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Effectiveness of a New Service Delivery Model for
Management of Knee Osteoarthritis in Primary Care:
A Cluster Randomized Controlled Trial

David J. Hunter,1 Jocelyn L. Bowden,1 Rana S. Hinman,2 Thorlene Egerton,2 Andrew M. Briggs,3

Stephen J. Bunker,2 Simon D. French,4 Marie Pirotta,2 Rupendra Shrestha,4 Deborah J. Schofield,4

Karen Schuck,1 Nicholas A. Zwar,5 S. Sandun M. Silva,6 Gillian Z. Heller,6 Kim L. Bennell,2

and the PARTNER Study Team

Objective. To evaluate the effectiveness and health costs of a new primary care service delivery model (the
Optimising Primary Care Management of Knee Osteoarthritis [PARTNER] model) to improve health outcomes for
patients with knee osteoarthritis (OA) compared to usual care.

Methods. This study was a 2-arm, cluster, superiority, randomized controlled trial with randomization at the general
practice level, undertaken in Victoria and New South Wales, Australia. We aimed to recruit 44 practices and 572 patients
age ≥45 years with knee pain for >3months. Professional development opportunities on best practice OA care were pro-
vided to intervention group general practitioners (GPs). All recruited patients had an initial GP visit to confirm knee OA
diagnosis. Control patients continued usual GP care, and intervention patients were referred to a centralized care support
team (CST) for 12-months. Via telehealth, the CST providedOA education and an agreedOA action plan focused onmus-
cle strengthening, physical activity, and weight management. Primary outcomes were patient self-reported change in
knee pain (Numerical Rating Scale [range 0–10; higher score = worse]) and physical function (Knee Injury and Osteoarthri-
tis Outcome Score activities of daily living subscale [range 0–100; higher score = better] at 12 months. Health care cost
outcomes included costs of medical visits and prescription medications over the 12-month period.

Results. Recruitment targets were not reached. A total of 38 practices and 217 patients were recruited. The inter-
vention improved pain by 0.8 of 10 points (95% confidence interval [95% CI] 0.2, 1.4) and function by 6.5 of 100 points
(95% CI 2.3, 10.7), more than usual care at 12 months. Total costs of medical visits and prescriptions were $3,940
(Australian) for the intervention group versus $4,161 for usual care. This difference was not statistically significant.

Conclusion. The PARTNER model improved knee pain and function more than usual GP care. The magnitude of
improvement is unlikely to be clinically meaningful for pain but is uncertain for function.

INTRODUCTION

Osteoarthritis (OA) is a leading cause of lower limb pain and

disability, affecting >500 million people worldwide (1). OA has a

considerable detrimental effect on individual well-being, and the

overreliance on health care services such as surgery and pain-

relieving medications contributes to rising personal, societal, and

socioeconomic costs and reduced work productivity (2). In many

countries, OA management is coordinated in primary care (3),

including Australia, where 75% of patients with knee OA visit a
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general practitioner (GP) (4). International clinical guidelines con-

sistently recommend education and support for self-manage-

ment, including muscle strengthening, physical activity, and

weight loss, with judicious use of appropriate medications as

first-line evidence-based treatments (5). However, the type and

quality of OA care varies internationally, with many patients with

OA either not being offered or not engaging with recommended

care (6–8).
In response to international calls for novel models to improve

uptake and engagement with OA care (9,10), we developed a
new primary care–based service delivery model for knee OA. It
was designed to address the multiple factors contributing to the
evidence-to-practice gap, as highlighted by both GPs and
patients with OA (11,12). System-level barriers include time con-
straints and financing models to effectively address OA (13) and
a lack of services to support necessary lifestyle changes
(14–16). Similarly, patients with OA have reported frustration with
inconsistent and conflicting advice on how to manage their condi-
tion (6,17,18) and confusion around accessing the health care
system and understanding the roles of different health care pro-
fessionals (19). In addition, the costs of accessing treatments
can be prohibitive (20,21). To date, only 2 studies have focused
on general practice pathways, with 1 in the UK, involving practice
nurses and GP care, finding no effect on patient-reported out-
comes after 6 months (22), and 1 in Norway, which focused on
uptake of clinical guideline recommendations rather than patient-
reported outcomes (23).

In addition to face-to-face service models, telehealth options
are growing, with early effectiveness and feasibility trials showing
promising, well-sustained improvements for OA pain and function
(24). Telehealth offers an excellent opportunity to deliver coordi-
nated evidence-based care and overcome barriers to accessing
health services such as shortages of trained clinicians, large

distances and geography, inconvenience, and more recently,
COVID-19 considerations (25). These factors, and the known bar-
riers to recommended knee OA care, informed the design of our
new model of knee OA service delivery (12,14,26).

We aimed to determine the effectiveness and health costs of
the Optimising Primary Care Management of Knee Osteoarthritis
(PARTNER) model of service delivery compared to usual primary
care in Australia (27,28). We hypothesized that the PARTNER
model would be superior to usual GP care in improving knee pain
and function at 12 months. Here, we report primary and second-
ary patient-level outcomes and health costs. The process and
feasibility evaluation and other secondary analyses will be
reported separately.

PATIENTS AND METHODS

Trial design.We undertook a pragmatic 2-arm, cluster ran-
domized controlled trial (CRCT) (September 2018 to December
2020). The protocol was prospectively registered (ACTRN:
12617001595303) and published (27,28). Ethics approval was
received from the University of Sydney Human Research Ethics
Committee (2016/959). Services Australia (MI7185) approved
linkages to the Medical and Pharmaceutical Benefits Schemes
(MBS/PBS). Written informed consent was obtained from the
general practices, GPs, and patient participants. The trial has
been reported in accordance with the Consolidated Standards
of Reporting Trials (CONSORT) guidelines for CRCTs.

Study setting. The study was undertaken in general prac-
tices in New South Wales (NSW) and Victoria, Australia. Most
Australian GPs work in private practice, either solo or in small
group practices, with the majority operating as small local busi-
nesses (29). GPs are paid a fee for service, with the MBS, a pub-
licly funded universal health insurance scheme, the main funding
mechanism. Medicare provides full (bulk billing) or subsidized
access to eligible treatments and services. Any gap between the
GP fee charged and the Medicare payment is typically covered
by the patient (29).

General practices and GPs. General practices and GPs
were recruited by GP coordinators embedded in general practice
research networks. General practices were eligible if they had at
least 2 GPs willing to participate, if they agreed to use the Inca
electronic desktop information technology (IT) support tool
(Precedence Health Care) (30), and if they were not involved in

SIGNIFICANCE & INNOVATIONS
• This study provides preliminary evidence for the

effectiveness of a remotely delivered, integrated
lifestyle and behavior change model on improving
physical function for patients with osteoarthritis.

• It is difficult to unpack which components of the
model are most important in achieving greater
improvements, but patients reported being more
satisfied with their care from the general practi-
tioner (GP) and care support team than with usual
GP care alone.
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the pilot trial. GPs were eligible if they worked in a consenting
practice and managed patients with knee OA. We did not specify
a minimum number of knee OA patients to be seen. Due to slow
GP recruitment, inclusion criteria were amended and approved
in February 2019 to only require 1 GP per practice and optional
use of Inca (see Supplementary Table 1, available on the Arthritis
Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25037).

Patient participants. Administration staff within each
general practice not involved with the study prepared a list
from the practice’s database of randomly selected patients
age ≥45 years who had previously seen a trial GP. An invitation
letter was sent via the practice to these patients, as appropriate
to practice size (range 88–1,241 invitations/per practice). Inter-
ested patients with self-reported activity-related knee pain for
>3 months completed initial online/phone screening. Eligible
patients were (e)mailed forms for completing consent and the
baseline survey. Patients’ inclusion and exclusion criteria are out-
lined in see Supplementary Table 2, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25037.

Randomization, allocation concealment, and
blinding. Randomization was at the level of general practice.
Practices were randomly allocated to either PARTNER (interven-
tion) or usual care (control) using a 1:1 ratio in random permuted
blocks stratified by location (metropolitan, regional/rural) (31) and
practice size (<4 GPs, ≥4 GPs). The randomization schedule
was computer generated offsite by a study statistician and
remained concealed in opaque, sealed envelopes. Allocation
occurred after all GPs at the practice had completed baseline
assessment and the patient list had been prepared. Envelopes
were opened by research staff not involved in the trial, and the
GP/trial coordinators informed practices of their allocation.

Patients were unaware of their practice’s allocation. GPs
were unblinded but were requested not to discuss practice allo-
cation with their patients. The GP coordinators were unblinded
but not involved in patient screening. Research staff involved in
screening patients remained blinded until screening was com-
plete. The chief investigators (RSH, TE, AMB, SJB, SDF, MP,
RS, DJS, NAZ, GZH, and KLB) remained blinded throughout
except for the trial coordinator (JLB) and, if necessary, the allo-
cated medical officer (DJH). Statistical analyses were performed
by a blinded statistician (SSMS).

Trial procedures. Figure 1 outlines participant flow through
the study. All enrolled participants had an initial visit to their GP for a
knee-focused consultation and confirmation of an OA diagnosis
(32). Over the remainder of the 12 months, patients from the
PARTNER practices received the PARTNER model, while the
control group continued usual care as directed by their GP.

Intervention (PARTNERmodel). Detailed descriptions of
the PARTNER model, its development, and implementation plan
have been described previously (12,14,26–28). Briefly, PARTNER
was underpinned by evidence-based clinical practice guidelines
(32), the Chronic Care model (33), and extensive stakeholder
input from health professionals and managers, policy makers,
health insurers, behavior change experts, peak consumer bodies,
and consumers. The implementation plan was designed using the
Behaviour Change Wheel and informed by the Theoretical
Domains Framework (34). A nonrandomized pilot feasibility study
was undertaken with 2 general practices (8 GPs, 12 patients) in
Victoria (May to December 2017) to test the recruitment strategy,
key intervention components, and trial operational aspects, and
to train the care support team (CST) (35). Changes to the protocol
and study materials arising from semistructured interviews with
the GPs, patients, and the CST were approved before the trial
commenced, unless otherwise noted (see Supplementary
Table 1, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25037).

The intervention aimed to improve GPs’ and patients’
knowledge and management of OA (see Supplementary
Figure 1, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25037). GPs were
offered a suite of online professional development opportunities
to update knowledge of current evidence-based OA manage-
ment and access to the online integrated care (Inca) desktop sup-
port platform. Patients were supported by a centralized, remotely
delivered multidisciplinary CST whose role was to provide addi-
tional support to help patients effectively self-manage their knee
OA using a behavior change methodology.

GP professional development. Intervention-allocated
GPs were asked to undertake the professional development
activities prior to seeing study patients. These included the fol-
lowing: 1) self-audit and feedback activity to reflect on their man-
agement of recent patients with OA and self-identify areas for
improvement (part 1 recommended, 2–3 hours to complete;
part 2 optional); 2) knee OA in general practice online learning
module (36) delivered through the Royal Australian College of
General Practitioners (RACGP; 1 hour, recommended); and 3)
PARTNER study website (Wix web development company,
2018), which included a PARTNER study introductory video
(recommended), skills building modules, and reading resources
(optional).

GP desktop IT decision support platform. All general
practices and GPs in the intervention group were offered free use
of, and training in, the Inca platform (30), designed to help health
care providers manage chronic disease and preventive care. The
system was customized for the study to include OA decision sup-
port features to prompt GPs to discuss exercise and weight man-
agement and review medications during their consultations. An

SERVICE DELIVERY MODEL FOR KNEE OA 3
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OA chronic disease management plan template, a mechanism for
direct CST referral, and 2 printable PARTNER patient education
resources were also embedded.

Patients and the CST. Each intervention group GP was
asked to prepare an OA chronic disease management plan for
their patients and refer them to the CST. The CST comprised
6 health professionals (5 physical therapists, 1 occupational ther-
apist). All CST members were provided with training in best prac-
tice OA management, health coaching, and behavior change
(HealthChange Australia) (37) prior to commencing the study. To
maintain continuity of care, 1 CST member was assigned to each
patient on referral and typically remained their primary contact
through until the end of the patient’s involvement (i.e., the patient
opted out or 12 months). A CST member was allocated based
on availability, and if possible, state of residence. Comprehensive
handovers were provided if a change to the consulting CST mem-
ber was required during the trial. There was no maximum number
of permitted contacts between the patient and the CST. Consul-
tations were delivered remotely according to patient preference

(e.g., phone, email, mail, short message service [SMS]) and in
2 phases.

Intensive phase (18 weeks) and maintenance phase

(6 months). Patients were contacted once per fortnight (�9 con-
tacts) or as agreed with the patient. At the first consultation, the
CST member undertook a biopsychosocially informed interview,
provided OA education, and discussed potential management
options focused on weight management, home-based leg mus-
cle strengthening, and physical activity. A tailored care plan was
codeveloped to align with the patient’s goals, priorities, and pref-
erences and revised at subsequent consultations. Eligible
patients (body mass index [BMI] ≥27 kg/m2) were offered the
Commonwealth Scientific and Industrial Research Organisation
(CSIRO) online Total Well Being Diet program (38,39) delivered
by Digital Wellness (www.digitalwellness.com). Online evidence-
based cognitive behavioral therapy (CBT) options for mood
(This Way Up Depression and Anxiety) and sleep (This Way Up
Insomnia) (40) and pain coping (painTRAINER) (41) were optional
interventions for eligible patients (27). Patients were recommended
to see additional health care professionals (e.g., physical

Figure 1. Participant flow through the cluster randomized controlled trial. Online screening was considered incomplete if patients did not include
their contact details in the online screening tool. GP = general practitioner; ITT = intent-to-treat; NSW = New South Wales; OA = osteoarthritis;
PARTNER = Optimising Primary Care Management of Knee Osteoarthritis (model); TKR = total knee replacement. * = did not complete 6-month
survey, but did complete 12-month survey.

HUNTER ET AL4
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therapists, dieticians, psychologists) in a private setting (potentially
at their own cost) or via GP referral to a publicly funded service if
they presented with more complex issues or required face-to-face
assistance. Patients were contacted monthly (�6 contacts), or as
agreed, and supported to continue their OA self-management,
including addressing any new issues.

Usual care. GPs allocated to usual care did not receive any
OA training during the trial. After the initial GP consultation, usual
care patients continued under their GP’s care until the end of the
12 months. There were no restrictions on the number of visits to
or type of care provided by their GP or other health care profes-
sionals. Data on GP usual care will be presented in the PARTNER
process evaluation.

Data collection. Descriptive and demographic information
was collected from patients, general practices, and GPs at base-
line. Patients completed self-reported surveys at baseline,
6 months, and 12 months either electronically (REDCap) or in
hardcopy. Patients were provided with a $50 gift voucher after
completing the final survey.

Primary outcomemeasures. Coprimary outcomes were
changes from baseline in self-reported pain and activities of daily
living (ADL) function of the knee at 12 months. Both primary out-
comes were also measured at 6 months (secondary). Average
knee pain (previous week) was measured on an 11-point Numer-
ical Rating Scale (NRS) (range 0–10; higher score = worse pain).
Function (last 7 days) was measured using the function in daily
living subscale of the Knee Injury and Osteoarthritis Outcome
Score (KOOS) ADL scale (range 0–100; higher score = better
function) (42).

Secondary outcome measures. Self-reported second-
ary outcome measures collected at 6 and 12 months included all
KOOS subscales, weight (kg), calculated BMI (kg/m2), health-
related quality of life, mood (depression), sleep and fatigue, satis-
faction with overall change in the knee and knee symptoms, and
overall satisfaction with treatment. Work productivity measures
noted in the protocol will be reported separately. Supplementary
Table 3, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25037, summa-
rizes all the secondary outcomes, measurement tool details, and
time points.

Health care costs. Health care costs included total costs
of medical visits and procedures and the costs of prescription
medicines filled at pharmacies from baseline to the 12-month
completion date. With patient consent, participants’ data from
the MBS and the PBS were obtained through record linkage with
patient administration data from Services Australia. The MBS data
included information on medical visits, procedures, and

associated costs; the PBS data included information on
prescription medicines and their costs. Results are presented in
Australian dollars.

Trial fidelity. The RE-AIM (Reach, Effectiveness, Adoption,
Implementation and Maintenance) framework and the UKMedical
Research Council framework for the development and evaluation
of complex interventions were used to guide the process evalua-
tions and are described elsewhere (43). The full results of the pro-
cess and feasibility evaluations will be reported in a future study.
Here, we report trial fidelity outcomes that potentially impact the
primary and secondary outcomes, specifically: 1) completion of
GP professional development activities; 2) delivery of the main
PARTNER components by the GPs and the CST; 3) patient inter-
action with the CST and participation with the PARTNER compo-
nents; and 4) protocol deviations and changes. Fidelity data were
collected in parallel with the effectiveness data from study admin-
istration records, patient and GP electronic surveys, CST elec-
tronic consultation records, and service provider records
(e.g., weight loss intervention, CBT programs, RACGP).

Sample size.Our a priori sample size accounted for cluster-
ing effects of patients treated within the same GP practice. We
estimated that 44 general practices and 572 patients were
needed at baseline to detect an effect size of 0.30 (small to mod-
erate) (44) in the primary outcomes at 12 months with 80% power
(5% two-sided significance), allowing for 20% dropout of both
GPs and patients. We assumed a minimum of 2 GPs and
13 patients per practice, a coefficient of variation in practice size
of 0.5, and an intracluster correlation of 0.05.

Adverse events and changes in response to
COVID-19. Data on self-reported adverse events and serious
adverse events (SAEs) were collected at 6 and 12 months if they
were reported during CST consultations or the research team
became aware of them through another mechanism (e.g., phone
call/email). COVID-19 had minimal impact on the study methods,
including the trial design, interventions, outcomes, and the CST’s
delivery of care (45). As participant recruitment ceased in December
2019, there was no impact on recruitment, randomization, or base-
line data collection. However, any additional face-to-face or external
health care that the patient may have been receiving, or planned to
receive, would have been impacted by NSW and Victorian lock-
downs and health service restrictions between March and
December 2020. The trial coordinator (JLB) and medical officer
(DJH) provided additional training to the CST in March 2020 for
reported cases of COVID-19 and recommendations for continuing
OA care in accordance with local COVID-19 public health orders.

Statistical analysis. Outcome data were analyzed by a
blinded statistician (SSMS) using R, version 4.0.3 (46). Analyses
were conducted at the patient level using intent-to-treat (ITT) with

SERVICE DELIVERY MODEL FOR KNEE OA 5
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all available data from all randomized patients and using their ran-
domized group allocation. The multilevel missing data in the out-
come measures were imputed using multiple imputation method
with 10 imputed data sets while allowing random effects for GP
practices. It was applied to missing patient-level data from GP
practices that did not withdraw before data collection and that
recruited at least 1 patient. It is assumed that missingness in data
is missing at random where it may be related to the observed val-
ues but not related to the missing observations itself (47). There-
fore, utilization of multiple imputation in this case is appropriate
and justifiable to reduce any bias caused by complete data (47).

Missing values for difference in mean change (baseline minus
follow-up) at 6 months and 12 months were imputed using the
“panImpute” function in R package mitml (48), adjusting for base-
line values of the outcome variable and stratification variables
(i.e., location of the practice [metropolitan, regional/rural]), while
specifying random effects for GP practices. It should be noted
that 5,000 number of burns in iterations were used before any
imputations were drawn, with 500 iterations between imputa-
tions. These steps help to ensure imputation integrity (49). For
continuous outcomes, differences in mean change (baseline
minus follow-up) were compared between groups using general-
ized estimating equations (GEEs) (49) to account for within-
practice correlation with exchangeable correlation, robust SEs,
and adjusting for the baseline value of the outcome variable and
stratification variables. Analyses were also repeated using
complete-case data.

Self-perceived overall change in the study knee and satisfac-
tion with treatment and any change in symptoms at 12 months
were dichotomized with scores of 6 or 7 on the 1–7 scale (moder-
ately to extremely better/satisfied) classified as “improved,” and
scores 1–5 as “not improved,” after multiple imputation. The mul-
tiple imputation was performed on the original scale of these out-
come variables, and differences between groups were compared
in a similar imputation procedure as for the continuous outcomes.
Data were compared between groups using logistic regression
models, with results presented as risk ratios obtained using mar-
ginal standardization. Post hoc responder analyses were also
undertaken to determine the proportion of participants with
improvements that met or exceeded the minimum clinically
important difference (MCID) for pain (≥1.8 NRS points), function
(less than or equal to –8 points) (42), and weight loss (≥5% of
body weight) at 12 months. For these binary outcomes, logistic
regression GEEs were fitted using a logit link function assuming
an exchangeable correlation structure and robust variance esti-
mation, adjusting for stratification variables, with results pre-
sented as odds ratios.

RESULTS

Participant flow through the trial is summarized in Figure 1,
and patient characteristics in Table 1. Comorbidities and general

practice and GP characteristics are shown in Supplementary
Tables 4–6, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25037. The trial

Table 1. Baseline characteristics of patients by group*

Characteristic
Usual care PARTNER
(n = 105) (n = 112)

Age, median (range) years 66 (46–85) 63 (45–95)
Sex
Female 60 (57) 71 (63)
Male 45 (43) 41 (37)

BMI ≥27 kg/m2 69 (66) 53 (47)
Knee affected
Left knee 51 (49) 58 (52)
Right knee 54 (51) 54 (48)
Dominant knee 54 (51) 55 (49)

Pain duration
<1 year 11 (10) 9 (8.0)
1–2 years 20 (19) 16 (14)
3–5 years 28 (27) 35 (31)
5–10 years 28 (27) 25 (22)
>10 years 18 (17) 27 (24)

State of residence
New South Wales 78 (74) 61 (54)
Victoria 27 (26) 51 (46)

Aboriginal or Torres Strait Islander
Yes 0 (0) 2 (1.8)
No 105 (100) 110 (98)

Race
Asian 8 (8) 6 (5)
Black or African American 0 (0) 1 (1)
Hispanic or Latino 0 (0) 2 (1.8)
Native Hawaiian or other Pacific

Islander
1 (1) 0 (0)

White 86 (82) 88 (79)
Unknown/not reported 9 (9) 12 (11)

Living arrangements
Living with others 78 (74) 88 (79)
Living alone 27 (26) 24 (21)

Education
<3 years of high school 2 (2) 7 (6)
≥3 years of high school 26 (25) 35 (31)
Some tertiary training, but did not

complete
11 (10) 12 (11)

Graduate from university or
polytechnic

36 (34) 25 (22)

Postgraduate study (e.g., graduate
diploma, master’s, PhD)

30 (29) 33 (29)

Current or previous occupation
Manager or professional 50 (48) 50 (45)
Tradesperson or clerical worker 27 (26) 32 (29)
Transport, sales, service worker or

laborer
8 (8) 6 (5)

No paid job 5 (5) 4 (4)
Current employment status
Works full time 30 (29) 29 (26)
Works part time 16 (15) 26 (23)
Unable to work (knee problems) 6 (6) 2 (2)
Unable to work (other health

issues)
7 (7) 3 (3)

Retired (not due to health) 45 (43) 51 (46)
Unemployed/seeking work 1 (1) 1 (1)

* Values are the number (%) unless indicated otherwise. BMI = body
mass index; PARTNER = Optimising Primary Care Management of
Knee Osteoarthritis (model).
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was stopped before the target number of practices or patients
was recruited. This was due to a delayed start, slow initial practice
recruitment, and our funder’s timeframe.

General practices (clusters) and GPs. We recruited
38 general practices (86% a priori sample) and 71 GPs. Most prac-
tices were in metropolitan areas (84%), had ≥4 GPs (71%), and were
privately owned (92%). Four practices did not recruit any patients.

Patients. Of the 672 patients screened, 217 (38% a priori
sample) were enrolled. Eighty-four (13%) patients declined to par-
ticipate, and 371 were excluded (55%) (Figure 1). Of those
enrolled, 193 patients (89%) returned a 6-month survey, and
191 (88%) a 12-month survey.

Baseline characteristics. The baseline characteristics of
GPs were similar between groups, except PARTNER GPs were
younger, less experienced, and had less specialty interests in mus-
culoskeletal conditions. Baseline patient characteristics were com-
parable between groups (<10% variation), except for the number
with a BMI of ≥27 kg/m2, low back pain, and select joint pain. Over-
all, 122 patients (56%) had a baseline BMI of ≥27 kg/m2 (usual care
66%, PARTNER 47%), and 84 (39%) reported back pain (usual
care 30%, PARTNER 46%). Supplementary Table 7, available on
the Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.25037, includes the number of missing par-
ticipants for each variable and compares the means and SDs of
complete data along with missing participants at baseline,
6 months, and 12 months on the self-reported outcomes.

Trial fidelity outcomes. GP professional development. A
total of 18 of 34 (53%) PARTNER GPs completed the audit and
feedback activity (part 1), 18 (53%) accessed the PARTNER web-
site and study introduction video, and 10 (29%) completed the
gplearning module. Ten general practices (56%) installed the Inca
desktop support system, but only 2 (11%) elected to use it (see
Supplementary Table 8, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25037).
The low uptake of Inca impacted our ability to collect data on the
preparation of GP OA management plans.

Patient interaction with the CST. A total of 110 patients were
eligible for CST referral, with 101 (92%) referred. Nine patients
were not referred (single GP, no reason provided). Ninety-six
referred patients (95%) completed the first consultation with the
CST (average 54 minutes), 2 declined for medical/family reasons,
and 3 opted out. Overall, the CST completed 927 consultations,
all via telephone, with an average of 9 (range 2–15) consultations
per patient. The average duration of follow-up consultations
in the intensive phase (calls 2–8) was 24 minutes, and the
maintenance phase (calls 10–15) was 29 minutes. Sixty-three
patients (62%) discussed the negative impacts that COVID-19
had on their life.

PARTNER components and protocol deviations. Fidelity of
the main trial components delivered to patients is outlined in Supple-
mentary Table 9, available on the Arthritis Care & Research website
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25037. The num-
bers of patients in both arms who self-reported trying to lose weight
(at 6 and 12 months, respectively, PARTNER 55% and 48%,
usual care 49% and 44%), undertake physical activity (82%/79%,
76%/72%), or a muscle strengthening program (80%/79%,
72%/70%) are summarized in Supplementary Table 10, available
on the Arthritis Care & Research website at http://onlinelibrary.
wiley.com/doi/10.1002/acr.25037. Three protocol deviations were
reported during the trial (see Supplementary Table 1, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25037).

Cointervention/adverse events. Four total knee replace-
ments (1 PARTNER, 3 usual care) and 9 knee arthroscopies
(3 PARTNER, 6 usual care) were self-reported. There were no
SAEs directly related to the trial intervention (see Supplementary
Table 11, available on the Arthritis Care & Research website at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25037).

Primary outcomes. At 12 months, PARTNER improved
pain by 0.8 of 10 points (95% confidence interval [95% CI]
0.2, 1.4) (Table 2) and function by 6.5 of 100 points (95% CI 2.3,
10.7) more than usual care. Pain improvements overall did not
reach the MCID (≥1.8 NRS points); however, the 95% CI for ADL
function spanned theMCID range of less than or equal to –8 points.
Analyses of complete case data produced similar results (see
Supplementary Table 12, available on the Arthritis Care & Research

website at http://onlinelibrary.wiley.com/doi/10.1002/acr.25037).

Secondary outcomes. ITT results are provided in
Tables 3–4 and Figure 2, and complete case results are provided
in Supplementary Table 12, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25037. In summary, these are as follows: 1) KOOS subscales
(mean between-group differences favored PARTNER for the
other KOOS subscales at both time points); 2) weight and BMI
(at 6 months, but not 12 months, the between-group differences
for weight favored PARTNER by –1.4 kg [95% CI –2.4, –0.3] and
–0.5 BMI units [95% CI –0.9, –0.1]; compared to usual care, more
patients reached 5% weight loss in the PARTNER group at
6 months [see Supplementary Table 13, available on the Arthritis

Care & Research website at http://onlinelibrary.wiley.com/doi/
10.1002/acr.25037]); 3) other secondary outcomes (between-
group differences favored PARTNER for sleep at 12 months
[Tables 3 and 4], but not 6 months; there was no evidence of
between-group differences at either time point for health-related
quality of life, depression, or fatigue); and 4) MCIDs (more patients
in the PARTNER group reached the MCIDs in pain and function at
12 months than in usual care [see Supplementary Table 13, avail-
able at http://onlinelibrary.wiley.com/doi/10.1002/acr.25037]).
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Table 2. Model output for change in pain (NRS) and Knee Injury and Osteoarthritis Outcome Score (ADL) at
12-month follow-up (imputed data)*

Estimate SE T value df P (>jtj) 95% CI

Pain†
Intercept –1.3 0.6 –2.3 13,041.6 0.033 –2.5, 0.1
Practice location: regional/rural –0.5 0.7 –0.7 32,619.0 0.430 –1.7, 0.7
Allocated treatment: PARTNER 0.8‡ 0.3 2.6 13,003.2 0.008§ 0.2, 1.4
Baseline pain (NRS) 0.4 0.1 4.0 6,675.3 <0.001§ 0.2, 0.6

KOOS (ADL)
Intercept –19.7 5.0 –4.0 203,263.6 <0.001§ –29.4, –9.9
Practice location: regional/rural 1.8 3.3 0.5 143,628.9 0.587 –4.7, 8.4
Allocated treatment: PARTNER –6.5¶ 2.1 –3.0 15,870.6 0.002§ –10.7, –2.3
Baseline KOOS (ADL) 0.2 0.1 3.5 251,777.1 <0.001§ 0.1, 0.4

* 95% CI = 95% confidence interval; ADL = activities of daily living; NRS = Numerical Rating Scale;
PARTNER = Optimising Primary Care Management of Knee Osteoarthritis (model).
† The model output for pain (NRS) when regressed with practice location, allocated treatment, and baseline
pain (NRS).
‡ The positive number indicates an improvement compared to usual care.
§ Significant (P < 0.05).
¶ The negative number indicates an improvement compared to usual care.

Table 3. Scores on primary and secondary outcome measures across time by group*

Outcome measure

Baseline Follow-up (6 months) Follow-up (12 months)

Usual care PARTNER Usual care PARTNER Usual care PARTNER

Primary outcomes
Pain NRS score (of 10) 5.5 ± 1.6 5.7 ± 1.6 4.7 ± 2.3 4.3 ± 2.6 4.7 ± 2.3 4.0 ± 2.5

(n = 105) (n = 112) (n = 95) (n = 98) (n = 93)† (n = 96)†
KOOS ADL function score 65.9 ± 17.8 63.0 ± 16.9 70.5 ± 18.0 73.0 ± 18.9 70.0 ± 20.1 75.1 ± 17.8

(n = 105) (n = 112) (n = 94) (n = 98) (n = 92)† (n = 96)†
Secondary outcomes
KOOS pain score 62.5 ± 14.4 58.3 ± 15.2 65.6 ± 16.8 66.4 ± 19.00 66.1 ± 18.8 68.5 ± 18.2

(n = 105) (n = 112) (n = 95) (n = 98) (n = 92) (n = 97)
KOOS symptoms score 65.1 ± 17.6 57.7 ± 16.7 65.3 ± 18.1 64.1 ± 20.3 66.2 ± 19.0 64.8 ± 19.1

(n = 105) (n = 112) (n = 92) (n = 97) (n = 88) (n = 94)
KOOS knee-related QoL score 44.4 ± 17.9 39.2 ± 19.9 48.5 ± 21.3 50.2 ± 23.2 51.0 ± 21.6 53.1 ± 25.0

(n = 105) (n = 112) (n = 91) (n = 96) (n = 87) (n = 93)
KOOS sport and recreation score 42.3 ± 25.6 32.6 ± 22.0 44.0 ± 26.3 41.8 ± 26.2 44.0 ± 26.4 46.4 ± 27.5

(n = 105) (n = 112) (n = 94) (n = 97) (n = 89) (n = 95)
Weight, kg 81.7 ± 16.0 80.4 ± 17.9 80.8 ± 16.0 80.1 ± 16.4 81.3 ± 15.8 79.1 ± 16.7

(n = 105) (n = 112) (n = 93) (n = 96) (n = 87) (n = 94)
BMI, kg/m2 28.8 ± 5.1 28.5 ± 5.9 28.4 ± 4.8 28.4 ± 5.3 28.6 ± 4.7) 28.0 ± 5.1

(n = 105) (n = 112) (n = 93) (n = 96) (n = 87 (n = 94)
Health-related QoL score (AQoL-8D) 74.0 ± 11.8 74.3 ± 11.7 74.6 ± 12.0 75.8 ± 14.6 75.1 ± 12.2 77.7 ± 13.0

(n = 105) (n = 112) (n = 90) (n = 95) (n = 89) (n = 94)
Depression score (PHQ-9) 4.0 ± 4.1 4.0 ± 3.9 4.1 ± 3.8 4.2 ± 5.3 3.6 ± 3.7 3.5 ± 3.9

(n = 105) (n = 112) (n = 90) (n = 95) (n = 88) (n = 92)
Sleep T score (PROMIS 8a) 48.7 ± 9.2 49.8 ± 9.3 48.2 ± 9.7 47.4 ± 11.0 48.0 ± 9.3 46.8 ± 9.3

(n = 105) (n = 112) (n = 90) (n = 95) (n = 87) (n = 93)
Fatigue T score (PROMIS 8a) 49.9 ± 8.3 50.5 ± 9.5 47.6 ± 9.4 48.0 ± 11.2 47.9 ± 9.4 47.3 ± 9.8

(n = 105) (n = 112) (n = 90) (n = 94) (n = 87) (n = 93)
Global rating of change (of 7)‡ NA NA 4.09 ± 1.12 4.92 ± 1.37 4.05 ± 1.47 5.02 ± 1.49

(n = 91) (n = 96) (n = 87) (n = 93)
Satisfaction with treatment (of 7)‡ NA NA 4.24 ± 1.55 5.64 ± 1.61 4.35 ± 1.59 5.56 ± 1.68

(n = 89) (n = 96) (n = 86) (n = 93)
Satisfaction with symptoms (of 7)‡ NA NA 4.15 ± 1.34 5.30 ± 1.41 4.07 ± 1.53 5.24 ± 1.65

(n = 89) (n = 96) (n = 86) (n = 93)

* Values are the mean ± SD; the number of complete responses received for each variable is noted in brackets. ADL = activities of daily living;
AQoL-8D = Assessment of Quality of Life 8-domain instrument (range 35–176, higher = worse QoL); BMI = bodymass index; KOOS = Knee Injury
and Osteoarthritis Outcome Score (range 0–100, higher = better outcome); NA = not applicable; NRS = Numerical Rating Scale (range 0–10,
higher = worse pain); PARTNER = Optimising Primary Care Management of Knee Osteoarthritis (model); PHQ-9 = Patient Health Questionnaire
9 (range 0–27, higher = more depressive symptoms); PROMIS 8a = Patient-Reported Outcomes Measurement Information System 8-item short
form (sleep [range 30–81] and fatigue [range 33.0–77.8], higher = more symptoms); QoL = quality of life.
† Primary outcomes.
‡ Global rating and satisfaction scores (range 0–7, higher = improved score).
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At 12 months, more patients in the PARTNER group
reported overall improvement in their knee OA than in usual care
(see Supplementary Table 14, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25037). More patients in the PARTNER group also reported
greater satisfaction with their treatment and knee symptoms.

Health care costs outcomes. Based on those who com-
pleted 12-month follow-up and consented to access of their data
on health care costs (PARTNER, n = 101; usual care, n = 95), the
total medical and prescription costs were slightly lower, at $3,940
for the PARTNER group, than for usual care, at $4,161, over the
12-month period. The average health care costs related to medical
visits and procedures over 12 months was lower for PARTNER, at
$2,757, compared to $3,276 for usual care. However, costs
related to prescription medicine were higher for PARTNER, with
an average 12-month cost of $990, compared to $659 for usual
care. There was no evidence of between-group difference in health
care costs for medical and prescription costs combined or for
either the costs related to medical visits or prescription medicine.

DISCUSSION

Our results showed that a new primary care model of service
delivery (PARTNER) for knee OA led to a modest improvement in
function and a small improvement in pain at 12 months compared
with usual care. Although the magnitude of the mean between-
group differences for the primary outcomes was below the speci-
fied MCIDs, the 95% CI for function included the difference within
the plausible range (Figure 2) (50). However, as our trial was
underpowered, findings should be considered preliminary and
interpreted cautiously.

Results for secondary outcomes were mixed. Differences in
improvements favored PARTNER for the knee-specific KOOS
subscales at all time points, weight/BMI at 6 months, and sleep

at 12 months. The remaining secondary outcomes showed no
between-group differences, although mean scores for these out-
comes were low at baseline for both groups, giving little scope
for change (Table 1). Similarly, as many of the secondary out-
comes were not knee specific, results may have been impacted
by pain from other comorbidities, although the proportions with
comorbidities are similar in both groups (see Supplementary
Table 4, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.25037). Total health care costs related to medical visits
and prescriptions over 12 months were slightly lower for the
PARTNER group, but this was not significant. Collectively,
findings suggest that the PARTNER model may provide some
benefits for knee OA over usual general practice care.

Our pragmatic CRCT was codesigned with a range of stake-
holders (26), and the feasibility of the main components was
tested in a pilot study prior to commencement (35). Patient care
was tailored, with the main CST components delivered to >85%
of patients referred. Overall, >70% of patients self-reported
undertaking leg strengthening or physical activity. The trial used
valid and reliable OA outcomes, patient blinding to group alloca-
tion, independent blinded statistical analysis, and patient recruit-
ment independent of the treating GPs. Our CST remotely
supported patients with their behavior change and self-
management journey over 12 months, longer than similar inter-
ventions to date (22,23,51). The primary limitation was our inability
to recruit the required sample size. Time constraints and compet-
ing priorities were 2 major reasons cited by GPs for not participat-
ing. Similar reasons explained the low rates of installing and/or
undertaking training in the IT desktop decision support system
and our suboptimal engagement with GPs for the knowledge
and skills building components. The low uptake of the GP-
targeted interventions necessitated changes to the GP inclusion
criteria (see Supplementary Table 1, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25037). These fidelity
issues may have reduced the potential for better outcomes in

Figure 2. Between-group differences for pain Numerical Rating Scale (A) and Knee Injury and Osteoarthritis Outcome Score (KOOS) (B) subscales
at 6 and 12 months using imputed data. Shading indicates the clinical worthwhile difference assumed for pain (greater than or equal to -1.8 points)
and the KOOS subscales (≥8 points). Circles represent the mean (open = 6 months, solid = 12 months); bars indicate the 95% confidence interval.
ADL = activities of daily living. * = P < 0.05.
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the PARTNER group; however, it was a pragmatic design, and
difficulties engaging GPs are not unique to our study (22). Our
results may also have been influenced by a higher number of
usual care GPs having a prior special interest in musculoskeletal
care and who may have provided higher quality OA care com-
pared to the PARTNER group (see Supplementary Table 6, avail-
able at http://onlinelibrary.wiley.com/doi/10.1002/acr.25037).
However, recent data evaluating usual care for knee OA among
Australian GPs showed that rates of recommended first-line non-
pharmacologic treatments are low and that imaging, medications,
and surgical referral rates are high (8). Our planned process eval-
uations will explore these issues in further detail. We suggest that
our inclusion of a dedicated CST, external to the general practice
care, was the main contributor to the functional benefits gained.
The centralized delivery of the CST may also explain our better
outcomes compared with the in-house, general practice nurse
model trialed in the UK (22).

Given our complex intervention, it is unclear as to which parts
of the model are most important to improving care. Patients were
more satisfied with the PARTNER model than with usual GP care
alone, although the overall number of patients reporting
moderate-to-extreme satisfaction with the PARTNER model was
only 30%. Partial patient blinding may have contributed to this
finding, as patients were unsure of the treatments offered at
recruitment and were unprepared for the type of intervention
delivered. The onset of the COVID-19 pandemic halfway through
our trial also presented unforeseeable challenges. Only
35 patients had completed 6-month surveys by March 2020,
when Australia commenced COVID-19–related lockdowns. The
CST noted that patients reported increased anxiety, decreased
opportunity to exercise, and difficulties buying fresh food, poten-
tially impacting adherence to the agreed care plan and influencing
their survey responses. Ultimately, however, we had 88% patient
retention at 12 months, with only 2 patients citing COVID-19 as
their reason for withdrawal.

Between 44% and 55% of all patients reported trying to lose
weight across the 12 months (see Supplementary Table 9, avail-
able at http://onlinelibrary.wiley.com/doi/10.1002/acr.25037).
Twenty-two patients with a baseline BMI of ≥27 kg/m2 self-
reported successfully losing >5% of their baseline weight at
12 months (n = 15 [7%] PARTNER, n = 15 7 [3%] usual care).
However, although our weight measures showed small but signif-
icant between-group differences at 6 months, this was not statis-
tically significant at 12 months. Our findings may reflect our
sample weight heterogeneity (52), the self-reported nature of our
data, or the challenge of maintaining weight loss over time. Future
exploration of these findings will be undertaken in future studies.
Finally, there are limitations to the generalizability of our findings
because we recruited few people from culturally and racially
diverse backgrounds or outside metropolitan areas.

In conclusion, our findings suggest that the PARTNERmodel
improved knee pain and function more than usual GP care,

although, as the trial was underpowered, our findings around the
magnitude of change lack precision and should be interpreted
with caution. Further rollout of the telehealth-delivered CST com-
ponent of the PARTNER model is promising; however, strategies
to better engage with GPs and to reach more communities
require further work to ensure delivery of best practice OA care
nationally.
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