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ABSTRACT

Introduction Patellofemoral (PF) osteoarthritis (OA)

is a common and burdensome subgroup of knee OA,
with very little evidence for effective treatments.
Prefabricated foot orthoses are an affordable and
accessible intervention that have been shown to reduce
PF pain in younger adults. Similarities between PF
pain and PFOA, as well as our pilot work, suggest that
foot orthoses may also be an effective intervention for
PFOA. The primary objective of this study is to compare
the 3 month efficacy of prefabricated foot orthoses and
flat shoe inserts in people with PFOA, on knee pain
severity.

Methods and analysis The FOOTPATH Study (FOot
OrThoses for PAtellofemoral osteoarTHritis) is a
multicentre, randomised, participant- and assessor-
blinded superiority trial with two parallel groups, a

3 month observation period (pre-randomisation) and

12 month follow-up. 160 participants with a clinical
diagnosis of PFOA will be recruited from three sites

in Australia, and randomised to one of two groups
(prefabricated foot orthoses or flat shoe inserts). The
primary outcome is worst knee pain severity during

a self-nominated aggravating activity in the previous
week (100 mm visual analogue scale) at 3 months,

with a secondary endpoint at 12 months. Secondary
outcomes include global rating of change, symptoms,
function, health-related quality of life, kinesiophobia,
self-efficacy and use of co-interventions for knee pain.
Blinded, intention-to-treat analyses of primary and
secondary patient-reported outcomes will be performed,
as well as economic analyses.

Ethics and dissemination Ethical approval has

been granted by La Trobe University’s Human Ethics
Committee and The University of Queensland’s Medical
Research Ethics Committee. Study outcomes will be
disseminated via peer-reviewed journals, conference
presentations targeting a range of healthcare disciplines
and an open access website with clinician resources.
Trial registration number ANZCTRN12617000385347;
Pre-results.

Strengths and limitations of this study
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» This multicentre study is the first full-scale ran-
domised clinical trial to evaluate simple, prefabricat-
ed foot orthoses as a treatment for patellofemoral
osteoarthritis.

» The proposed project will recruit a large sample of
people with patellofemoral osteoarthritis, with sam-
ple size estimates based on our pilot work.

» Outcomes will be measured at 3months (prima-
ry endpoint), as well as 12 months to evaluate the
longer-term efficacy of foot orthoses for this chronic
condition.

» Economic analyses will provide cost-effectiveness
ratios and costs per additional quality-adjusted life
year, to inform clinical decision-making.

» While participants and outcome assessors are blind-
ed, it is not possible to blind the therapists issuing
the interventions, due to visual differences between
the prefabricated foot orthoses and flat shoe inserts.

INTRODUCTION

Patellofemoral (PF) osteoarthritis (OA) is
an important subgroup of knee OA, whose
burden is becoming increasingly evident.
Radiographic PFOA is more common than
tibiofemoral (TF) OA in people with chronic
knee pain (64% to 69% compared with 44%
to 45%)." * The PF joint is often the first
knee joint compartment affected by OA, and
increases the risk of TFOA development and
progression.” Structural features of PFOA
show greater association with knee symptoms
than TFOA features. Patellofemoral osteo-
phytes (but not TF osteophytes) are associ-
ated with knee pain (OR 2.3, 95%CI 1.1 to
4.8),* and reduced patellar cartilage volume
(but not femoral or tibial) is related to greater
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pain and functional impairment.” Importantly, compared
with TFOA, PFOA tends to occur in younger people,' who
often have greater daily physical demands due to occupa-
tional and/or childcare responsibilities. Considering the
progressive nature of PFOA, the side effects of long-term
medication use, and that pain and functional limitations
are primary barriers to physical activity’ and indications
for total knee replacement,’ interventions that can effec-
tively reduce PFOA pain are urgently required.

Despite the burden of PFOA, and best-practice guidelines
recommending non-surgical, non-drug interventions as the
first line strategy for knee OA management,’ there is very
little evidence for effective treatments for PFOA. Although
combined interventions (eg, PF taping, knee/hip exercises,
manual therapy, education)®? and knee braces'’ have some
evidence of efficacy, their longer-term effects appear to be
limited by poor treatment adherence.'" ¥ This is particu-
larly relevant for middle-aged adults with PFOA, whose busy
lifestyles and family and work commitments are likely to
influence adherence to exercise programmes.'' Issues with
knee brace bulkiness and interference with clothing'? are
likely to be barriers to brace wear. For braces and orthoses
to be effective, they must be comfortable and unobtrusive
to daily living to ensure maximal adherence and patient
outcomes.

Foot orthoses are inserts worn in everyday footwear that
are contoured to match the shape of the foot. Prefabri-
cated foot orthoses are affordable and accessible, and are
an effective treatment for PF pain in young adults (aged
18 to 40 years).” '* Based on similarities in symptoms,
biomechanics and muscle function between PF pain and
PFOA,"" " it is plausible that foot orthoses could also have
positive effects in people with PFOA. Pilot data show that
people with PFOA (n=23, mean age 59«10 years) report
immediate improvements in pain when performing a
step-down task with foot orthoses, compared with shoes
alone."” We observed high adherence and only transient,
minor adverse events in our previous trial of foot orthoses
in PF pain," suggesting the feasibility of long-term wear. It
is therefore timely to conduct a randomised clinical trial
(RCT) to evaluate foot orthoses efficacy in this population.
The FOOTPATH Study (FOot OrThoses for PAtellofem-
oral osteoarTHritis) will investigate the efficacy of prefabri-
cated foot orthoses for people with PFOA.

OBJECTIVES

Primary objective

The primary objective is to compare the 3month effi-
cacy of prefabricated foot orthoses and flat shoe inserts
on knee pain severity in people with PFOA. We hypothesise
that, compared with flat inserts, foot orthoses will result in greater
improvements in knee pain during a nominated aggravating
activity at 3months (H1).

Key secondary objectives

1. Compare the 3month efficacy of prefabricated foot or-
thoses and flat shoe inserts in people with PFOA, on
patient-reported global rating of change (GROC).

We hypothesise that, compared with flat inserts, foot orthoses
will result in more participants reporting marked improve-
ment at 3 months (H2).

2. Compare the 12month efficacy of prefabricated foot
orthoses and flat shoe inserts on GROC, knee pain se-
verity, function, quality of life, kinesiophobia, self-effi-
cacy and use of co-interventions, in people with PFOA.
We hypothesise that foot orthoses will yield: (i) more partici-
pants reporting marked improvement, and greater improve-
ments in knee pain during a nominated aggravating activity,
at 12 months (H3); and (ii) greater improvements in knee
pain severity, the Knee injury and Osteoarthritis Outcome
Score (KOOS), Anterior Knee Pain Scale, Short-Form 12,
EuroQol-5D, Tampa Scale for Kinesiophobia and Arthritis
Self Efficacy Scale, and less co-intervention use at 3 and 12
months (H4).

3. Evaluate the 12month economic efficiency of prefab-
ricated foot orthoses compared with flat shoe inserts in
people with PFOA.

We hypothesise that foot orthoses will yield better cost-effective-
ness ratios and lower costs per additional quality-adjusted life
year after 12 months (H5).

Other secondary objectives

Alongside primary and secondary RCT outcomes, we will

investigate the following additional secondary objectives,

in people with PFOA.

1. Identify factors that predict change in patient-reported
symptoms over a 3month wait-and-see period.

2. Describe characteristics of people with PFOA, includ-
ing patterns of pain location.

3. Investigate whether foot mobility is related to radio-
graphic features of PF and TF joint alignment and ra-
diographic features of OA.

4. Identify clinically applicable factors that predict poor
prognosis at 3 and 12 months, and determine baseline
values of predictor variables to facilitate clinical identi-
fication of people with a poor prognosis.

5. Determine the 3month effect of prefabricated foot
orthoses on physical activity level compared with flat
shoe inserts.

6. Explore factors that are associated with clinical out-
comes with prefabricated foot orthoses at 3 and 12
months.

METHODS AND ANALYSIS

Trial design

The FOOTPATH Study is a multicentre, randomised,
participant- and assessor-blinded superiority trial with two
parallel groups, a 3month observation period (pre-ran-
domisation) and 12month follow-up. Equal numbers of
participants will be randomised to each group, with the
primary endpoint of GROC and pain after 3months.
The trial will be conducted across two university sites
in Melbourne and Brisbane, Australia, with a satellite
site in Hobart, Tasmania. The trial protocol was devel-
oped in consultation with the Standard Protocol Items:

Collins NJ, et al. BMJ Open 2019;9:025315. doi:10.1136/bmjopen-2018-025315

"ybuAdoo Aq paroslold 1sanb Aq 0202 ‘Sz J1oqWBAON uo /wod fwg uadolwgy/:dny woly papeojumod ‘6102 |Udy 0Z U0 GTEGZ0-8T0Z-uadolwag/9eTT 0T Se paysiignd sy :uado CING


http://bmjopen.bmj.com/

Recommendations for Interventional Trials (SPIRIT)
Statement® *' and the Osteoarthritis Research Society
International (OARSI) recommendations.? The trial was
prospectively registered.

Ethics approval

In the event that a substantive modification to the study
protocol is required (ie, modifications that affect the
conduct of the study), a formal protocol amendment will
be prepared and all proposed amendments reviewed by
the two ethics committees. These will be reported in the
Australian New Zealand Clinical Trials Registry and study
publications.

Participant recruitment and eligibility criteria

Figure 1 summarises the flow of participants through the
study. Participants will be recruited from the community
in Melbourne, Brisbane, Hobart and regional Victoria.
We will use a multifaceted recruitment strategy that has
successfully recruited people of all ages with knee pain
in our previous studies. This will include strategies such
as paid and free advertisements in local newspapers,
community magazines and newsletters (eg, university staff
bulletins, seniors newsletters); posters in senior citizen’s
centres, golf and bowling clubs and retirement villages;
sandwich boards and handouts at community events (eg,
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fun runs, farmer’s markets); radio and television media
releases; mail-outs to health practitioners in recruitment
areas (eg, general practitioners, orthopaedic surgeons,
physiotherapists); posts on university and research
centre websites (La Trobe University, The University of
Queensland); social media (eg, Facebook, Twitter) and
patients from the La Trobe University Health Sciences
(Podiatry) Clinic, community healthcare centres and
hospital waiting lists. Based on recruitment rates of six
participants per month during our feasibility trial (single
site), as well as known periods of slow recruitment (eg,
December/January), conservative estimates indicate that
the duration of recruitment will be approximately 20
months. Recruitment rates across all sites will be moni-
tored during the trial, and recruitment strategies adjusted
accordingly to meet recruitment targets. There will be no
incentives provided to trial investigators or participants
for enrolment.

Volunteers who respond to advertisements will be
screened for eligibility using a two-stage screening
process. This will be conducted by an experienced muscu-
loskeletal health professional (physiotherapist or podia-
trist with a minimum of 5years of musculoskeletal clinical
experience). Preliminary screening questions will be
asked via telephone or email. Potentially suitable volun-
teers will then be invited to attend a physical screening
appointment at La Trobe University, The University of
Queensland or a private practice (if in regional Victoria
or Hobart), where a comprehensive musculoskeletal
examination will be completed.

We will use a clinical diagnosis of PFOA,* adapted from
the National Institute for Health and Care Excellence
(NICE) guidelines.** This is to facilitate generalisation of
findings to clinical practice, without the need for imaging.
Inclusion criteria will be: (1) age 50 years and over, (2)
predominant symptom of anterior or retropatellar knee
pain aggravated by at least two PF joint loading activities
(eg, stairs, squatting, rising from sitting), (3) pain present
during these activities on most days of the previous
month, (4) pain severity of at least three on an 11-point
numerical rating scale (0-10) during aggravating activi-
ties, (5) duration of symptoms of at least 3months and
(6) either no morning jointrelated stiffness or morning
stiffness that lasts no longer than 30 min.

Volunteers will be excluded if they have: (1) knee pain
symptoms predominantly from other knee (TF joint)
structures, hip or lumbar spine, (2) knee injections or use
ofanyshoe inserts within the previous 3months, (3) recent
commencement of new physiotherapy treatment for PF
pain (ie, new intervention or modifications to existing
intervention such as therapeutic exercise), (4) any foot
condition precluding the use of foot orthoses or flat shoe
inserts, (5) history of lower limb surgery involving major
reconstructive procedure (eg, anterior cruciate ligament
reconstruction, osteotomy, arthroplasty), (6) planned
lower limb surgery in the following 12 months, (7) neuro-
logical or systemic arthritis conditions, (8) major medical
conditions (eg, cancer), (9) contraindications to X-ray

(pregnancy, breastfeeding) or (10) an inability to under-
stand written and spoken English.

Informed consent

All volunteers who meet the study eligibility criteria will
be provided with a participant information sheet. This
will provide details of the first phase of the study (obser-
vation period) and outline procedures for the second
phase of the study (intervention). A trained investigator
will discuss the study with volunteers and provide oppor-
tunities for volunteers to ask any questions. The lead
investigator at each university site (Melbourne: KMC and
Brisbane: NJC) will be available for consultation as
required. All participants will provide written informed
consent prior to participation. At the conclusion of the
observation period, participants will provide additional
consent for the intervention phase of the study (detailed
below). Participant information and consent forms for all
components of the study are included in online supple-
mentary file 1.

Baseline assessment

Participants will attend a single session at La Trobe Univer-
sity, The University of Queensland or a private physio-
therapy/podiatry clinic (if in regional Victoria or Hobart)
for baseline assessment. Structured questionnaires and
established patientreported outcome measures will be
used. These will be administered in an electronic format
(via computer or tablet) to familiarise participants with
the electronic platform. Participants will then nominate
their preferred methods of communication (eg, phone,
email) and questionnaire completion (paper or elec-
tronic format™) for the duration of the study.

Participant characteristics will include age, sex, occu-
pation, duration of knee pain symptoms, major medical
conditions, other joint complaints in the past month®
and medication use.

The patient-reported outcome measures are outlined in
figure 2 and detailed in online supplementary file 2. Pain
will be evaluated as knee pain severity over the past week
(100mm visual analogue scale [VAS])?" with painDE-
TECT? and Navigate Pain.” The KOOS™ and patellofem-
oral subscale® will evaluate pain severity, other symptoms,
function, knee-related quality of life and patellofemoral
symptoms. Other measures include the Anterior Knee
Pain Scale (AKPS),*? Short-Form-12 (SF-12) question-
naire,” EuroQol (EQ) 5D-5L questionnaire,” Tampa
Scale for Kinesiophobia,”™ Pain Catastrophising Scale,
Arthritis Self Efficacy Scale” and sport and physical
activity participation.

Participants will also complete a battery of clinical
measures and tests (detailed in online supplemen-
tary file 3), which were selected based on their poten-
tial to predict PFOA prognosis and/or response to foot
orthoses. These include height, mass, body mass index
(BMI), waist circumference, presence of knee clicking
and crepitus,”™ Foot Posture Index,” foot mobility (foot
assessment platform),* weight-bearing ankle dorsiflexion
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STUDY PERIOD

Enrolment /
Baseline

Close-
out

Post-allocation

TIMEPOINT*

t0-3

t0 t1 t2 t3 t4 t5

ENROLMENT:

Eligibility screen

Informed consent

Allocation

INTERVENTIONS:

Contoured shoe inserts

Flat shoe inserts

ASSESSMENTS:

Participant characteristics

Knee pain severity

Navigate Pain

PainDetect

Pain Catastrophising Scale (PCS)

Sport and physical activity participation

Anthropometric measures

Knee clicking and crepitus

Knee extension torque

Foot Posture Index (FPI)

Foot mobility

Weight bearing ankle dorsiflexion range of motion

Footwear Assessment Tool

10-metre Walk Test

X | X | X | X | X| X| X| X| X|X|X| X|Xx|Xx

Primary outcome measure:

Worst knee pain severity during self-nominated
aggravating activity in the previous week

Secondary outcome measures:

Patient-reported global rating of change (GROC)

Pain visual analogue scales

Knee injury and Osteoarthritis Outcome Score (KOOS)

Anterior Knee Pain Scale (AKPS)

Arthritis Self-Efficacy Scale (ASES)

Tampa Scale for Kinesiophobia (TSK)

Short-form 12 (SF-12)

Eurogol-5D-5L (EQ-5D)

XX | X | X | X | X | X

XX | X | X | X | X | X
X | X | X | X| X| X| X| X
XX | X | X | X| X| X[ X

Other outcomes:

Use of co-interventions for knee pain

Adverse events

Direct health care costs

iIMTA Productivity Cost Questionnaire (iPCQ)

Credibility and Expectancy Questionnaire (CEQ)

X | X| X| X| X
X | X | X | X
X | X | X | X

X | X | X | X | X

X

*10-3 = 3 months prior to randomisation; t1 = 6 weeks; t2 = 3 months; t3 = 6 months; t4 =9 months; t5 = 12 months

Figure 2 Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) diagram of enrolment, interventions and
assessments for the FOot OrThoses for PAtellofemoral osteoarTHritis (FOOTPATH) study.

(knee to wall test),” Footwear Assessment Tool,*? knee
extension torque® and the timed 10-metre walk test.**

Radiographic assessment

All participants will attend a private radiology clinic to
have radiographs taken of their nominated study knee
(most symptomatic eligible knee if pain is bilateral).
These will be used to characterise the cohort and used as
predictor variables in other secondary analyses. Several
radiology clinics in Melbourne, regional Victoria, Hobart

and Brisbane will be used to minimise participant travel
time. Weight-bearing anteroposterior, lateral and skyline
views will be obtained using standard clinical protocols.
Radiographs will be used to grade the presence and
severity of OA features in the PF and TF joint compart-
ments. Radiographic features of joint space narrowing
and osteophytes will be graded and the presence of
PF and TF OA determined using the Kellgren-Law-
rence grading system® and a radiographic atlas.*® Each
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radiograph will be graded by two investigators (NJC,
JMT, KMC), including at least one experienced investi-
gator. Anteroposterior radiographs will also be used to
measure frontal plane TF alignment,47 while lateral and
skyline views will be used to measure PF alignment using
established protocols.*

Observation period

Participants will undergo a 3month observation period,
where they will not receive any treatment for their knee
pain as part of the study. This is to ensure that only partici-
pants with ongoing chronic symptoms that do not improve
with time are enrolled in the RCT. Participants will be
informed that they will be observed for a 3month period
before receiving their intervention.

During the observation period, a subgroup of partic-
ipants will undergo physical activity monitoring. This
subgroup will consist of the first 60 participants who have
access to the internet and a smartphone or laptop and
who agree to participate. They will be asked to wear a
Fitbit device (Flex/Flex 2, Fitbit Inc., San Francisco, USA)
for the duration of the 3month observation period. This
is to familiarise participants with the device and to facil-
itate adherence with wear during the next phase of the
study. Data for physical activity will be remotely extracted
from the Fitbit website.

To maintain contact during the observation period,
participants will be contacted via phone or email 6weeks
after their baseline measures, and will be asked to rate
their average and worst knee pain severity over the past
week during their nominated aggravating activity (11-point
numerical rating scale). The patientreported outcome
measures taken at baseline will be repeated 3months after
initial assessment. Participants who rate their pain during
aggravating activities as less than 30mm on a 100mm VAS
will not be invited to participate in the RCT. They will
be offered a pair of contoured sandals (Vionic, Arundel,
Queensland, Australia), and be invited to participate in a
prospective longitudinal cohort study (a separate consent
process). The same battery of questionnaires administered
at baseline will be completed at yearly intervals from the
date of baseline assessment (up to byears), with the addi-
tion of questionnaires regarding GROC, use of co-interven-
tions for knee pain and adverse events. This study will occur
alongside, but separate to, the RCT.

Participants who rate their worst knee pain at least
30mm on the 100 mm VAS during their nominated aggra-
vating activity will be invited to participate in the RCT
evaluating the efficacy of prefabricated foot orthoses,
compared with flat shoe inserts.

Randomised clinical trial

Informed consent

Participants who are eligible to participate in the RCT will
provide separate informed consent for the RCT and for
the release of their Medicare and Pharmaceutical Bene-
fits Scheme data for economic analyses.

RCT baseline measures

Three-month follow-up outcomes from the observation
period will serve as baseline data for the RCT. Participants
will also complete the Credibility and Expectancy Ques-
tionnaire (CEQ) to evaluate treatment expectations.49

Allocation, concealment and blinding

Once baseline outcome measures are completed, partic-
ipants will be randomised to receive prefabricated foot
orthoses or flat shoe inserts. To ensure concealed alloca-
tion, we will use an offsite, telephone-based interactive
voice response randomisation service (National Health
and Medical Research Council Clinical Trials Centre,
randomisation will be performed using a computer-gen-
erated minimisation programme with study site as a
minimisation factor). Each participant’s allocated inter-
vention will be revealed to a single investigator (JMT),
who will communicate this to the participant’s nominated
study practitioner or to the Brisbane site research assis-
tant (GC) who will liaise with local study practitioners.
Because we are comparing two shoe inserts with different
shapes, it is not possible to blind study practitioners to
group allocation. As the primary outcomes are self-re-
ported, participants are considered assessors. To ensure
participant (and thus assessor) blinding, consent will
involve limited disclosure. As in our recent RCT,8 partici-
pants will be informed that they will be randomised to one
of two shoe insert interventions, but will not be informed
of the treatment elements or our hypotheses. Trial
participants will be unblinded once data analyses have
been finalised. Because we are evaluating two different
shoe inserts known to have minimal associated adverse
events,' it is anticipated that emergency unblinding will
not be required.

Interventions
Forty registered podiatrists and physiotherapists with at
least 5years musculoskeletal experience will fit partici-
pants with their allocated intervention. All study prac-
titioners will fit interventions for participants allocated
to both groups. To minimise participant burden, study
practitioners will be located at multiple private practice
clinics across greater Melbourne, Brisbane, Hobart and
regional Victoria. To ensure consistency in prescription
of foot orthoses and flat shoe inserts, study practitioners
will undergo formal training in standardised fitting proce-
dures for both interventions, as used in our previous
RCT of prefabricated foot orthoses and flat shoe inserts
for young adults with PF pain.'” * Study practitioners
will also be provided with a comprehensive manual and
video outlining study procedures, and will have email
and phone access to an unblinded investigator to discuss
interventions as required (Melbourne, SEM; Brisbane,
BV). Participants will attend an appointment with their
study practitioner within 1 week of baseline assessment to
undergo fitting of their allocated intervention.
Participants will be asked to wear their allocated inserts
as much as possible, and will be able to transfer them
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Figure 3 Prefabricated foot orthoses in full length (A) and three-quarter length (B), and flat inserts (C).

between footwear. This reflects current clinical practice
and will ensure maximal wear time and potential effects.

Prefabricated foot orthoses

The prefabricated foot orthoses will replicate the inter-
vention used in our previous RCT in young adults with
PF palin.19 % Participants will receive prefabricated foot
orthoses from a commercially available range (Vasyli
Medical, Labrador, Australia) (figure 3A,B). The foot
orthoses are manufactured from ethylene-vinyl acetate
(EVA) of high density (hard, Shore A 70°), medium
density (Shore A 55°) and low density (soft, Shore A 45°),
and have an inbuilt arch support and 6° varus wedging. A
variety of lengths and shapes are available to fit the shape
of different footwear. At their first appointment with
their chosen study practitioner, participants will bring
up to three pairs of shoes that they most commonly wear
(eg, work shoes, casual shoes and sports shoes). Study
practitioners will fit one pair of foot orthoses to one pair
of the participant’s shoes. This will be based on which
of the participant’s shoes are able to accommodate the
foot orthoses and provide the most support, as prefab-
ricated foot orthoses have superior effects when used
with supportive footwear.”’ Where possible, the orthoses
will be able to be transferred across their usual footwear.
Study practitioners will ensure that the foot orthoses
are comfortable, using procedures used in our previous
RCT." * Figure 4 outlines the steps involved in the
prescription algorithm. The first step involves selection of
the type and size of orthoses based on shoe volume and
foot length, respectively. Step two involves selection of
the hardness of the device, based on participant comfort.

Prescription algorithm: foot orthoses

STEP la STEP 1b STEP 2 STEP 3a STEP 3b

CONSIDER: | Volume of shoe Length of foot Comfort Comfort Comfort
VARIABLE: Type Size* Hardness Modifications Modifications
Full length ‘ XS ‘ 1. Red (hard) » 1. RFvarus wedge » Heat moulding
% length S 2. Blue (medium) 2. RF+ FF varus wedge
Easy fit M 3. Green (soft) 3. FFvarus wedge
Slim fit L 4. Heelraise
XL

If needed, study practitioners will then follow a series of
sequential modifications until comfort has been achieved:
(1) adding rearfoot varus wedge, (2) adding forefoot
varus to the rearfoot varus wedge, (3) removing the rear-
foot varus wedge, (4) adding a heel raise and (5) gently
heat moulding the orthoses. Comfortable foot orthoses
can effectively reduce PF pain in younger adults® and
are proposed to optimise adherence and potential ther-
apeutic effects. Participants will be given written instruc-
tions for using and adapting to the foot orthoses.

To reflect current clinical practice and to provide
sufficient opportunity to ensure adequate comfort and
prescribe additional foot orthoses, participants will attend
up to six appointments with the study practitioner in the
first 6weeks of the study. Appointments will be scheduled
as follows, where appropriate for individual participants:
two appointments in week one, one appointment in week
two (with an additional appointment in the same week as
needed), one appointment in week three or four and one
appointment in week six. Participants will be provided
with up to four pairs of foot orthoses, fitted to multiple
pairs of commonly worn shoes, in order to maximise wear
time.

To maximise outcomes of wearing a comfortable,
contoured device, participants will receive one pair of
sandals (Shore A 50°) from the Vionic range (Vionic,
Arundel, Queensland, Australia). Participants will be
encouraged to wear these during times that they do not
normally wear enclosed footwear that accommodates
foot orthoses (eg, at home or during warmer weather).
Feedback from our previous RCT in young adults with

)

* trim distal edge as required

Figure 4 Prescription algorithm for fitting prefabricated foot orthoses. Steps 1 to 3 are to be followed sequentially. Numbered
options within each variable are to be trialled sequentially (eg, red orthoses, then blue orthoses, then green orthoses). XS, extra
small; S, small; M, medium; L, large; XL, extra large; RF, rearfoot; FF, forefoot.

Collins NJ, et al. BMJ Open 2019;9:6025315. doi:10.1136/bmjopen-2018-025315

"ybuAdoo Aq paroslold 1sanb Aq 0202 ‘Sz J1oqWBAON uo /wod fwg uadolwgy/:dny woly papeojumod ‘6102 |Udy 0Z U0 GTEGZ0-8T0Z-uadolwag/9eTT 0T Se paysiignd sy :uado CING


http://bmjopen.bmj.com/

PF pain' indicated that participants often chose to wear
sandal-type footwear in warm weather, for a large propor-
tion of the year. The Vasyli sandals offered as an adjunct
to foot orthoses were well received by participants in our
previous RCT and increased the time that participants
wore a contoured device.

Participants with a high BMI (=30kg/m?) will be
invited to attend a follow-up appointment at 6 months
post-randomisation, to receive new foot orthoses. This
will not be necessary for those with a BMI <30kg/m?, as
the pressure-redistributing properties of prefabricated
foot orthoses are maintained after 12 months.> However,
participants will be offered an additional appointment at
6months and/or 9months if they are having any issues
with the foot orthoses (eg, increase in pain, excessive
wear of orthoses).

Flat shoe inserts

Flat shoe inserts will be used as the comparator interven-
tion (figure 3C). This is because the contour and wedging
of the foot orthoses are proposed to exert mechanical
effects on the foot and lower limb, which is thought to
be the basis for symptom improvement. Participants will
be informed that the study aims to compare two different
types of shoe inserts. The flat inserts will be described as
an intervention designed to enhance sensory feedback,
supported by findings from our previous RCT in PF pain,
where those who received flat inserts also experienced
improvements in pain over 12 months." The flat inserts
will be the same as those used in our previous RCT, with
identical covering fabric to the foot orthoses. To control
for gradual contouring that occurs with repeated wear
of low-density inserts (a limitation of previous studies),
the flat inserts will be made of high-density EVA (Shore
A 70°). Standardised guidelines for fitting and follow-up
of the flat inserts will aim to ensure these are perceived
as a credible intervention (figure 5). As with the foot
orthoses, participants will be provided with up to four
pairs of flat inserts fit to multiple pairs of commonly worn
shoes. To address the potential influence of therapist
contact, those randomised to this group will also attend

Prescription algorithm: flat inserts

STEP1

Length of foot

CONSIDER:

VARIABLE: Size*

XS
S

M
L

XL

an initial appointment with a study practitioner for fitting
of flat inserts and up to two follow-up appointments to
ensure adequate comfort and fit. At 6months post-rando-
misation, a follow-up appointment will be made with the
study practitioner to issue new flat inserts, to minimise
the effects of cumulative contouring with repeated wear.
At the conclusion of the study, if prefabricated foot
orthoses are found to be more efficacious than flat inserts,
those randomised to the flat insert group will be offered
one pair of foot orthoses and one additional appointment
with one of the study practitioners at no cost to them.

Criteria for discontinuing or modifying allocated intervention

The occurrence of adverse events will be monitored
throughout the duration of the RCT by study practi-
tioners, participant logbooks and 3-monthly telephone
calls to participants. In the event of minor adverse events
(eg, rubbing, blisters) associated with either intervention,
study practitioners will review the prescribed device and
modify accordingly, based on the prescription algorithms
described above. This may include replacement of foot
orthoses with a softer device. If participants still report
discomfort, they will be encouraged to halve their foot
orthoses or flat insert wear time for a period of 2weeks
and then gradually increase wear time as tolerated. If
comfort is unable to be achieved, the intervention will be
ceased, as this reflects current clinical practice.

In the event of a sustained increase in knee pain or
aggravation of another area of pain (eg, low back pain),
study practitioners will review the prescribed device and
modify accordingly, based on the prescription algorithms.
If this does not relieve the participant’s symptoms imme-
diately, then intervention will be ceased. Participants who
cease their allocated intervention will be encouraged to
remain in the trial to enable follow-up data collection at
all nominated time points.

Strategies for improving and monitoring adherence to interventions
Study personnel will maintain regular communication
with participants over the study period (eg, email, phone)
and will encourage adherence to the interventions at each

o009

FQQTPATH

Comfort

‘ Modifications

Heat moulding

* trim distal edge as required

Figure 5 Prescription algorithm for fitting flat inserts. XS, extra small; S, small; M, medium; L, large; XL, extra large.
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time of contact. Adherence to foot orthoses or flat insert
wear will be monitored using a variety of strategies. Study
practitioners will record attendance at each appoint-
ment. To reduce participant burden associated with daily
diary entries, participants will report their adherence at
3-monthly intervals during the RCT. This will be recorded
as the average days per week and hours per day that they
wore the foot orthoses or flat inserts over the preceding
4weeks.”*

Concomitant care and interventions

During the observation and intervention periods, partic-
ipants will be able to continue with stable medication
doses and exercise programmes and use some concom-
itant interventions (eg, analgesics, heat/cold, general
exercise).”” New physical therapies (eg, exercise, manual
therapy, taping, bracing), intra-articular injections and
surgery will be discouraged. If participants have prob-
lems with their allocated intervention or wish to seek
additional treatment outside the trial, they will be asked
to contact the unblinded investigator at their trial site to
discuss this (Melbourne, Hobart, JMT/SEM; Brisbane,
BV). Use of concomitant interventions will be recorded
during the intervention period using monthly logbooks
(issued at RCT baseline) and structured questionnaires at
3-monthly intervals.

Participant retention

Study personnel will use established methods to maximise
participant retention. Following enrolment in the study
at the commencement of the observation period, partic-
ipants will be contacted at regular intervals throughout
the study period to collect outcome data, ascertain any
issues with the intervention and maintain communi-
cation. We have endeavoured to minimise participant
burden by using an online data collection platform and
limiting the number of appointments that participants
are required to attend in-person (one screening/base-
line appointment, one x-ray appointment and maximum
of seven practitioner appointments over 12 months).
Although financial incentives will not be provided, finan-
cial reimbursement for travel costs will be available for
participants if required. Participants who discontinue
use of the intervention will be encouraged to complete
outcome measures for the duration of the study to mini-
mise missing data.

Outcomes
Outcome assessment will occur at 3, 6, 9 and 12 months.
Three months is the a priori primary end-point of
interest, as early improvement in symptoms is likely to
influence ongoing adherence with foot orthoses or flat
inserts. Twelve-month follow-up will evaluate longer-term
effects and economic efficiency of foot orthoses, which is
important given the chronic nature of PFOA, and reflects
clinical practice.

At entry into the study, participants will be asked their
preferred method of receiving and completing outcome

measures. Where possible, outcome data will be collected
using an internet-based platform, which has equivalent
measurement properties to paper-based completion.”
This strategy was used in our pilot studies on people with
PFOA,”® ensuring feasibility of online data collection in
this population. However, for participants who do not
have internet access or would prefer to complete outcome
measures in paper format, paper versions and reply-paid
envelopes will be mailed.

Outcome measures of GROC, pain and function have
been selected based on international recommenda-
tions for knee OA.”” These are listed below and detailed
in online supplementary file 2.

We have selected patientreported outcomes over
imaging and surgical endpoints, aligning with interna-
tional recommendations highlighting the importance of
the patient-centred outcomes.? > Considering the finan-
cial cost and participant burden of repeated MRI and the
lack of correlation between symptoms and imaging,” it
is important to first determine whether prefabricated
foot orthoses improve pain and function. This will
ensure continued adherence and greater potential for
longer-term effects on joint structure. While total knee
replacement is usually recommended for end-stage joint
disease, severe pain and functional limitations,7 % other
factors such as race, ethnicity, socioeconomic status and
the patient preferences can also influence decisions for
surgery.”’ Thus, patient-reported outcomes are, at present,
the ideal method to evaluate foot orthoses outcomes for
PFOA. Indeed, regulatory agencies such as the US Food
and Drug Administration require the use of patientre-
ported outcomes in the development of medical products
to support labelling claims.”

Primary outcome (3 months)

Knee pain is the predominant symptom of PFOA and the
primary indication for undergoing total knee replace-
ment.” *® Pain will be evaluated as worst knee pain severity
during a self-nominated aggravating activity in the previous
week.® " Participants will nominate one of three everyday
activities that they experience the greatest pain severity
(rising from sitting, squatting or stair ambulation). Pain
severity will be measured on a 100mm VAS (terminal
descriptors 0 = nopain and 100 = worstpain possible).
VAS measures of pain severity have well-established reli-
ability and validity, including in PF pain.27 This will be
measured at baseline, 6weeks, 3months (time of primary
interest) and 6, 9 and 12 months.

Secondary outcomes

Secondary outcomes will be administered at baseline,

6weeks (knee pain severity and GROC), 3months, 6

and 9months (knee pain severity and EQ-56D-5L) and 12

months (figure 2).

» Knee pain severity over the past week (100 mm VAS).?

» GROC (7-point Likert Scale: ‘much better, ‘better’,
‘a little better’, ‘same’, ‘a little worse’, ‘worse’ and
‘much worse’, dichotomised to ‘improved’ (‘much
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better, ‘better’) versus ‘not improved’ (‘a little better’
to ‘much worse’).

» KOOS subscales: symptoms, pain, function in daily
activities, function in sport/recreation, knee-related
quality of life and patellofemoral symptoms.™ *!
AKPS.*

SF-12.%

EQ-5D-5L.%*

Tampa Scale for Kinesiophobia.”

Arthritis Self Efficacy Scale.”

Use of co-interventions for knee pain.
Physical activity will be monitored in the subgroup of
participants who received a Fitbit physical activity monitor
during the observation period. Data relating to phys-
ical activity levels (eg, steps, distance) will be extracted
weekly for each participant, for the first 3months after
randomisation. Data will be analysed in Microsoft Excel
(Microsoft Corporation, Redmond, WA, USA) for total
step count and time spent in low, moderate and high-in-
tensity activity bands (defined as step count per 15min
epoch). All physical activity data will be remotely down-
loaded from the Fitbit data server using a freely available
R package (Fitbit Scraper) and imported into Microsoft
Excel for analysis.

VVYyVYYVYYVYY

61

Other outcomes
Treatment adherence and adverse events: Every 3months,
participants will complete a short questionnaire for phys-
ical activity, footwear worn and foot orthoses or flat insert
wear time and adverse events.”* Evaluation of 12month
adherence is vital to determine whether frequency of
wear is maintained long-term. This will assist with trans-
lating outcomes into clinical practice guidelines. Study
practitioners will record attendance, prescription notes
and adverse effects during fitting and follow-up.
Treatment credibility and expectations: The CEQ will be
completed again at 3 and 12 months.*’

Economic outcomes

Data on direct health costs will be sourced from Medicare
and Pharmaceutical Benefits Scheme databases. Direct
and indirect health costs (eg, medication use, hospital
admissions, other co-interventions such as physiotherapy,
time off work due to PFOA or treatment) will be captured
from the following sources: (1) monthly participant
logbooks, (2) 3-monthly telephone interviews and (3) the
Institute for Medical Technology Assessment Productivity
Costs Questionnaire.”” The EQ-5D is a reliable and valid
measure of health-related quality of life, and considers
mobility, self-care, usual activity, pain/distress and depres-
sion/ amxiety.?’4 63 EQ-5D will be measured at baseline, and
at 3, 6,9 and 12 months, and used to calculate quality-ad-
justed life years.

Long-term follow-up

After completion of the RCT 12month follow-up, partic-
ipants will be asked to complete the same battery of
patient-reported outcome measures at yearly intervals, up

to 4years after completion of the RCT (5years from base-
line). This will allow us to conduct prognostic analyses
to identify pain trajectories and predictors of long-term
outcome, as in our previous RCTs.*

Sample size

Treatment efficacy will be evaluated by between-group
comparisons on the primary outcome measure, which is
worst knee pain severity during a self-nominated aggra-
vating activity in the previous week, measured on a
100 mm VAS. The minimal clinically important difference
for pain on a VAS is 15 mm.*” Sample size calculations are
based on an analysis of covariance adjusting for baseline
of the outcome variable, and assume a between-person
SD of 30 mm (based on pilot data in people with PFOA)
and baseline to 3month correlation of 0.5. A sample of
160 (80 per group) provides a minimum 90% power
(0=0.05) to detect significant between-group differences
and allows for ~20% dropouts.

Observation period: In people with chronic knee pain,
pain severity has been shown to improve naturally over
3months when people are being monitored by a general
practitioner.”® Thus, to ensure that participants in the
RCT have sufficient levels of pain at baseline, and that
any observed improvements in pain during the 3month
time of primary interest are attributable to the interven-
tion, we will include a 3 month observation period prior
to randomisation. Based on previous findings, it is antic-
ipated that some participants will experience natural
improvement in their pain severity during this time.”
Thus, we will continue to recruit participants into the
observation period until we have recruited the required
sample size into the RCT (n=160). Based on conservative
estimates that approximately two thirds of participants
will qualify for the RCT at 3 months, it is anticipated that
a total of ~230 participants will be recruited. This will be
revised throughout the study period.

Data management and storage

The majority of outcome data will be collected electron-
ically, facilitating simultaneous data entry. For paper-
based data collection, data will be entered by a single
trained investigator (JWD). A second investigator will
check a random subset of manually entered documents
to ensure accuracy. Once data entry is finalised, quality
checks will ensure that all data points are within expected
values. Only named investigators will have access to the
full dataset.

Personal data, including informed consent forms,
participant names, contact details and date of birth will be
stored on a password-locked computer hard drive, sepa-
rately from patient-reported or other study data, in order
to ensure data de-identification. All subsequent study
data will be identified by participant number only, and
will be stored on the La Trobe University server Research
Data Storage, which is only accessible only by the research
team through secure means. All project documentation
will be stored on a secure, password locked external hard
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drive, overseen by an external company (DS PRIMA, Port
Melbourne, Victoria, Australia). No persons external to
the research team will have access to information stored
on this server. Appropriate ethical procedures will be
followed for all data (eg, participant coding, data file
encryption, storage in locked filing cabinets). Any paper
containing participant details, such as baseline question-
naires, will remain in the locked filing cabinet and will
not be accessible outside the premises. Data pertaining
to participant characteristics, questionnaires and clin-
ical tests will be preserved for possible future use by
the investigators. De-identified data will be stored in an
Excel spreadsheet. If researchers other than those listed
as investigators wish to use the data, prior approval will
be sought from the La Trobe University Human Ethics
Committee. Participants will be made aware of this in the
participant information statement, ensuring that they are
aware of the possibility that their data will be used for
future studies and are able to provide written informed
consent.

Due to the minimal known risks associated with the
interventions being evaluated, this study will not require
a formal data monitoring committee or planned interim
analysis.

Statistical methods

Primary and key secondary objectives

Intention to treat analyses will be performed, with all
randomised participants included regardless of protocol
adherence. Blinded analyses of primary and secondary
patientreported outcomes will be performed. The
dichotomised measure of GROC will be expressed from
blinded analyses as relative risk and number needed to
treat, with 95% CI, to facilitate clinical guidelines.19 7 For
the primary outcome and continuous secondary outcome
measures, linear mixed models (with baseline value as a
covariate and treatment condition as a fixed factor) will
be used to evaluate the treatment effect and 95% CI at
3months and 12 months (p<0.05). Linear mixed models
utilising repeated measures at all time-points will allow
non-biased estimates of treatment effect in the presence of
any potential missing cases. This likelihood-based estima-
tion procedure results in non-biased estimates, providing
data are missing at random and models are adjusted for
any imbalance between groups in potential confounders
at baseline (age, sex, weight, symptom duration, PF/TF
OA radiographic severity). Relative risk (95% CIs) will be
calculated for use of co-interventions and adverse events.

Economic evaluation

Blinded economic analyses will be conducted to eval-
uate the 12month economic efficiency of prefabricated
foot orthoses compared with flat shoe inserts, from the
societal perspective. Hospitalisations will be converted to
costs using the National Weighted Activity Unit costing
model. Incremental cost-effectiveness analyses will use
the formula ([Dcfool orthoses Icfool orlhoses] - [Dcﬂal inserts
1C 1/ [E 1), where DC=mean direct

flatinserts foot orthoses flatinserts

health costs, IC=meanindirect costs, E=effect, = =
foot orthoses group and | . =flat insert group. Effect
for the primary economic evaluation will be the propor-
tion of participants who ‘improve’ (measured on the
GROC) within each group at 12 months. Thus, the
cost-effectiveness ratio will reflect the marginal cost
per additional ‘improved’ participant from the societal
perspective over a 12month time horizon. Uncertainty
in this ratio will be examined by constructing a 95%
confidence ellipse on a cost-effectiveness plane and trans-
forming these to cost-effectiveness acceptability curves
using non-parametric bootstrap resampling of primary
data. Sensitivity analyses will be conducted, varying the
threshold of ‘improvement’” on the GROC to reflect
increasingly higher thresholds. Quality-adjusted life year
scores for each participant (calculated as area under the
curve applied to utility measures calculated from EQ-5D)
will be substituted for GROC scores as the effect measure,
creating an incremental cost-utility ratio to determine the
marginal cost per additional quality-adjusted life year for
the more effective intervention.

PATIENT AND PUBLIC INVOLVEMENT

Patients and the public were not directly involved in
the development of the research question, study design
or selection of outcome measures. Patients will not be
directly involved in the recruitment to or conduct of the
study, except as participants if they meet the eligibility
criteria and provide informed consent. At the conclu-
sion of the study, overall study findings and individual
participant data will be provided to study participants on
request.

ETHICS AND DISSEMINATION

This study complies with the Declaration of Helsinki
and has been approved by ethics committees at La
Trobe University and The University of Queensland.
All participants will provide written informed consent
prior to baseline data collection and enrolment in the
3month observation period. Participant information and
consent forms for each phase of the study are included
in online supplementary file 1. Participants will undergo
knee radiographs at a single time point as part of this trial,
ensuring that the amount of ionising radiation is consis-
tent with standard clinical exposure. When prescribed by
trained health practitioners, prefabricated foot orthoses
and flat shoe inserts are associated with minimal and tran-
sient adverse events.'? Thus, there are minimal ethical
and safety considerations associated with this trial.

Study outcomes will be widely disseminated through a
variety of sources. Primary and key secondary objectives
will be submitted to a high-impact peer-reviewed journal
in the field. Because study outcomes are applicable to
a broad range of health professionals, we will target a
general medical journal to facilitate wider dissemination
of findings to key stakeholders (eg, general practitioners).
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Each of the other secondary objectives will be addressed
in separate publications and submitted to appropriate
journals in the field. Authorship will be in accordance
with guidelines provided by the International Committee
of Medical Journal Editors.”® We will also submit articles
to key professional magazines to enhance dissemination
to clinicians. Our publication strategy will be comple-
mented by submission of abstracts to key national and
international conferences, covering multiple discipline
groups (eg, physiotherapy, podiatry, general practice)
as well as OA conferences. We will also develop an open
access website and resources for clinicians, including
videos detailing how to prescribe foot orthoses, and run
workshops on PFOA and foot orthoses for registered
health professionals. This will facilitate translation of find-
ings to clinical practice, especially practitioners located in
rural or remote areas.

DISCUSSION

PFOA is a major public health problem and has no
cure. Pain and stiffness experienced during daily activ-
ities, occupational tasks and exercise can reduce active
participation. Importantly, PFOA in middle-aged adults
can affect productivity and contribution to society and
result in more years of knee pain and disability across
the lifespan. Along with direct personal and economic
costs of PFOA, indirect costs associated with conse-
quences of physical inactivity are a major burden on
health expenditure.

This RCT will be the first to evaluate patient-reported
benefits of foot orthoses — a simple, low-cost, low-risk
intervention thatis widely accessible to people with PFOA.
Findings of efficacy and cost-effectiveness of prefabri-
cated foot orthoses could represent a turning point in the
effective long-term management of PFOA. When worn
in everyday and exercise footwear, foot orthoses have
the potential to reduce pain every time the foot hits the
ground, substantially increasing an individual’s capacity
and motivation to be physically active. This has important
implications for maintenance of general and mental
health with increasing age. Importantly, the ease of daily
use of foot orthoses, with minimal patient burden, is likely
to maximise adherence, enhance outcomes and reduce
reliance on health practitioner resources.
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