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SECTION 2: INTRODUCTION 

Background and Rationale 

Symptomatic knee osteoarthritis is a leading cause of disability in older adults.1 Structured 

physical activity, paired with education and weight management, is recommended as first-

line care for knee osteoarthritis by all clinical practice guidelines 2 given their demonstrated 

benefits on pain and function.3,4 Despite this, nine in ten people with painful knee 

osteoarthritis are physical inactive.5 Interventions aimed at increasing physical activity levels, 

such as aerobic/strengthening exercise programs or behaviour change interventions (e.g., 

using coping skills) typically demonstrate short-term, but not long-term benefits.6 

Importantly, the decline in clinical benefit from short- to long-term timepoints of these 

programs is underpinned by declining physical activity level over time.7 Thus, a key target to 

lasting clinical benefit is finding ways to sustain physical activity levels.  

Recent work has shown that unhelpful, negative beliefs surrounding physical activity likely 

contribute to inactivity in people with knee osteoarthritis. People with osteoarthritis who are 

inactive are more likely to hold beliefs that they are physically unable to exercise, and that 

physical activity is unsafe relative to people with osteoarthritis who are active.8,9 

Additionally, people with knee osteoarthritis often hold beliefs that osteoarthritis is an 

incurable, progressive ‘wear and tear’ disease, with physical activity unlikely to be beneficial 

(or likely to be harmful) because their joint is ‘bone-on-bone’ (no cartilage left).10,11 These 

beliefs are held despite evidence showing benefits of structured physical activity3,4 even in 

those with severe, end-stage osteoarthritis, awaiting joint replacement.12 In people with knee 

osteoarthritis, such unhelpful beliefs play a critically important negative role in their decision 

to engage with structured physical activity10 and reduce their engagement in activities that 

may be pain-provoking.13 Indeed, negative beliefs about osteoarthritis and activity predict 

lower future physical activity levels in people with knee osteoarthritis.14 

Most current approaches that aim to increase physical activity level do not attempt to target 

these unhelpful beliefs, instead encouraging ‘movement despite pain’, with the promise of 

pain-relieving effects over time. Such approaches can arguably be counterintuitive to those 

with knee osteoarthritis if they consider pain to represent a marker of joint damage.15 That is, 

if increases in pain during activity are construed as evidence that physical activity may not be 

safe for the joint, engagement in or adherence to physical activity programs is unlikely.10 

Further, if unhelpful beliefs are not challenged, then flare-ups of pain, stiffness, and/or 

swelling that commonly occur with initiation of a physical activity program in inactive 

individuals can and do derail long-term adherence.16 While guidelines suggest inclusion of 

general education within physical activity programs, such education largely focuses on 

discussion of the health and joint-specific benefits of activity and how to perform activity 

accurately and safely.17 Such education does not improve long-term activity adherence.18 

Contemporary pain science education (PSE) aims to increase knowledge and target unhelpful 

and/or inaccurate beliefs surrounding pain that underlie behaviour, such as physical activity. 

PSE aims to reconceptualise what pain means to an individual.15 Specifically, PSE aims to 

shift the conceptualisation of pain from that of a marker of tissue damage or injury to that of 

the need to protect the body from real or perceived threat.15 By reconceptualising the 
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biological underpinnings of pain, PSE aims to enable an individual to move away from 

thinking that only structural pathology can contribute to pain. Instead, PSE explores the 

substantial central (and peripheral) neuroimmune adaptions that occur when pain persists and 

the impact of these changes on the relationship between pain and true tissue threat. In this 

way, PSE provides science-informed support for the fact that numerous factors can contribute 

to the experience of pain and as well as provide evidence that enhanced sensitivity can occur 

through central nervous system adaptions following pain persistence.15 Such knowledge 

provides alterative hypotheses to pain or flare-ups experienced during activity: pain is not just 

about structural damage, but rather, can readily occur when the pain system is highly 

sensitised, as can occur in osteoarthritis.19 High-level evidence from randomised controlled 

trials (RCTs) in numerous chronic pain conditions show that PSE increases pain knowledge 

and reduces unhelpful pain beliefs,20,21 and clinical effects include reduced pain, improved 

function and disability, and increased physical activity levels in numerous chronic pain 

conditions, particularly when paired with an exercise program.20-26  

Our team have adapted the PSE intervention to include osteoarthritis-specific pain science 

information, including the many central nervous system and immune system changes that 

occur with osteoarthritis19,27,28 and the positive influence of physical activity on these system-

level changes and on pain.29-31 This was created into a patient-facing educational resource.32 

Feasibility work undertaken by our group shows positive effects of a physiotherapist-

delivered PSE individualised education and walking program in people with painful knee 

osteoarthritis.33 Specifically, the PSE and walking intervention demonstrated high levels of 

participant-rated credibility, feasibility, and acceptability, with promising effects on pain 

knowledge, pain intensity, function, and physical activity levels (as measured via wrist-worn 

accelerometry) in people with knee osteoarthritis.33 Thus, transition to a full clinical trial to 

comprehensively test clinical effectiveness is warranted. As part of this transition, inclusion 

of a lower limb strengthening component to the walking program was deemed relevant to be 

consistent with best practice care.2 

The aim of the EPIPHAKNEE Trial is to evaluate the clinical effectiveness of individualised 

pain science-informed walking, strengthening and education program (PSE-Informed Care) 

for improving severity of overall knee symptoms (pain, stiffness, function; via the WOMAC 

Osteoarthritis Index Total Score) and increasing physical activity levels (average step count) 

at 52 weeks post-randomisation compared to Best Practice Care (general education, and an 

individualised walking and strengthening program) in people with painful knee osteoarthritis. 

The present statistical analysis plan details the analysis for primary, secondary, and 

exploratory outcomes. 

Objectives 

Study Research Question: 

Our primary research question is: 

For people with clinically diagnosed knee osteoarthritis, is the PSE-Informed Care 

intervention more effective (greater improvement in severity of overall knee symptoms of 
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pain, stiffness and function; greater increase in physical activity levels via average step count) 

than the Best Practice Care intervention (control) at 52 weeks? 

Research Hypotheses: 

Our primary hypothesis is that the PSE-Informed Care intervention will lead to greater 

improvement in severity of overall knee symptoms (pain, stiffness, and function; via the 

WOMAC Osteoarthritis Index Total Score) and greater increases in physical activity levels 

(via average step count derived from wrist-worn accelerometry) than the Best Practice Care 

intervention (control) at 52 weeks. 

Secondary hypotheses: 

The PSE-Informed Care intervention will have greater benefits for severity of overall knee 

symptoms (pain, stiffness, and function; via the WOMAC Osteoarthritis Index Total Score) 

and physical activity levels (step count derived from wrist-worn accelerometry) than the Best 

Practice Care intervention at 12 and 26 weeks. 

 

The PSE-Informed Care intervention will have greater benefits for other clinical outcomes 

(other pain intensity measures, physical function, average minutes of sedentary, light, 

moderate/vigorous activity using Troiano et al cut-points,34,35 depression, anxiety, stress, self-

efficacy, fear of movement, quality of life, pain catastrophising, knee perception, 

osteoarthritis/activity conceptualisation, global rating of change, proportion meeting minimal 

clinically important difference for primary outcomes) than the Best Practice Care 

intervention at 12, 26, and 52 weeks. 

 

Exploratory hypotheses: 

The PSE-informed care intervention will have greater benefits for other physical activity 

outcome measures derived from the wrist-worn accelerometry (intensity outcomes using 

Smuck et al cut-points,36  volume outcomes using Troiano et al cut-points34,35 and Smuck et 

al cut-points,36 24 hour time-use composition expressed as isometric log ratios,37,38 and sleep 

duration using van Hees et al algorithm39) than the Best Practice Care intervention at 12, 26, 

and 52 weeks. 

 

SECTION 3: TRIAL METHODS 

Trial design 

The EPIPHAKNEE Trial is a two-group, superiority parallel-design randomised controlled 

trial. Participants and outcome assessors are blinded to study group and hypotheses. Ethical 

approval was attained from the University of South Australia Human Research Ethics Board 

(ID202377), The Central Adelaide Local Health Network (CALHN) Human Research Ethics 

Board (ID12579), The University of Melbourne Human Research Ethics Board (ID2057540), 

and Flinders University Human Research Ethics Committee (ID4478).  
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Randomisation 

Randomisation used a 1:1 allocation ratio. On completion of the baseline assessment, 

participants were randomly allowed into one of the two groups: PSE-Informed Care (PSE + 

individualised exercise program); ii) Best Practice Care (standard education + individualised 

exercise program). A biostatistician with no involvement in the conduct of the trial created a 

computer-generated randomisation schedule Research Randomizer 

(https://www.randomizer.org/). Within sex and treatment site (Adelaide, Melbourne) strata, 

allocation was applied using permuted blocks of varying size (4 and 6, randomly). At time of 

enrolment, the trial coordinator who was not involved in outcome assessment or treatment 

provision used REDCap to randomly allocate participants to their treatment group (based on 

the sex and treatment site specific strata randomisation schedule). The trial coordinator then 

set-up treatment appointment with the appropriate physiotherapist (given participant location 

preference and group assignment). 

 

Sample size 

A total of 198 participants (n=99/group) was required to have at least 90% power to detect an 

effect size (d) of 0.5 (the effect size recommended by the Osteoarthritis Research Society 

International as the minimally clinically important difference for outcomes in osteoarthritis 

trials) in severity of osteoarthritis symptoms (Western Ontario and McMaster Universities 

Arthritis Index; WOMAC total score) and physical activity levels (step count calculated by 

wrist-worn accelerometry) at 52-weeks post randomisation. The sample size was calculated 

for an interaction effect between time (4 observations) and levels of intervention (2 groups), 

using an estimated inter-observation correlation of 0.7, and adjusted for up to 20% loss to 

follow-up and clustering based on therapist (~12 therapists/group, ~6.5 participants/therapist; 

ICC = 0.05).  

 

Framework 

The trial uses a superiority hypothesis testing framework between groups for all outcomes. 

 

Statistical Interim analyses and stopping guidance 

Nil. 

 

Timing of final analysis 

Final analyses will be performed after all participants have reached the 12-month (primary) 

timepoint and completed their outcome measures. 

 

Timing of outcome assessments 

Primary and secondary outcomes are collected at baseline (0 weeks), 12 weeks, 26 weeks, 

and 52 weeks. Treatment expectancy, treatment credibility, and intention to exercise are 

assessed after participants receive the first treatment session. 
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SECTION 4: STATISTICAL PRINCIPLES 

Level of statistical significance 

All applicable statistical tests will be 2-sided and will be performed using a 5% significance 

level. 

Description of any planned adjustment for multiplicity, and if so, including how the 

type 1 error is to be controlled 

We have two primary outcomes: knee symptoms (WOMAC total score) and physical activity 

levels (via wrist-worn accelerometry). We will not adjust for multiple outcomes but will 

instead report all treatment estimates, confidence intervals, and p-values in order to let 

readers make their own judgement about the relative weight of the conclusions on the effect 

of the intervention (i.e., at the level of Type I error control should they wish, at risk of 

making Type II errors).40,41 This approach aligns with the use of p-values favoured by the 

American Statistical Association.42 Additionally, s-values (surprisal or Shannon information) 

will be, at a minimum, provided in supplementary material to popularise critical thinking 

about p-values and provide alternative contextual information about the weight of evidence 

against the null hypotheses.42,43 

Confidence intervals to be reported 

All confidence intervals will be 95% confidence intervals, consistent with the (two-sided) 

significance level of 0.05. 

Adherence and Protocol Deviations 

The primary analysis will be based on the principle of intention-to-treat, whereby participants 

are included in the groups to which they were originally assigned, regardless of their 

adherence to their assigned treatments. Any protocol deviations (if they occur), including 

errors applying inclusion/exclusion criteria and/or administration of the wrong intervention 

will be summarised in trial results (patient flow diagram/text) by treatment group. 

Randomisation errors resulting from these errors will be handled according with 

contemporary recommendations.44  

 

Multiple measures of adherence to the two active interventions are used in this trial and data 

from all measures will be reported using means, standard deviations (or medians and 

quartiles) or number counts and percentage as appropriate for each intervention group. 

Measures of adherence include: 

• Attendance at in-person and telehealth treatment sessions (where attendance at 8 or 

more sessions out of 11 sessions will be considered acceptable adherence).  

• Self-rated adherence to the walking program (11-point NRS; strongly agree to 

strongly disagree) at each follow-up timepoint (12, 26, and 52 weeks) for the 

recommended: number of walks per week; distance/time of each walk; and intensity 

of each walk (where 8 or higher ratings on the 11-point scale will be considered 

acceptable self-reported adherence to the walking program). 
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• Self-rated adherence to the strengthening program 11-point NRS; strongly agree to 

strongly disagree) at each follow-up timepoint (12, 26, and 52 weeks) for the 

recommended: number of days per week and sets/reps of each exercise (where 8 or 

higher ratings on the 11-point scale will be considered acceptable self-reported 

adherence to the strengthening program). 

• Self-rated number of days over the past week they engage in the walking program and 

in the strengthening program at each follow-up timepoint (12, 26, and 52 weeks). 

Because each person will differ in the number of days they are meant to be engaging 

in the exercise programs each week (and at each timepoint), a set acceptable value 

will not be used, rather the raw data will be reported. 

 

COVID-19 impact on adherence to physical activity  

Given data collection of this study was situated within COVID-19 early pandemic and within 

Australia (which underwent strict activity restrictions), participants rated the degree to which 

COVID-19 and related activity restrictions influenced their usual physical activity and/or 

exercise routines over the past 4 weeks. This was assessed at baseline, 12, 26, and 52 weeks 

using a 7-point Likert rating scale ranging from a large reduction in usual physical activity 

levels/exercise routines (1) to a large increase in usual physical activity levels/exercise 

routines (7). We will present the frequency distributions of each intervention group for these 

outcomes as well as the proportion of participants in each group reporting sizable reductions 

in usual physical activity levels due to COVID-19 (e.g., ≤2, representing moderate to large 

reductions in activity). 

 

SECTION 5: TRIAL SAMPLE 

Screening data 

Screening data will be collected and summarised. A CONSORT flow diagram will be used.45 

The following summaries will be presented in text and/or flow diagram: time frame for 

recruitment, the number of participants screened, the number of participants recruited, the 

number of screened participants not recruited, and the reasons for non-recruitment.   

Eligibility 

Trial inclusion and exclusion criteria are described in the trial protocol. Reasons for exclusion 

will be summarised in the CONSORT45 flow diagram.  

Recruitment 

A CONSORT flow diagram45 will be used to describe the number of people enrolled, 

randomised, allocated to each treatment group, lost to follow-up (including reasons), and 

analysed. 

 

Withdrawal/follow-up 

If a participant withdraws from the study, the nature, timing of and reasons for withdrawal 

will be described (provided the participants responds to the research team). Any data 
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provided up to the point of withdrawal will be analysed in accordance with intention to treat 

analyses, unless the participant specifically requests to withdraw their data from the study. 

Losses to follow-up (including reasons) will be summarised in the CONSORT flow diagram 

by treatment group.  

 

Baseline characteristics 

Baseline characteristics will be summarised by treatment group and presented in a table: 

- Age (years) 

- Sex (female, male, other) 

- Height, body mass, body mass index (m, kg, m/kg2, respectively) 

- Level of education (Did not complete high school, completed high school, non-

university qualification, university qualification [Bachelors], University post-graduate 

degree) 

- Socioeconomic status; classified based on residential postcode using Australian 

Bureau of Statistics Index of Relative Socioeconomic Advantage and Disadvantage 

[IRSAD] score for Socio-economic Indices for Areas [SEIFA], ranging from 1 (most 

disadvantaged) to 5 (most advantaged). 

- Duration of knee OA symptoms (months, years) 

- Unilateral symptoms (yes, no) 

- Problems in other joints (select: hand, shoulder, neck, back, hip, ankle/foot; total 

painful sites [count]) 

- Current medication use (select: acetaminophen, oral and topical anti-inflammatory 

drugs, oral corticosteroids, oral opioids; any oral pain medication [count]) 

- Interventions received in the past month (interventions provided as a list [count]) 

- Co-morbidities (via Functional Co-Morbidity Index46) 

 

Baseline characteristics will be summarised using mean and standard deviation for 

continuous and empirically symmetrically distributed variables (median and inter-quartile 

range will be used for empirically asymmetric distributed continuous variables), and count 

and percentage of observations for categorical outcomes. Test of statistical significance will 

not be undertaken for comparing baseline characteristics of treatments groups; rather the 

clinical importance of any imbalance will be noted.45 

 

An appendix table will provide summaries of baseline characteristics and baseline levels of 

primary and secondary outcomes and compare these characteristics between those 

participants who provide both primary outcomes at 52 weeks, and those participants who are 

missing one or both primary outcomes at 52 weeks. t-tests will be used to compare the means 

for continuous characteristics/variables between the level of missingness groups (or 

permutation tests in the case of obvious empirical asymmetry), and Fisher’s Exact tests will 

be used to compare the distributions of categorical characteristics between the level of 

missingness groups.  
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SECTION 6: OUTCOME VARIABLES 

Outcome definitions. 

Primary outcomes: 

• Severity of overall knee symptoms: Average knee pain, stiffness, and function over 

the last 48 hours is assessed using a self-rated total Western Ontario and McMaster 

Universities (WOMAC) Osteoarthritis Index score.47 The total WOMAC score is a 

continuous measure that ranges from 0 (no symptoms or dysfunction) to 96 (maximal 

symptoms and dysfunction).  

• Physical activity level (step count): Average daily step count over the last 7 

consecutive days is assessed using wrist-worn accelerometry (Actigraph GT9X Link, 

Pensacola, FL). Data are collected from the device in 60 s epochs. Participants 

complete a paper-based activity log to capture sleep and wake times, as well as times 

the accelerometer was removed and then placed back on. Valid wear time is 

operationalised as having ≥10 h of waking wear time for a minimum of 4 days (3 

weekdays and 1 weekend day).34,35 Average daily step count is calculated as the 

weighted average (5:2) of weekday and weekend step counts.  

 

Secondary outcomes 

• Knee pain intensity – overall (numerical rating scale): Average knee pain over the 

past week is self-assessed using an 11-point numerical rating scale (NRS) with 

anchors of ‘no pain at all’ (score 0) and ‘worst pain possible’ (score 10).48 

• Knee pain intensity – walking (NRS): Average knee pain over the past week during 

walking is self-assessed using an 11-point numerical rating scale (NRS) with anchors 

of ‘no pain at all’ (score 0) and ‘worst pain possible’ (score 10).48  

• Knee pain intensity (WOMAC): Average knee pain over the past 48 hours is self-

assessed using the WOMAC pain subscale.47  

• Knee function (WOMAC): Average knee function over the past 48 hours is self-

assessed using the WOMAC function subscale.47  

• Physical activity (average daily minutes using Hildebrand cut-points49): Average daily 

minutes of sedentary, light, moderate, and vigorous activity from the wrist-worn 

accelerometry will be used.  

• Depressive symptoms: The 4-item PROMIS depression subscale will be used to 

assess severity of depressive symptoms over the past week.50 

• Anxiety: The 4-item PROMIS anxiety subscale will be used to assess severity of 

anxiety over the past week.50   

• Stress: The 4-item Perceived Stress Scale will be used to assess stress over the past 

month.51,52   

• Fear of movement: The 6-item Brief Fear of Movement Questionnaire will be used.53  

• Pain catastrophising: The brief 4-item Pain Catastrophising Scale will be used.54  

• Pain self-efficacy: The Pain Self-Efficacy Questionnaires (PSEQ) will be used.55  
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• Conceptualisation of osteoarthritis/activity: The osteoarthritis and activity 

conceptualisation scale will be used.56  

• Health-related quality of life: The EQ-5D-5L57 will be used.   

• Knee perception: The Fremantle Knee Awareness Questionnaire (FreKAQ)58 will be 

used.  

• Global rating of change overall in study knee at 12, 26 and 52 weeks: This will be 

scored using a 7-point ordinal scale59 with response options of “Much Worse” to 

“Much Better”. Responses will be dichotomised to “Improved” (“Moderately Better” 

and “Much Better”) and “Not improved” (all other choices). The proportion of 

participants in each group who are “improved” and “not improved” will be provided. 

• Global rating of change overall in physical function at 12, 26 and 52 weeks: This will 

be scored using a 7-point ordinal scale59 with response options of “Much Worse” to 

“Much Better”. Responses will be dichotomised to “Improved” (“Moderately Better” 

and “Much Better”) and “Not improved” (all other choices). The proportion of 

participants in each group who are “improved” and “not improved” will be provided. 

• Global rating of change overall in physical activity level at 12, 26 and 52 weeks: This 

will be scored using a 7-point ordinal scale59 with response options of “Much Worse” 

to “Much Better”. Responses will be dichotomised to “Improved” (“Moderately 

Better” and “Much Better”) and “Not improved” (all other choices). The proportion of 

participants in each group who are “improved” and “not improved” will be provided. 

• Proportion who meet or exceed the minimal clinically important difference (MCID) 

for primary outcomes: the proportion of participants in each group whose 

improvements meet or exceed the MCID for primary outcomes of overall knee 

symptoms (a change of 11.5 points on the 0-96 WOMAC Total score60) and physical 

activity level (a change of ≥1000 steps; the smallest increase that has been shown to 

reduce the risk of functional decline in people with knee osteoarthritis61). 

 

Exploratory outcomes: 

• Physical activity (average daily minutes using Smuck et al. (2017)36 cut-points): 

Average daily minutes of sedentary, light (separated into 3 categories: light 1, light 2, 

light 3), moderate, and vigorous activity from the wrist-worn accelerometry will be 

used.   

• Physical activity (overall volume using Hildebrand cut-points49): Volume (intensity x 

time) from the wrist-worn accelerometry will be used.  

• Physical activity (overall volume using Smuck et al. (2017)36 cut-points): Volume 

(intensity x time) from the wrist-worn accelerometry will be used.  

• 24 hour time-use compositional data (expressed as isometric log ratios)37,38 from the 

wrist-worn accelerometry will be used.  

• Sleep: average daily sleep time (minutes), as identified by the van Hees et al. 

algorithm39 (using the self-reported sleep logs to guide the algorithm) from the wrist-

worn accelerometry will be used. 
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Outcome reporting. 

Table of raw means and standard deviations (or medians and IQRs/bootstrapped 95% 

confidence intervals; as appropriate) will be presented for continuous primary and secondary 

outcomes at baseline, 12 weeks, 26 weeks, and 52 weeks. Proportions (count, frequency) will 

be presented for the outcomes of Global Rating of Change and proportion meeting MCID for 

primary outcomes at 12 weeks, 26 weeks, and 52 weeks.  These will be provided to 

characterise the unadjusted values observed for transparency but will likely be reported in 

supplementary materials as the model estimates (adjusted for covariates and time effects) are 

of primary interest. Note that in the event the specified statistic (median or count) is 

generated based on 3 or less observations, the statistic will be withheld for patient 

confidentially/identifiability. 

Similarly model estimates (fixed effect coefficients and random effect variance/SDt 

estimates, model fit statistics and model diagnostics) will be publicly available (Github, or 

OSF.org) from analysis transcripts (see in subsequent sections about dynamically created 

verbatim markdown on analysis inputs and outputs or so called “literate programming”).  

As the analysis is aimed at providing clinical knowledge, the primary and secondary 

(modelled) outcomes will be presented as so called marginal means which provide estimates 

of expected outcome values (or contrasts) on the scale of the outcome variable (for 

continuous variables using the identity link function, or the probability of a binary outcome in 

the case of dichotomous outcomes when the inverse link function is applied to the relevant 

linear combination of model estimates).62 Marginal means will be operationalised as model 

predictions using the average sample values of continuous model predictors further averaged 

over the sample observed joint distribution of categorical predictors (weighted by frequency). 

In the case of binary outcomes, averaging will occur on the link scale and then inverse 

transformed to the estimated probably. 

The specific marginal means for primary reporting will time-point specific means 

(probabilities): i) per intervention group; ii) for differences from baseline within intervention 

groups; and, of primary interest iii) difference between intervention groups from baseline 

(differences of differences). All marginal means will be presented with 95% bootstrapped 

confidence intervals (case-wise, non-parametric quantiles) for robustness (free of 

distributional assumptions) and to quantify asymmetry in confidence bounds especially in the 

case of transformed outcomes. 

Exploratory outcomes will be reported in a manner consistent with primary and secondary 

outcomes. These may be included within the published manuscript describing primary and 

secondary outcomes (e.g., as supplementary files), or they may be published as separate 

manuscripts, should additional analyses be undertaken (e.g., effect of reallocation of time37). 

SECTION 7: ANALYSIS 

Analysis methods – General considerations 

The statistical analysis plan will be published on the Centre for Health, Exercise and Sports 

Medicine’s website. Analyses will be performed using R and Stata by the biostatisticians (TS, 
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ES) blinded to treatment group details. All analysis decisions and reporting will be made 

prior to group unblinding.  

 

Treatment effect estimates (marginal means as specified previously) and associated 95% 

bootstrapped confidence intervals will be provided, and all statistical tests will be 2-sided 

using an alpha level of 0.05. Model estimated changes from baseline will be presented for 

each group at each timepoint using the mean change and 95% confidence intervals. 

 

If the proportion of missing data in the primary outcomes is equal to or exceeds 5%63 at the 

timepoint of 52 weeks, missing outcome data (at all timepoints) will be imputed using two-

level hierarchical multiple imputation methodology64,65 and the subsequent analysis of these 

data will take the place of the primary analyses (observed data only analysis will become the 

sensitivity analysis), providing assumptions are reasonable.66 Otherwise the 

observed/complete case data will be analysed as the primary analysis and the two-level 

hierarchical multiply-imputed data (if missingness exists) analysis will serve as the sensitivity 

analysis. 

 

Analysis methods – Primary outcomes 

We will analyse the effect of the treatment arms for the two outcomes independently. Linear 

mixed-effects modelling will be used to model participant outcome trajectories: overall knee 

symptoms (WOMAC total score) and physical activity level (average daily step count over 7 

days). 

 

All models will include adjustment for randomisation strata variables of sex (male/female) 

and study site (Adelaide/Melbourne) as fixed effects.  

 

The intervention group will be modelled as a binary variable and its interaction with time will 

serve as an estimate of a mean differential effect between the intervention groups over time. 

 

Random intercepts for participant and physiotherapist will be included and retained if the 

variance estimates are non-zero (to a practical level of estimate precision). The time variable 

(as a fixed effect) will initially be attempted to be operationalised as a continuous variable so 

that random slopes (correlated with their respective random intercepts) within participant can 

be fit and tested for significance via log-likelihood ratio tests (LRTs). If the slope random 

effect is significant, this provides evidence of heteroscedastic trajectories of the outcome 

within participant that is of practical interest to quantify the relationship between baseline 

values and follow-up values at the individual level. For example, are participants with lower 

starting physical activity values on average more likely to have shallower improvements (if 

the correlation between the random intercept and slope are positively correlated)? 

 

Model diagnostics (importantly, linearity between conditional residuals vs predicted values – 

by time-point and group) will inform the appropriate operationalisation of the time variable. 

Figure 1 outlines the simple transformations of (continuous) time that will be considered, in 
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order left to right, with the final time variable considered reverting to a flexible 4-level 

categorical variable. If residual linearity is achieved using an untransformed or transformed 

continuous time variable but there exists apparent residual heteroscedasticity over time, two 

simple transformations of the strictly positive outcome variable(s) will be considered to 

create variance stabilisation. In the case variance stabilisation cannot be achieved using a 

(un)transformed continuous time variable, or residual linearity cannot be achieved using a 

(un)transformed continuous time variable; a flexible categorical follow-up time variable will 

be used. The previously mentioned random slopes will take the analogous form of 

(unstructured) correlated random intercepts within participant per time-point which can also 

be tested against an intercept only random effect model for parsimony via an LRT of 

competing models (and will also allow an assessment of random intercept homoscedasticity 

over time). 

 

The entire model fitting, selection and diagnostic processes will be made available in 

supplementary files using literate programming principles67,68 for reproducibility and 

transparency. 

 

 
Figure 1: Conceptualisation of possible follow-up time transformations to linearise its relationship 

with the outcomes (if required) in addition to possible outcome transformations to create variance 

stabilisation in the case of residual variance being a function of time – made more likely as the 

outcome variables can only take non-negative values. Transformations are limited to simple 

monotonic functions for understandability and ease of reporting. 
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The primary analysis will report the adjusted mean change in outcome from baseline to 52-

weeks post-randomisation between the PSE-informed care and control group (providing 

marginal means and 95% confidence interval).  For consistency across marginal mean 

estimation and to provide appropriate nominal interval coverage in confidence intervals in the 

presence of (non-linear) transforms of the outcome variables (either directly applied to 

continuous outcomes or implicitly using the log-odds link for binary outcomes), the back-

transformed marginal mean point estimates (on original scale) will be provided with non-

parametric quantile, case-wise bootstrapped 95% confidence intervals. We will present 

confidence intervals (and unadjusted p-values) for all prespecified primary marginal means as 

well as the p-value associated with the interaction terms between time and intervention (F-

test). 

 

Please refer to subSAP_PA_v10.pdf for more technical details and guidance on the primary 

analysis modelling. 

 

Analysis methods - Secondary outcomes 

Linear mixed-effects models will also be used to estimate the effect of allocation to treatment 

group on all continuous secondary outcomes (using the same methodology as described 

above): knee pain intensity over the past week and past 48 hours, knee pain intensity walking 

over the past week, function, daily minutes of sedentary, light, moderate, and vigorous 

activity, depression, anxiety, stress, fear of movement, pain catastrophising, pain self-

efficacy, OA/activity conceptualisation, health related quality of life, and knee perception. 

 

For the binary secondary outcomes, participants experiencing improvements based on global 

change scores and those achieving the MCID in improvement in overall knee symptoms and 

physical activity, logistic mixed effects models (generalised linear mixed models with a 

binary outcome and using the log-odds link function) will be used to estimate the to the 

equivalent  marginal mean probabilities based on (time, treatment group) combinations and 

contrasts as specified in Exemplar Table 2. Modelling will otherwise be equivalent with the 

modelling methodology (and covariates) as described for the primary analysis with the 

following caveats: 

1. Marginal (mean) probabilities for (time, treatment group) combinations will be 

computed and averaged on the log-odds link/linear predictor scale before back 

transformation. 

2. Marginal (mean) probability differences (time points within intervention group and 

differences between intervention groups based using the difference in time points 

within intervention group) will be computed as above separately for each for (time, 

treatment group) combination, then the point estimate will be the difference on the 

response (probability scale). 

3. Random effects will be limited to random intercepts per person and physiotherapist 

and not include heterogeneity over time or random slopes because of the additional 

complexity in using non-identity link functions in generalised linear mixed effect 

models (and subsequent complexity in their interpretation). 
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Because of the number of secondary analyses and multiple comparison concerns, 

model/variable selection (if required) will be guided by goodness of fit statistics (BIC) (as 

opposed to variable significance) and confidence intervals of model estimates will be strongly 

preferred (over p-values, with the exception of the group by time overall interaction effect as 

previously specified). 

 

Other exploratory variables that are not part of the main trial, but that were included in the 

original published protocol (tactile acuity, implicit motor imagery ability, pain 

conceptualisation drawing, and therapist related factors), will be used for other analyses and 

reported in separate publications.  

 

Statistical Methods – adjustment for covariates 

As described above, analyses will be conducted adjusting for covariates, which will include 

the two randomisation stratifying variables (sex, recruitment site).  

 

Statistical Methods – sensitivity analyses 

A sensitivity analysis will estimate treatment effects on the primary outcomes at 52 weeks 

assuming full adherence to the assigned treatment (where acceptable adherence is defined as 

attendance at 8 or more of 11 physiotherapy consultations).  The same marginal mean 

estimates (as in the primary analysis) will be created for comparison with the primary 

analysis which differs by removing outcome values for participants who attended 7 or less 

consultations. Instrumental variable estimation will be used to estimate the complier-average 

causal effect (CACE), and either two-stage least squares69-71 or Bayesian72 models will be fit 

(as appropriate). Mean CACE of the intervention on severity of overall knee symptoms 

(WOMAC Total score) and on physical activity (average daily step count) will be reported 

with 95% confidence intervals and p-values. Propensity score weighting will be used to 

estimate the average treatment effect in the treated (ATET),73,74 with mean, 95% confidence 

intervals and p-values reported. 

 

A sensitivity analysis will be undertaken to consider the effect of COVID-19 activity 

restrictions on the primary outcomes. To address potential COVID-19 related effects, a three-

way interaction between intervention group, time and time-varying indicator for COVID-19 

restricted physical activity (based on self-reported COVID-19 activity impact, as detailed 

above) with group by time effect included as covariates for participants. Statistical 

significance (F-test for the null hypothesis of the additional coefficients being equal to 0) will 

be used to determine whether intervention COVID-19 related effects are statistically 

warranted (as either group by time-specific interaction effect or time-specific effect) and will 

be subsequently removed for model parsimony in the event of non-significance.  

 

A sensitivity analysis will be undertaken controlling for any baseline variables that are 

unbalanced between groups, should the unbalanced baseline variables be of known relevance 

to prognosis or treatment response.  
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If the multiple imputation 5% missing at 52-weeks threshold is reached, multiply-imputed 

analyses will be the primary analysis and the complete-case analyses becomes the sensitivity 

analyses. 

 

Statistical methods – subgroup analyses 

We will conduct exploratory analyses to investigate whether the relative effects of each 

intervention on change in each of the primary outcomes at 52 weeks is moderated by: i) pain 

self-efficacy; ii) body perception; iii) self-regulated learning ability. Linear mixed models 

will include terms for treatment, the moderator variables, and an interaction between the two. 

For the continuous moderators below, tertiles/quartiles will be used for analysis; however, if 

domain accepted thresholds exist, these will be used and references provided. The estimated 

effects of treatment and 95% confidence intervals will be presented for each moderator, with 

visual representations included for continuous moderators. 

 

The hypothesis, and rationale, for each chosen moderator is below: 

• Pain self-efficacy: Participants in the intervention group who have higher self-efficacy 

at baseline (higher PSEQ scores55) will report greater improvement in primary 

outcomes than those who have lower self-efficacy (relative to control group). Past 

work has used severity bands where scores <20 represent severely impaired pain self-

efficacy, 20-30 moderate impairment, 31-40 mild impairment, and >40 minimal 

impairment.75 Dependent upon data spread, a dichotomised outcome may be used 

where ≥31 reflects low/mild severity and ≤30 reflects moderate/high severity.75 

• Body perception (questionnaire): Participants in the intervention group who have less 

impaired body perception at baseline (lower FreKAQ scores58) will report greater 

improvement in primary outcomes than those who have more impaired body 

perception (relative to control group). Past work has shown that scores ≤17 predict 

response (pain relief) to exercise-based intervention.76  

• Self-regulated learning ability (via 7 items from the Motivated Strategies for Learning 

Questionnaire; 7-point Likert scale):77 Participants in the intervention group who have 

greater self-regulated learning ability at baseline (higher scores on the 7-items77) will 

report greater improvement in primary outcomes than those who have lower self-

regulated learning ability (relative to control group). 

 

Statistical methods – Trial process outcomes 

Participant expectations of treatment outcomes are assessed after receiving the first 

intervention using a 5-point scale in response to the question “What effect do you think this 

treatment will have on your knee problem”, with choices ranging from “No effect at all” to 

“Complete recovery”. Treatment credibility is assessed after receiving the first intervention 

using the modified Credibility and Expectancy Questionnaire (CEQ).78 Intention to exercise 

is assessed using the Intention to Exercise Scale79 after the first intervention and at each 

outcome timepoint (12, 26, and 52 weeks). The mean group scores on the treatment 

expectancy scale, the modified CEQ, and the intention to exercise scale will be compared 
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between intervention groups using sample t-tests (or permutation tests in the case of apparent 

asymmetry). 

 

Therapist perceived connection with the participant will be self-rated using a 100mm visual 

analogue scale of Connectedness (0 = no connection at all; 100 = maximum connection). The 

mean scores on the Connectedness Scale will be compared between intervention groups using 

independent sample t-tests (or permutation tests in the case of apparent asymmetry). 

 

Blinding status of the participants and treating therapists will be undertaken via allocation 

guesses (and reasons), then forced choice.80 Notably, all therapists providing the PSE-

Informed Care intervention were unavoidably aware they were providing the intervention of 

interest in the trial (i.e., a new intervention requiring in-depth knowledge upskilling). Thus, 

we will aim to evaluate whether therapists providing the Control intervention similarly felt 

that they were providing the intervention of interest of the trial (i.e., similar therapist 

treatment expectancy effects). For trial participants, we will calculate the proportion of 

people who were successfully blinded (incorrect guess or unsure) for each intervention group. 

We will compare between intervention groups using Fisher’s exact tests. We will also 

calculate the Bang Blinding Index (percentage of blinding beyond chance) for each 

intervention group,80,81 whereby unblinding will be considered present if the 95% confidence 

interval does not include 0,80 and unblinding beyond chance if the Blinding Index is >0.20.82 

For trial therapists, if ≥80% of therapists in the control group were unsure or incorrectly 

thought they provided the intervention of interest of the trial, we will consider therapist 

treatment expectancy effects to be adequately similar between groups. 

 

Missing data reporting and assumptions/statistical methods to handle missing data.  

Baseline characteristics of participants with one or both primary outcomes missing at 52 

weeks will be compared to those of participants with both primary outcomes as described 

previously. If more than 5% of participants have at least one primary outcome missing at 52 

weeks, multiple imputation will be applied for the primary analysis. The number of imputed 

datasets will be the same for all imputation analyses and equal to the number of participants 

with at least one missing primary outcome.83 Missing baseline characteristics will be imputed 

using (single level) chained equations imputation. Missing outcomes values will be imputed 

using two-level imputation method as described previously. Initially imputation models for 

all outcomes (primary and secondary) will be chained together, with outcomes broken into 

subsets if imputation models do not converge. Imputed datasets will be compared to complete 

data using density plots for continuous outcomes and plots of proportions for binary 

outcomes. 

To assess the potential impact of the violation of the missing-at-random (MAR) assumption 

on conclusions for the primary outcomes, a pattern-mixture approach84,85 will be applied. We 

will explore the impact of the violation of the missing-at-random assumption if the 

assumption was violated in both groups or in one group only. 
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Harms: 

Data on adverse effects are actively captured via pre-defined questions that the treating 

physiotherapist completes after each intervention session (via Case Notes and REDCap 

attendance surveys). Data on adverse effects are also taken via passive capture from 

participants (self-report) at all assessment time points (0-52 weeks). Adverse effects will be 

reported using the United States Food and Drug Administration (FDA) definitions.86 

Specifically, an adverse effect is defined as ‘any untoward medical occurrence associated 

with the intervention, whether or not considered related to the intervention.’ A serious 

adverse effect is considered present when death, threat to life, in-patient hospitalisation or 

prolongation of existing hospitalisation, or persistent or significant incapacity or substantial 

disruption of the ability to conduct normal life functions occurs (or medical intervention is 

required to prevent occurrence). Lists of all adverse effects and serious adverse effects 

reported throughout the trial period (0-52 weeks; available data for each participant) will be 

displayed and the proportion of participants in either group that experienced them will be 

calculated. We will specifically calculate the proportion of participants that experienced any 

related (or possibly related) adverse effect and any related (or possibly related) serious 

adverse effect in each group, comparing these proportions using a Chi2 test or Fisher’s Exact 

test, as indicated. Specifically, we will report the number (%) of participants who: i) 

discontinued due to a related adverse event; ii) had 1 or more serious related adverse events 

(listing the type of serious related event and the number [%] for each type); and iii) had 1 or 

more non-serious related adverse events (listing the type of non-serious related events and the 

number [%] for each type). 

 

Health economic analysis:  

A health economic analysis will be undertaken. This analysis may be reported in a separate 

manuscript to the primary and secondary trial outcomes. A cost utility analysis will be 

undertaken from the perspective of the health system. The main outcome measure will be 

quality adjusted life years (QALYs) gained in the intervention group over the 52 week 

follow-up period as compared with QALYs gained in the control group. To calculate the 

QALYs gained, the responses to the EQ-5D-5L will be converted into a utility score 

anchored on a scale from 0 (indicating a health state equivalent to being dead) and 1 

(indicating full health) using available preference weights from an Australian general 

population sample.57 These utility scores will be converted into QALYs gained for each 

individual participant by combining utility scores with the information about the time the 

participant spend experiencing that utility using area under the curve methods. We will also 

utilise the primary clinical outcomes measures from the trial (Severity of overall knee 

symptoms of pain, stiffness and function [via WOMAC Total score]; and Physical activity 

levels [via average daily step count from wrist-worn accelerometry] as secondary outcome 

measures for assessing cost effectiveness. The incremental cost effectiveness ratios (ICER) 

comparing the costs for an improvement in the outcome (i.e., QALYs) in the intervention 

group as compared to the control group will be presented and their associated confidence 

intervals estimated. Cost effectiveness acceptability curves for varying threshold values of 

cost effectiveness will also be presented. An assessment of the sensitivity of the results to 
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variation in measured resource use effectiveness and/or unit costs will be undertaken using 

appropriate one-way and multi-way sensitivity analysis.87,88  

 

Additional future analysis 

A separate mediation analysis will be undertaken and reported in a separate manuscript to the 

primary and secondary trial outcomes. A full statistical analysis plan for the causal mediation 

analysis89 will be developed separately to the current SAP and will be published online prior 

to analysis/unblinding. 

 

Changes from the original published protocol 

The following changes have been made in this SAP which were not present in the original 

published protocol:  

• Physical activity analyses (sedentary, light, moderate/vigorous) have been changed 

from using Troiano et al.34,35 cut-points to Hildebrand et al.49 cut-points because the 

latter cut-points are specific for Actigraph accelerometry devices worn on the non-

dominant wrist (i.e., consistent with trial data collection procedures).  

• Consideration of physical activity intensity outcomes (minutes of sedentary, light, and 

moderate-vigorous activity) using Smuck et al cut-points,36 and physical activity 

volume outcomes (intensity x time) using Smuck et al36 and Hildebrand et al cut-

points49 as exploratory outcomes instead of secondary outcomes. 

• All analyses using Smuck et al.36 cut-points will be published as their own exploratory 

manuscript (separate from the trial manuscript). The Smuck et al.36 cut-points were 

derived for hip-worn devices, and the conversion of cut-points between different wear 

locations is unknown (under investigation); this currently prevents analysis of our 

data attained from a wrist-worn wear location using these cut-points. 

• Inclusion of 24-hour time use compositional data (expressed as isometric log 

ratios)37,38 from wrist-worn accelerometry as an exploratory outcome. This will be 

published in an exploratory manuscript (separate from the trial manuscript). 

• Inclusion of daily sleep time (minutes) identified via the Van Hees et al39 sleep 

detection algorithm (guided by self-reported sleep logs) as an exploratory outcome. 

• Inclusion of the proportion of people who meet or exceed the MCID for primary 

outcomes as a secondary outcome.  

• Inclusion of pain self-efficacy as a potential moderator variable in subgroup analyses. 

• Use of the FreKAQ as the measure of body perception (instead of tactile acuity or 

implicit motor imagery) as a potential moderator variable in subgroup analyses. 

• Assessment of blinding status of the outcome assessors (collected the in-person lab 

measures at baseline and 12 weeks) as included in the original published protocol will 

now be included in the mediation analysis statistical analysis plan (i.e., lab measures 

are hypothesised mediators). 

• Addition of the Bang Blinding Index to evaluate participant blinding. 

• The proportion of therapists who thought they delivered the intervention of interest of 

the trial will be calculated (instead of successful blinding), given that the PSE-
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informed care therapists were unavoidably aware that they were providing the 

intervention of interest. Thus, this will reflect a measure of therapist treatment 

expectancy rather than true blinding. Similar therapy treatment expectancy will be 

considered present if ≥80% of therapists in the control group were unsure or 

incorrectly thought they provided the intervention of interest of the trial. 

• The original protocol identified that the health economic analysis will be published in 

a separate manuscript, with its own SAP developed. We have included the health 

economic analysis details here as this analysis may be published with that of the 

primary and secondary outcomes (dependent upon request of the journal). 

Funding sources 

This work was funded by the National Health & Medical Research Council (NHMRC) of 
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2 Overview of maximally complex LMM Model under consideration

As outlined in the parent document (SAP [v1.0]) the primary analyses will report “marginal
means” and confidence intervals based on the linear mixed effect modelling. This document
outlines further mathematical detail and principles of the intended primary analysis linear
mixed modelling.

2.1 Primary analysis

The random variable Ykij denotes the unrealised outcome for participant i = 1, 2, . . . , n under
the care of physiotherapist k = 1, 2, . . . ,K at follow-up time j = 0, 1, 2, 3; corresponding to
trial follow-up times: baseline, 12 weeks, 26 weeks and 52 weeks, respectively. We propose the
high-level regression model structure as follows,

Ykij = ηi + ζ
(j)
i + ψij + Vkij , (1)

where Greek characters (η, ζ, ψ) represent fixed effects and Latin symbols (V ) represent random
effects; and

• ηi contains the (fixed) effects and non-time-varying predictor variables, including the
fixed intercept, where participant i’s characteristics are constant over follow-ups j =
0, 1, 2, 3;

• ζ
(j)
i contains the (fixed) effects and potentially time-varying predictor variables where

participant i’s characteristics potentially vary over follow-ups j = 0, 1, 2, 3;
• ψij contains the intervention arm by time interaction and main (fixed) effects for partic-

ipant i at follow-up time j (the main predictors of interest for the trial);
• Vkij are the multilevel (random) effects, which includes a random participant i intercept

(and possibly correlated random slope or time-specific random intercept depending on
whether time-point is treated as a continuous or categorical variable, respectively), ran-
dom intercept for physiotherapist k, and the residual error for participant i under the
care of physiotherapist k at follow-up time-point j.

The treatment of the follow-up time variable will be a data and model diagnostic informed
choice (continuous with or without transformation or categorical variable).

However, the terms ηi (non-time-varying fixed effects) and ζ
(j)
i (fixed effects and potentially

time-varying predictor variables) are to be fit irrespective of the follow-up time-point oper-
ationalisation (variable type selection). These sets of terms are outlined in Section 3, prior
to outlining the terms which are dependent on the follow-up time-point operationalisation
(Section 4.1 and Section 4.2).
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2.2 Sensitivity analysis: potential COVID-19 restriction effects

The sensitivity analysis to estimate COVID-19 restriction effects, takes the same form as
Equation 1 however and additional set of terms (ξij) are added:

Ykij = ηi + ζ
(j)
i + ψij + ξij + Vkij . (2)

ξij contains the potential COVID-19 restriction (fixed) effects on the group by time interaction
for participant i at follow-up time-point j.

The terms ψij , ξij and Vkij will require different formulations depending on the follow-up time-
point variable type choice. Section 4.1 and Section 4.2 outline these scenarios and the resultant
forms of ψij , ξij and Vkij .
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3 Model terms independent of follow-up time operationalisation

3.1 Fixed effects with constant patient characteristics (ηi)

The ηi set of terms can be more fully expressed as

ηi = α0 +
p∑

ℓ=1
αℓxℓi

where

• xℓi are the p (ℓ = 1, 2, . . . , p) non-time varying variables/characteristics (either con-
tinuous or indicator variables representing non-reference categorical levels) of patient i
outlined in §7 (Analysis) of the SAP [v1.0]; and

• α0, α1, . . . , αp are the p fixed coefficients to be estimated by the model.

3.2 Fixed effects with potentially varying patient characteristics (ζ
(j)
i )

The ζij set of terms can be more fully expressed as

ζ
(j)
i =

q∑
r=1

δrx
(j)
ri

where

• x
(j)
ri are the q (r = 1, 2, . . . , q) potentially time-varying variables/characteristics (either

continuous or indicator variables representing non-reference categorical levels) of patient
i at each follow-up time-point j(= 0, 1, 2, 3), outlined in §7 (Analysis) of the SAP [v1.0];
and

• δ1, . . . , δq are the q fixed coefficients to be estimated by the model.
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4 Operationalisation of the follow-up time variable

The time variable will initially be attempted to be operationalised as a continuous variable so
that a random slopes for patients (and correlated with the corresponding random intercepts)
can be fit and tested for significance via log-likelihood ratio tests (LRTs).

Model diagnostics (importantly, linearity between conditional residuals vs predicted values –
by time-point and group) will inform the appropriate operationalisation of the time variable.

The order of preferred treatment of the follow-up time variable is as follows:

1. continuous without transformation,
2. continuous with transformation (please see Figure 1 for transformations considered, in

order), and finally
3. categorical.

Figure 1 outlines the simple transformations of (continuous) time that will be considered,
in order left to right, with the final time variable considered reverting to a flexible 4-level
categorical variable. If residual linearity is achieved using an untransformed or (non-quadratic)
transformed continuous time variable but there exists apparent residual heteroscedasticity over
time, two simple transformations of the strictly positive outcome variable(s) will be considered
to create variance stabilisation. In the case variance stabilisation cannot be achieved using
a (un)transformed continuous time variable, or residual linearity cannot achieved using a
(un)transformed continuous time variable; a flexible categorical follow-up time variable will be
used.

The previously mentioned random slopes will not be able to be if the time variable is categori-
cal, however residual-side heterogeneous and unstructured correlated random errors can be fit
to account for residual heteroscedasticity (and correlation) across time.
Random effect parsimony will be tested via a LRT of competing models.
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Figure 1: Conceptualisation of possible follow-up time transformations to linearise its relation-
ship with the outcomes (if required) in addition to possible outcome transformations
to create variance stabilisation in the case of residual variance being a function of
time – made more likely as the outcome variables can only take non-negative values.
Transformations are limited to simple monotonic functions for understandability and
ease of reporting.

The entire model fitting, selection and diagnostic processes will be made available in supple-
mentary files using literate programming principles for reproducibility and transparency.
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4.1 Case A: Continuous follow-up time variable

In the case a transformation of the follow-up time variable is satisfactory viable (pre-specified
in Figure 1; satisfactory based on model fit diagnostics, Section 4), we will define the time-point
variables for participant i as

tij = f(wij)

where j = 0, 1, 2, 3 as before with corresponding follow-up times as weeks where
{wi0 = 0, wi1 = 12, wi2 = 26, wi3 = 52}, and f(.) is the transformation function (includ-
ing f(a) = a and the “untransformed” wij value).

4.1.1 Fixed effects of interest for the trial: group × time (ψij)

In regards to the intervention arm/group, define the variable gi that takes the value 0 if partic-
ipant i is in the control group and 1 if participant i is in the PSE-informed care intervention.

Subsequently, ψij from Equation 1 will contain both main effect contrasts between intervention
groups at each follow-up time-point and additional interaction effects of PSE-informed care
intervention with follow-up time-point:

β1 gi + β2 tij + β3 (gi × tij)

where

• β1, β2 and β3 are fixed coefficients to be estimated by the model.

Note that β̂3 is the estimated additional over-time change (slope) attributed to the PSE-
informed care intervention, when compared to the common estimated slope β̂2 common to
both intervention arms.

In the case of a degree=2 polynomial being chosen as the time-point transformation, ψij from
Equation 1 will take the form

β1 gi + β2 tij + β3 t
2
ij + β4 (gi × tij) + β5 (gi × t2ij)

where tij = j − 1 for ease of interpretation of the linear and quadratic time coefficients.

Note, in the specific case of polynomial time predictors, model reduction will be considered in
the following order:

• the removal of intervention arm/group specific quadratic time effect (β5 = 0).
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4.1.2 Random effects (Vkij)

The random elements of Equation 1 (and Equation 2), namely Vkij , will initially be fit with
the following random effects

uk + b0i + b1i × tij + ekij

where

• uk is a random intercept associated with physiotherapist k, with uk ∼ N(0, σ2
u);

• b0i is a random intercept for participant i, and b1i is a random slope for participant i
with

bi =
[
b0i

b1i

]
∼ N(0,Σb), and

Σb =
[

σ2
0 ρ01σ0σ1

ρ01σ0σ1 σ2
1

]
; and

• ekij is the random residual error for participant i under the care of physiotherapist k at
follow-up time-point j, with ekij ∼ N(0, σ2

e); and
• uk, bi and ekij assumed to be independently distributed, i.e.,

V ar


 uk

bi

ekij


 =

 σ2
u 01×2 0

02×1 Σb 02×1
0 01×2 σ2

e

 .
More parsimonious random effect structures will be investigated where:

• ρ01 = 0 (independent participant random intercepts and slopes), and
• σ1 (no random slope variability - only participant random intercepts required).
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4.1.3 COVID-19 restriction moderation on the group × time interaction (ξij)

The terms in ξij from Equation 2 contain the same predictors as in ψij , however they are
crossed with the time specific (j = 0, 1, 2, 3) COVID-19 restriction variable for participant i
that we name cij . We assume cij = 0 means no COVID-19 restrictions and takes the value 1
for any COVID-19 restrictions. Therefore, ξij can be written

cij × {β4 gi + β5 tij + β6 (gi × tij)}

where

• β4, β5, β6 are fixed coefficients to be estimated by the model.

Model reduction will consider in the following order::

• the removal of intervention arm/group specific COVID-19 restriction effects (β6 = 0),
• the removal of time specific COVID-19 restriction effects (β5 = 0), and finally
• any constant COVID-19 restriction effects (β4 = 0).

Note that in the case of a degree=2 polynomial being chosen as the time-point transformation,
the above still will be used for the terms in ξij (NOT considering quadratic time COVID-19
interactions), but the indexes of the betas will be different. Model reduction will prioritise
removal of the quadratic terms if possible.
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4.2 Case B: Categorical follow-up time variable

In the case the follow-up time variable is categorical, we will define the indicator time-point
variables for participant i as

tij′ = I
(
j′ = j

)
where j′ = 1, 2, 3 (as they will be associated with contrasts to baseline) and j = 0, 1, 2, 3 as
before, and I(.) is the indicator function that only takes values 0 (when the argument is false)
or 1 (when the argument is true).

For example, for participant i = 5 at follow-up j = 2, the corresponding indicator variables
are

• t51 = 0,
• t52 = 1, and
• t53 = 0.

4.2.1 Fixed effects of interest for the trial: group × time (ψij)

In regards to the intervention arm/group, define the variable gi that takes the value 0 if partic-
ipant i is in the control group and 1 if participant i is in the PSE-informed care intervention.

Subsequently, ψij from Equation 1 will contain both main effect contrasts between intervention
groups at each follow-up time-point and additional interaction effects of PSE-informed care
intervention with follow-up time-point:

(β1 ti1 + β2 ti2 + β3 ti3) + gi × (β4 ti1 + β5 ti2 + β6 ti3)

where

• β1, β2, . . . , β6 are fixed coefficients to be estimated by the model.

Note that β̂6 is the specific estimated contrast point estimat between the mean adjusted change
from baseline to the 52 week follow-up between the PSE-informed care intervention and the
control.
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4.2.2 Random effects (Vkij)

The random elements of Equation 1 (and Equation 2), namely Vkij , will initially be fit with
the following random effects

uk + bi + ekij

where

• uk is a random intercept associated with physiotherapist k, with uk ∼ N(0, σ2
u);

• bi is a random intercept for participant i, with bi ∼ N(0, σ2
b );

• ekij is the random residual error for participant i under the care of physiotherapist k at
follow-up time-point j, with

eki =


eki0
eki1
eki2
eki3

 ∼ N(0,Σ), and

Σ =


σ2

0 ρ01σ0σ1 ρ02σ0σ2 ρ03σ0σ3
ρ01σ0σ1 σ2

1 ρ12σ1σ2 ρ13σ1σ3
ρ02σ0σ2 ρ12σ1σ2 σ2

2 ρ23σ2σ3
ρ03σ0σ3 ρ13σ1σ3 ρ23σ2σ3 σ2

3

 ; and

• uk, bi and eki assumed to be independently distributed, i.e.,

V ar


uk

bi

eki


 =

 σ2
u 0 01×4

0 σ2
b 01×4

04×1 04×1 Σ

 .
More parsimonious random effect structures will be investigated where:

• ρ01 = ρ02 = ρ03 = ρ12 = ρ13 = ρ23 = 0, and
• σ0 = σ1 = σ2 = σ3.
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4.2.3 COVID-19 restriction moderation on the group × time interaction (ξij)

The terms in ξij from Equation 2 contain the same predictors as in ψij , however they are
crossed with the time specific (j = 0, 1, 2, 3) COVID-19 restriction variable for participant i
that we name cij . We assume cij = 0 means no COVID-19 restrictions and takes the value 1
for any COVID-19 restrictions. Therefore, ξij can be written

cij × {(β7 + β8 ti1 + β9 ti2 + β10 ti3) + gi × (β11 + β12 ti1 + β13 ti2 + β14 ti3)}

where

• β7, β8, . . . , β14 are fixed coefficients to be estimated by the model.

Model reduction will consider:

• the removal of intervention arm/group specific COVID-19 restriction effects (β11 = β12 =
β13 = β14 = 0),

• the removal of time specific COVID-19 restriction effects (β8 = β9 = β10 = 0), and
finally

• any constant COVID-19 restriction effects (β7 = 0).
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