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Abstract

Background Knee arthritis is a leading cause of limited function and long-term disability in older adults. Despite

a technically successful total knee arthroplasty (TKA), around 20% of patients continue to have persisting pain

with reduced function, and low quality of life. Many of them continue using opioids for pain control, which puts them
at risk for potential long-term adverse effects such as dependence, overdose and risk of falls. Although persisting pain
and opioid use after TKA have been recognised to be important issues, individual strategies to decrease their burden
have limitations and multi-component interventions, despite their potential, have not been well studied. In this study,
we propose a multi-component pathway including personalized pain management, facilitated by a pain manage-
ment coordinator. The objectives of this pilot trial are to evaluate feasibility (recruitment, retention, and adherence),
along with opioid-free pain control at 8 weeks after TKA.

Methods This is a protocol for a multicentre pilot randomised controlled trial using a 2-arm parallel group design.
Adult participants undergoing unilateral total knee arthroplasty will be considered for inclusion and randomised

to control and intervention groups. Participants in the intervention group will receive support from a pain man-
agement coordinator who will facilitate a multicomponent pain management pathway including (1) preoperative
education on pain and opioid use, (2) preoperative risk identification and mitigation, (3) personalized post-discharge
analgesic prescriptions and (4) continued support for pain control and recovery up to 8 weeks post-op. Participants

in the control group will undergo usual care. The primary outcomes of this pilot trial are to assess the feasibility of par-
ticipant recruitment, retention, and adherence to the interventions, and key secondary outcomes are persisting pain
and opioid use.

Discussion The results of this trial will determine the feasibility of conducting a definitive trial for the implementa-
tion of a multicomponent pain pathway to improve pain control and reduce harms using a coordinated approach,
while keeping an emphasis on patient centred care and shared decision making.
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Trial registration Prospectively registered in Clinicaltrials.gov (NCT04968132).
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Background

Arthritis is a very common and painful joint condition
affecting 6 million Canadians, and nearly 1 in 2 Cana-
dians over the age of 65 [1, 2]. Osteoarthritis (OA) is
the most common form, affecting more people than all
other forms of arthritis combined [2]. End-stage knee
OA is treated by total knee replacement (also known as
total knee arthroplasty; TKA), which results in substan-
tial improvements in pain and functional outcomes for
most people. TKA is the second most common surgery
in Canada with > 75,000 procedures performed in Canada
in 2018-2019 [3, 4]. Although TKA is considered to be
a successful treatment, around 20-25% of patients have
lasting pain after surgery [5, 6]. Chronic post-surgical
pain (CPSP) is complex, and factors known to be asso-
ciated with it include pre-operative psychological factors
like anxiety, depression and pain catastrophizing; pre-
existing chronic pain and opioid use; and the severity and
duration of postoperative pain [7-10]. Among patients
who develop CPSP after TKA, 56% of them continue use
of opioid analgesics at 30 days after surgery, 40% after
4 months and 25% after 2 years [11-13]. The traditional
approach to post-discharge pain management has been
for orthopaedic surgeons to prescribe a set number of
institutionally standardized pain management medica-
tions, which can include non-steroidal anti-inflammatory
drugs (NSAIDs) and/or opioids, without accounting for
individual pain trajectories and preferences. However,
studies have suggested that distinguishing problematic
pain resolution from normal resolution may not be pos-
sible unless we appreciate individual patterns over time
by personalized assessment and management following
TKA [14].

Opioids are an important part of perioperative pain
management [15-17]. However, their potential for long-
term adverse effects such as persistent opioid use (POU)
[18], addiction and dependence, overdose, diversion of
unused pills [19, 20] and death in severe cases are well
recognized [15, 21]. Preoperatively, one-third of patients
in Canada with end-stage knee OA use prescription
opioids [22]. Based on a large database study of 69,368
arthroplasty patients, 13% of opioid-naive and 62% of
chronic opioid users continued their opioid use at 1 year
after TKA [23]. Patients using preoperative opioids are
particularly at risk of POU; 64 to 77% of chronic opioid
users continue to use opioids after surgery, particularly
after arthroplasty [24, 25]. In general, reducing opioid
prescriptions can certainly help as not all patients may

need opioids [25-27]. However, limiting opioids with-
out individualizing the treatment of persistent pain can
potentially drive patients to illicit sources.

A recent scoping review identified 141 studies to
decrease opioid use in orthopaedic surgery, of which 70
were in the arthroplasty field (49.6%). Only 8.5% (12/141)
of studies followed patients beyond 7 days, only four had
follow up of three or more months, further only 24% of
TKA studies used multimodal interventions. None of
them had a preoperative education and risk reduction
component. Important findings included were (1) both
preoperative pain and preoperative opioids indepen-
dently increase the risk of persistent pain and chronic
opioid needs [10, 23, 24, 28, 29]. Despite this, most stud-
ies have excluded such patients, thereby limiting the
external validity [30]; (2) most studies are associated with
attempts to achieve in-hospital opioid free care [31, 32],
which has not been shown to influence long term opioid
use [17]; (3) most studies have focused on single inter-
ventions with limited or no effect [33, 34]; (4) the major-
ity of studies involve a follow-up duration of a few weeks
or less [30, 31, 34]; and most importantly, (5) existing
trials do not take into account the individual variability
within patients for pain resolution [35].

Perioperative surgical home (PSH) care pathways are
defined by the American Society of Anesthesiologists
as ‘patient-centred and physician-led multidisciplinary
and team-based system of coordinated care that guides
the patient throughout the entire surgical experience.
Over the last decade or so, several publications have
highlighted its potential role in overcoming problems at
the population level by providing a system that provides
coordination during all phases of surgery [36]. Despite
this, a recent (2020) systematic review on PSH demon-
strated only low evidence for studies supporting its use
[37]. Similarly, there are no randomised controlled tri-
als (RCTs) on transitional pain clinic approaches, which
have become conceptually very popular and are currently
being used in many centres [38]. Based on the literature,
we identified the need of four components that form the
core of our care pathway/intervention arm; (1) patient
education and expectation setting, (2) identification and
modification of preoperative risk factors, (3) personalized
analgesic prescriptions and (4) continued support for
pain control and recovery.

Before embarking on a larger trial, we plan to assess
the feasibility of implementing a multicomponent pain
management pathway with the use of a pain management
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coordinator at each site. We believe that if the results of
this trial deem feasible, the definitive trial will allow for
the implementation of a coordinated approach to care,
to improve pain control and reduce harms, while also
emphasizing patient centred care and shared decision
making.

Objectives

The principal objective is to assess the feasibility of con-
ducting a larger randomised controlled trial (RCT) of a
multicomponent care pathway versus standard care to
improve pain control and decrease opioid use in TKA
patients.

Feasibility objectives

The feasibility objectives will be to evaluate adherence
to the study intervention, participant recruitment and
participant retention. We will observe any challenges in
implementing the study interventions and data collection
procedures to consider appropriate changes to the final
design.

Clinical objectives

The clinical objectives will be the objectives of the defini-
tive trial. The primary objective for the definitive trial
will be to assess the effect of the multicomponent inter-
ventional pathway on opioid free pain control at 8 weeks
after TKA versus standard care. We define opioid free
pain control as a state of good pain control (three consec-
utive days of <4/10 average pain score on a 0—10 numeri-
cal rating scale [NRS] with no opioid use for the operated
knee). Other objectives include evaluating:

» Presence of CPSP at 3, 6,9 and 12 months [39]

» Presence of POU at 3, 6, 9 and 12 months

+ Average intensity of CPSP at rest and with movement
at 3, 6, 9 and 12 months

« Satisfaction with pain control at 3, 6, 9 and 12 months

+ Return to function at 3, 6, 9 and 12 months

» Knee function at 3, 6, 9 and 12 months
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+ Quality of life at 3, 6, 9 and 12 months

+ Operative and knee-related complications during the
study

+ Economic analyses

Methods

Overview of the design

This is a multicenter pilot randomised controlled trial
using a 2-arm parallel group design (Fig. 1). For the pilot
trial, we aim to recruit participants from three high vol-
ume arthroplasty hospitals in Ontario. If the definitive
trial proceeds with no major methodological changes, we
will include the pilot trial patients in the definitive trial.

Patient selection

All patients who are being scheduled for primary elective
TKA will be screened for eligibility by participating sur-
geons (target approximately 1-6 weeks before surgery).
We will aim to include proportions of men and women in
our trial that are representative of the TKA population.
We will record numbers of ineligible patients and those
who decline to participate. The surgeon or their delegate
will inform potentially eligible patients by phone or in
person to invite them to speak with the research coordi-
nator about the trial. Each institution will determine their
own recruitment processes based on local research ethics
board (REB)-approved practices. Sites will be allowed to
select an informed consent method that meets their REB
and local institutional guidelines. This could include writ-
ten informed consent or verbal consent. The informed
consent process will be documented in all cases.

Eligibility criteria
Inclusion criteria:

o Adult (184)

+ Undergoing elective TKA for knee arthritis

+ Can use a simple electronic device (phone or tablet)
+ Provide informed consent to participate

Fig. 1 OREOS interventional pathway

Primary Secondary
Multicomponent _ | outcome: Pain _ outcomes:
Interventions = Control at 2 “| Follow up to 12
Screening: e months months
Rise & Eligible a}nd
»| Consenting | Randomization
replacement patients -
patients Primary Secondary
outcome: Pain outcomes:
Standard Care —*|  Control at 2 Follow up to 12
months months




Madden et al. Pilot and Feasibility Studies (2024) 10:30

Exclusion criteria:

» Revision surgery

« Simultaneous bilateral arthroplasties

+ Unable to consent (e.g. cognitive disability or sub-
stantial language barrier without a support person)

Interventions

Intervention group

Participants will participate in a multicomponent path-
way coordinated by a trained pain management coor-
dinator who will facilitate patient participation and
engagement with each interventional component (Fig. 2).
Study interventions will start 1-6 weeks before their sur-
gery. In the intervention group, patients will participate
in study interventions through their preoperative, in-hos-
pital, and post-operative period, up to two months after
their surgery.

Intervention participants will be stratified into high
risk or standard risk based on preoperative opioid use,
depression, anxiety and/or kinesiophobia by the pain
management coordinator. The pain management coor-
dinator will then facilitate the delivery of preoperative
components of pain education (all intervention partici-
pants) and cognitive behavioural skill (CBS) sessions for
high-risk patients (based on cognitive behavioural ther-
apy [CBT] principles); and post-operatively, the coordi-
nator will facilitate personalized analgesic prescriptions,
and check in with patients about pain control and func-
tional recovery. This role can be fulfilled by any health
care personnel who can be trained to deliver patient edu-
cation and conduct CBS sessions (e.g. medical graduate,
allied health professional). All intervention components
will be standardized and protocolized in an intervention
manual. Study outcomes will be collected by separate
research personnel not involved in the patient’s clinical
care.

Pre-operatively, participants will view pre-recorded
online presentations on ‘understanding pain after sur-
gery’ and ‘managing pain after surgery’ developed by
a pain physician in collaboration with a psychologist,
occupational therapist and physiotherapist. Educational
content includes simple pain physiology, surgical pain
experience and resolution, setting expectations, goals of
functional pain relief, managing daily activities and opi-
oid benefits and risks. The coordinator will facilitate and
encourage participants’ access to these online modules
and will answer participants’ questions.

The pain management coordinator will conduct pre-
operative risk assessments based on preoperative opi-
oid usage, depression, anxiety and kinesiophobia.

Page 4 of 13

Participants who meet one or more of the high risk crite-
ria will be asked to complete two sessions of CBS sessions
and suggestions on opioid sparing strategies (in-person
or virtual) [7, 28, 40]. Preoperative opioid use increases
the risk of poor outcomes. If the participant is consid-
ered high risk for opioid use and is willing to reduce their
opioid use, the pain management coordinator will work
with the site pain physician to safely reduce their opioid
use. Very few opioid reduction studies focus on high-
risk populations, so the evidence behind identification of
individual risk components and preoperative risk educa-
tion is lacking. However, this strategy is recommended by
the American Society of Enhanced Recovery [28].

Post-discharge, patients will have scheduled virtual/
telephone check-ins with the pain management coor-
dinator before hospital discharge and at 1, 2, 3, 4, 6 and
8 weeks after surgery (total 7 check-ins). During these
meetings, the coordinator will deliver continued support
for pain control and recovery, and personalized analge-
sic prescriptions. The pain management coordinator will
encourage the use of non-opioid analgesics and non-
pharmacological measures (e.g. exercise, mindfulness,
ice) [41] and encourage safe use of opioids where appro-
priate. The coordinator will also answer questions and
facilitate virtual or in-person meetings with the surgical
team if problems arise. Patients who are willing to reduce
their opioid use will be supported to slowly wean their
opioids, with the support of a pain physician. Based on a
study assessing guided opioid tapering support, patients
were able to successfully reduce/discontinue their opioid
consumption following TKA [42]. Therefore, we believe
that many patients will be enthusiastic about post-oper-
ative opioid tapering and discontinuation if their knee
pain has been controlled by TKA.

The pain management coordinator will facilitate indi-
vidualized discharge prescriptions integrating patient
preferences. For example, some patients prefer not to use
opioids because they have experienced adverse effects
in the past, while others feel that opioids work well for
them. Some patients would like to try non-pharmacolog-
ical pain management strategies such as exercise or cold
therapy.

Control group

All patients will receive usual care at their center. Pres-
ently, this does not include a pain management coordina-
tor. Existing pre-operative knee classes at enrolling sites
are not typically oriented towards pain education and
appropriate opioid use. Post-operative discharge medica-
tions vary according to surgeon’s preference and are not
typically individualized to patients’ needs. The research
personnel will follow all participants for study outcomes.
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Enrollment
(Research Staff)
Baseline Information Collection
+
MMP sign up for Pain and Opioid Intake
(Research Staff)
Randomization
(Research Staff)
OREOS Intervention Standard Care
(Pain Management Coordinator)
Risk Identification and Stratification
(Pain Management Coordinator)
{ }
High Risk Low Risk
Pain Education & Cognitive Pain Education
Behavioral Sessions (Pain Management
(Pain Management Coordinator) Coordinator)
| |
!
Surgery Surgery
(Treating Surgeon) (Treating Surgeon)
Personalized Analgesic
Prescriptions
(Pain Management Coordinator)
Follow ups for support and Study Follow-Up
recovery Questionnaires
(Pain Management Coordinator) (Research Staff)
Fig. 2 Schematic of the study intervention
Perioperative care and surgical treatment the treating surgeon, anaesthesiologist, and allied health

Participants will undergo usual perioperative and surgical ~ team. Individual analgesic components in-hospital have
care at their centre. Choice of surgical technique, anes- not been shown to influence post-discharge outcomes
thetic technique, and in-hospital analgesia will be left to  such as POU or CPSP in larger studies [17].



Madden et al. Pilot and Feasibility Studies (2024) 10:30

Study outcomes

Primary (feasibility) outcomes and criteria for success
Feasibility outcomes include intervention adherence, par-
ticipant recruitment and participant retention (Table 1).
We will note the percentage of participants receiving at
least 3 of the 4 trial intervention components. We will
consider>90% as feasible; 80-90% to consider design
modifications; and 80% as not feasible. Adherence to
the intervention will be captured using an adherence
checklist by the coordinator. The following criteria must
be met to consider that the intervention components
were adhered to for each patient: (1) patients must have
reviewed both preoperative educational modules and 2
sessions of cognitive behavioural skills if in the high risk
group; (2) coordinator must have stratified the patient
into high or standard risk; (3) the surgeon must have pro-
vided a personalized discharge prescription, facilitated
by the coordinator; and (4) the patient and coordinator
must have connected in person or virtually for at least 6
of the 8 scheduled post-operative check-ins. We aim to
recruit 100 patients in 4 months. We will consider >90%
participant retention to be feasible at 12 months post-
operatively, 80-90% to consider design modifications
and <80% is not feasible. Table 2 shows the criteria for
success of feasibility objectives.

Secondary (clinical) outcomes

The following will be the outcomes for our definitive
trial. Pain control and opioid analgesics are interlinked
outcomes [43]. Recent studies have highlighted the need
to consider both opioid use and pain control as patient-
important, and the need to evaluate pain and opioid use
trajectories [39, 44]. Hence, our primary outcome for the
definitive trial will be to assess the effect of the multicom-
ponent pain management pathway on ‘opioid free pain
control’ at 8 weeks after TKA; defined as three or more
consecutive days of <4/10 average pain score on a 0—10
NRS with no opioid use for the operated knee. Second-
ary outcomes will include presence of CPSP, intensity
of resting and movement evoked pain, POU, satisfac-
tion with pain control, quality of life and complication
rates. These outcomes will be collected at 3, 6, 9 and
12 months. Selection of our clinical outcomes was guided
by the core outcome set developed by Wylde et al. [45]
with some modifications. We also considered the need
to evaluate outcomes that are patient important. As sug-
gested by Wylde et al., we measure patient reported pain
intensity both at rest and with movement. Assessment of
CPSP has been considered based on international asso-
ciation for the study of pain definition (IASP) definition,
which has been adapted in the International Classifica-
tion of Diseases-11 version [46]. For evaluating functions,
we use the Oxford Knee Score (OKS), which is a 12-item
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joint-specific questionnaire designed to assess pain and
functional limitations in patients undergoing TKA. In
a study of 505 patients undergoing primary TKA, OKS
showed a good correlation with improvements in OKS in
relation to pain (r=0.56; p<0.001) and physician func-
tion r=0.56; p<0.001) [47]. EQ-5D is a validated and
commonly used tool developed by the EurQol group to
measure quality of life. In a study of 758 patients with hip
or knee OA, EuroQol (EQ-5D-5L) showed good reliabil-
ity and internal consistency (Cronbach’s alpha was 0.86)
along with strong correlation with Western Ontario and
McMaster Universities Osteoarthritis Index (WOMACQC)
pain and function scores (—0.688 and —0.782) [48]. To
inform the future health economic evaluation of the main
trial we will also capture information on the costs of pro-
viding the intervention, healthcare resource use, and pro-
ductivity at 3, 6, 9 and 12 months post-operatively.

Measurement of clinical outcomes and economic

Opioid free pain control: For both groups, we will use
a daily electronic diary to capture pain scores and opi-
oid use between 1-6 weeks pre-op (to familiarize the
patient on the use of the diary) and 8 weeks post-op. We
will identify the number of patients achieving opioid-
free pain control (defined in previous paragraph) in the
intervention and control groups. We have partnered with
ManagingLife Inc., who will provide the ManageMyPain
app to capture daily pain scores and opioid use. This
application is easy to use and secure. It is both Health
Insurance Portability and Accountability (HIPPA) and
Personal Information Protection and Electronic Docu-
ments Act (PIPEDA) compliant and has been recognised
by Ontario Health Network (OTN) as an approved plat-
form. This app has been used in previous studies to track
pain resolution in surgical patients. Our surgeons esti-
mate that 75% of their patients have a smartphone. For
the approximately 25% who do not, we have access to
donated smartphones to be used for research purposes.
Alternatively for patients who cannot use MMP, a paper
diary will be used.

We will measure the presence of CPSP as defined as
per the International Classification of Diseases ver-
sion-11 (ICD-11) [49].

We will measure CPSP Pain Intensity at Rest and
during movement using the 0-10 Numerical Rating
Scale (NRS).

We will measure persistent opioid use (POU) as
a binary outcome as defined as the presence of daily
opioid use, started after surgery or increased after
surgery.

Using a 0 to 100 scale (0=extremely dissatisfied,
100 = extremely satisfied), we will measure satisfaction
with pain control.
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Table 2 Feasibility criteria and determining success
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Feasibility criterion Proceed

Proceed with modifications

Do not proceed/major modifications

Adherence (at least 3 of 4
components)

>90% of participants

Recruitment 100 participants in 4 months

Retention >90% of participants

100 participants in 4-12 months

80-90% of participants <80% of participants

<100 recruited or> 12 months
80-90% of participants <80% of participants

We will assess return to function using the 5-item
Return To Function (RTF) questionnaire developed at
McMaster University to assess the ability to return to
work, home and leisure activities. The RTF question-
naire has been used previously in orthopaedic trials,
including an FDA-regulated orthopaedic device trial
[50], to determine when a trial participant returns to
work, leisure and activities around the home after an
injury or surgery.

Using the 12-item Oxford Knee Score, we will assess
improvement in knee function and pain following total
knee replacement [51].

We will assess health-related quality of life using the
Euro-QoL 5 Dimensions instrument consisting of 5
dimensions, including mobility, self-care, usual activi-
ties, pain/ discomfort and anxiety/ depression, which
contains five levels of answers per dimension [52].

We will collect intervention costs and healthcare
resource utilization information (e.g. hospitalization,
physician visits) as well as information on productivity
(e.g. time missed from work) using a self-administered
questionnaire, which we developed for the purpose of
this study based on our previous work [53].

We will also collect any surgery-related and knee-
related adverse events (AEs), pain medication related
adverse events, readmissions and serious adverse
events (SAEs). We do not anticipate many risks to
study participants beyond usual care. We provide edu-
cation about safe opioid use and disposal and recog-
nize the potential for opioid withdrawal if opioids are
tapered too rapidly. Postoperative prescriptions will be
structured and any reduction to chronic opioid use will
be monitored, and our pain physicians will develop a
structured set of operating procedures to minimize
this risk, both preoperatively and postoperatively.
Most importantly, the approach throughout the trial
will be one of participant engagement and shared deci-
sion making. Any patients experiencing AE or SAEs
will receive the necessary care at their institution.

Randomization

The unit of randomization will be individual partici-
pants. We will use a 1:1 allocation ratio, stratified by
site, with random block sizes of 2 and 4. Randomization

will be completed by research personnel, 1-6 weeks
before surgery to allow time for the pre-operative edu-
cation interventions. We will use a centralized online
randomization system integrated into REDCap to
ensure allocation concealment. A statistician not oth-
erwise associated with the trial will generate the rand-
omization sequence.

Study follow-up

Participants will be followed from the time of their
study inclusion (1-6 weeks pre-surgery) to 12 months
after surgery. We will collect baseline data before
surgery. We will collect daily pain scores using an
electronic diary up to 8 weeks after surgery, and we
will collect post-operative outcomes at 3, 6, 9 and
12 months after surgery (Table 3).

Protecting against sources of bias

Blinding

Due to the nature of the study interventions, participants
and the health care team cannot be blinded. We will have
an independent blinded surgeon to evaluate each adverse
event to minimize the risk of bias for that outcome. The
primary study outcome of non-opioid pain control will
be collected using a daily e-diary up to 8 weeks. Other
study outcomes will be collected by research personnel
not involved in the participants’ clinical care. Data ana-
lysts will be blinded for all outcomes.

Minimizing contamination and co-interventions

Since the existing standard of care does not involve the
coordinator or any component of interventions, there is
minimal risk of contamination. Patients are allowed to
receive other interventions outside of the study, but the
role of a pain management coordinator currently does
not exist outside of our study. Alternatively, there is a risk
if patients are randomised to intervention but do not ulti-
mately receive it. To minimize the risk of crossover, all
efforts will be taken to maintain communication between
the research personnel and the pain management coordi-
nator. We will also hold weekly team meetings to provide
updates on all patients. Participants who are receiving
two joint replacements during the study period will only
be included for one of their surgeries.
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Table 3 Schedule of EVENTS
Study event Pre-op In hospital Postoperative weeks Months

1-6 weeks

1 2 3 4 6 8 3 6 9 12

Screen and consent X
Identify high risk patients I
Pain education I
CBS intervention |
Electronic pain and opioid diary X X X X X X X X
Check in with coordinator | I I I I I I |
CPSP assessment™, and pain X X X X
intensity with rest and movement
Opioid use X X X X X X X
Satisfaction with pain control X X X X
Return to function X X X X
Knee function X X X X X
EQ-5D X X X X X
Health economics X X X X
Complications X X X X X X X X X X X X

X all groups, / intervention group only

Minimizing expertise bias

The CBS sessions are based on the principles of CBT.
Although no formal CBT training is required, we will
employ pain management coordinators with some prior
patient contact experience within the healthcare setting,
and we will also develop a pain CBS ‘bootcamp’ to ensure
pain management coordinators can successfully imple-
ment the CBS sessions, along with training for safe opi-
oid weaning. We also have a pain psychologist within the
study team to resolve any challenges relating to CBS ses-
sions for specific participants.

Components of the intervention such as personalized
prescriptions, pain management and support may also
present expertise bias, as the pain management coordina-
tor will be the participant’s first point of contact for all
components. Therefore, to maintain consistency among
sites, we will also engage the lead pain physician to liaise
with each site to support the pain management coordi-
nator in any decisions regarding pain management and
prescriptions.

Minimizing attrition bias

Once a participant is enrolled in the trial, every reason-
able effort will be made to follow the participant for the
entire duration of the study period (12 months). Pre-
viously established orthopaedic-specific procedures
developed and refined at our central coordination and
methods centre will be implemented to improve partici-
pant retention. Our research group has consistently used
and improved our participant retention strategies over

the past 15 years and has published papers on minimiz-
ing loss to follow-up in orthopaedic trials [54]. In our
group’s four most recent large trials, the loss to follow-up
percentages were A-PREP trial-4% [55], HEALTH trial—
14.9% [56], FLOW trial-10% [57], FAITH trial-9% [58].
Key strategies used to minimize loss to follow-up: align-
ing the follow up with standard of care visits; collect-
ing more than one piece of contact information for the
participant; research personnel will verify participants’
contact information at each visit and ask the participants
their preferred form of contact; prioritizing outcomes if
there is participant burden; and requesting permission to
access medical records.

Statistical methods

Sample size determination

This pilot trial is not powered to detect clinical differ-
ences, so we based our sample size on pilot trial sample
size calculations using a confidence interval approach
suggested by Thabane et al. [59]. We believe the study
will be feasible if participant retention is 90% or greater
and will consider >80% retention acceptable with modifi-
cations. If 90/100 participants adhere to the study inter-
vention, then the lower bound of the confidence interval
will exclude 80% and we will consider the trial feasible.
Therefore, we will include 100 participants in this pilot
trial.

Primary analysis
Feasibility outcomes will be reported descriptively as
numbers and percentages with 95% confidence intervals
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(CI). This pilot trial will not be powered to detect dif-
ferences in clinical outcomes. Instead, we will report all
clinical outcomes descriptively as point estimates and
95% CI, with minimally important differences presented
for context, where available. We will also report hazard
ratios for our primary outcome and time-to-event data
graphically using a Kaplan—Meier survival curve. We will
not impute for missing data in the pilot trial. All analyses
will be conducted as intention-to-treat. We will prepare
a full statistical analysis plan (SAP) for the definitive trial
analysis.

Interim analysis

For this pilot trial, data will be analyzed only after com-
pletion of data collection. Interim analysis will be consid-
ered for the definitive trial.

Subgroup and other analyses
Subgroup and other analyses will only be considered for
the definitive trial.

Economic analyses

To assist with the future economic evaluation of the
definitive trial, we will collect information on costs (e.g.
intervention costs, costs related to healthcare resource
utilization and productivity) and quality of life. Health-
care resource utilization (e.g. hospitalization, emergency
department visits, physician visits) and productivity (e.g.
time missed from work) will be collected at baseline and
at 3, 6, 9 and 12 months using a short economic ques-
tionnaire. The time recall will be 3 months (e.g. over the
last 3 months, have you been hospitalized?). Healthcare
resource utilization and productivity will be costed using
publicly available unit costs from Ontario (e.g. Ontario
Schedule of Benefits) or from the Canadian Institute for
Health Information (e.g. hospitalization costs). Health-
related quality of lie will be collected at baseline and at
6 and 12 months using the Euro-Qol 5 Dimensions-5L
(EQ-5D-5L), which is a well-validated and widely used
quality of life instrument that can assess health utilities
for the purpose of health economic analyses. Using the
Canadian algorithm of the EQ-5D-5L [60], the health
utility scores derived from the EQ-5D-5L questionnaire
will be weighted by time spent in health states using an
area-under-the-curve approach to calculate quality-
adjusted life-years (QALYs). We will also request partici-
pants consent for potential data linkage with Institute for
Clinical Evaluative Sciences (ICES) administrative data.
Since this is a pilot trial, costs and QALYs associated with
each study arm will be reported as point estimates along
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with confidence intervals but not compared in a formal
economic evaluation. The analyses will be conducted
from the payer (e.g. Ministry of Health) and societal
perspectives.

Data monitoring

Steering committee

Our co-investigators make up the Steering Commit-
tee for the trial. Steering Committee members are an
interdisciplinary group of experts in key fields includ-
ing anaesthesia/ pain management, orthopaedic surgery,
health economics, biostatistics, psychology, pharmacy,
occupational therapy, physiotherapy and clinical trials
methodology. The Steering Committee will be chaired by
the PI and will be responsible for advising on key clini-
cal and methodological issues at all stages of the trial. For
the pilot trial, we do not plan to have a formal Data &
Safety Monitoring Committee (DSMC) because all inter-
ventions are standard care and are not expected to pose
greater risk than the control group arm.

Trial coordination

The Centre for Evidence-Based Orthopaedics (CEO),
McMaster University, will be the trial Methods Centre
and will be responsible for coordinating the day-to-day
operations of the trial. The CEO has conducted some of
the largest multinational trials and observational studies
in orthopaedics, including the PREPARE and A-PREP
trials (#=8000), FLOW trial (n=2551), the PRAISE
study (n=2945) and the INORMUS study (7 =30,000).
The CEO has the infrastructure to successfully conduct
large trials including research coordinators, data manag-
ers, statisticians, a network of investigators and required
office space.

Ethical considerations

This study will be conducted according to international
standard of ICH-GCP, applicable government regula-
tions and institutional research policies and procedures.
We will require ethics approval from each site’s local REB
prior to initiating this trial protocol.

Dissemination policy

While emphasizing the core concepts and delivery
involved in the preoperative and postoperative com-
ponents, our interventional pathway is designed to be
adaptable to individual centres. The pre-operative edu-
cation component will be made available online free
of charge. The intervention can also be easily adaptable
to other surgical fields. We will partner with the Cana-
dian Orthopaedic Association (COA) and Canadian
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Anesthesiologists Society (CAS) to help disseminate our
study information to orthopaedic surgeons and anesthe-
siologists in Canada, plus international members. We will
also partner with our university and hospital press offices
to distribute a press release for the general public.
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