrap was used to
compute 95% confidence intervals for the
projections. Evidence from modelling of
projected cancer incidence rates suggests
that using only more recent past trends
or attenuating observed trends over the
projected time period may provide more
accurate predictions of future incidence;52 as
a sensitivity check we therefore conducted
additional analyses using only the NZHS
data, covering 2002/03 onwards (which
also provides a sensitivity check that the
lower response rates and differing sampling
methods of the two nutrition surveys are not
biasing our main results), or applying varying
degrees of attenuation of the past trends.
All statistical analyses were conducted in R
version 3.4.1.53

Extensions
Several additional analyses were conducted
to provide projections for alternative
measures and subpopulations. In addition
to the primary analysis of population mean
BMI, we also conducted equivalent analyses
of the prevalence of obesity (defined as a BMI
of greater than 30 kg/m2) and overweight
(BMI >25). Analysis was also conducted
for the Pacific ethnic population (stratified
by sex), as this population group is known
to have substantially higher BMI than the
non-Pacific population.5 Lastly, we also
conducted analyses for the NZ population
stratified by socioeconomic status, which is
recognised to have a strong association with
overweight and obesity due to differences
in access to public transport, availability
of recreation facilities, and density and
marketing of fast-food outlets.23,54 For the
surveys conducted from 2006/07 onwards,
the New Zealand Index of Deprivation 2006
(NZDep06) is available for all respondents.
This is an area-based index (at the census
meshblock level, which corresponds to
neighbourhood areas of approximately 100
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residents) of socioeconomic deprivation,
which aggregates data from the New
Zealand Census 2006 on household income,
living arrangements, employment status
and educational attainment.55 The index is
reported as decile rankings, from 1 (leastdeprived) to 10 (most-deprived); for this
analysis, we grouped respondents by decile
of residence into four categories: NZDep06
1–4, 5–6, 7–8 and 9–10.

There was also strong evidence of an
increasing, approximately linear, period trend
in mean BMI in all population groups (but
notably smaller for Maori men). For the total
NZ adult population, mean BMI increased
from 26.4 kg/m2 (95%CI: 26.2–26.5) in 1997
to 28.3 kg/m2 (95%CI: 28.2–28.5) in 2014/15.
There was an increasing trend in BMI by
birth cohort until the mid-twentieth century,
followed by a decreasing trend throughout
the second half of the century, but this effect
is strongly confounded by age (and to a lesser
extent period) effects, making it difficult to
draw any inferences from this pattern.

Results
Descriptive analysis

Regression models estimating these
bivariate relationships are reported in the
Supplementary File (Tables A3–A5). For all
three explanatory variables, pooled analysis
of the combined population sample was
strongly rejected in favour of separate
analyses for each subpopulation (i.e. the
trends in BMI were significantly different
across population groups), so we report
only on the separate sub-population models
below.

Mean BMI in the sample was 28.6 kg/m2
(range 12.4–80.6) and mean age was 48.3
years (range 18–89). Women (57% of the
sample) and Maori (22%) were oversampled
relative to their share of the general
population (51% and 15%, respectively, in
the 2013 Census).48 Nineteen five-year birth
cohorts were included, from 1905–1909 (in
the 1997 survey only) to 1995–1999 (in the
2012/13 survey onwards). Table A2 in the
Supplementary File provides full summary
statistics of the data used in the analysis.

Hierarchical Age-Period-Cohort model

Bivariate graphical analyses of BMI by each
of age, survey year (period), and birth year
(cohort) are shown in Figure 1. As expected,
there was a clear non-linear relationship
between BMI and age: BMI was increasing
with age, in all population groups, until
approximately age 60, and decreasing
thereafter. At all ages, and for both men
and women, Maori had substantially higher
average BMI than non-Maori.

For the APC analysis, we first estimated the
HAPC mixed effects model, which captures
additive age, period and cohort effects. Each
of these effects, holding all other variables
constant at their sample mean values, are
shown in Figure 2. (Full regression results
for each sex/ethnicity sub-population are
reported in Table A6 in Supplementary File.)
As suggested by the bivariate analyses, there

Figure 1: Bivariate analyses of BMI by age, survey year, and birth cohort.
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was a strong concave quadratic age trend in
mean BMI in all of the populations, reaching a
maximum at approximately age 55.

was some indication of an increasing trend in
mean BMI for those born between the 1960s
and the early 1990s, particularly for the Maori
population. This trend, however, appeared
to be somewhat reversed in the most recent
birth cohort (those born between 1995 and
1999).

There was also a positive period trend in all
population groups. For non-Maori, the period
trend was approximately linear throughout
the sample period, at an increase of 0.1 kg/
m2 per year. Maori men had an approximately
constant period effect between 1997 and
2006/07, followed by a small annual increase
from 2006/07 to 2014/15. Maori women
had a small decrease in mean BMI between
1997 and 2002/03, a rapid increase between
2002/03 and 2008/09, and then little further
increase between 2008/09 and 2014/15.

Age-period interaction model
We next estimated the age-period interaction
model, which captures the cohort effect as a
difference in the period effect experienced by
different age groups. The period effect was
again observed to be approximately linear,
and the null hypothesis that all period effects
(including the period-age interactions) were
linear could not be rejected in any of the

Cohort effects were generally small but,
consistent with international evidence, there

Figure 2: Age, Period, and Cohort effects on population mean BMI, Hierarchical Age-Period Cohort model, around
sample mean values.
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sub-population groups (see Supplementary
File, Table A7). We therefore report results
under the assumption of linearity for ease of
readability and interpretation (the full model
with discrete period effects is reported in the
Supplementary File, Figures B17–B18). Figure
3 shows the estimated age-BMI relationship in
each survey year. For non-Maori populations,
there was no evidence of any cohort effects
(as indicated by the approximately parallel
shift in the age-BMI curve in successive
periods). For the Maori populations, there
was some indication that younger age groups
have experienced greater increases in BMI
than older ages, suggestive of an increasing
cohort trend in more recent birth cohorts,
but these differences were not statistically
significant.

Projections
Given the approximately linear trends
observed in both the HAPC and interaction
models, we used simple linear extrapolation
of both the period and cohort effects to
estimate future BMI. For the HAPC model,
a cubic spline function was fitted to the
estimated period and cohort effects, and
linearly extrapolated to generate predictions;
for the interaction model, the estimated
linear trends from the observed time period
were assumed to continue throughout
the projection period. Figure 4 shows the
resulting population mean BMI projections.
With the exception of non-Maori men, for
whom the HAPC model estimated a smaller
projected increase in mean BMI than the
interaction model, the two approaches
provided similar projected values, largely
as a result of the absence of strong cohort
effects observed in these data. Assuming the
continuation of recent trends, population
mean BMI was projected to exceed 30 kg/m2
by the early 2030s.
Figure A1 in the Supplementary File
disaggregates the projected changes
in population-level mean BMI into the
contribution of changing population
structure (age, sex, and ethnicity distribution,
excluding estimated period and cohort
effects), generational replacement (adding
estimated trends in cohort effects to the
projections) and underlying BMI risk (adding
estimated trends in period effects). Almost all
of the projected increase is estimated to come
from secular period effects (i.e. changes in
underlying BMI risk), reflecting changes in the
contemporaneous obesogenic environment
rather than changes in population structure.
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Sensitivity analyses

Figure 4: Projected population mean BMI, 2015–2038.

Similar APC results and BMI projections were
obtained restricting the estimation sample
to include only the more recent NZHS data,
covering the period 2002/03 onwards.
Attenuating future period trends naturally
reduced the projected mean BMI values.
As most of the observed and projected
increase in BMI was due to period effects,
these analyses resulted in approximately
proportional reductions in projected BMI
increases. Assuming a 50% attenuation
of current trends after 10 years (i.e. from
2025 onwards), population mean BMI
was projected to exceed 30 kg/m2 in the
mid-to-late 2030s, approximately five years
later than in our main results. Assuming
a 50% attenuation of the observed trend
immediately, mean BMI was projected to
reach approximately 29.5 kg/m2 by 2038,
and assuming a complete attenuation of the
observed trend after 10 years, mean BMI was
projected to reach approximately 29.3 kg/m2
by 2025, with much slower increase thereafter
to reach approximately 29.4 kg.m2 by 2038.
Complete results for all sensitivity analyses
are reported in the Supplementary File
(Appendix B).

Extensions
Similar results were obtained for the analysis
of obesity prevalence. Obesity prevalence
increased from 19.6% (95%CI 18.4–20.8)
in 1997 to 31.7% (95%CI 30.9–32.5) in
2014/15. Extrapolating the approximately
linear observed trends, obesity prevalence
was projected to increase to 43.3% (95%CI
35.5–51.2) using the HAPC model, and 47.6%
(95%CI 42.6–52.6) using the Age-Period
model, by 2038.
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Age−Period interaction model
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Extending our analysis to incorporate the
earlier surveys conducted in 1977 and 1989
made no substantive difference to the results.
The linear period trend was observed since
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is some indication that the growth in BMI
was slower before 1989 (particularly for
Maori populations). These surveys did not
follow the same protocols as the later NZHS
surveys, however, so these results should be
interpreted with caution. Including these data
in our APC models made very little difference
to the projected trends in future population
BMI. Applying alternative constraints to break
the linear dependence of the age, period, and
cohort effects did not alter any of the results.
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Likewise, the prevalence of overweight was
observed to have increased from 55.4%
(95%CI 53.9–56.9) in 1997 to 67.4% (95%CI
66.6–68.2) in 2014/15 and was projected to
reach 77.5% (95%CI 68.8–86.1; HAPC model)
to 82.0% (95%CI 77.0–87.0; Age-Period
model) in 2038. The corresponding projected
numbers of obese and overweight adults, by
sex and ethnicity, for each year out to 2038
are reported in the Supplementary File.

BMI was projected to increase to 34.6 kg/m2
(95%CI 32.2–36.9) by 2038 using the HAPC
model, and to 32.1 kg/m2 (95%CI 30.9–33.4)
using the Age-Period model.

The Pacific population has substantially
higher BMI than the non-Pacific population,
and this discrepancy has been increasing
over time. Mean BMI among those of Pacific
ethnicity was 31.5 kg/m2 (95%CI 30.7–32.3) in
1997, 5.3 points higher than the non-Pacific
population, increasing to 34.4 kg/m2 (95%CI
33.8–35.0), or 6.4 points higher than the
non-Pacific population, in 2014/15. Pacific
population BMI was projected to increase to
38.7 kg/m2 (95%CI 35.4–42.0; HAPC model)
and 37.9 kg/m2 (95%CI 35.6–40.2; Age-Period
model) by 2038 (7.1–8.1 points higher than
the general population).

This study has identified large and
approximately constant increases in average
BMI in the NZ population over at least the
past 20 years. On current trends, mean
population BMI will exceed 30 kg/m2 – the
standard cut-off for clinical obesity – within
the next 15 years.

There is a significant socioeconomic
gradient in BMI in NZ, with those living in
more deprived areas having higher mean
BMI than those in less deprived areas. The
socioeconomic gradient is non-linear, with
relatively small increases in BMI over deciles
1–8 of the NZDep index, but a substantially
higher mean BMI in the most deprived
quintile. The rate of increase of BMI has been
largely consistent across socioeconomic
groups, although there is some indication
that BMI increases may have accelerated in
the most deprived areas since 2011. In areas
in deciles 9 and 10 of the NZDep index, mean

Full results for all of these extensions to the
analysis are provided in the Supplementary
File (Appendix C).

Discussion

Little international evidence is available on
projected population mean BMI to provide
comparison with these results, but published
projections of obesity prevalence in
Australia,56 the US and the UK57 are generally
consistent with these findings. Obesity
prevalence in the Australian population was
slightly lower than that in NZ in 2000 (20.5%,
compared to 22.5%), and was projected to
remain slightly lower than our projections for
NZ out to 2025 (33.9%, compared to 36.7%–
38.9%). In the US and the UK, projected
increases in obesity prevalence between
2005 and 2030 are slightly higher than our NZ
results for men (increase of 19–20 percentage
points in the US and 15–22 percentage points
in the UK, compared with 10–16 percentage
points in our findings), and similar for women
(10–17 percentage points for the US and 9–17
percentage points for the UK, compared with
16–17 percentage points for NZ).
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Strengths of this study include the large
sample size obtained from nationally
representative surveys conducted over an
18-year time period. Results were consistent
using both the HAPC additive cohort effects
model and the age-period interaction model,
and across a range of sensitivity analyses,
strengthening the reliability of the findings.
Potential limitations include a lower response
rate and different sampling methodologies in
the two national nutrition surveys compared
with the NZHS samples providing most of
the data used in the study, which may have
biased the estimated population BMI in these
time periods (although results excluding
these surveys are largely unchanged). We also
did not have an explicit model of risk factors
for BMI, so the projections were calculated
simply assuming the continuation of the
trends observed (consistently) over the two
decades of available data.
Secular period trends accounted for almost all
of the observed and projected increase in BMI
for non-Maori populations and the majority
of the increase for Maori populations. Unlike
the findings of some recent international
studies,32–35 in the NZ population there was
little evidence of significant influences of
birth cohort on obesity trends (although it
should be noted that even in studies in which
significant cohort effects were found, period
effects were still identified as the principal
cause of obesity increases). While estimated
cohort effects were somewhat larger for
the Maori population, these were still not
statistically significant. These results suggest
that, in the NZ context, the forces behind
the obesity epidemic have largely been
contemporaneous (period) influences on BMI,
such as greater availability and consumption
of high-energy, low-nutrient foods and lower
levels of physical activity across all cohorts,
rather than cohort-specific factors.
These findings emphasise the need for
effective public health measures to address
the causes of the obesity epidemic. We have
shown that recent increases in population
BMI can be attributed to changes in the
contemporaneous physical, socio-cultural
or economic environments; these may
affect BMI by shaping behaviours such as
food choice and levels of physical activity.23
Altering or mitigating these environmental
influences is therefore crucial to slow or
reverse projected increases in population
obesity. Tobacco control may be a useful
parallel for considering the importance
of comprehensive reforms across a range
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of policy areas (e.g. taxation, advertising
restrictions, product regulation) in halting
the spread of a public health epidemic.58
A comprehensive obesity reduction
strategy might include, among other
things, improving the relative affordability
of healthy foods (e.g. through taxation/
subsidies); restrictions on marketing of
unhealthy foods; clear, accurate and easy-tounderstand nutrition labelling; education on
the health impacts of different food choices;
promotion of active modes of travel, for
example, through the provision of cycle-ways,
improvement in the availability of public
transport (which often involves walking at
either end), and changes to urban planning
and land-use management to encourage
mixed use development; and provision
of facilities and public space for physical
recreation activities.59
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Abstract
Objectives. To estimate the multi-dimensional health impact of radiographic knee OA and quantify the
overall health-related quality of life (HRQoL) burden, using a preference-based health utilities measure.
Methods. Data on self-reported HRQoL, measured using the SF-12 multi-dimensional health state instrument, were obtained for 2895 patients with radiographic knee OA (Kellgren!Lawrence grade of at least 2)
from the Osteoarthritis Initiative and for a general population sample of 3202 from the National Health
Measurement Study. The SF-12 was converted to the six-dimensional SF-6D classification to compute
preference-based health utilities. Generalized ordinal regression and multinomial regression were used to
estimate the health loss on each SF-6D dimension for Osteoarthritis Initiative participants with radiographic knee OA relative to the general population, adjusted for differences in age, BMI, sex, ethnicity
and educational level. Predicted SF-6D profiles were then used to compute the average HRQoL loss
attributable to radiographic knee OA.
Results. Radiographic knee OA was associated with substantial health losses on all dimensions of the SF6D except for social functioning. Health losses increased with the radiographic severity of OA in dimensions related to physical health, while there was no relationship between worse radiographic disease and
worse self-assessed health in mental and emotional dimensions of health. Overall, radiographic knee OA
was associated with a HRQoL detriment of 0.040!0.044 at Kellgren!Lawrence grade 2, increasing to
0.045!0.050 at grade 3 and 0.073!0.081 at grade 4.
Conclusion. Radiographic knee OA is significantly associated with worse HRQoL across most dimensions
of health.
Key words: osteoarthritis, knee osteoarthritis, health-related quality of life, SF-6D, Osteoarthritis Initiative

Rheumatology key message
.

Radiographically defined knee OA has substantial impacts on health-related quality of life across multiple
dimensions.
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Knee OA is one of the leading causes of global disability
[1]. Patients with clinically diagnosed knee OA report
lower health-related quality of life (HRQoL) than healthy
controls across many dimensions of health, including
pain, mobility, physical functioning, limitations in work
and other daily activities, quality of sleep, emotional distress, social isolation, energy and depression [2!8].
However, the association between radiographic features
of knee OA and clinical outcomes is less clear. Several
studies suggest a notable ‘discordance’ between
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Radiographic knee osteoarthritis impacts multiple
dimensions of health-related quality of life: data from
the Osteoarthritis Initiative
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Methods
Study populations
The Osteoarthritis Initiative (OAI) is a large multicentre prospective cohort study of US adults with or at high risk of
developing knee OA. Baseline personal interviews, clinical
examination and radiographic imaging of 4796 participants were conducted between February 2004 and
September 2006, with to date 9 years of annual followup. Full details of the study design and methods of the OAI
are available on the OAI Online website (http://www.oai.
ucsf.edu). Radiographic image assessments of the tibiofemoral joint were available for all participants at each
annual visit until the 4-year follow-up, and for a subset
of participants at the 6- and 8-year visits. In this study,
we pooled data from all participant visits in which radiographic knee OA [defined as a Kellgren!Lawrence (K-L)
grade of at least 2 in either knee] was observed, giving a
total of 12 375 visits by 2895 participants.
While the OAI also includes data from a cohort without
radiographic OA at baseline, these are not representative
of the general population as participants were selected on
being at high risk of developing knee OA. To provide a
valid general population reference group, we used data
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from the National Health Measurement Study (NHMS)
[30], a nationally representative cross-sectional population
survey of 3844 US adults undertaken in 2005!06.
For comparability with the OAI cohort, we restricted the
sample to the 3202 respondents aged 545 years.
Ethical approval was not required for this study.
The OAI was approved by institutional review boards at
the participating sites, and written informed consent was
obtained from each participating subject.

Outcome measures
Both the OAI and NHMS collected self-reported data on
current health status at each interview using the SF-12
instrument, a 12-item multidimensional health-status
questionnaire [31]. For this study, we computed the SF6D health state classification and its associated preference-based index score from the SF-12 [29]. The SF-6D
reduces the 12 questions of the SF-12 to six dimensions
capturing Physical Functioning, Role Limitations, Social
Functioning, Pain, Mental Health and Vitality. Each of
these dimensions describes health status on between
three and five levels, with lower levels corresponding to
better health states (Table 1). The preference-based utility scores assigned to each SF-6D health state were
based on valuations by a representative sample of the
UK general population, using the Standard Gamble technique [29].

Confounding variables
We included a number of potential confounding variables
for which data were available in both the OAI and NHMS.
All regression estimates reported in this paper have been
adjusted for age and BMI (both with a quadratic specification), sex, ethnicity (white non-Hispanic/black nonHispanic/other) and educational attainment (less than
high school graduate/high school graduate/some college
education/college degree/graduate degree).
The presence of comorbid conditions is another potentially important confounder [32, 33]. The information collected on comorbidities in the NHMS and OAI was mostly
not directly comparable, however, and was only collected
in a subset of the OAI visits, limiting our ability to adjust for
these conditions. Nevertheless, as an additional test we
have also estimated regressions adjusting for the three
conditions—stroke, diabetes and respiratory and lung
conditions—for which some comparable data are
available.

Statistical analysis
The OAI cohort is known to under-represent OA patients
in poor self-assessed health, introducing a potentially important source of bias in our comparisons of the OAI
radiographic OA and the NHMS general population samples [34]. OAI participants were recruited into the study by
the targeted distribution, in four study centres, of a recruitment brochure describing the study aims, eligibility criteria
and what would be expected of participants, and asking
interested potential participants to contact the relevant
study clinic for eligibility screening [35]. As those in poor
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radiographic and symptomatic OA: many patients with
radiographic knee OA show little or no disease symptoms
while others with apparently normal radiographs report
symptoms consistent with clinical OA [9!14].
Nevertheless, those with radiographic OA have, on average, a substantially higher prevalence of symptoms such
as pain, stiffness and loss of joint function [15!18].
Previous studies of the HRQoL impact of radiographic
knee OA have, for the most part, focused on disease-specific instruments such as the WOMAC Osteoarthritis Index
and the Knee injury and Osteoarthritis Outcome Score.
These measures, which have been extensively validated
and have high sensitivity to changes in health outcomes
relevant to knee OA, assess primarily pain and physical
function [19!26]. Analysis of the impact of knee OA on patients’ overall HRQoL, however, requires consideration of a
broader range of the dimensions of overall health. Generic,
rather than disease-specific, HRQoL instruments can be
used to provide this broader perspective [19, 22, 23].
Meaningful comparison of the HRQoL burden of OA
with that of other diseases or the economic evaluation
of treatments to reduce OA prevalence or mitigate the
impact of disease symptoms, moreover, requires the
construction of preference-based utility scores to assign
valuations to the states described by the HRQoL instrument. Widely used generic HRQoL indices with
preference-based utility scores include the EuroQol-5D
(EQ-5D) [27], the Health Utilities Index [28] and the
Short-Form-6D (SF-6D) [29].
This study investigates the impacts of radiographic knee
OA across the six dimensions—Physical Functioning, Role
Limitations, Social Functioning, Pain, Mental Health and
Vitality—of the SF-6D and provides estimates of the resulting overall HRQoL loss.

Knee OA impacts multiple dimensions of HRQoL

TABLE 1 SF-6D health state classification
Physical Functioning
1 Not limited in moderate activities
2 Limited a little in moderate activities
3 Limited a lot in moderate activities

Social Functioning
1 Health limits social
2 Health limits social
3 Health limits social
4 Health limits social
5 Health limits social

activities
activities
activities
activities
activities

none of the time
a little of the time
some of the time
most of the time
all of the time

Vitality
1 Have
2 Have
3 Have
4 Have
5 Have

a
a
a
a
a

lot
lot
lot
lot
lot

of
of
of
of
of

energy
energy
energy
energy
energy

all of the time
most of the time
some of the time
a little of the time
none of the time

SF-6D: Short-Form Six-Dimension.

self-assessed health would, presumably, be less likely to
volunteer to attend the regular interviews and clinic visits
required by the study, the resulting sample may have been
affected by selection on the outcome variable of interest
(SF-6D health status).
If this was the case, direct comparisons of OAI participants with the general population would result in underestimates of the true health burden of OA, even after
adjusting for observable participant characteristics. We
note, however, that this bias would not be evenly distributed across the outcome levels of the SF-6D: the effect of
self-selection should be strongest at the most severe end
of the HRQoL distribution (i.e. for the states directly affected by the under-sampling in the OAI), while the effect
should be small for the least severe health states (as long
as the proportion of the sample in the most-affected
states is not too large). We therefore decided to test this
hypothesized selection effect by comparing estimated effects at different SF-6D levels and, if the effect was confirmed, to use estimates derived from the least severe
health states as the most robust to potential selection
bias caused by voluntary entry into the OAI study.
We first tabulated each of the SF-6D dimensions for the
general population and the OA subsamples, the latter
stratified by radiographic severity (measured as the highest K-L grade recorded in either knee). According to the
hypothesized selection effects, the strongest negative effects of OA on HRQoL should be observed at the least
severe end of each SF-6D dimension, with progressively
smaller effects at higher levels.
We next estimated the effect of knee OA severity on
each dimension of health status (except Role
Limitations) using generalized ordinal logistic regression
[36, 37], adjusting for all of the confounding variables identified above. [The Role Limitations dimension combines
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two distinct items from the SF-12 questionnaire, namely
Role Limitations-Physical and Role Limitations-Emotional
(Table 1); as there is no unambiguous ordinal relationship
between these two items, multinomial logistic regression
was used for this dimension.]
Generalized ordinal logistic regression relaxes the proportional odds assumption of the standard ordinal logistic
model, allowing the estimated odds ratios to differ at each
level of the dependent variable. According to the hypothesized selection effect, the estimates at higher (more
severe) levels of each dimension should be most affected
by selection bias, with the best approximation of true
population effects given by the first (least severe) level
estimates. These first-level estimates should also be the
most directly comparable to the multinomial regression
estimates for the Role Limitations dimension, which is
defined by the proportion in the least severe versus all
other levels on the two subcomponents. (Note that this
also implies that the increasing pattern of selection bias
hypothesized for the other dimensions is not expected to
be observed for Role Limitations.) The generalized ordinal
logistic model was estimated in Stata 13 using the usercreated gologit2 program [38]. Clustered standard
errors, at the individual level, were calculated to reflect
potential correlations between repeated observations on
the same individuals in the OAI sample.
Lastly, we used the distribution of health states in the
general population sample and the estimated effects of
radiographic OA to calculate the average HRQoL loss at
each of K-L grades 2, 3 and 4. The SF-6D health utility
score includes direct (additive) detriments from full health
for problems on each of the six dimensions, as well as an
additional detriment if any dimension is at one of the ‘most
severe’ levels. This latter term depends on the (conditional) joint distribution of the six dimensions, and could
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Pain
1 Pain does not interfere with normal work at all
2 Pain interferes with normal work a little bit
3 Pain interferes with normal work moderately
4 Pain interferes with normal work quite a bit
5 Pain interferes with normal work extremely
Role Limitations
Mental Health
1 No problems with work or other activities as a result of physical
1 Feel downhearted and low none of the time
health or emotional problems
2 Feel downhearted and low a little of the time
2 Limited in kind of work or other activities as a result of physical health
3 Feel downhearted and low some of the time
3 Accomplish less than would like as a result of emotional problems
4 Feel downhearted and low most of the time
4 Limited in kind of work or other activities as a result of physical health
5 Feel downhearted and low all of the time
and accomplish less than would like as a result of emotional problems

Ross Wilson et al.

TABLE 2 Participant characteristics

Characteristic

K-L grade 2
(n = 6320)

K-L grade 3
(n = 4091)

60.9 (11.1)
27.7 (5.7)

63.2 (9.0)*
29.1 (4.9)*

65.8 (8.9)*
30.0 (5.0)*

66.1 (8.8)*
29.6 (4.6)*

1503 (49.2)
1550 (50.8)

2354 (37.2)*
3966 (62.8)*

1778 (43.5)*
2313 (56.5)*

899 (55.3)*
726 (44.7)*

2552 (83.6)
271 (8.9)
230 (7.5)

4941 (78.2)*
1210 (19.1)*
169 (2.67)*

3203 (78.3)*
777 (19.0)*
111 (2.71)*

1353 (83.3)
203 (12.5)*
69 (4.25)*

162
771
1478
1962
1947

191
578
1049
1168
1105

251
935
722
652
493

(8.2)
(30.6)
(23.6)
(21.4)
(16.1)

(2.6)*
(12.2)*
(23.4)
(31.0)*
(30.8)*

(4.7)*
(14.1)*
(25.6)
(28.6)*
(27.0)*

K-L grade 4
(n = 1625)

59
196
382
455
533

(3.6)*
(12.1)*
(23.5)
(28.0)*
(32.8)*

General population values are population-weighted using the inverse sample weights provided with the NHMS dataset.
*
Significantly different from general population, 5% level of significance. K-L: Kellgren!Lawrence; NHMS: National Health
Measurement Study.

not be directly predicted by our regression estimates; we
generated lower and upper bounds for this effect by
assuming maximal (positive) correlation or full independence across all dimensions, respectively.

Results
Participant characteristics
Of the 12 375 OAI participant visits in which radiographic
knee OA was confirmed, complete data on all variables
were available for 12 036 (97%), allowing these observations to be used in the analysis in this study. In the NHMS
dataset, complete data were available for 3053 (95%) respondents, making up our general population reference
sample.
Descriptive statistics for both the NHMS and OAI subsamples are presented in Table 2. Compared with the
general population, the OAI subsamples with radiographic
knee OA were older, had higher BMI, had higher proportions of black and lower proportions of hispanic/other ethnicities, and had higher levels of educational attainment.
At K-L grades 2 and 3 they also had higher proportions of
women, while at K-L grade 4 this share was lower than in
the general population.

SF-6D outcomes in the general population and the
OAI
As hypothesized, the OAI subsamples had significantly
lower proportions than the general population reporting
the least severe health states (in all dimensions except
Social Functioning), indicating a negative effect of OA on
HRQoL, but also significantly lower proportions in the
worst health states suggesting self-selection into the
OAI study (Table 3). While there was no negative effect
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of radiographic knee OA on the Social Functioning dimension, even for mild health states, the same pattern
of self-selection bias was also found on this dimension.
As expected, the Role Limitations dimension, which does
not have the ordinal scale of the other five dimensions,
showed no evidence of such self-selection bias.
For Physical Functioning, Pain and Role LimitationsPhysical, the negative effect of knee OA was monotonically
increasing with radiographic severity. For Vitality and Social
Functioning there was no significant difference in effects
across radiographic severity levels, while for Mental Health
(at K-L grade 3 only) and Role Limitations-Emotional the
effects were slightly smaller at K-L grades 3 and 4 compared
with grade 2.

Regression analysis
The hypothesized effects of self-selection into the OAI
cohort were also evident in the regression results after
adjusting for observed covariates: in all dimensions
except Role Limitations, and across all K-L grades, the
estimated odds ratios (the negative effects of OA on
HRQOL) were strongly decreasing with the health outcome level (Table 4). We therefore focus on the firstlevel estimates to minimize the effects of selection bias.
(Full regression results for all variables are available in
supplementary Tables S1!S6, available at Rheumatology
online.)
Using these estimates, the presence of radiographic
knee OA was found to be significantly associated with
worse health outcomes in all dimensions except for
Social Functioning. For the dimensions related to physical
health (Physical Functioning, Pain and levels 2 and 4 of
Role Limitations), outcomes were worsening in radiographic disease severity, while the remaining dimensions
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Age, mean (S.D.), years
BMI, mean (S.D.), kg/m2
Sex, n (%)
Male
Female
Ethnicity, n (%)
White
Black
Hispanic/other
Education, n (%)
Less than high school
High school graduate
Some college education
College degree
Graduate degree

General population
(n = 3053)

Knee OA impacts multiple dimensions of HRQoL

TABLE 3 Distribution of SF-6D outcomes, by radiographic knee OA status (unadjusted)

SF-6D dimension

General population
(n = 3053)

K-L grade 2
(n = 6320)

65.8 (63.6, 68.0)*,y
27.2 (25.3, 29.1)*,y
7.0 (6.0, 8.2)*,y

K-L grade 4
(n = 1625)
56.4 (52.8, 60.0)*,y
35.8 (32.6, 39.1)*,y
7.8 (6.3, 9.6)y

34.8
30.8
6.8
27.7

(32.6, 37.1)*,y
(28.9, 32.7)*,y
(5.8, 7.9)y
(25.7, 29.8)*,y

27.5
36.8
6.2
29.6

(24.2, 30.9)*,y
(33.6, 40.1)*,y
(4.8, 7.9)y
(26.5, 32.9)*,y

72.8
15.3
9.0
2.5
0.5

(70.6, 74.8)*
(14.0, 16.7)
(7.9, 10.1)
(2.0, 3.2)*
(0.3, 0.7)*

71.1
17.0
8.8
2.6
0.5

(67.9, 74.2)
(14.9, 19.3)
(7.2, 10.7)
(1.7, 3.9)*
(0.2, 1.1)*

34.6
38.4
16.6
9.2
1.3

(32.4, 36.9)*,y
(34.4, 40.3)*
(15.2, 18.1)*,y
(8.1, 10.5)*,y
(0.9, 1.7)

22.9
42.0
23.1
11.2
0.8

(20.0, 26.1)*,y
(38.9, 45.1)*,y
(20.7, 25.8)*,y
(9.4, 13.3)*,y
(0.4, 1.5)*

54.4
31.0
12.0
2.0
0.6

(51.9, 56.8)*,y
(29.1, 33.0)*,y
(10.7, 13.3)
(1.6, 2.6)*
(0.4, 1.0)

54.1
31.2
11.9
2.0
0.8

(50.3, 57.8)*
(28.2, 34.3)*
(9.9, 14.1)
(1.3, 3.1)
(0.5, 1.4)

5.9
50.0
30.8
10.3
3.0

(4.9, 7.1)*
(47.6, 52.3)
(28.9, 32.9)*
(9.1, 11.6)*
(2.3, 3.9)*

7.0
45.4
33.5
11.8
2.3

(5.2, 9.2)*
(41.9, 49.0)*,y
(30.5, 36.7)*,y
(9.9, 14.1)*
(1.6, 3.3)*

Cells report percentages and 95% confidence intervals. General population values are population-weighted using the inverse
sample weights provided with the NHMS dataset. Confidence intervals calculated using standard errors adjusted for clustering
y
at the individual level in the OAI. *Significantly different from general population, 5% level of significance. Significantly different
from K-L grade 2, 5% level of significance. K-L: Kellgren!Lawrence; NHMS: National Health Measurement Study; OAI:
Osteoarthritis Initiative; SF-6D: Short-Form Six-Dimension.

showed either no significant association (Social
Functioning and Vitality) or a slight improvement (from
K-L grades 2 to 3 only, for Mental Health and level 3 of
Role Limitations) in patient-reported health outcomes
with increasing radiographic severity. Further adjusting
these regressions for available data on self-reported
comorbidities made very little difference to the results
(see supplementary Tables S7 and S8, available at
Rheumatology online).

further contribution of having any ‘most severe’ healthstate levels was estimated to be between 0.008 and
0.012 for K-L grade 2, between 0.008 and 0.013 for
grade 3, and between 0.011 and 0.019 for grade 4. We
therefore found the total HRQoL detriments of K-L grades
2, 3 and 4 radiographic knee OA to be 0.040!0.044,
0.045!0.050 and 0.073!0.081, respectively.

Effect on overall HRQoL

Our findings confirm the substantial HRQoL impacts of
knee OA. Patients with radiographic knee OA were
found to have significantly worse self-reported HRQoL
than the general population reference sample in all dimensions except Social Functioning. This effect was increasing in the radiographic severity of OA for the physical
health dimensions of the SF-6D, while the emotional and

The total direct HRQoL detriment across all six dimensions implied by these estimates was 0.032 (on a 0!1
scale) for K-L grade 2, increasing to 0.037 for grade 3
and 0.062 for grade 4, with the largest contributions
coming from the Mental Health (at K-L grade 2) and
Pain (at K-L grades 3 and 4) dimensions (Table 5). The
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Physical Functioning (Health limits moderate activities . . .)
Not at all
80.2 (78.0, 82.2)
72.1 (70.3, 73.9)*
A little
10.7 (9.2, 12.5)
22.8 (21.2, 24.4)*
A lot
9.1 (7.8, 10.6)
5.1 (4.4, 6.0)*,y
Role Limitations (Problems with work or other regular daily activities due to . . .)
No limitations
49.6 (46.5, 52.6)
41.5 (39.6, 43.5)*
Physical health
25.7 (23.2, 28.2)
24.3 (22.9, 25.8)
Emotional health
7.0 (5.6, 8.7)
10.3 (9.3, 11.4)*
Both physical and emotional health
17.8 (15.8, 20.1)
23.9 (22.3, 25.5)*
Social Functioning (Health limits social activities . . .)
None of the time
68.8 (66.1, 71.4)
72.8 (71.0, 74.5)*
A little of the time
14.8 (12.9, 17.1)
16.0 (14.8, 17.2)
Some of the time
9.7 (8.2, 11.4)
8.2 (7.3, 9.2)
Most of the time
4.3 (3.5, 5.3)
2.6 (2.1, 3.2)*
All of the time
2.4 (1.7, 3.4)
0.4 (0.3, 0.7)*
Pain (Pain interferes with normal work . . .)
Not at all
58.2 (55.2, 61.1)
43.3 (41.4, 45.2)*
A little bit
21.1 (18.7, 23.6)
36.0 (34.5, 37.6)*
Moderately
12.2 (10.3, 14.4)
13.2 (12.2, 14.4)
Quite a bit
6.8 (5.5, 8.4)
6.7 (5.8, 7.6)
Extremely
1.8 (1.3, 2.3)
0.8 (0.5, 1.2)*
Mental Health (Feel downhearted and low . . .)
None of the time
66.5 (63.7, 69.3)
50.1 (48.1, 52.1)*
A little of the time
18.0 (15.7, 20.5)
34.0 (32.4, 35.7)*
Some of the time
11.6 (9.8, 13.6)
12.7 (11.6, 13.8)
Most of the time
3.0 (2.3, 4.0)
2.6 (2.1, 3.1)
All of the time
0.9 (0.5, 1.6)
0.7 (0.5, 0.9)
Vitality (Have a lot of energy . . .)
All of the time
12.7 (10.9, 14.7)
5.7 (4.9, 6.6)*
Most of the time
52.8 (49.8, 55.8)
51.5 (49.6, 53.5)
Some of the time
21.6 (19.4, 24.0)
29.8 (28.2, 31.5)*
A little of the time
7.8 (6.4, 9.4)
10.4 (9.3, 11.5)*
None of the time
5.1 (4.2, 6.3)
2.6 (2.1, 3.2)*

K-L grade 3
(n = 4091)

Ross Wilson et al.

TABLE 4 Regression analysis of SF-6D outcomes and radiographic knee OA status
OR vs general population (95% CI)
SF-6D dimension
K-L grade 3

K-L grade 4

1.4 (1.3, 1.7)
0.5 (0.4, 0.6)

1.7 (1.5, 2.0)
0.6 (0.5, 0.7)

1.0 (0.9, 1.2)
2.0 (1.6, 2.4)
1.6 (1.4, 1.9)

1.4 (1.2, 1.6)*
1.6 (1.2, 2.0)*
2.0 (1.7, 2.4)*

2.2 (1.8, 2.8)*
1.9 (1.4, 2.8)
3.1 (2.4, 3.9)*

0.8
0.7
0.5
0.2

(0.7,
(0.6,
(0.4,
(0.1,

0.9)
0.8)
0.6)
0.4)

0.8
0.7
0.4
0.2

(0.7,
(0.6,
(0.3,
(0.1,

0.9)
0.8)
0.6)
0.3)

0.9
0.7
0.5
0.3

(0.8,
(0.6,
(0.3,
(0.1,

1.1)
0.9)
0.8)
0.6)

1.9
1.1
0.9
0.3

(1.6,
(1.0,
(0.7,
(0.2,

2.1)
1.3)
1.0)
0.5)

2.5
1.5
1.1
0.4

(2.2,
(1.3,
(0.9,
(0.3,

2.9)*
1.7)*
1.4)*
0.6)

4.8
2.5
1.5
0.3

(4.0,
(2.0,
(1.2,
(0.2,

5.9)*
2.9)*
1.9)*
0.6)

2.0
1.2
0.9
0.6

(1.7,
(1.0,
(0.7,
(0.4,

2.2)
1.3)
1.1)
1.0)

1.7
1.0
0.7
0.6

(1.5,
(0.9,
(0.6,
(0.4,

2.0)*
1.2)
1.0)
1.0)

1.8
1.1
0.9
0.8

(1.5,
(0.9,
(0.6,
(0.4,

2.2)
1.4)
1.3)
1.5)

2.9
1.2
0.8
0.4

(2.4,
(1.0,
(0.7,
(0.3,

3.5)
1.3)
0.9)
0.5)

2.7
1.2
0.8
0.4

(2.2,
(1.0,
(0.6,
(0.3,

3.4)
1.3)
0.9)
0.5)

2.3
1.4
0.9
0.3

(1.7,
(1.2,
(0.7,
(0.2,

3.2)
1.7)*
1.1)
0.5)

y

2.9 (2.4, 3.5)*
0.7 (0.5, 0.9)*

Confidence intervals calculated using standard errors adjusted for clustering at the individual level in the OAI. All estimates
adjusted for age, BMI, sex, ethnicity and educational attainment. *Significantly different from K-L grade 2, 5% level of significance. K-L: Kellgren!Lawrence; OAI: Osteoarthritis Initiative; SF-6D: Short-Form Six-Dimension.

TABLE 5 Health-related quality of life detriments of radiographic knee OA
Detriment relative to general population (% of subtotal) (95% CI)
SF-6D dimension
K-L grade 2
Physical Functioning
Role Limitations
Social Functioning
Pain
Mental Health
Vitality

0.002
0.004
!0.004
0.008
0.012
0.009

K-L grade 3

K-L grade 4

(5) (0.001, 0.003)
0.003 (8) (0.002, 0.004)
0.007 (10) (0.005, 0.008)
(14) (0.003, 0.006)
0.007 (19) (0.005, 0.009)
0.013 (20) (0.010, 0.015)
(!11) (!0.005, !0.002) !0.004 (!11) (!0.006, !0.002) !0.001 (!2) (!0.004, 0.001)
(25) (0.006, 0.010)
0.013 (36) (0.011, 0.016)
0.026 (43) (0.022, 0.031)
(38) (0.010, 0.014)
0.009 (25) (0.007, 0.012)
0.010 (17) (0.007, 0.014)
(29) (0.008, 0.011)
0.009 (24) (0.007, 0.010)
0.008 (12) (0.005, 0.010)

Subtotal
Any ‘most severe’ problems

0.032
0.008!0.012

0.037
0.008!0.013

0.062
0.011!0.019

Total

0.040!0.044

0.045!0.050

0.073!0.081

CIs on individual dimension HRQoL detriments calculated using standard errors adjusted for clustering at the individual level in
the OAI. Any most severe problems refers to level 3 on Physical Functioning, level 3 or 4 on Role Limitations, level 4 or 5 on
Social Functioning, Pain or Mental Health, or level 5 on Vitality. The lower and upper bounds for this detriment are calculated
based on assuming maximal and zero (conditional) correlation across SF-6D dimensions, respectively. HRQoL: health-related
quality of life; K-L: Kellgren!Lawrence; OAI: Osteoarthritis Initiative; SF-6D: Short-Form Six-Dimension.
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Physical Functioning
Levels 2 and 3 vs level 1
Level 3 vs levels 1 and 2
Role Limitations
Level 2 vs level 1
Level 3 vs level 1
Level 4 vs level 1
Social Functioning
Levels 2!5 vs level 1
Levels 3!5 vs levels 1 and 2
Levels 4 and 5 vs levels 1!3
Level 5 vs levels 1!4
Pain
Levels 2!5 vs level 1
Levels 3!5 vs levels 1 and 2
Levels 4 and 5 vs levels 1!3
Level 5 vs levels 1!4
Mental Health
Levels 2!5 vs level 1
Levels 3!5 vs levels 1 and 2
Levels 4 and 5 vs levels 1!3
Level 5 vs levels 1!4
Vitality
Levels 2!5 vs level 1
Levels 3!5 vs levels 1 and 2
Levels 4 and 5 vs levels 1!3
Level 5 vs l!4

K-L grade 2

Knee OA impacts multiple dimensions of HRQoL

differ between the two samples, there were likely still uncontrolled confounders, including the prevalence of
comorbid conditions, that may have affected our findings.
We note, however, that the (admittedly limited) available
data showed no evidence that the OAI samples had higher
levels of comorbidities that might account for differences
in HRQoL, while our estimates were largely unchanged
after also adjusting for these conditions.
Self-selection into the OAI cohort on the basis of selfassessed health status could also have biased our estimates of the effect of OA on HRQoL. As suggested by the
generalized ordinal regression results, such selection effects should be strongest at the most severe levels of the
SF-6D. Estimates from the least severe levels, as reported
here, should therefore provide the closest approximations
to the true effects that would be observed in the absence
of self-selection bias. Nevertheless, the direction of bias
induced by sample self-selection means that our results
should be considered conservative estimates of the effect
of knee OA on HRQoL outcomes. One may also be concerned that the OAI participants may be more likely than
others with radiographic OA to have OA symptoms (as
they have selected into a study of OA outcomes), and
hence our results may overstate the average health loss
among the total radiographic OA population. There is no
evidence of such a selection bias in the data: among the
OAI sample with radiographic OA, the proportion with
symptomatic OA (defined as pain, aching or stiffness on
most days) is very similar to that observed in populationrepresentative radiographic OA cohorts [17, 43].
Unlike the OAI data, which were based on standardized
bodily measurements collected by trained examiners,
the BMI data in the NHMS general population survey
were derived from respondents’ self-reported height and
weight. It is well-known that such self-reported data tend
to underestimate true BMI, especially in older adults
[44!46]. As BMI is associated with poorer health on all
SF-6D dimensions, this possible measurement error is
likely to bias downward our estimates of the true impact
of OA. If self-reported BMI was understated by 3% [45],
for example, our estimates of the overall HRQoL detriment
of radiographic knee OA would increase by around 0.003
for each K-L grade (see supplementary Table S9, available
at Rheumatology online).
Lastly, radiographic imaging was not available for the
general population sample, so we were unable to construct a comparator group without radiographic OA. As
our general population group will therefore contain some
respondents with radiographic changes consistent with
knee OA, our results will be conservative estimates of
the true HRQoL impact of having radiographic knee OA
(i.e. compared with an equivalent group with no radiographic OA).

Limitations
The radiographic OA and general population subsamples
used in this analysis were collected from different studies,
with different target populations, recruitment strategies
and data collection methods. While our regression analysis adjusted for many important characteristics known to
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Conclusion
This study has documented the HRQoL loss associated
with radiographic knee OA across the six dimensions of
the SF-6D health-status instrument. In line with previous
work, the HRQoL impacts of knee OA were found to
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mental health dimensions showed no or decreasing association with radiographic severity.
A key contribution of this study is the quantification, using
a preference-based measure of health utilities, of the
HRQoL impact of knee OA. For economic evaluations,
such as analysis of the cost-effectiveness of interventions
(in terms of their incremental cost per quality-adjusted life
year gained), or the cross-disease comparison of health
outcomes, such a preference-based index is essential.
The estimated effect of radiographic knee OA of between
0.040 and 0.073 depending on disease severity is
consistent with the value of 0.064 previously estimated for
all-site, all-severity doctor-diagnosed OA [39] and is comparable to that of other chronic conditions such as angina
(0.041), blindness/low vision (0.050) and chronic obstructive
pulmonary disease (0.067) [39]. The Global Burden of
Disease Study 2010 also reports comparable disability
weights for a broader category of ‘musculoskeletal problems: legs’, with values of 0.023, 0.079 and 0.171 for mild,
moderate and severe levels, respectively (defined by symptomatic rather than structural disease severity) [40].
The results also highlight the multidimensional nature of
OA-related health loss. While Pain contributed the largest
component of the total HRQoL loss, at least in the more
severe radiographic grades, there were also significant contributions from Mental Health, Vitality and Role Limitations.
Loss of physical functioning, a key clinical symptom of knee
OA and an important aspect of disease-specific quality-oflife measures, contributed only a small share (directly) to the
estimated total HRQoL burden of OA.
The relationship of radiographic disease severity to
health outcomes reveals another aspect of the multidimensionality of OA. The physical dimensions of
health—Physical Function, Pain and Role LimitationsPhysical—showed progressively worse outcomes in
more severe radiographic grades, while mental and emotional health—energy, feelings of depression and roleemotional limitations—showed little association with
radiographic disease severity. The design of the study
does not allow for drawing of any conclusions regarding
causation, but it is plausible that this may be a symptom
of ‘response shift’, as patients adjust the implicit reference
points used in evaluation of their current health to reflect
their expectations and experiences of chronic disease
[41, 42]. While physical health continues to decline as
the disease progresses, patients may adjust their mental
and emotional expectations of health in line with expected
disease progression. As those in more severe radiographic grades have, on average, spent longer in OA-affected health states, they will have had more time to
adjust to their chronic disease, potentially mitigating the
impact of OA severity on mental and emotional health.

Ross Wilson et al.

be substantial. As this analysis has demonstrated, preference-based measures of health status such as the SF-6D
and the EQ-5D can provide valuable tools to quantify the
HRQoL burden of disease; we suggest that such measures should be routinely collected as part of health outcome studies, to facilitate economic evaluation and allow
cross-disease comparability.

This study uses data from the OAI public use data set. The
OAI is a public!private partnership comprising five contracts (N01-AR-2-2258, N01-AR-2-2259, N01-AR-2-2260,
N01-AR-2-2261, N01-AR-2-2262) funded by the National
Institutes of Health, a branch of the Department of Health
and Human Services and conducted by the OAI
Study Investigators. Private funding partners include
Merck Research Laboratories, Novartis Pharmaceuticals
Corporation, GlaxoSmithKline and Pfizer, Inc. Private
sector funding for the OAI is managed by the
Foundation for the National Institutes of Health. The article
does not necessarily reflect the opinions or views of the
OAI investigators, the NIH or the private funding partners.
Funding: This work was supported by the Health
Research Council of New Zealand [grant number 15/
263]; and the Jack Thomson Arthritis Fund of the Otago
Medical Research Foundation.
Disclosure statement: The authors have declared no
conflicts of interest.
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ARTICLE

The projected burden
of knee osteoarthritis in
New Zealand: healthcare
expenditure and total joint
replacement provision
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ABSTRACT
AIM: To estimate the healthcare costs and demand for total knee replacement (TKR) associated with knee
osteoarthritis in New Zealand over the period 2013–2038 and the contribution of increasing obesity rates
to these costs.
METHOD: We used the NZ-MOA computer simulation model of knee osteoarthritis in the New Zealand
population. Osteoarthritis-related healthcare costs and TKR incidence were modelled for a 25-year
horizon, for a starting cohort drawn from the 2013 New Zealand population. Population obesity projections
were used to estimate the life-course of cohort obesity. Per-person projected outcomes were multiplied by
national demographic population projections to obtain total population projections.
RESULTS: Healthcare costs of knee osteoarthritis were projected to increase from NZ$199 million in 2013
to $370 million in 2038. Annual TKR incidence was projected to increase from 5,070 to 9,040 over the
same period. Projected increases in population obesity rates (above the obesity prevalence seen in 2013)
accounted for 25% and 47% of the projected increase in per-capita healthcare costs and TKR provision
rates, respectively.
CONCLUSION: The healthcare burden of knee OA will continue to increase for the foreseeable future. Public
health measures to reduce further increases in population obesity rates would contribute to slowing this
rising burden.

O

steoarthritis (OA) is a common and
debilitating chronic disease and one
of the leading causes of disability in
New Zealand and worldwide.1–3 Knee OA
is the most common form of OA, affecting
as much as one-third of the population at
some point in their lifetime. Globally, OA is
responsible for more than 16 million disability-adjusted life years (DALYs) and is the
12th leading cause of worldwide disability.4
In New Zealand, osteoarthritis accounted for
more than 15,000 DALYs in 2018.5 In addition to the health losses associated with OA,
it also accounts for a substantial economic
burden on the health system and the wider

economy. In New Zealand, the total annual ﬁnancial cost of arthritis (of all types)
is estimated to be $4.2 billion, including
health system costs of $990 million; productivity costs of $1.2 billion, through reduced
employment, time off work and impaired
performance at work; and other costs, such
as non-health sector care and aids and modiﬁcations to support independent living for
people with arthritis, of $2 billion.5
Total knee replacement (TKR) surgery
is a common and successful operation to
reduce pain and improve HRQoL in patients
with advanced knee OA.6,7 Provision of
TKR has been increasing across the world
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in recent decades.8–11 However, TKR is a
costly procedure and high provision rates
place strain on limited public healthcare
resources. Furthermore, access to TKR,
particularly in the public healthcare system,
is limited by capacity constraints due to the
availability of a suitably-trained workforce
and surgical facilities.
The two most important risk factors
for incidence and progression of knee
OA are age and obesity. In New Zealand,
as elsewhere, the combination of an
ageing population and increasing rates of
obesity is therefore expected to result in
continuing increases in demand for OA
healthcare.8,10,12–15 The population aged
over 65 is expected grow by 40 percent
over the next decade,16 while obesity rates
are projected to increase to close to 50%
of the adult population by the late 2030s.17
Understanding the implications of these
population changes is critical for successful
health system and workforce planning.
The aims of this study are (1) to estimate
the projected healthcare costs of osteoarthritis care in New Zealand for the period
2013–2038, (2) to estimate the demand for
TKR surgery in New Zealand over the same
period, and (3) to assess the contribution of
projected increases in population obesity
to future healthcare expenditure and TKR
demand.

Methods
We used the New Zealand Management
of Osteoarthritis (NZ-MOA) model, a
state-transition microsimulation model of
the incidence, progression, health impact
and healthcare costs of knee OA in New
Zealand.18 The model generates a hypothetical cohort drawn from the 2013 New
Zealand population distribution; runs each
simulated individual through a sequence of
annual health state transitions, deﬁned by
obesity, knee OA status (Kellgren-Lawrence
grade), health-related quality of life (HRQoL)
outcomes and treatment pathway; and
computes the resulting per-capita healthcare
costs, quality-adjusted life years (QALYs)
and treatment utilisation. By running the
same cohort through multiple scenarios,
the incremental change in outcomes attributable to knee OA prevalence, change in risk
factors or change in treatment patterns can
be estimated.

We computed model outcomes under
two scenarios: continuation of projected
trends in population obesity levels17 and
holding population obesity constant at
2013 levels. We generated simulation
cohorts of 10,000 individuals for each
age- (in ﬁve-year age groups), gender- and
ethnicity-speciﬁc population subgroup. For
each subgroup, we ran each scenario for
a modelled 25-year time horizon (2013–
2038) and recorded the age-, gender- and
ethnicity-speciﬁc OA-related healthcare
expenditure and TKR incidence in each
year. Projections of healthcare costs and
joint replacement provision at the population level were calculated by multiplying
the age-, gender- and ethnicity-speciﬁc
per-person projected outcomes from
the simulation model by Statistics New
Zealand’s published national population
projections for each future period.19 This
whole process was repeated 1,000 times,
each with a new random draw from
the distribution of obesity projections,
resulting in a total simulated population of
760 million individuals to provide stable
and precise estimates of the outcomes.
We calculated the mean healthcare costs
and joint replacement incidence in each
year across the 1,000 cycles to provide
the projected point estimates for each
outcome, and the 2.5th and 97.5th percentiles
to construct 95% uncertainty intervals for
the contribution of increasing obesity levels
(ie, undertaking probabilistic sensitivity
analysis).
Baseline population model input parameters and sources have been described
previously,18 and are summarised in
Appendix A. Costs of treatment were based
on provision of usual publicly and privately
provided medical care as practiced in New
Zealand,20 valued with New Zealand-speciﬁc reference prices21 (see Appendix Table
A5). TKR incidence rates in the New Zealand
population were obtained from the New
Zealand Joint Registry,22 which covers almost
all privately and publicly funded joint
replacement surgeries in New Zealand, and
used to calibrate the baseline modelled TKR
provision rates. Projected increases in population obesity rates, stratiﬁed by age, gender
and ethnicity, were obtained from a previously published age-period-cohort model of
body mass index (BMI) in the New Zealand
population.17
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Cross-model validation was conducted
by comparing our projected increases in
the provision of TKR with those previously
published in the Journal by Gary Hooper
and colleagues (2014).13 Those estimates
were based on different inclusion criteria
than our model: all TKR were included for
any primary diagnosis, whereas our model
includes only one OA knee per person
(ie, only the ﬁrst primary TKR performed),
and includes only TKR performed for a
primary diagnosis of knee OA. The total
number of TKR performed annually should
therefore be lower in our model projections;
to allow direct cross-model comparison, we
normalised all estimates to an index value of
100 in 2011 (the base year in Hooper et al’s
projections), to compare the total percentage
increase in TKR provision between models.
(The observed increase in TKR provision
between 2011 and 2013 was used to
determine the baseline (2013) index value

for the NZ-MOA model, as the model was
calibrated to observed 2013 data.)

Results
In 2013 (the base year for the NZ-MOA
model), the total direct healthcare costs
of knee OA were estimated to be NZ$199
million (1NZD≈0.82USD), and 5,070 patients
had a ﬁrst total joint replacement for knee
OA. Women accounted for $110 million
(55%) of the total costs and 2,460 TKR (48%);
Māori for $18 million (9%) of the total costs
and 490 TKR (10%).
The healthcare costs associated with OA
treatment were projected to increase to
$370 million per year in 2038 (at constant
2013 prices; Figure 1), an increase of 85%.
Per-capita treatment costs (for the adult
population aged 25 and over) were projected
to increase from $69 to $90. TKR incidence
was projected to increase to 9,040 per year

Figure 1: Projected healthcare costs of knee osteoarthritis in New Zealand, 2013–2038.

Source: NZ-MOA simulation model. Lines show the projected increase in annual healthcare expenditure on OA
treatment under the base case scenario (ongoing increase in population BMI based on current trends) and with
no further increase in population BMI (ie, maintaining 2013 BMI distribution), relative to 2013 baseline level.
‘Attributable to BMI increase’ is the difference between the two lines, representing the incremental OA-related
healthcare expenditure attributable to continued increases in population BMI relative to the 2013 level. The shaded
uncertainty interval represents the 95% confidence interval for projected annual increase in population BMI. Righthand axis shows total projected annual healthcare expenditure in each period for the base case and no BMI increase
scenarios.
BMI indicates Body Mass Index; OA, Knee osteoarthritis.
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Figure 2: Projected demand for ﬁrst total knee replacement for knee osteoarthritis in New Zealand,
2013–2038.

Source: NZ-MOA simulation model. Lines show the projected increase in annual provision of TKR under the base case
scenario (ongoing increase in population BMI based on current trends) and with no further increase in population
BMI (ie, maintaining 2013 BMI distribution), relative to 2013 baseline level. ‘Attributable to BMI increase’ is the
difference between the two lines, representing the incremental TKR provision attributable to continued increases in
population BMI relative to the 2013 level. The shaded uncertainty interval represents the 95% confidence interval for
projected annual increase in population BMI. Right-hand axis shows total projected annual provision in each period
for the base case and no BMI increase scenarios.
BMI indicates Body Mass Index; TKR, Total knee replacement surgery.
Figure 3: Observed and projected demand for total knee replacement in New Zealand, 1999–2038,
cross-model comparison.

Source: NZ-MOA simulation model; NZJR 2016;22 Hooper et al 2014.13 Points show observed provision of TKR 1999–
2013; dashed line the published projections from Hooper et al 2011–2026; and solid lines the new model projections
2013–2038, under the base case scenario (ongoing increase in population BMI based on current trends) and with no
further increase in population BMI (ie, maintaining 2013 BMI distribution). The absolute numbers in each series differ
due to different inclusion criteria: all values are normalised to 2011 = 100 for consistent comparisons.
BMI indicates Body Mass Index, in kg/m2; NZJR, New Zealand Joint Registry; TKR, Total knee replacement surgery.
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in 2038 (Figure 2). The provision rate was
projected to increase from 174 to 221 per
100,000 population per year.
In 2038, women were projected to
account for $210 million (57%) of the total
healthcare costs and 4,760 TKR (53%); Māori
for $44 million (12%) of the total costs and
1,120 TKR (12%). Full results for projected
costs and TKR incidence for each year
2013–2038, including ethnic and gender
breakdowns, are reported in Tables B1 and
B2 in the Appendix.
Further increases in population BMI,
relative to the baseline distribution in 2013,
accounted for 25% of the projected increase
in per-capita OA-related healthcare costs
and 47% of the increase in TKR provision
rates between 2013 and 2038. By 2038, this
accounts for an additional $22 million and
880 TKR per year. Over the 25-year time
horizon, projected increases in BMI, relative
to baseline levels, will result in an additional
$231 million in OA healthcare costs and
9,880 TKR required.
The increase in TKR provision projected
by our model, in the absence of further
increases in population obesity, was very
close to that previously reported, using a
different modelling approach, by Hooper et
al (2014) (Figure 3).13 Between 2011 and 2026,
TKR provision was projected to increase by
48.8%, compared to 49.0% reported in the
previously-published estimates. Allowing for
projected increases in population obesity, this
increased to 56.6% in our model, and 90.8%
by 2038. The total numbers of projected TKR
(without normalisation) from both models
are shown in Figure B1 in the Appendix.

Discussion
Treatment of knee OA cost the New
Zealand healthcare system $200 million in
2013, an amount projected to increase to
$370 million over 25 years. Demand for TKR
is projected to increase by almost 80% over
the same period, requiring an additional
4,000 surgeries to be performed annually by
2038. After adjusting for population growth,
projected increases in obesity rates account
for one-quarter of the increase in per-capita
costs and almost half of the increase in TKR
provision rates over 25 years.
These results highlight the need for
effective—and cost-effective—treatment

of OA throughout the disease course. Our
projections were calculated under the
assumption that patients’ access to TKR (and
other treatments) remains at the same level
as in 2013. Access to TKR is already rationed
through the public health system, with
many local health systems unable to offer
surgery to all patients who would beneﬁt;23,24
improving access to TKR would require
further resourcing beyond that suggested
by our projections. Effective, low-cost, early
interventions, such as exercise therapy,
can alleviate symptoms, improve patients’
quality of life and reduce the need for costly
treatment, such as TKR, later in the disease
course.25,26 Improving access to such treatments may help to mitigate the increasing
burden on the health system associated with
rising rates of OA.
There is limited existing research on the
future healthcare costs of OA. Our projected
increases in costs are very similar to those
reported recently for Australia,27 which had
a projected increase in direct OA healthcare
costs of 2.2% per year between 2015 and
2030, based on the changing age and gender
distribution of the population (ie, excluding
the effect of changes in population obesity).
For comparison, we projected the same
2.2% annual increase between 2013 and
2038 when holding obesity rates constant at
the 2013 level. A study in Canada projected
increases in costs of OA treatment of 4.7%
per year between 2010 and 2031;28 these
higher rates are at least in part explained by
differing assumptions about the course of
future healthcare prices.
There is more literature on projected
provision of TKR, although previous studies
have reported widely-varying results
due to differences in context, modelling
assumptions and statistical methodology.
Our projections (2.3% per year, or 1.9%
excluding the effects of increasing obesity,
which have often not been captured in past
studies) are at the low end of published
projections for the US (between 1.9% and
8.5%14,29), similar to those for the UK (1.6%
to 2.8%30) and the Netherlands (1.7% to
2.7%32), and higher than those for Sweden
(0.9%8). In the local context, our results are
consistent with those of Hooper et al,13 when
excluding the effect of increasing obesity
rates, providing external validation of our
model, and demonstrate the additional
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burden being placed on the health system by
the continuing obesity epidemic.
The study has limitations relating to
model structure and availability of data.
The estimated costs associated with knee
OA are not stratiﬁed by disease severity
(other than the cost of TKR for end-stage
OA), due to a lack of available data on the
relationship between disease progression
and treatment costs. As obesity is associated
with both incidence and progression of knee
OA, this limitation may have resulted in our
projections underestimating the effects of
increasing obesity on healthcare costs of OA.
We have also modelled direct healthcare
costs only, excluding non-health costs such
as time off work or reduced productivity,
informal care outside the health system,
or equipment and aids to assist with daily
living. These other costs may be substantial
in OA; for example, a recent report on
the costs of (all types of) arthritis in New
Zealand found that productivity losses associated with arthritis were 125% of direct
healthcare costs, and other non-health
ﬁnancial costs a further 202% of healthcare
costs.5 These suggest that the healthcare
costs reported here may represent only
one-quarter of the total societal cost of knee
OA. Lastly, the NZ-MOA model captures
the most severely OA-affected knee only
for each individual; the projections of TKR
provision therefore relate only to the ﬁrst
TKR surgery per patient. According to our
data from the New Zealand Joint Registry,
these account for approximately 75% of all
TKR in New Zealand.
Strengths of the study include the use
of a validated, state-of-the-art computer
simulation model, populated with comprehensive and reliable national-level data on
disease prevalence, risk factors and TKR
provision.18 By modelling the underlying
drivers of future TKR incidence—initial
prevalence of OA across the population,
and ongoing disease incidence, structural
progression and symptom severity—this
approach may provide more reliable
projections than statistical models relying

on linear or exponential extrapolation of
observed trends in TKR incidence rates
far beyond the period of observed data.
The sensitivity of data-driven statistical
projections of TKR incidence to modelling
assumptions about the ongoing trend is
apparent in the wide variability in previously published estimates. Our projected
increases in TKR incidence were generally
higher than previously published estimates assuming constant incidence rates
(within demographic strata), but (often
substantially) lower than those assuming
the continuation of observed short-run
increasing trends.
The consistent results found in our crossmodel validation exercise demonstrate the
validity of the model for predicting future
outcomes based on current practice patterns
and risk factor distributions and reliable
estimates from Statistics New Zealand of
projected demographic change. The impact
of increasing population obesity, additional
to these validated projections based on
demographic change, was derived from
published estimates, for the New Zealand
population, of future trends in population
BMI, and international evidence on the relationship between BMI and OA incidence and
progression. By combining these reliable
sources of data, using our well-validated
computer simulation model, we have been
able to provide well-grounded, coherent
and reliable projections of the increasing
healthcare burden of knee OA in the New
Zealand population.

Conclusion
The healthcare burden of knee OA in
New Zealand will continue to grow over the
next 25 years due to population ageing and
increasing rates of obesity. Without changes
in the provision of effective and cost-effective care throughout the disease course,
the annual direct healthcare costs of knee
OA will increase by 85% to $370 million by
2038, and an additional 4,000 TKR surgeries
per year will be required.
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Appendix A
This appendix describes the sources and derivations of the NZ-MOA model input parameters used in this study. For further details refer to Wilson & Abbott (2018)33 and the NZ-MOA
Technical Manual, version 1.4.0 (available on request from the authors).

Demographic characteristics

Baseline age, gender and ethnicity are drawn from the discrete joint probability distribution of the New Zealand population, obtained from the 2013 New Zealand Census.34 The
model uses an annual cycle, so age is incremented by one year each period; gender and
ethnicity are assumed to be ﬁxed throughout the lifetime of each individual. Mortality
rates, stratiﬁed by age, gender and ethnicity, were obtained from the New Zealand Period
Life Tables 2012–14,35 and further adjusted for the relative risk of mortality associated with
obesity using data from the US population.36 Mortality rates were assumed to decrease by
1.75% per year for non-Māori and 2.25% per year for Māori until 2026 and remain constant
thereafter.37

Body mass index

Baseline BMI is drawn from an age-, gender- and ethnicity-speciﬁc log-normal distribution
(Table A1). Future trajectories of BMI are assumed to follow the population-average age
trajectory of BMI, plus an annual trend increase reﬂecting increases in population obesity.38
The ongoing trend increase was drawn, in each loop of the PSA process, from a normal
distribution with gender- and ethnicity-speciﬁc mean and variance (Table A2).
Table A1: Mean of population baseline BMI distribution, by age, gender and ethnicity.

Non-Māori

Māori

Men

Women

Men

Women

Constant

20.30

20.54

20.21

19.94

Age

0.3141

0.2824

0.4356

0.4825

Age2

-0.00279

-0.00247

-0.00401

-0.00455

Table A2: Trend increase in population BMI distribution.

Non-Māori

Māori

Men

Women

Men

Women

Mean

0.0763

0.1049

0.0590

0.0919

Std. Error

0.0150

0.0169

0.0287

0.0373

Structural (radiographic) knee osteoarthritis

Baseline radiographic knee OA status is drawn from the age-, gender-, ethnicity- and obesity-speciﬁc prevalence of self-reported doctor-diagnosed all-site OA, derived from the New
Zealand Health Survey 2013/14 (Table A3), and further adjusted for the ratio of knee OA to
all-site OA39 and the ratio of radiographically-deﬁned knee OA to self-reported diagnosis.40
Incidence was derived to be consistent with baseline prevalence rates, assuming no case
fatality or remission in radiographic knee OA.
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Table A3: Baseline prevalence of self-reported doctor-diagnosed all-site OA.

Coefficient
Constant

-11.27

Age

0.2245

Age2

-0.00121

Female (Male = reference)

0.5938

Overweight (Underweight/Healthy weight = reference)

0.0362

Obese I

0.3764

Obese II

0.4405

Obese III

0.8243

Values are coefficients from a logistic regression model (ie, log(Odds(OA))). Further adjustments to estimate
radiographically-defined knee OA prevalence are: ratio of knee to all-site OA (men = 0.713, women = 0.665), odds
ratio of radiographically-defined knee OA to self-reported diagnosis (1.30).

Annual progression of radiographic knee OA (deﬁned by K-L grade 2/3/4) was obtained
from US- and UK-based prospective cohort studies,41–43 stratiﬁed by gender, obesity and prior
K-L grade (Table A4).
Table A4: Annual progression of radiographic knee OA.

Non-obese

Obese

Men

Women

Men

Women

K-L grade 2 to 3

5.58%

4.00%

12.26%

8.95%

K-L grade 3 to 4

1.29%

1.95%

2.94%

4.27%

Health-related quality of life impacts of radiographic knee osteoarthritis

The HRQoL impacts of knee OA are modelled on each of the six dimensions of the SF-6D,
which are then valued using the SF-6D preference-based utility scores.44 The average health
utility loss associated with knee OA is 0.02 at K-L grade 2, 0.05 at K-L grade 3, and 0.10 at
grade 4.

OA healthcare costs

The direct healthcare costs of OA treatment were based on the assumed provision of
usual medical care as practiced in New Zealand (consisting of GP consultations, analgesic medication, and referrals to physical therapy for some patients),45 valued with New
Zealand-speciﬁc reference prices sourced from PHARMAC’s Cost Resource Manual for HTA
in New Zealand (Table A5).46
Table A5: Annual costs of OA-related healthcare.

Treatment

Annual
cost
(per user)

Utilisation

Annual
cost
(average)

Office (GP) visits

$131

50%

$66

Physical therapy

$750

20%

$38

Devices

$50

20%

$10

NSAIDs

$123

32%

$39

CBC and electrolytes lab test (for 50% of NSAID patients)

$22

16%

$4

GI-protective medication

$57

14%

$8
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Acetaminophen/paracetamol

$25

45%

$11

Liver function test (for 50% of acetaminophen patients)

$20

23%

$4

Other OA medications

$124

53%

$66

Mood medications

$25

14%

$4

Neutraceuticals

$247

36%

$88

Total

$337

Appendix B
Table B1: Projected healthcare costs and TKR provision, by year.

Year

Healthcare costs ($million)

TKR provision

Base case

Base case

Constant BMI
distribution

Population
Constant BMI
distribution

2013

199.5

199.5

5,070

5,070

2,905,900

2014

212.6

212.2

5,295

5,276

2,959,400

2015

218.0

217.2

5,429

5,390

3,025,930

2016

224.8

223.6

5,589

5,529

3,104,230

2017

231.9

230.3

5,770

5,687

3,179,440

2018

239.1

236.8

5,950

5,842

3,251,610

2019

246.4

243.6

6,139

6,007

3,318,160

2020

253.2

249.8

6,300

6,141

3,380,210

2021

260.6

256.5

6,499

6,308

3,436,950

2022

267.8

263.1

6,686

6,468

3,486,141

2023

275.2

269.6

6,879

6,623

3,532,690

2024

282.4

276.0

7,066

6,777

3,576,110

2025

290.0

282.8

7,262

6,938

3,619,780

2026

296.8

288.5

7,418

7,051

3,660,840

2027

303.4

294.2

7,564

7,158

3,697,870

2028

311.0

300.8

7,765

7,320

3,734,030

2029

316.8

305.7

7,880

7,403

3,770,450

2030

323.7

311.4

8,048

7,523

3,805,593

2031

330.2

317.0

8,201

7,639

3,841,320

2032

336.6

322.1

8,346

7,733

3,879,110

2033

342.4

326.8

8,465

7,807

3,918,510

2034

348.6

331.8

8,605

7,906

3,957,120

2035

354.0

336.1

8,714

7,974

3995,790

2036

359.0

339.9

8,796

8,011

4,032,330

2037

364.6

344.1

8,921

8,083

4,067,150

2038

370.0

348.3

9,041

8,160

4,100,230

All values refer to the New Zealand adult population aged 25–99.
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Table B2: Projected healthcare costs and TKR provision, by year, sex and ethnicity.

Year

Healthcare costs ($million)

TKR provision

Non-Māori

Māori

Non-Māori

Māori

Men

Women

Men

Women

Men

Women

Men

Women

2013

81.2

100.1

7.8

10.4

2,374

2,211

239

246

2014

85.7

107.1

8.4

11.4

2,407

2,372

248

270

2015

87.3

110.1

8.7

11.9

2,437

2,453

253

286

2016

89.7

113.6

9.0

12.5

2,484

2,543

263

299

2017

92.5

117.0

9.4

13.0

2,560

2,623

273

314

2018

95.1

120.6

9.7

13.6

2,627

2,711

283

329

2019

97.9

124.1

10.1

14.2

2,704

2,798

294

343

2020

100.3

127.5

10.6

14.8

2,762

2,874

306

359

2021

103.1

131.1

11.0

15.4

2,839

2,966

318

376

2022

105.9

134.5

11.4

16.0

2,916

3,047

330

392

2023

108.6

138.1

11.8

16.7

2,990

3,139

341

409

2024

111.3

141.6

12.2

17.4

3,063

3,224

353

425

2025

114.1

145.3

12.6

18.0

3,142

3,314

365

441

2026

116.5

148.6

13.0

18.7

3,199

3,383

377

459

2027

118.7

151.9

13.5

19.3

3,246

3,455

388

475

2028

121.8

155.4

13.9

20.0

3,331

3,546

398

490

2029

123.4

158.5

14.2

20.6

3,362

3,606

407

505

2030

125.9

161.9

14.6

21.2

3,425

3,687

417

520

2031

128.1

165.2

15.0

21.9

3,475

3,763

427

536

2032

130.5

168.1

15.4

22.6

3,535

3,821

436

553

2033

132.3

171.0

15.8

23.3

3,567

3,886

445

567

2034

134.7

173.9

16.2

23.9

3,628

3,945

453

578

2035

136.3

176.7

16.5

24.5

3,659

4,001

461

592

2036

138.1

178.9

16.9

25.1

3,689

4,028

472

607

2037

139.7

181.8

17.3

25.8

3,723

4,099

479

620

2038

142.0

184.0

17.7

26.4

3,789

4,133

487

632

All values refer to the New Zealand adult population aged 25–99.
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Figure B1: Observed and projected demand for total knee replacement in New Zealand, 1999–2038,
cross-model comparison.

Source: NZ-MOA simulation model; NZJR 2016;22 Hooper et al 2014.13
Points show observed provision of TKR 1999–2013; dashed line the published projections from Hooper et al
2001–2026; and solid lines the new model projections 2013–2038, under the base case scenario (ongoing increase in
population BMI based on current trends) and with no further increase in population BMI (ie, maintaining 2013 BMI
distribution).
Inclusion criteria differ between data sources, resulting in the discontinuity between observed and modelled TKR
provision in 2013. See the main manuscript for further discussion of modelling assumptions and inclusion criteria.
BMI indicates Body Mass Index, in kg/m2; NZJR, New Zealand Joint Registry; TKR, Total knee replacement surgery.
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Objective: To estimate the potential lifetime health gains, healthcare costs, and cost-effectiveness of recommended
adjunctive treatments for knee osteoarthritis delivered in addition to established core treatments, relative to core
treatment only, from the perspective of the New Zealand (NZ) healthcare sector.
Design: Recommended adjunctive knee osteoarthritis treatments were identiﬁed in clinical practice guidelines.
Evidence of effectiveness was sourced from existing systematic reviews and meta-analyses. Treatment costs were
calculated by applying local reference prices to estimated resource use. We used a validated computer simulation
model of the impacts of knee osteoarthritis to estimate the cost-effectiveness of each adjunctive treatment at
willingness-to-pay thresholds of one (primary), two, and three times per-capita GDP ($NZ52 300).
Results: Data were collected on nine recommended adjunctive treatments: aquatic-based exercise, heat therapy,
massage therapy, walking cane, cognitive behavioural therapy (CBT), topical non-steroidal anti-inﬂammatory
drugs (NSAIDs), oral NSAIDs, intra-articular corticosteroids, and duloxetine. Relative to core treatments only,
walking cane and heat therapy were cost-saving and provided greater QALYs; aquatic exercise and intra-articular
corticosteroids were also cost-effective at all WTP thresholds. Topical NSAIDs and CBT were cost-effective only at
higher WTP thresholds, while duloxetine, massage therapy, and oral NSAIDs were not cost-effective at any
relevant threshold. Results were generally robust to varying modelling assumptions, although topical and oral
NSAIDs and CBT became cost-effective in some scenarios.
Conclusions: Delivering high-value, low-cost adjunctive interventions for knee osteoarthritis, alongside recommended core treatment, could deliver substantial health gains at low cost to the health system.

1. Introduction
Clinical practice guidelines for the management of knee osteoarthritis
(OA) consistently recommend patient education and self-management,
exercise therapy, and weight management as core ﬁrst-line treatments
[1–4]. These interventions are effective, low to moderate cost, and have
minimal risk of adverse events, making them high-value care options. A
range of adjunctive treatment options are also recommended for patients
whose symptoms are not optimally alleviated by these ﬁrst-line treatments and where adjunctive treatments may provide a further therapeutic window for core ﬁrst-line treatments to be delivered. However,
there is less consensus regarding these second-line or adjunctive treatments, as evidenced by variability in recommendations between guidelines, and little guidance is available as to how they should be prioritised.
Given limited resources and increasing demand for healthcare, the

prioritisation of potential alternative treatments should be informed, at
least in part, by their cost-effectiveness. For a ﬁxed healthcare budget,
prioritisation of the most cost-effective treatments provides the greatest
possible health gains to the population. To allow meaningful comparison
across different health conditions and treatment options, estimation of
cost-effectiveness should be based on cost-utility analysis, comparing the
quality-adjusted life years (QALYs) gained in the target population with
the incremental costs of the intervention [5]. Given the chronic nature of
OA, cost-effectiveness analysis (CEA) should consider a long time horizon, preferably over the lifetime of those receiving treatment.
There is limited or no published cost-effectiveness data for many
recommended treatments for OA [4,6,7]. In the absence of primary data
on cost-effectiveness, computer simulation modelling can be used to
combine available data on treatment effectiveness and adverse events,
preferably from randomised controlled trials, with other sources of data
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events. For each set of parameter values, we ran the model for a cohort of
100 000 individuals.

on patient trajectories and the healthcare resources required for different
treatments, to estimate treatment cost-effectiveness [8–10]. Even where
trial-based cost-effectiveness data are available, simulation modelling
can extend the analysis beyond the typically limited trial follow-up
period and can provide results tailored to a speciﬁc policy context (e.g.
by adjusting for differing target populations, resource availability,
competing treatment pathways, or treatment costs). Simulation modelling is increasingly being used to model the economic impact and
cost-effectiveness of interventions across many health conditions [11],
including OA [12–15].
The aim of this study was to use a previously validated computer
simulation model [12] to estimate the potential lifetime incremental
health gains, costs, and cost-effectiveness of recommended adjunctive
treatments for knee OA, delivered in addition to recommended core
treatments, compared with core treatments only, in the context of the
New Zealand (NZ) healthcare system.

2.2. Data sources
We included treatments recommended as either ‘optional adjunctive
management’ or ‘advanced pharmacological attempts’ in the clinical
algorithm of the Royal Australian College of General Practitioners'
(RACGP) Guideline for the management of knee and hip osteoarthritis, 2nd
edition [1]. This was the most recently updated clinical practice guideline
at the time of project conception, included a comprehensive systematic
review evidence supplement, and has strong relevance to the NZ
healthcare system. We selected interventions from the algorithm as this is
the resource most widely used by clinicians [22]. We searched the
original studies cited in the systematic review conducted to inform the
Guideline to obtain model input data. All identiﬁed studies and the data
collected from them are reported in Appendix C.
We extracted all reported data on treatment effects measured by the
generic SF-12 and SF-36 HRQoL instruments. These were combined
following the Cochrane Collaboration guidelines for meta-analyses [23],
to estimate the treatment effect (and uncertainty) on each health domain
described by the instruments. For treatments for which SF-12 or SF-36
estimates were not available, effects reported using the WOMAC osteoarthritis index were extracted and transformed into the required model
input parameters using the relationship between WOMAC and
SF-12/SF-36 effects derived from all included studies that reported on
both measures (Table A2, Appendix A; Table C2, Appendix C). The
NZ-MOA model reduces the SF-12/SF-36 domains to the six dimensions
of the SF-6D [12], from which utility values were calculated using
widely-used UK population values [24].
Rates of treatment withdrawal due to minor adverse events or poor
adherence were extracted from the Guideline systematic review, and
assumed to be constant over time. Rates of serious adverse events
resulting in hospitalisation or death were obtained from published systematic reviews. The HRQoL impacts of these events were sourced from
published literature [25–27]. Costs of treatment for serious adverse
events were derived from NZ public health system cost weights [28].
Costs were considered from the perspective of the NZ healthcare
system. The healthcare resources required to deliver each treatment were
estimated from the original study reports and valued using NZ-speciﬁc
reference prices (in 2013 NZD; see Table A4, Appendix A) [29–31].
Where treatments were only shown to be effective during the period of
utilization, we assumed continual utilization (and thus constant treatment cost) to maintain treatment effect. Where there was evidence that
effects persisted beyond the period during which the treatment was
applied, we spread treatment costs over the longest period for which
there was evidence of effectiveness (e.g., if a 12-week course of treatment
was shown to still be effective at 6-month follow-up, we assumed the
12-week treatment cost would be applied twice in every year to maintain
treatment effect).
Input parameter distributions for the PSA were chosen based on
published recommendations [20]. Treatment effect estimates were
drawn from a multivariate normal distribution with mean and variance
given by the point estimates and covariance matrix of the effect estimates
from the meta-analysis for each intervention. Cost input values were
drawn from a gamma distribution, with parameters calculated from the
mean and variance of costs across all included studies for each intervention. Rates of withdrawal from treatment were drawn from a beta
distribution, with parameters calculated from reported withdrawals in
the RACGP systematic review. Serious adverse event rates were drawn
from a log-normal distribution for the relative risk of serious adverse
events (per person-year on the treatment), from the relevant systematic
reviews.

2. Methods
2.1. Simulation model
We used the NZ-MOA model, a validated state-transition microsimulation model of the disease course, healthcare costs, and healthrelated quality of life (HRQoL) impacts of knee OA [12]. The model
has previously been used to estimate the lifetime health losses attributable to knee OA [12], the future healthcare costs and demand for joint
replacement surgery associated with increasing OA prevalence due to the
aging population and increasing obesity rates [16], and the lifetime
cost-effectiveness of physical therapy interventions for knee OA [17].
In brief, the model simulates the disease course of knee OA, including
radiographic disease incidence and progression (deﬁned by KellgrenLawrence [K-L] grade), ﬂuctuation (with gradual progression) of disease symptoms and HRQoL losses, and treatment pathways and their
costs and effects. Model input data are drawn from large-scale national
population datasets [18,19] and published intervention effectiveness
results. By running the same simulated cohort through different hypothetical treatment pathways, the incremental QALYs and costs of treatments can be estimated. Details of the model structure and input
parameters have been provided previously [12].
To estimate costs and QALYs at the whole health system level, we
deﬁned a cohort representative of the entire 2013 NZ adult population
aged 35–99 years, based on the 2013 NZ Census [18], and modelled
outcomes over the remaining lifetime of the cohort. Individuals with
knee pain together with radiographic knee OA (either at model baseline
or developing incident knee OA during the simulated life course) were
assumed to follow a treatment pathway consisting of (1) core ﬁrst-line
treatments (patient education, land-based exercise therapy, weight loss
if overweight or obese); (2) one of the recommended adjunctive interventions, if symptoms persisted after receiving core ﬁrst-line treatments; and (3) total knee replacement surgery, if symptoms continued to
worsen and K-L grade progressed to grade 3 or higher. The comparison
treatment pathway, through which the same cohort was run to estimate
the incremental effects of each adjunctive treatment, consisted of items
(1) and (3) only. The pair of treatment pathways was repeated for each
recommended adjunctive treatment (see Fig. A1, Appendix A).
The impact of uncertainty in input parameters was assessed by
probabilistic sensitivity analysis (PSA). PSA involves drawing multiple
sets of random input parameter values from the estimated distribution of
true parameter values, and re-running the model with each set of input
values to derive measures of uncertainty in the resulting model outputs
[20,21]. We used, for each adjunctive treatment, 1000 sets of input
values from the estimated parameter distributions for treatment effects,
costs, and rates of withdrawal from treatment and of serious adverse
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3. Results

Future costs and QALYs were discounted at a rate of 3.5% per annum,
as recommended by the NZ Pharmaceutical Management Agency
(PHARMAC) for CEA in NZ [32].

3.1. Recommended treatments
Nine ‘optional adjunctive management’ options and two ‘advanced
pharmacological attempts’ were recommended in the RACGP Guideline
algorithm: aquatic-based exercise, heat therapy, massage therapy,
manual therapy (manipulation and mobilisation), assistive walking devices (walking cane), cognitive behavioural therapy (CBT), transcutaneous electrical nerve stimulation (TENS), NSAIDs (oral and topical
formulations); and intra-articular corticosteroids and duloxetine. For
intra-articular corticosteroids, oral and topical NSAIDs, and heat therapy,
no suitable SF-12 or SF-36 data were available, so effectiveness input
data were derived from WOMAC effect estimates. As no suitable outcomes data were reported in studies identiﬁed by the Guideline for
manual therapy or TENS, these two treatments were excluded from
further analyses. Three further ‘conditionally recommended’ options –
stationary cycling, yoga, and combination weight management and exercise programmes – were not considered separately in our analysis as
they were assumed to be included in the core treatments (land-based
exercise, weight management) provided to all OA patients in the model.
The GRADE ratings reported for quality of evidence ranged from ‘Very
low’ (intra-articular corticosteroids, heat therapy) to ‘Moderate’ (oral
and topical NSAIDs, duloxetine).

2.3. Outcome measures
The primary outcomes were the lifetime change in population QALYs
and healthcare costs, cost-effectiveness ratios, and net monetary beneﬁts
(NMB) of each recommended adjunctive intervention. The NMB is a
measure of the overall cost-effectiveness of a healthcare intervention,
deﬁned as the value of the QALY gains, at a given monetary value
(willingness-to-pay [WTP]) per QALY, minus the net cost of the intervention. A positive NMB indicates a ‘cost-effective’ treatment at the given
WTP threshold.
QALY gains, costs, and NMBs were calculated for each intervention
provided in addition to core treatments, relative to the comparator of
core treatments only. Incremental cost-effectiveness ratios (ICERs) were
calculated sequentially, for each intervention in order of increasing net
costs. Interventions that were dominated (having higher costs and lower
QALYs than another intervention) or extendedly-dominated (higher costs
and lower QALYs than a combination of other interventions) were
excluded from ICER calculations (i.e. each intervention was compared to
the next-most-expensive non-dominated alternative) [33].
We considered cost-effectiveness, for the calculation of NMBs and
interpretation of ICERs, at policy-relevant thresholds of one, two, and
three-times gross domestic product (GDP) per capita [34]; one times GDP
per capita (NZ $52 300 ! US $42 900 in 2013) was our primary
cost-effectiveness threshold.
QALYs, costs, and NMBs were calculated for each PSA model run, and
reported as point estimates (mean effect across the 1000 runs) and 90%
uncertainty intervals (5th and 95th percentiles of effect estimates). Costeffectiveness acceptability curves (CEACs) were calculated for each
intervention to assess uncertainty in the ﬁndings. The 1000 effect estimates for each intervention were also plotted on a cost-effectiveness
plane to visually examine uncertainty in estimated outcomes.

3.2. Model input parameters
All adjunctive interventions had positive treatment effects as
measured by SF-6D utility values (Table 1). The costs of treatment varied
widely. Most treatments had annual rates of patient withdrawal or
discontinuation of between 14% and 25%, although these estimates had
wide uncertainty intervals for several interventions due to limited data.
Evidence of serious adverse events was found only for oral NSAIDs.
These were associated with increased risk of vascular events (absolute
relative risk 2.4 events per 1000 patients per year, including 1.4 fatal
events), heart failure (2.8), and upper gastrointestinal complications
(3.2) [38].

2.4. Sensitivity analyses
Table 1
Treatment effectiveness, direct healthcare costs, and withdrawals.

To evaluate the sensitivity of our results to modelling assumptions,
we undertook one-way sensitivity analyses of key model inputs and assumptions. First, we varied the discount rate applied to future costs and
QALYs to 0% and to 5% per annum, as recommended by PHARMAC [32].
As no NZ-speciﬁc SF-6D utility value set is available, our primary
analyses used a UK population value set [24], the most widely-used
SF-6D value set internationally. As these values may not represent local
health preferences, we considered as alternatives an Australian population SF-6D value set [35] and mapping of WOMAC pain outcomes to
NZ-speciﬁc EQ-5D-3L utility values [36,37].
For pharmacological interventions for which no evidence on
serious adverse events was available (topical non-steroidal anti-inﬂammatory drugs (NSAIDs), intra-articular corticosteroids, and
duloxetine), we conducted sensitivity analyses assuming the ratio of
serious adverse events to all withdrawals due to adverse events
would be the same as for oral NSAIDs; for oral NSAIDs, we conducted sensitivity analysis assuming no increased risk of serious
adverse events. For oral NSAIDs only, we also conducted an additional sensitivity analysis assuming the baseline risk, but varying the
impact of serious adverse events by "50% to reﬂect uncertainty in
these impacts. Serious adverse event scenarios were not considered
for non-pharmacological interventions.
Lastly, we assessed sensitivity to treatment cost estimates by varying
the assumptions on treatment dosage, frequency, and duration used to
derive these costs. Detailed descriptions of all one-way sensitivity analysis assumptions and parameters used are provided in Table A6 in Appendix A.

Adjunctive
intervention

Incremental utility
gain

Treatment cost
(NZD)

Withdrawal
from treatment

Walking cane

0.035
(0.017–0.052)
0.023
(0.015–0.031)
0.019
(0.011–0.027)
0.018
(0.014–0.023)
0.018
(0.012–0.024)
0.016
(#0.005 to 0.035)
0.014
(0.004–0.024)
0.013
(#0.001 to 0.028)
0.006
(#0.015 to 0.026)

$150 (97–214)a

18% (1–44)

$458 (251–725)

19% (16–21)

$2 151
(1 643 to 2 726)
$59 (34–97)

41% (34–49)

$881 (354–1 642)

25% (22–28)

$4 680
(956–11 305)
$366 (327–443)

14% (5–25)
2% (0–6)

$50 (19–96)

20% (4–43)

$400 (52–1 097)

4% (2–8)

Aquatic exercise
Duloxetine
Oral NSAIDs
Topical NSAIDs
Massage therapy
Intra-articular
corticosteroids
Heat therapy
CBT

24% (22–25)

Cells report mean (90% uncertainty interval) of parameter input value.
For utility gain, the full effect is assumed to occur in the ﬁrst year of treatment,
and to be maintained thereafter for as long as the patient remains on the treatment. For costs, the reported annual cost is applied in each year on the treatment,
with the exception of walking cane modelled as a one-off cost only. Treatment
withdrawals are assumed to be constant at the reported annual rate.
CBT: Cognitive behavioural therapy; NSAIDs: Non-steroidal anti-inﬂammatory
drugs; NZD: New Zealand dollars.
a
One-off cost only.
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Table 2
Lifetime QALYs, costs, and net monetary beneﬁts per capita and incremental cost-effectiveness ratios.
Incremental QALYsa

Incremental Costsa

Intervention
Walking cane

0.033 (0.002–0.081)

Oral NSAIDs

#0.004
(#0.010 to 0.002)
0.007
(#0.004 to 0.027)
0.012 (0.007–0.017)
0.006 (0.003–0.009)
0.003
(#0.027 to 0.034)
0.023 (0.004–0.043)

Heat therapy
Aquatic exercise
Topical NSAIDs
CBT
Intra-articular
corticosteroids
Duloxetine
Massage therapy

0.003
(#0.000 to 0.006)
0.008
(#0.012 to 0.031)

INMB at WTP threshold:a
1x GDP per capita

2x GDP per capita

3x GDP per capita

ICERb

ICER (excl.
walking cane)b

#$115
(#280 to #28)
#$87
(#137 to #42)
#$41 (#93 to 5)

$1 861 (153–4 544)

$3 606 (282–8 798)

$5 352 (410–13 058)

C–S

–

#$111 (#395 to 150)

#$309 (#915 to 248)

Dom

$22 956c

$426 (#178 to 1 502)

$811 (#375 to 2 903)

Dom

$4 064

$213 (96–364)
$393 (137–737)
$515
(#5 to 1 347)
$564 (380–739)

$393 (98–706)
#$75 (#434 to 230)
#$334
(#2 224 to 1 409)
$628 (#384 to 1 706)

Dom
Dom
Dom

ED
Dom
Dom

$3 012 (18–6 256)

Dom

$39 251

$632 (470–832)

#$482
(#694 to #291)
#$3 714
(#9 238 to #406)

$999 (478–1 581)
$243 (#202 to 672)
#$154
(#3 558 to 3 097)
$1 820
(#176 to 3 976)
#$333 (#648 to #1)

#$506
(#1 434 to 346)
$1 196
(#572 to 4 333)
$1 605 (840–2 451)
$561 (#11 to 1 159)
$27 (#4 876 to 4 784)

#$183 (#640 to 312)

Dom

Dom

#$2 887
(#8 842 to 1 674)

Dom

Dom

$4 127
(881–9 657)

#$3 301
(#8 854 to 463)

Cells report lifetime per-capita outcomes (90% uncertainty interval), for the 2013 NZ adult population. Uncertainty intervals calculated as the 5th and 95th percentile of
outcomes from the 1000 probabilistic sensitivity analysis model runs.
C–S: Cost-saving and greater QALYs (compared to core treatments only); Dom: Dominated by previous (non-dominated) intervention; ED: Extendedly-dominated (lower
QALYs and higher costs than a combination of other interventions). CBT: Cognitive behavioural therapy; NSAIDs: Non-steroidal anti-inﬂammatory drugs. GDP: Gross
Domestic Product, 2013 NZD; ICER: Incremental Cost-Effectiveness Ratio; INMB: Incremental Net Monetary Beneﬁt, calculated at 1, 2, and 3 times GDP per capita
willingness to pay levels; QALY: Quality-adjusted life year; WTP: willingness-to-pay threshold per QALY gained.
a
Compared to core treatments only comparator.
b
Compared to next-highest-cost non-dominated treatment.
c
Cost-saving but lower QALYs, not cost-effective compared to core treatments only.

excluding zero at any threshold. Oral NSAIDs, duloxetine, and massage
were not cost-effective at any relevant threshold.
In incremental analysis, walking cane dominated all other treatments
(i.e., provided higher lifetime QALYs at lower cost; Table 2). Excluding
walking cane, oral NSAIDs were the lowest-cost intervention, but were
not cost-effective relative to core treatments only due to the impact of
adverse events on lifetime QALYs. Heat therapy was highly cost-effective
(ICER $4064 compared to oral NSAIDs), aquatic exercise was marginally
cost-effective compared to heat therapy, but extendedly-dominated by
intra-articular corticosteroids, and intra-articular corticosteroids were
cost-effective relative to heat therapy (ICER $39,251). All other interventions were dominated by heat therapy or intra-articular
corticosteroids.
The CEACs for all interventions are presented in Fig. 1. Among the
non-pharmacological treatments (Fig. 1A), walking cane, aquatic exercise, and heat therapy had probabilities of cost-effectiveness compared to
core treatments only above 80% at all relevant WTP levels. CBT reached
probability of cost-effectiveness of around 50% at a WTP of 2x GDP/

Further details of model input parameters, including distributions
used for PSA, are reported in Appendix A.
3.3. Lifetime incremental health gains, costs, and cost-effectiveness
Walking cane and heat therapy dominated core treatments only (i.e.
higher population QALYs and lower costs, the latter due to improvements
in symptoms necessitating slightly reduced rates of progression to joint
replacement surgery). Oral NSAIDs resulted in reduced lifetime QALYs
due to rare but serious, and occasionally fatal, adverse events. All other
interventions resulted in positive lifetime health gains at increased costs
to the health system (Table 2).
At the primary WTP threshold, walking cane, heat therapy, aquatic
exercise, and intra-articular corticosteroids were cost-effective (with a
positive NMB), although only for walking cane and aquatic exercise did
the 90% uncertainty interval of the NMB exclude zero (Table 2). Topical
NSAIDs were cost-effective at the two times GDP threshold and above,
and CBT at three times GDP only; neither had 90% uncertainty intervals

Fig. 1. Cost-effectiveness acceptability curves. Dashed vertical lines show the 1-, 2-, and 3-times GDP/capita WTP levels. CBT: Cognitive behavioural therapy; GDP: Gross
Domestic Product; NSAIDs: Non-steroidal anti-inﬂammatory drugs; NZD: New Zealand dollars; WTP: Willingness-to-pay per QALY gained.
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when assuming serious adverse event risk proportional to that for oral
NSAIDs. Estimates for CBT were highly sensitive to input assumptions on
utility instrument and costs, due to the small and uncertain treatment
effect parameters.
Duloxetine and massage were not cost-effective at any threshold
below 3x GDP/capita in any scenarios. Oral NSAIDs (not shown in Fig. 2)
resulted in positive QALY gains and dominated core treatments only
using the Australian SF-6D value set or assuming no risk of serious
adverse events, but had negative QALY gains and were not cost-effective
in all other scenarios. Varying the discount rate made little difference to
the cost-effectiveness of any interventions.

capita and higher, while massage therapy had low probability of being
cost-effective at all relevant WTP levels.
Among the pharmacological therapies (Fig. 1B), intra-articular corticosteroids had a high probability of being cost-effective (>80%) at all
relevant WTP levels, and topical NSAIDs at the 2x GDP/capita WTP level
and above. Oral NSAIDs and duloxetine had low probability of being
cost-effective (<25%) at all WTP levels.
The cost-effectiveness plane showing results from all PSA model runs
is shown in Fig. B1 in Appendix B. Uncertainty in lifetime treatment
effectiveness was highest for massage therapy (not shown), CBT, intraarticular corticosteroids, walking cane, and heat therapy. Incremental
treatment costs were reasonably precisely estimated with the exceptions
of massage therapy and CBT. Treatment effects and costs for oral NSAIDs
were precisely estimated, but estimates of lifetime population outcomes
were affected by uncertainty about the risk of serious adverse events.

4. Discussion
In this CEA of recommended adjunctive and advanced pharmacologic
treatments for knee OA informed by Australian guidelines, we found
several such interventions – walking cane, heat therapy, aquatic exercise,
and intra-articular corticosteroids – to be cost-effective from the health
sector perspective, compared to recommended core treatments only, at
the population level. Other recommended interventions were found to be
not cost-effective, due to high costs (massage, topical NSAIDs, duloxetine), small and uncertain treatment effect (CBT), or risk of serious
adverse events (oral NSAIDs).
Several high-quality clinical practice guidelines for the management
of knee OA have been published recently [1–4]. While these have been
generally consistent in their core recommendations – education, support
for physical activity and exercise, dietary weight management if appropriate – variation in recommendations for additional, adjunctive, or

3.4. Sensitivity analyses
One-way sensitivity analysis results are shown in the Tornado plot in
Fig. 2. Walking cane and heat therapy were highly cost-effective in all
scenarios. Intra-articular corticosteroids and aquatic exercise were also
cost-effective in all scenarios, and below the 1x GDP/capita level in all
but the high-cost scenario for corticosteroids and the WOMAC-derived
utility scenario for aquatic exercise.
The ﬁndings for topical NSAIDs and CBT were the most sensitive to
input parameter assumptions. Topical NSAIDs were more highly costeffective (ICER < 1x GDP/capita) with the Australian SF-6D value set
or the low-cost scenario, but was dominated by core treatments only

Fig. 2. One-way sensitivity analyses. Bars show the
range of estimated ICER values, when varying assumptions on each input in turn, for each
adjunctive intervention compared to core treatments only. < ¼ Intervention is cost-saving relative to core treatments only; > ¼ Intervention is
dominated by core treatments only. Dashed lines
show the 1-, 2-, and 3-times GDP/capita WTP
levels; red line shows the ICER estimate from the
primary analysis. For corticosteroid injections,
topical NSAIDs, and duloxetine, serious adverse
event rates were varied (upwards) to be proportional to those for oral NSAIDs; for oral NSAIDs
they were only varied (downwards) to zero. Risk
of serious adverse events was not considered for
non-pharmacological interventions. Oral NSAIDs
not shown as the base case (and most scenarios)
resulted in reduced costs and reduced population
QALYs. CBT: Cognitive behavioural therapy;
GDP: Gross Domestic Product; ICER: Incremental
cost-effectiveness ratio; NSAIDs: Non-steroidal
anti-inﬂammatory drugs; NZD: New Zealand
dollars; QALY: Quality-adjusted life year; WTP:
Willingness-to-pay per QALY gained.
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therapy and TENS), no suitable input data using the most widely-used
disease-speciﬁc (WOMAC) or generic (SF-12/SF-36) HRQoL instruments were found, and cost-effectiveness could not be estimated.
Treatment cost estimates were limited by a lack of primary data
collection as well as contextual variation in reference prices and
healthcare resources, although allowing for relatively wide uncertainty
in resource use and costs did not change our conclusions for most
treatments. Variation in medicine pricing structures, however, was not
considered in our analyses. In NZ, PHARMAC subsidises and negotiates
prices for selected medicines; oral NSAIDs and intra-articular corticosteroids are subsidised medicines, whereas topical NSAIDs and duloxetine are not. If these were to be subsidised, the unit prices may be
substantially lower than assumed in this study, which for topical NSAIDs
in particular may result in a meaningful improvement in estimated costeffectiveness (i.e. to become cost-effective at the policy-relevant one
times GDP per capita threshold).
Due to a lack of suitable input data, our modelling did not allow for
downstream cost savings resulting from reduced consumption of other
healthcare (other than eventual need for TKR), which may underestimate
the true cost-effectiveness of these treatments. A small number of previous studies have shown that the cost savings from provision of effective
early interventions for OA may be substantial [17,31,40]. We also
considered only health sector costs, so our results are likely to understate
the cost-effectiveness of these treatments from the broader societal
perspective.
Generalisability of cost-effectiveness between countries is limited by
several factors, including disease epidemiology, clinical practice patterns, policy and resourcing variability, relative prices, and population
health preferences. [41] While our results should therefore be interpreted only in the context of the NZ healthcare system, we believe they
are likely to be broadly generalisable to other publicly-funded healthcare
systems in high-income countries. In particular, several of the treatments
found to be cost-effective – walking cane, heat therapy, topical NSAIDs
(in some analyses) – require limited healthcare workforce resources and
readily-available equipment, consumables, or medications, so are likely
to be similarly cost-effective in varying healthcare settings. We used
widely-accepted UK population SF-6D utility values; using Australian
population values instead improved the estimated cost-effectiveness of
most treatments.
Cost-effectiveness ﬁndings may also differ according to the guidelines
used to provide input data. While all recent guidelines used up-to-date
systematic reviews to inform recommendations, differences in search
strategies, inclusion criteria, and thresholds for quality of included evidence may change the data used to derive model inputs and therefore the
cost-effectiveness of some treatments. Differences between guideline
panels in interpretation of the evidence also affects which treatments
were recommended and would therefore be included in our modelling.
Replicating this analysis across different clinical practice guidelines and
meta-synthesising the results remains an important area for further
research.
There is limited prior research on the cost-effectiveness of adjunctive
treatments for knee OA. A systematic review conducted in 2010 [6] and a
National Institute for Health and Care Excellence (NICE) clinical guideline and literature review in 2014 [4] each found only one
cost-effectiveness study of any interventions considered here (of aquatic
exercise and oral NSAIDs, respectively) [40,42]. More recent studies
have looked at the cost-effectiveness of different oral NSAID options [43]
and of heat therapy [44]. No prior studies have compared
guideline-recommended treatment options under a common model
structure and with consistent methods for identiﬁcation, extraction, and
derivation of data on treatment effectiveness and costs.
The dearth of cost-effectiveness evidence for adjunctive OA interventions limits the ability of funders, policy-makers, clinicians, and
patients to make informed decisions on the optimal allocation of
healthcare spending for the management of OA. We urge researchers
conducting clinical trials of OA interventions to collect and report

second-line treatments can make interpretation and application of the
guidelines difﬁcult for end-users. For healthcare policy-makers, funders,
and providers, economic evaluation can help to inform decision-making,
particularly for interventions with ‘conditional’ or mixed recommendations. We found wide variation across recommended adjunctive interventions in their cost-effectiveness from the health system perspective,
which may inform health policy, funding, or clinical decision-making
when choosing between these interventions.
For example, walking cane (either conditionally or strongly recommended in all recent guidelines [1–4]) and heat therapy (mixed recommendations) are both low-cost, easily accessible self-management
options with minimal risk of serious harms; our modelling suggests they
should be considered as potential high-value adjunctive options (despite
the low quality of available evidence). Although both the RACGP and
ACR guideline panels made commentaries about the low quality of evidence for massage therapy and its potential high cost for consumers, they
reached different recommendations: conditionally recommended in the
RACGP guideline, but conditionally recommended against in the ACR
guideline. Similarly, intra-articular corticosteroids were conditionally
recommended in the RACGP guidelines, but strongly recommended in
the ACR guideline. The differences in ﬁnal recommendations may suggest variance in contextual interpretation of the evidence by the guideline panels and slightly different development methods (e.g. the ACR
panel also considered systematic reviews of observational studies in some
circumstances). In our analysis, massage was not found to be
cost-effective due to high costs, while intra-articular corticosteroids were
cost-effective.
CBT is conditionally recommended by most guidelines, but was not
found to be cost-effective and had extremely wide uncertainty intervals
due to limited primary data in OA. Certain people may respond better to
CBT than do others [39], suggesting that it remains important to tailor
care at the individual level to achieve cost-effectiveness. Oral NSAIDs are
recommended for pharmacologic pain relief ahead of options such as
paracetamol or opioid analgesics [1,2], and strongly recommended by
the most recent ACR guideline [3], but were not found to be
cost-effective in this analysis due to rates and consequences of serious
adverse events. They may be assessed more favourably in individual
patients at low risk of cardiovascular and gastrointestinal events, with
active monitoring for potential adverse events and when co-prescribed
with a proton-pump inhibitor or the use of a COX-2 inhibitor. Our
sensitivity analyses indicated that oral NSAIDs would be both effective
and cost-effective at lower adverse event risk levels.
Strengths of this study include the use of a validated computer
simulation model, bringing together comprehensive national-level population data, up-to-date clinical practice guideline recommendations,
and the best available treatment effect evidence from systematic reviews
and meta-analyses, to provide relevant, rigorous, and timely information
on treatment cost-effectiveness. This is the ﬁrst study to do this for a
range of recommended pharmacologic and non-pharmacologic treatments under a consistent modelling structure, with a long (lifetime) time
horizon to reﬂect the chronic nature of OA progression.
The study has limitations relating to the availability and quality of
input data. The most recent available population data at the time of
model development were from the 2013 NZ Census; updating the model
to incorporate more recent data remains an area for future research.
Despite the use of systematic review evidence to inform treatment input
data, evidence for several treatments was still based on only limited data,
often of low quality [1]. For four recommended interventions (intra-articular corticosteroids, oral and topical NSAIDs, and heat therapy), only
WOMAC outcomes were available, so mapping was required to estimate
SF-12/SF-36 effects to inform modelling. Estimates of health gains for
these interventions should therefore be treated with some caution;
however, with the partial exception of oral NSAIDs (due to the impact of
health losses associated with serious adverse events), the results were
robust to variations in the derivation of health utility values, giving us
conﬁdence in these ﬁndings. For a further two interventions (manual
6

R. Wilson et al.

Osteoarthritis and Cartilage Open 2 (2020) 100123

patient-reported generic HRQoL outcome measures, preferably with
preference-based health utility values, and comprehensive healthcare
resource use data to inform economic evaluations. Where feasible and
appropriate, trial-based CEA should be considered.
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5. Conclusion
Delivering high-value, low-cost adjunctive treatments for knee OA,
such as walking cane, heat therapy, aquatic-based exercise, and corticosteroid injections, alongside recommended core long-term management, has the potential to be cost-effective, or even cost-saving, in the NZ
healthcare system. However, more high-quality RCTs, particularly with
the collection of health utility and healthcare resource use data, are
needed to provide a stronger evidence base for many recommended
interventions.
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Background: Total hip and knee arthroplasties (THA/TKA) are clinically effective but high cost procedures. The aim of this study is to perform a cost-effectiveness analysis of THA and TKA in the New Zealand
(NZ) healthcare system.
Methods: Data were collected from 713 patients undergoing THA and 520 patients undergoing TKA at
our local public hospital. SF-6D utility values were obtained from participants preoperatively and 1-year
postoperatively, and deaths and any revision surgeries from patient records and the New Zealand Joint
Registry at minimum 8-year follow-up. A continuous-time state-transition simulation model was used to
estimate costs and health gains to 15 years. Quality-adjusted life years (QALYs), treatment costs, and
incremental cost-effectiveness ratios (ICERs) were calculated to determine cost effectiveness. ICERs
below NZ gross domestic product (GDP; NZ$60 600) and 0.5 times GDP per capita were considered “cost
effective” and “highly cost effective” respectively.
Results: Cumulative health gains were 2.8 QALYs (THA) and 2.3 QALYs (TKA) over 15 years. Cost effectiveness improved from ICERs of NZ$74,400 (THA) and NZ$93,000 (TKA) at 1 year to NZ$6000 (THA) and
NZ$7500 (TKA) at 15 years. THA and TKA were cost effective after 2 years and highly cost effective after 3
years. QALY gains and cost effectiveness were greater in patients with worse preoperative functional
status and younger age.
Conclusion: THA and TKA are highly cost-effective procedures over longer term horizons. Although
preoperative status and age were associated with cost effectiveness, both THA and TKA remained cost
effective in patients with less severe preoperative scores and older ages.
© 2021 Elsevier Inc. All rights reserved.
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Total hip and total knee arthroplasties (THA/TKA) are clinically
very effective procedures and are being performed in increasing
numbers. They are high cost and high volume procedures and
consume a large amount of the budget for elective orthopedic
surgery. With increasing ﬁnancial pressures in most healthcare
systems it is important that procedures are cost effective as well as
clinically effective.
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Systematic reviews of the cost effectiveness of total joint
arthroplasty (TJA) have concluded that THA and TKA are both
highly cost-effective procedures, although noted a paucity of evidence in regard to THA [1e3]. Patients with more severe symptoms
have been shown to have larger health-related quality of life
(HRQoL) gains for similar costs and hence are more cost effective;
however, studies have also shown lower ﬁnal HRQoL for these
patients, suggesting there is loss of HRQoL both before and after
surgery if it is delayed due to rationing [4,5].
Nonoperative treatment of knee OA can also be clinically effective
and has lower costs, so has also been shown to be cost-effective.
Skou et al [6] recently concluded from randomized controlled trial
data that TKA plus nonoperative treatment is not cost-effective over
a 2-year horizon compared with nonoperative treatment with the
option of later TKA. In contrast, a recent systematic review concluded
that delaying surgery may result in short-term savings but the
HRQoL losses were greater than the savings [3].
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Generic instruments such as the EQ-5D and SF-6D measure
HRQoL and, in combination with utility weights, allow qualityadjusted life years (QALYs) to be calculated for cost-effectiveness
analysis. Varying methods have been used to calculate QALYs at
different time horizons following TJA. Some studies have collected
detailed data for periods out to 2 or 5 years [6e8]. Others have used
the change at 1 year in cohort studies and extrapolated over a patient’s lifetime or have used hypothetical Markov modeling. A long
time horizon is desirable, as the upfront cost of a TJA is high but the
beneﬁts usually last for many years. However, if an implant fails and
requires revision there are further costs as well as health impacts,
so it is important that long-term analysis includes revision and
mortality data.
The focus of this study is publicly funded THA and TKA in the
southern region of New Zealand (covering a population of
approximately 330,000 people). The New Zealand healthcare system is largely publicly funded and publicly provided, although
approximately 19% of total healthcare expenditure comes from
private spending including private health insurance and out-ofpocket payments [9]. Patients referred for orthopedic assessment
at our local public hospital are prioritised using scoring tools with
the aim that the most severely affected patients are guaranteed
surgery within 4 months. However, due to limited funding those
who are less severely affected will be declined surgery and returned
to their general practitioner for ongoing care [10,11]. This has led to
poorer preoperative status than has been reported elsewhere,
which would be expected to result in greater gains in HRQoL
postoperatively [4]. Assuming revision and complication rates are
low, we hypothesise that contemporary TJA is likely to be highly
cost effective. The aim of this study is to perform a costeffectiveness analysis for THA and TKA using local data at various
time intervals to 15 years, including actual revision and mortality
rates. Secondary outcomes include the effect of age, gender and
preoperative status on cost effectiveness.

with previous reports of cost-effectiveness of TJA, EQ-5D health
utility values [16,17] were also calculated from the OHS and OKS,
based on previously-published mapping algorithms [18,19].
The cost-effectiveness analysis was conducted from a payer
perspective. Hospital costs, including all associated inpatient costs
during the hospital stay, were calculated using public hospital cost
weights published by the NZ Ministry of Health [20]. The costs of
THA and TKA were $16,502 and $16,903, respectively. We assumed
that non-surgical costs would be the same with and without TJA;
this assumption was tested in sensitivity analyses. All costs are
reported in 2018 NZ dollars (NZ$1 z US$0.69 in 2018).

Methods

The cost effectiveness of THA and TKA was estimated using a
continuous-time state transition model to capture the initial health
gains and costs of surgery, the continued accrual of health gains
over time, and the costs and health impacts of subsequent revision
surgeries (Fig. C1). The model consisted of an initial simulated
sample of 1000 patients, drawn by bootstrap sampling with
replacement from the observed cohort; models of revision and
mortality derived from the observed cohort data; trajectories of
health utility values after surgery derived from the cohort data and
published literature; and the costs of surgery calculated from
health system cost weights.
For each individual in the simulated sample, a time-to-revision,
time-to-mortality, and trajectory of health gains was drawn from
the corresponding observed input parameter distributions. The
cumulative health and cost outcomes of the cohort were then
calculated out to each speciﬁed time horizon e 1, 2, 3, 4, 5, 10, and
15 yearseand compared with outcomes for the same cohort
assuming no change from baseline (representing optimised nonoperative management in the observed setting) [21,22]. The
model was repeated for 100 sets of randomly-drawn parameter
values to derive uncertainty estimates around each outcome.
Future costs and QALYs were discounted at a rate of 3.5% per
annum, as recommended for cost-effectiveness analyses in NZ [23].
All analyses were conducted using R version 3.6.0 [24], with the
‘hesim’ package (v0.3.1) for health-economic simulation [25].

Data Sources
Data were collected from our departmental arthroplasty audit
database on a consecutive series of 713 patients undergoing primary THA and 520 patients undergoing primary TKA at our local
public hospital between January 2004 and April 2011. Follow-up
surveys were completed at a median of 13 months (interquartile
range 12 to 14 months) postoperatively by 565 THA patients (a
completion rate of 79%) and 376 TKA patients (72%).
The New Zealand Joint Registry (NZJR) collects operative details
on all primary arthroplasties performed in New Zealand and details
of any subsequent revision surgery wherever performed in the
country. It is mandatory for arthroplasty surgeons to participate
and has 98% compliance. The local cohort was linked to NZJR data to
determine any deaths or revision surgeries performed up to the end
of September 2019 (ie, between 8.4 and 15.8 years of follow-up for
all patients). Longer-term patient-reported Oxford Hip or Knee
Scores (OHS/OKS) [12,13] are also collected by the NZJR for a
random 20% sample of patients at 5 and 10 years post-surgery.
Outcome Measures
Demographic data including age and sex were collected from
patient records for all participants. Patient-reported outcomes were
collected pre- and postoperatively using the OHS/OKS and the SF-12
HRQoL questionnaire [14]. SF-6D health utility values were calculated from SF-12 responses to allow the calculation of QALYs for costeffectiveness analysis [15]. As a sensitivity analysis and to compare

Preliminary Statistical Analysis
Analyses were conducted separately for the THA and TKA cohorts. We ﬁrst calculated descriptive statistics for the two cohorts,
including participant baseline characteristics and the patientreported outcomes at the preoperative and postoperative time
points. Summary statistics were calculated as count (percent) for
discrete measures and mean (standard deviation) for continuous
measures. Kaplan-Meier survival curves were calculated for both
(all-cause) revision surgeries and (all-cause) mortality.
To evaluate the assumption that short-term gains from THA and
TKA would be maintained over the long-term, we examined OHS/
OKS scores at 5- and 10-year follow-up from the NZJR along with
pre- and 1-year postoperative outcomes reported in our cohort. To
check for possible selection bias, given the small proportion of
participants with long-term follow-up data, outcomes were
compared at each available time point between the subset of participants with complete outcome data at all time points (preoperative and 1-, 5-, and 10-years postoperative; n ¼ 66) and the full
sample of all participants with data recorded at that time point.
Cost-effectiveness Model

Estimating Inputs for the Cost-effectiveness Model
Time-to-revision, time-to-mortality, and SF-6D health utility
inputs for the cost-effectiveness model were estimated from the
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observed cohort data. Time-to-mortality and health utility estimates were adjusted for patients’ age, sex, and preoperative OHS/
OKS, to allow estimates of cost effectiveness to be derived for
different patient subgroups based on these baseline variables.
Time-to-revision was not adjusted for baseline covariates, as there
were too few revisions observed to estimate these associations.
Time-to-revision and time-to-mortality models were estimated
using survival analysis. Time-to-revision was assumed to follow an
exponential distribution and time-to-mortality a log-logistic distribution, following visual inspection of the empirical survival
curves and comparison of the Akaike Information Criterion for
alternative models (see Appendix B).
Improvement in SF-6D health utility between baseline and 1year follow-up was estimated using linear regression. Based on
published reports of the trajectory of HRQoL gains after THA and
TKA [26e30], we assumed a rapid recovery in the ﬁrst 6 weeks
(reaching 65% of the estimated 12-month health utility gain), followed by a slowing pace of improvement to 85% of the total gain at
3 months, 95% at 6 months, and maximal improvement at 12
months postoperatively and thereafter. Revisions were assumed to
have a slower recovery reaching 90% at 6 months (and maximal
improvement at 12 months).
Cost-effectiveness Analysis
The incremental per-patient QALY gains and treatment costs of
TJA compared to no TJA were obtained from each simulation run,
and used to calculate the incremental cost-effectiveness ratio
(ICER), expressed as cost per QALY gained. Cost-effectiveness results were calculated for the entire cohort for each intervention
(THA/TKA), as well as for subgroups deﬁned by age (5-year age
groups: Under 65 years, 65e69, 70e74, 75e79, 80 years and over),
sex, and preoperative OHS/OKS scores (5-point bands: Under 10,
10e14, 15e19, 20e24, 25 and over).
A cost-effectiveness threshold equivalent to NZ GDP per capita
(NZ$60 600 in 2018) was used, with ICERs below this threshold
considered to be cost effective; we further considered ICERs below
half this level ($30 300) to be highly cost effective. While there is no
consensus on appropriate cost-effectiveness thresholds or how
these should be determined [31], and NZ has no explicit threshold
for funding decisions [32], the GDP/capita threshold has been recommended by the World Health Organisation [33,34] and is
consistent with explicit and implicit thresholds in several comparable countries [35]. However, it is becoming increasingly recognised that ‘opportunity cost’-based thresholdserepresenting the
health gains foregone by funding one intervention rather than
anothereare generally lower than GDP-based thresholds [31,36],
motivating our consideration of the lower threshold to identify
more highly cost-effective scenarios. The half-GDP/capita threshold
is similar to opportunity-based cost-effectiveness thresholds
recently estimated for the UK [37] and Australia [38].
Sensitivity Analyses
The construction of the cost-effectiveness model and the derivation of input data required several assumptions which were tested
in sensitivity analyses. First, it is recommended to consider alternative time-to-event distributions in survival analyses [39]. We
therefore re-ran the cost-effectiveness simulation with alternative
time-to-mortality models using several standard distributions recommended for survival models: exponential, Weibull, Gompertz,
and log-normal. There were insufﬁcient revisions observed to estimate meaningful alternative models for time-to-revision. (With very
few revisions observed, the potential impact of different distributional assumptions would be negligible in any case.)
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Second, we adjusted the time-to-revision models to include
previously-published estimates of the relative hazard for baseline
covariates (age and sex) [40,41], as there were too few revisions
observed in our dataset to estimate these directly. No previous
estimates were available to model the association of preoperative
Oxford scores with revision rates.
For several uncertain input parameters, we conducted one-way
sensitivity analyses. This involves varying these input parameters
to upper and lower ‘plausible’ ranges, determined by review of the
literature, and examining whether these plausible ranges of input
values would change any of our cost-effectiveness ﬁndings. The
assumption of no ongoing net costs (ie, post-surgery costs the same
as ongoing nonoperative management costs) was varied to include
ongoing costs of $500 per year for post-surgery care or nonoperative management costs of $500 per year (ie, an ongoing net cost
saving for surgery), based on experience from an optimised
nonoperative management pathway [42]. The assumption that
health utility values would remain constant at baseline levels, on
average, for the nonoperative management group was varied to
account for either regression to the mean in patient outcomes
(potentially accounting for some of the improvement in outcomes
observed in the TJA cohort) [43] or further deterioration in health
status over time, at an average rate of 0.03 (on the 0e1 utility scale)
per year. The recovery trajectory of health utility values over the
ﬁrst year post-surgery was varied to be either faster than our base
case assumption (rapid recovery to achieve 85% of the health gain
by 6 weeks, and the remainder by 6 months) or slower (90% of the
health gain reached gradually by 6 months, with the remainder by
1 year). As no data were available on surgical complications or
readmissions for our cohort, we used previously published estimates of readmission rates in our local system [44] to evaluate the
potential impact on costs and cost-effectiveness of TJA. No data on
the cost of readmissions were available; we assumed a cost of
$20,000 per readmission for our sensitivity analysis. Lastly, the
discount rate applied to future costs and health gains was varied to
0% and 5% per year, as has been recommended for costeffectiveness analyses in NZ [23].
Results
Descriptive Analysis
Demographic characteristics and patient-reported outcome
scores are shown in Table 1. THA patients were slightly younger, on
average, than TKA patients. The majority of both cohorts were female. Baseline patient-reported outcome scores were poor, and
slightly worse on all scores for THA compared to TKA patients. All
outcome scores showed clinically and statistically signiﬁcant improvements at 1-year follow-up.
Postoperative health gains, as measured by OHS and OKS, persisted with very little change (on average) through both 5- and 10year follow-up (Fig. A1). There were no meaningful differences at
any time point between the subsample of participants with complete follow-up data to 10 years and the full sample of all participants at each follow-up point, suggesting that those with long-term
follow-up were a representative sample of the cohort (at least with
respect to OHS and OKS) and selection bias is unlikely to be an issue
in evaluating long-term health gains (Fig. A2).
Over the observed follow-up period, 13 THA and 5 TKA patients
underwent revision surgery. Revision-free rates at 15 years were 97.0%
(95% CI: 95.2 to 98.8) for THA and 98.1% (96.3 to 99.8) for TKA (Fig. 1A).
At the date of ﬁnal follow-up (September 2019), 105 THA patients and 81 TKA patients had died. The 15-year survival rates were
77.4% (95% CI: 73.3 to 81.8) for THA patients and 74.6% (69.6 to 80.0)
for TKA patients (Fig. 1B).
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Table 1
Baseline Characteristics and Patient-Reported Outcome Scores.
Patient Characteristic

THA

TKA

Age; mean(SD)
Gender; n(%)
Male
Female
Patient-reported health outcomes; mean(SD)
Oxford Score
Preoperative baseline
Postoperative follow-up
Change (95% CI)
SF-12 PCS score
Preoperative baseline
Postoperative follow-up
Change (95% CI)
SF-12 MCS score
Preoperative baseline
Postoperative follow-up
Change (95% CI)
SF-6D utility
Preoperative baseline
Postoperative follow-up
Change (95% CI)
EQ-5D utilitya
Preoperative baseline
Postoperative follow-up
Change (95% CI)

68.1 (11.0)

70.9 (8.8)

254 (45%)
311 (55%)

151 (40%)
224 (60%)

14.0 (6.6)
40.7 (7.3)
26.8 (26.0 to 27.6)

15.6 (6.1)
37.4 (8.2)
21.8 (20.9 to 22.8)

28.1 (5.4)
43.5 (11.0)
15.4 (14.3 to 16.4)

28.3 (5.3)
41.3 (10.4)
13.0 (11.7 to 14.3)

43.1 (12.0)
54.5 (9.4)
11.4 (10.2 to 12.6)

44.7 (11.4)
53.8 (9.6)
9.2 (7.7 to 10.6)

0.53 (0.11)
0.80 (0.15)
0.27 (0.25 to 0.29)

0.56 (0.10)
0.77 (0.15)
0.22 (0.20 to 0.24)

0.24
0.83
0.59 (0.55 to 0.64)

0.31
0.80
0.49 (0.46 to 0.52)

SD, standard deviation; CI, conﬁdence interval; PCS, SF-12 Physical Component Summary score; MCS, SF-12 Mental Component Summary score; THA, total hip arthroplasty;
TKA, total knee arthroplasty.
a
EQ-5D scores are calculated from group mean Oxford scores; individual-level EQ-5D values are not available to calculate SDs.

All model input parameters and distributions are reported in the
Appendix (Tables C1-C3).

Model Inputs
Modeled revision rates, from the survival model, were close to
observed rates over the 15-year period, although uncertainty intervals were wide, particularly for TKA patients, due to the small
number of observed revisions (Fig. A3).
HRQoL gains were smaller for older patients and for patients
with better preoperative OHS and OKS scores, for both THA and
TKA (Table C1). There was no signiﬁcant difference in HRQoL gains
between men and women for either procedure.

A

Cost-effectiveness Findings
Cumulative health gains increased steadily over the modeled
time period, reaching 2.8 QALYs (95% uncertainty interval: 2.7 to
3.0) per THA patient and 2.2 QALYs (2.1 to 2.4) per TKA patient over
15 years (Fig. 2A). Surgery costs were high in the ﬁrst year ($16 549
for THA; $16 931 for TKA), but cumulative costs increased only

B

Fig. 1. Revision and mortality rates. (A) Revision-free survival rates, censored at the time of death or ﬁnal follow-up (September 2019). (B) Survival rate, censored at the time of ﬁnal
follow-up (September 2019). THA, total hip arthroplasty; TKA, total knee arthroplasty.
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$42 000 at 1 year to $3 500 at 15 years for TKA (Fig. A4, Panel C), and
were therefore considered cost effective over all time horizons (and
highly cost effective after 2 years).
Sub-group Analyses
QALY gains and cost effectiveness were greater in patients with
worse preoperative OHS and OKS scores and younger age, for both
THA and TKA, while there was little difference in any outcomes
between men and women (Fig. 3; Figs. A5 and A6).
Sensitivity Analyses

B

C

Alternative parametric models for time-to-mortality made very
little difference to any of the results (Fig. A7); nor did adjusting
revision risk for baseline patient characteristics (Fig. A8).
The results of the one-way sensitivity analyses are presented in
the tornado plots in Figure 4. Over a 1-year horizon (Panel A), the
assumptions with the largest potential impact on estimated cost
effectiveness were the extent of possible regression to the mean in
health utility for patients continuing to be managed nonoperatively
and the short-term recovery trajectory of health utility following
TJA. None of the one-way sensitivity analyses changed the main
ﬁndings over a 1-year horizon.
Over the medium-term 3-year horizon (Panel B), the largest
potential impacts on cost effectiveness came from regression to the
mean in health utility for nonoperative management. Both THA and
TKA remained cost effective in all analyses at the 3-year horizon,
with THA highly cost effective in all scenarios except regression to
the mean in nonoperative health utility.
Over the long-term 15-year horizon (Panel C), ongoing treatment costs and nonoperative health utility trajectories had the
largest impacts on cost effectiveness, but both THA and TKA
remained highly cost effective in all scenarios.
Discussion

Fig. 2. Cumulative QALY gains (A), costs (B), and incremental cost-effectiveness ratios
(C), THA and TKA. Dashed lines in panel C indicate the 0.5-times and 1-times GDP/
capita willingness-to-pay thresholds; all points below these lines are considered cost
effective at the corresponding level. GDP, gross domestic product; ICER, incremental
cost-effectiveness ratio; QALY, quality-adjusted life years; THA, total hip arthroplasty;
TKA, total knee arthroplasty.

slightly over longer time horizons due to low rates of revision
(Fig. 2B). The projected cost effectiveness therefore improved
throughout the modeled time period (Fig. 2C).
Neither THA nor TKA were cost effective over a 1-year horizon
(ICER ¼ $73 900 for THA; $94 100 for TKA), due to the high up-front
costs of surgery. Both were cost effective over a 2-year horizon and
highly cost effective over a 3-year and longer time horizon. Over 15
years, ICERs were $6 000 for THA and $7 700 for TKA.
Using the EQ-5D values derived from Oxford scores, there were
QALY gains of 0.49 at 1 year and 6.21 at 15 years for hips, and 0.40 at
1 year and 4.99 at 15 years for knees (Fig. A4, Panel A). The ICERs
ranged from $33 500 at 1 year to $2 700 at 15 years for THA and

The cost effectiveness of THA and TKA improves rapidly over
longer follow-up. We found that THA and TKA are cost effective
after 2 years and highly cost effective after 3 years. THA was more
cost effective than TKA, due to larger health gains for similar costs.
Greater health gains and improved cost effectiveness were seen in
younger patients and those with poorer preoperative Oxford hip or
knee scores.
The average SF-6D scores at 12 months for THA (0.80;
change þ0.27) and TKA (0.77; þ0.22) were consistent with other
studies using the SF-6D, which have reported scores ranging from
0.72 to 0.799 (THA) and 0.71 to 0.80 (TKA), and gain in scores from
0.168 to 0.185 (THA) and 0.114 to 0.15 (TKA) [7,26,27,30,45,46].
Greater gains in the current study were due to poorer preoperative
scores in our patients.
These greater HRQoL gains were also seen in our long-term
QALY estimates compared to other studies. Previous studies have
reported longer-term (15 years to lifetime) health gains of 1.39 to
2.35 QALYs after THA and 1.34 to 2.144 QALYs after TKA [26,27,46].
Our gains were 2.8 QALYs (THA) and 2.3 QALYs (TKA) over 15 years.
Patient survival in our models was 78% for THA patients and 75% for
TKA patients suggesting that the 15-year horizon we used underestimates total lifetime QALY gains.
Elmallah et al. calculated an ICER at 1 year of US$39 453/QALY
for THA and US$43 107/QALY for TKA, although it is unclear how
they derived these ﬁgures. [27]. It appears from their reported
QALYs and costs that 1-year ICERs should be US$101 000 and
US$119 000 respectively. Our ICER at 1 year was $73 900
(zUS$51 000) for THA and $94 100 (zUS$64 900) for TKA.
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Fig. 3. Cost-effectiveness ratios for THA and TKA, by baseline covariates. Dashed lines indicate the 0.5- and 1-times GDP/capita willingness-to-pay thresholds; all points below these
lines are considered cost effective at the corresponding level. GDP, Gross domestic product; OHS, Oxford Hip Score; OKS, Oxford Knee Score; QALY, quality-adjusted life years; THA,
total hip arthroplasty; TKA, total knee arthroplasty.

Fordham et al. reported an ICER at 5 years of £7 182 for Exeter THA
[7], consistent with our 5-year ICER of $14 200 (z£7 400) for THA.
Other studies have used the EQ-5D to calculate QALY gains from
TJA. The EQ-5D has approximately twice the range of utility values
of the SF-6D and therefore gives a higher estimate of health utility
gains. In published studies, these range from 0.358 to 0.470
following THA and from 0.267 to 0.332 following TKA [5,8,47,48]. In
order to compare our results with these reports, we mapped OHS
and OKS to EQ-5D utility values and found utility gains of 0.59 after
THA and 0.49 after TKA, with 15-year gains of 6.2 QALYs for THA
and 5.0 QALYs for TKA. These gains were greater than those previously reported, due to worse preoperative status in our patients;
the use of mapping algorithms to estimate EQ-5D utility values in
our study may also have introduced uncertainty in comparisons

with previous studies. Jenkins et al. calculated lifetime cost/QALY,
using a discount rate of 3.5%, of £2 852 (THA) and £3 738 (TKA) [47].
At 15 years, using the same utility instrument and discount rate, our
ICER was $2 700 (z£1 400) for THA and $3 500 (z£1 800) for TKA.
In the KAT trial, Dakin et al. reported an ICER of £5 623/QALY [8].
Our comparable ICER at 5 years was $8 100 (z£4 200) for TKA. All
of these estimates are well within the highly cost-effective range.
Similar to other studies, we showed greater gains in HRQoL in
younger patients [7,45]. This was evident at 1 year, indicating that
the gains were independent of mortality, but became greater over
the 15-year horizon as a larger proportion of older patients died.
We saw no difference in gains by gender.
It has previously been shown that 1-year outcome scores are
worse in patients with worse preoperative Oxford scores, but they
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Fig. 4. “Tornado plot” of one-way sensitivity analyses on key model input parameters/assumptions. Bars show the range of estimated ICERs when varying assumptions on input
parameters to their most favorable (lowest ICER estimate) and least favorable (highest ICER estimate) “plausible” values, one-at-a-time. For parameter ranges considered, see
‘Sensitivity analyses’ in the Methods in the text. Dashed lines indicate the 0.5- and 1-times GDP/capita willingness-to-pay thresholds; solid vertical line indicates the ICER from
primary analyses. GDP, Gross domestic product; HRQoL, health-related quality of life; THA, total hip arthroplasty; TKA, total knee arthroplasty.

receive the greatest gains postoperatively [4]. Eibich et al. found
that the preoperative Oxford score was systematically associated
with costs and quality of life, with increased costs for patients with
poorer preoperative scores [5]. From US cohort data, Ferket et al.
found a mean increase in SF-6D of only 0.008 after TKA and
concluded that there were minimal gains in health utility in patients with good physical function as determined by the SF-12 PCS
[49]. They calculated that, at a threshold of US$100 000/QALY, TKA
was only cost effective if performed on patients with signiﬁcant loss
of function indicated by a preoperative SF-12 PCS below 20 points.
In contrast, Dakin et al. concluded that while the beneﬁts varied
with preoperative OKS, TKA was cost effective even in patients with
a preoperative OKS over 35 or 40 depending on ASA status [8]. In
our study, TKA was cost effective in patients with preoperative OKS
over 25 points after 3 years and highly cost effective after 5 years.
A systematic review found that non-operative treatment
involving exercise interventions was cost-saving [50]. The Management of Osteoarthritis (MOA) trial showed gains in QALYs of
0.19 at 2 years with exercise therapy over usual care, and lower total
health system costs [51]. Skou et al [6] found that providing TKA in
addition to non-surgical treatment resulted in greater health utility
compared with non-surgical treatment only, but did not ﬁnd it to
be cost-effective at the 2 year horizon. In their study the addition of
non-surgical treatment and a high reoperation and complication
rate increased the cost of the TKA group, while 32% of the nonsurgical group had a subsequent TKA. They noted the need for
studies with a longer time horizon but questioned whether the
results of TKA would be maintained at longer follow-up. Our study
and the NZJR data suggest that these gains are maintained to at
least 10 years, resulting in improving cost effectiveness over time.
However, we have assumed no QALY gain from non-operative

treatment in our model, as evidence suggests that even with a
coordinated multidisciplinary approach there is no signiﬁcant
improvement in this setting over both short- and longer-term
follow-up to 5 years [21,22].
In New Zealand the costs of publicly-funded THA and TKA
($16,502 and $16,903) are relatively high compared with other
common orthopedic procedures such as knee arthroscopy ($5743)
and rotator cuff repair ($7154), although they are lower than for
spinal decompression and fusion (one-level) ($27,631) and total
ankle replacement ($21,620) [20]. Comparative data on the costeffectiveness of these procedures are not available. In an environment where health systems have limited resources, similar data on
the cost-effectiveness of other procedures both within orthopedics
and across other specialties should be considered to aid prioritisation and rationing decisions.
Strengths of this study are that this is a reasonably large
prospectively-gathered dataset that includes all revision procedures performed anywhere in NZ. Our modeling is consistent with
the observed data and we believe gives a generalisable estimate of
cost effectiveness in a population with poor preoperative status.
Unlike other studies we have not extrapolated to lifetime gains. Our
results are consistent with previous work, with differing outcomes
likely attributable to poorer baseline scoresemeaning that postoperative gains were greater without a major difference in provision costs [4,5]. We have included real revision rates and factored in
the costs of revision surgery whereas other studies have not
included revision surgery or used an estimate.
We assumed that the majority of the improvement occurs
within the ﬁrst 6 weeks, meaning greater health utility gains in the
ﬁrst year than if an average of the gain at 12 months is used.
Conversely, we did not assume that the full utility gain accrued for
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the whole of the ﬁrst year (and thereafter) as some authors have
done. We used SF-6D as our primary health utility measure rather
than EQ-5D as this can be directly derived from the SF-12 data we
collected prospectively.
Limitations of the study are that we had incomplete follow-up
scores at 12 months and only 20% of the cohort were sampled by
the NZJR at 5 and 10 years. However, we found no differences between those sampled and the remainder of the group. There was
wide uncertainty in revision rates by 15 years postoperatively due
to the small number of observed revisions (especially for TKA);
however, the very low number of observed revisions means that
even (proportionally) wide conﬁdence intervals had little impact
on our cost-effectiveness ﬁndings. We did not collect complication
data including readmissions which would have increased health
care costs. We did not collect EQ-5D so used published algorithms
to convert OHS/OKS into EQ-5D for secondary analyses to allow
comparison with other studies.
Our modeling assumes no change in health utility state with
non-operative treatment over the 15-year horizon. While there
may have been some small gains with non-operative treatment
many will have deteriorated therefore we consider our results a
conservative estimate of the net gains from surgery. We also
included only direct hospital costs and did not include GP visits,
drug costs or other societal costs which are likely to be greater in
patients treated non-operatively [22]. We had relatively few patients with milder preoperative scores, but TJA was cost effective
even in these patients. We also had a pleasingly low revision rate
which may be not be representative of outcomes elsewhere,
potentially limiting generalisability.
Conclusion
We have shown that both THA and TKA are cost-effective procedures after 2 years and highly cost effective from 3 years onwards, with decreasing ICERs with longer follow-up. THA was
consistently more cost effective than TKA at every time point. While
preoperative status had the strongest inﬂuence on cost effectiveness, THA and TKA remained cost effective in those with less severe
preoperative scores, but only became highly cost effective at 4-5
years. Similarly the procedures were also highly cost effective in
older patients after 3-4 years.
References
[1] Daigle ME, Weinstein AM, Katz JN, Losina E. The cost-effectiveness of total
joint arthroplasty: a systematic review of published literature. Best Pract Res
Clin Rheum 2012;26:649e58.
[2] Nwachukwu BU, Bozic KJ, Schairer WW, Bernstein JL, Jevsevar DS, Marx RG,
et al. Current status of cost utility analyses in total joint arthroplasty: a systematic review. Clin Orthop Relat Res 2015;473:1815e27.
[3] Kamaruzaman H, Kinghorn P, Oppong R. Cost-effectiveness of surgical interventions for the management of osteoarthritis: a systematic review of the
literature. BMC Musculoskelet Disord 2017;18:183.
[4] Gwynne-Jones DP, Sullivan T, Wilson R, Abbott JH. The relationship between
preoperative Oxford hip and knee score and change in health-related quality
of life following total hip and total knee arthroplasty: can it help inform rationing decisions? Arthroplasty Today 2020;6:585e9.
[5] Eibich P, Dakin HA, Price AJ, Beard D, Arden NK, Gray AM. Associations between preoperative Oxford hip and knee scores and costs and quality of life of
patients undergoing primary total joint replacement in the NHS England: an
observational study. BMJ Open 2018;8:e019477.
[6] Skou ST, Roos E, Laursen M, Arendt-Nielsen L, Rasmussen S, Simonsen O, et al.
Cost-effectiveness of total knee replacement in addition to non-surgical
treatment: a 2-year outcome from a randomised trial in secondary care in
Denmark. BMJ Open 2020;10:e033495.
[7] Fordham R, Skinner J, Wang X, Nolan J, The Exeter Primary Outcome Study
Group. The economic beneﬁt of hip replacement: a 5-year follow-up of costs and
outcomes in the Exeter Primary Outcomes Study. BMJ Open 2012;2:e000752.
[8] Dakin H, Gray A, Fitzpatrick R, MacLennan G, Murray David, The KAT Trial
Group. Rationing of total knee replacement: a cost-effectiveness analysis on a
large trial data set. BMJ Open 2012;2:e000332.

[9] Health and Disability System Review. Health and disability system review e
! rongo whakamutunga. Wellington, New Zealand: HDSR; 2020.
ﬁnal report e pu
[10] Gwynne-Jones D. Quantifying the demand for hip and knee replacement in
Otago, New Zealand. NZ Med J 2013;126:7e17.
[11] Gwynne-Jones D, Iosua E. Rationing of hip and knee replacement: effect on
the severity of patient-reported symptoms and the demand for surgery in
Otago. NZ Med J 2016;129:59e66.
[12] Dawson J, Fitzpatrick R, Carr A, Murray D. Questionnaire on the perceptions of
patients about total hip replacement. J Bone Joint Surg [Br] 1996;78-B:185e90.
[13] Dawson J, Fitzpatrick R, Murray D, Carr A. Questionnaire on the perceptions of
patients about total knee replacement. J Bone Joint Surg [Br] 1998;80-B:63e9.
[14] Ware JE, Kosinski M, Turner-Bowker DM, Gandek B. How to score version 2 of
the SF-12 health survey (with a supplement documenting version 1). Lincoln,
RI: QualityMetric Incorporated; 2002.
[15] Brazier JE, Roberts J. The estimation of a preference-based measure of health
from the SF-12. Med Care 2004;42:851e9.
[16] EuroQol Group. EuroQol e a new facility for the measurement of healthrelated quality of life. Health Policy 1990;16:199e208.
[17] Dolan P. Modeling valuations for EuroQol health states. Med Care 1997;35:
1095e108.
[18] Pinedo-Villanueva RA, Turner D, Judge A, Raftery JP, Arden NK. Mapping the
Oxford hip score onto the EQ-5D utility index. Qual Life Res 2013;22:665e75.
[19] Dakin H, Gray A, Murray D. Mapping analyses to estimate EQ-5D utilities and
responses based on Oxford Knee Score. Qual Life Res 2013;22:683e94.
[20] NCCPP Casemix e Cost Weights Project Group. New Zealand casemix
framework for publicly funded hospitals, including WIESNZ18 methodology
and casemix purchase unit allocation for the 2018/18 ﬁnancial year.
Wellington, New Zealand: Ministry of Health; 2018.
[21] Gwynne-Jones JH, Wilson RA, Wong JMY, Abbott JH, Gwynne-Jones DP. The
outcomes of nonoperative management of patients with hip and knee osteoarthritis triaged to a physiotherapy-led clinic at minimum 5-year follow-up and
factors associated with progression to surgery. J Arthroplasty 2020;35:1497e503.
[22] Gwynne-Jones DP, Gwynne-Jones JH, Wilson RA. The functional outcomes of
patients with knee osteoarthritis managed nonoperatively at the Joint Clinic
at 5-year follow-up: does surgical avoidance mean success? J Arthroplasty
2020;35:2350e2356.e1.
[23] Phamaceutical Management Agency (PHARMAC). Prescription for pharmacoeconomic analyses: Methods for cost-utility analysis, version 2.2. Wellington, New
Zealand: PHARMAC; 2015.
[24] R Core Team. R. A language and environment for statistical computing
[Internet]. Vienna, Austria: R Foundation for Statistical Computing; 2019.
https://www.R-project.org/ [accessed 17.12.20].
[25] Incerti D, Jansen JP. Hesim: Health-economic simulation modeling and decision analysis [Internet]. 2020. https://CRAN.R-project.org/package¼hesim
[accessed 17.12.20].
[26] Liebs TR, Herzberg W, Rüther W, Russlies M, Hassenpﬂug J, For the Multicenter Arthroplasty Aftercare Project. Quality-adjusted life years gained by
hip and knee replacement surgery and its aftercare. Arch Phys Med Rehabil
2016;97:691e700.
[27] Elmallah RK, Chughtai M, Adib F, Bozic KJ, Kurtz SM, Mont MA. Determining
health-related quality-of-life outcomes using the SF-6D following total hip
arthroplasty. J Bone Joint Surg Am 2017;99:494e8.
[28] Kennedy DM, Stratford PW, Riddle DL, Hanna SE, Gollish JD. Assessing recovery and establishing prognosis following total knee arthroplasty. Phys Ther
2008;88:22e32.
[29] O’Brien S, Bennett D, Doran E, Beverland DE. Comparison of hip and knee
arthroplasty outcomes at early and intermediate follow-up. Orthopedics
2009;32:170e6.
[30] Schilling C, Dowsey MM, Clarke PM, Choong PF. Using patient-reported outcomes for economic evaluation: getting the timing right. Value Health
2016;19:945e50.
[31] Cubi-Molla P, Errea M, Zhang K, Garau M. Are cost-effectiveness thresholds ﬁt for
purpose for real-world decision making? [Internet]. London, UK: Ofﬁce of Health
Economics; 2020. https://www.ohe.org/publications/are-cost-effectiveness-thre
sholds-ﬁt-for-purpose-real-world-decision-making [accessed 17.12.20].
[32] Metcalfe S, Rodgers A, Werner R, Schousboe C. PHARMAC has no costeffectiveness threshold. NZ Med J. 125:99e101.
[33] Sachs JD. Macroeconomics and health: investing in health for economic
development. Geneva, Switzerland: World Health Organisation; 2001.
[34] Hutubessy R, Chisholm D, Tan-Torres Edejer T, WHO-CHOICE. Generalized
cost-effectiveness analysis for national-level priority-setting in the health
sector. Cost Eff Resour Alloc 2003;1.
[35] Zhang K, Garau M. International cost-effectiveness thresholds and modiﬁers
for HTA decision making [Internet]. London, UK: Ofﬁce of Health Economics;
2020.
https://www.ohe.org/publications/international-cost-effectivenessthresholds-and-modiﬁers-hta-decision-making [accessed 17.12.20].
[36] Woods B, Revill P, Sculpher M, Claxton K. Country-level cost-effectiveness
thresholds: initial estimates and the need for further research. Value Health
2016;19:929e35.
[37] Claxton K, Martin S, Soares M, Rice N, Spackman E, Hinde S, et al. Methods for
the estimation of the National Institute for Health and Care Excellence costeffectiveness threshold. Health Technol Assess 2015;19.
[38] Edney LC, Haji Ali Afzali H, Cheng TC, Karnon J. Estimating the reference incremental cost-effectiveness ratio for the Australian health system. PharmacoEconomics 2018;36:239e52.

R.A. Wilson et al. / The Journal of Arthroplasty xxx (2021) 1e9
[39] Latimer NR. Survival analysis for economic evaluations alongside clinical trialsdextrapolation with patient-level data: inconsistencies, limitations, and a
practical guide. Med Decis Making 2013;33:743e54.
[40] Hailer NP, Garellick G, K€
arrholm J. Uncemented and cemented primary total
hip arthroplasty in the Swedish Hip Arthroplasty Register: evaluation of
170,413 operations. Acta Orthop 2010;81:34e41.
[41] Namba RS, Cafri G, Khatod M, Inacio MCS, Brox T, Paxton EW. Risk factors for total
knee arthroplasty aseptic revision. J Arthroplasty 2013;28(Suppl. 1):122e7.
[42] Abbott JH, Ward AL, Crane C, Chapple CM, Stout K, Hutton L, et al. Implementation of a ‘Joint Clinic’ to resolve unmet need for orthopaedic services in
patients with hip and knee osteoarthritis: a program evaluation. BMC Musculoskelet Disord 2019;20:324.
[43] Schilling C, Petrie D, Dowsey MM, Choong PF, Clarke P. The impact of
regression to the mean on economic evaluation in quasi-experimental prepost studies: the example of total knee replacement using data from the
Osteoarthritis Initiative. Health Econ 2017;26:e35e51.
[44] Gwynne-Jones DP, Martin G, Crane C. Enhanced recovery after surgery for hip
and knee replacements. Orthop Nurs 2017;36:203e10.
[45] Konopka JF, Lee Y-y, Su EP, McLawhorn AS. Quality-adjusted life years after
hip and knee arthroplasty: health-related quality of life after 12,782 joint
replacements. JB JS Open Access 2018;3:e0007.

9

[46] Hamilton DF, Clement ND, Burnett R, Patton JT, Moran M, Howie CR, et al. Do
modern total knee replacements offer better value for money? A health
economic analysis. Int Orthop 2013;37:2141e52.
[47] Jenkins PJ, Clement ND, Hamilton DF, Gaston P, Patton JT, Howie CR. Predicting the cost-effectiveness of total hip and knee replacement. Bone Joint J
2013;95-B:115e21.
[48] Pennington M, Grieve R, Sekhon JS, Gregg P, Black N, van der Meulen JH.
Cemented, cementless, and hybrid prostheses for total hip replacement: cost
effectiveness analysis. BMJ 2013;346:f1026.
[49] Ferket BS, Feldman Z, Zhou J, Oei EH, Bierma-Zeinstra SMA, Mazumbdar M.
Impact of total knee replacement practice: cost effectiveness analysis of data
from the Osteoarthritis Initiative. BMJ 2017;356:j1131.
[50] Pinto D, Robertson MC, Hansen P, Abbott JH. Cost-effectiveness of nonpharmacologic, nonsurgical interventions for hip and/or knee osteoarthritis:
systematic review. Value Health 2012;15:1e12.
[51] Abbott JH, Wilson R, Pinto D, Chapple CM, Wright AA, the MOA Trial
team. Incremental clinical effectiveness and cost effectiveness of
providing supervised physiotherapy in addition to usual medical care in
patients with osteoarthritis of the hip or knee: 2-year results of the
MOA randomised controlled trial. Osteoarthritis Cartilage 2019;27:
424e34.

9.e1

R.A. Wilson et al. / The Journal of Arthroplasty xxx (2021) 1e9

Appendix
Appendix A. Supplementary Results

Figure A1. Change in Oxford Hip and Knee Scores from preoperative baseline, at 1-, 5-, and 10-year follow-up. Error bars show 95% conﬁdence intervals. All available observations
used at each time point (THA: n ¼ 542 at 1-year follow-up, n ¼ 58 at 5-year follow-up, and n ¼ 29 at 10-year follow-up; TKA: n ¼ 371, n ¼ 58, and n ¼ 38, respectively); see
Figure A2 for evaluation of potential selection bias at 5- and 10-year follow-up. THA, total hip arthroplasty; TKA, total knee arthroplasty.

Figure A2. Oxford Hip and Knee Scores, preoperative baseline to 10-year follow-up, by follow-up completion status. THA, total hip arthroplasty; TKA, total knee arthroplasty.
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Figure A3. Revision-free survival rates, modeled and observed. THA, total hip arthroplasty; TKA, total knee arthroplasty.
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Figure A4. Cumulative QALY gains, costs, and incremental cost-effectiveness ratios,
THA and TKA, using EQ-5D utility values mapped from Oxford hip and knee scores,
Dashed lines in Panel C indicate the 0.5- and 1-times GDP/capita willingness-to-pay
thresholds; all points below these lines are considered cost effective at the corresponding level. GDP, gross domestic product; ICER, incremental cost-effectiveness
ratio; QALY, quality-adjusted life years; THA, total hip arthroplasty; TKA, total knee
arthroplasty.
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Figure A5. Cumulative QALY gains following THA and TKA, by baseline covariates. OHS, Oxford Hip Score; OKS, Oxford Knee Score; QALY, quality-adjusted life years; THA, total hip
arthroplasty; TKA, total knee arthroplasty.
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Figure A6. Cumulative surgery costs (incl. revisions) for THA and TKA, by baseline covariates. OHS, Oxford Hip Score; OKS, Oxford Knee Score; THA, total hip arthroplasty; TKA, total
knee arthroplasty.
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Figure A7. Cost-effectiveness ratios for THA and TKA, under different assumptions on survival distributions. Dashed lines indicate the 0.5- and 1-times GDP/capita willingness-topay thresholds; all points below these lines are considered cost effective at the corresponding level. GDP, gross domestic product; THA, total hip arthroplasty; TKA, total knee
arthroplasty.
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Figure A8. Cost-effectiveness ratios for THA and TKA, with revision rates adjusted for
baseline patient characteristics. Dashed lines in Panel C indicate the 0.5- and 1-times
GDP/capita willingness-to-pay thresholds; all points below these lines are considered
cost effective at the corresponding level. GDP, gross domestic product; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years; THA, total hip
arthroplasty; TKA, total knee arthroplasty.
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Appendix B: Survival Distribution Preliminary Modeling

Figure B1. Empirical and ﬁtted survival curves, time-to-mortality. THA: Total hip arthroplasty; TKA: Total knee arthroplasty.

Table B1
AIC Values for Different Fitted Survival Curves, Time-To-Mortality.
Distribution

THA

TKA

Exponential
Gompertz
Log-logistic
Log-normal
Weibull

945.7
933.8
919.8
919.6
923.2

762.2
755.4
746.3
746.7
748.0

AIC, Akaike’s Information Criterion; THA, total hip arthroplasty; TKA, total knee
arthroplasty.
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The empirical survival curves and the ﬁtted distributions for alternative time-to-mortality distributions were examined to determine the
preferred distribution for survival modeling. All ﬁtted distributions except the exponential distribution ﬁt the observed survival curves
closely, with little difference between the log-logistic, log-normal, and Weibull distribution ﬁtted curves (Figure B1).
Akaike’s Information Criterion (AIC) was compared between models to ﬁnd the optimal model (with lower AIC values indicating a ‘better’
model for the observed data). The AIC values were lowest for the log-logistic and log-normal models for both THA and TKA, with very little
difference between these two (Table B1).
There were insufﬁcient data to estimate alternative survival distributions for revision-free survival, with only 13 THA and 5 TKA revisions
observed over the 15-year follow-up period. Given these very small numbers of revisions, we considered the likely impact of alternative
survival distributions on cost-effectiveness results to be negligible.
Appendix C: Model Input Parameters

Figure C1. State-transition model structure. All patients start in state ‘Primary TJA’ and may progress to ‘Revision TJA’ and/or ‘Dead’ based on individual time-to-event simulation
(derived from observed survival rates). Costs and utilities are accrued to the speciﬁed time horizon (1, 2, 3, 4, 5, 10, or 15 years), with a discount rate of 3.5% per year. Input parameters are derived and the simulation model is run separately for THA and TKA. TJA, total joint arthroplasty; THA, total hip arthroplasty; TKA, total knee arthroplasty.

Table C2
Time-To-Revision and Time-To-Mortality Survival Models.
Variable/Parameter
Exponential
time-to-revision model:
Rate

Table C1
Gain in SF-6D Health Utility Scores.
Variable

THA

Constant
Age (years)
Sex (female)
Oxford score

0.586
#0.00343
0.014
#0.00655

TKA
(0.054)
(0.00077)
(0.016)
(0.00118)

0.512
#0.00257
#0.021
#0.00626

(0.079)
(0.00107)
(0.018)
(0.00140)

Cells report coefﬁcients (std. error) from the regression models for change in SF-6D
health utility values (SF # 6DPost#operative # SF # 6DPre#operative ).
THA, total hip arthroplasty; TKA, total knee arthroplasty.

Log-logistic timeto-mortality model:
Shape
Scale
Age (years)
Sex (female)
Oxford score

THA

TKA

0.00204
(0.00119 to 0.00352)

0.00119
(0.00049 to 0.00286)

1.84
1 527
0.940
1.255
1.020

(1.54 to 2.20)
(379 to 6 161)
(0.923 to 0.958)
(0.966 to 1.629)
(0.999 to 1.041)

1.75
1 001
0.948
1.195
1.007

(1.43 to 2.14)
(179 to 5 599)
(0.928 to 0.969)
(0.887 to 1.611)
(0.983 to 1.032)

Cells report (exponentiated) coefﬁcients (95% conﬁdence interval) of the time-torevision and time-to-mortality survival models. Time-to-revision censored at death.
THA, total hip arthroplasty; TKA, total knee arthroplasty.
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Table C3
Surgery Costs.
Procedure

THA

TKA

Primary TJA
Revision TJA

$16 502
$23 876

$16 903
$22 156

Cells report mean surgery costs (weighted average of procedures coded as with and
without serious complications). Surgery costs were treated as ﬁxed (no stochastic
parameter distribution).
TJA, total joint arthroplasty; THA, total hip arthroplasty; TKA, total knee
arthroplasty.
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Management of Osteoarthritis
in the NZ Public Health System
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Programme Policy Brief №1.1

Professor J. Haxby Abbott
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The Problem: Osteoarthritis (OA) is a leading cause of health
losses and costs in NZ. The burden of OA is rising as a result of
population ageing, rising obesity, increasing injury rates, and
earlier onset of disease.

The New Zealand health system, already
struggling to meet demand for joint replacement
surgeries, will be placed under greater pressure
by rising rates of OA.

What is known?
1✓

2

3

Clinical practice guidelines agree on the optimal
core (1st-line) treatment for OA:
• Exercise therapy and physical activity
• Weight loss (where appropriate)
• Patient education and self-management

Providing the #1 most recommended treatment
(exercise therapy) can result in cost savings
compared with usual care. 5-year follow-up of a
NZ randomized trial showed net per person
savings, and national provision would provide
net monetary benefit of of $10,700 per capita,
$24.1b over the lifetime of the adult population.

1✓

Second-line therapies, such as mood and sleep
management, topical medications and heat therapy,
and walking aids and assistive devices, can be
useful adjuncts to core treatment.

But:

Recommended core treatments are not routinely
reaching New Zealanders with OA.
Many treatments that are not recommended are
routinely funded and being delivered excessively
(e.g. arthroscopy, opioids, long-term use of antiinflammatory medications, repeat injections of
corticosteroids)

Joint replacement surgery is effective and
cost-effective for end-stage OA

Research Findings: Results from computer simulation modelling

Without changes to current health delivery, the burden of osteoarthritis will continue to rise.
+76%

+86%

+70%

+78%
* *for first primary TJR for

knee osteoarthritis only:
the projected number of
all knee joint replacement
surgeries is 13,300

Delivering the #1 most-recommended treatment (exercise therapy) would result in large health gains at
relatively low cost to the health system ($25m per year)
Delivering all core recommended interventions would result in significant health gains (> 10,000 QALYs per yr)
and would be highly cost-effective.
Adequate delivery of core (1st-line) treatments will reduce demand for less cost-effective treatments,
reaping potential cost savings for the public healthcare system.
Marginal health gains can be achieved by delivering other recommended treatments,
at varying costs and net monetary benefits (some have negative benefits)
Stakeholders (people with OA, healthcare providers, Māori health advocates, healthcare delivery decisionmakers and policy-makers, and OA experts) value the recommended treatments.
Marginal cost:

Policy Options:

Health system perspective

Health Gain:

Net Monetary Benefit:

1. Deliver the #1 most-recommended
treatment (exercise therapy) within the
public health system

$25m/yr

9000 QALYs/yr

$450+m / yr

2. Deliver all core 1st-line treatments through
co-ordinated programmes

$150m/yr

11,000 QALYs/yr

$400+m / yr

3. Deliver all recommended treatment
through co-ordinated programmes

$140m/yr

20,000+ QALYs/yr

$1,000+m / yr

Recommendations: 1: Deliver the most recommended treatment(s) equitably, nationwide, via the public health system,
through coordinated OA management programmes.
2: Develop a national Model of Care (MoC) for health delivery in the management of osteoarthritis
3: Remove funding silo barriers that impede delivery of the most recommended treatments within
the public healthcare system.
4: Establish programmes for de-implementation of harmful and wasteful care delivery.
For further information contact: haxby.abbott@otago.ac.nz
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