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ABSTRACT

OBIJECTIVE: To test the effectiveness of a behaviour change physiotherapy intervention to increase
physical activity compared with usual rehabilitation after Total Hip Replacement (THR) or Total Knee
Replacement (TKR).

DESIGN: Multicentre, pragmatic, two-arm, open, randomised controlled, superiority trial
SETTING National Health Service providers in nine English hospitals.

PARTICIPANTS: 224 individuals aged >18 vyears, undergoing a primary THR or TKR deemed
“moderately inactive” or “inactive”.

INTERVENTION: Participants received either six, 30-minute, weekly, group-based exercise sessions
(usual care), or the same six-weekly, group-based, exercise sessions each preceded by a 30-minute
cognitive behaviour discussion group aimed at challenging barriers to physical inactivity following
surgery (experimental).

RANDOMISATION & BLINDING: Initial 75 participants were randomised 1:1 before changing the
allocation ratio to 2:1 (experimental:usual care). Allocation was based on minimisation, stratifying on
comorbidities, operation type and hospital. There was no blinding.

MAIN OUTCOME MEASURES: Primary: UCLA Activity Score at 12 months. Secondary: sixand 12 month
assessed function, pain, self-efficacy, kinesiophobia, psychological distress and quality of life.

RESULTS: Of the 1254 participants assessed for eligibility, 224 were included (139 experimental:85
usual care). Mean age was 68.4 years (standard deviation: 8.7), 63% were female, 52% underwent
TKR. There was no between-group difference in UCLA score (mean difference: -0.03 (95% Cl: -0.52 to
0.45, p=0.89)). There were no differences observed in any of the secondary outcomes at six or 12
months. There were no important adverse events in either group. The COVID-19 pandemic
contributed to the reduced intended sample size (target 260) and reduced intervention compliance.

CONCLUSIONS: There is no evidence to suggest attending usual care physiotherapy sessions plus a
group-based behaviour change intervention differs to attending usual care physiotherapy alone. As
the trial could not reach its intended sample size, nor a proportion of participants receive their
intended rehabilitation, this should be interpreted with caution.

TRIAL REGISTRATION: ISRCTN29770908

Keywords: arthroplasty; osteoarthritis; rehabilitation; physical activity; exercise; cognitive
behavioural

STRENGTHS AND LIMITATIONS OF THIS STUDY

e The multicentre recruitment approach enhanced external validity across population
characteristics in England.



e Functional, behavioural and psychological outcomes were collected to ensure a global
participant assessment.

e |t was challenging to ensure there were acceptable numbers of people in the group-based
intervention.

e All 12-month follow-up data were collected during the COVID-19 pandemic, potentially
impacting on typical recovery and psychological outcomes.

e The COVID-19 pandemic meant we were unable to reach our anticipated sample size or
deliver the intervention as planned.

INTRODUCTION

Total Hip Replacement (THR) and Total Knee Replacement (TKR) are two highly successful orthopaedic
procedures which reduce pain for people with osteoarthritis.[1,2] Over 200,000 THRs and TKRs were
performed in the United Kingdom (UK) in 2019 pre-pandemic.[1] Approximately 90% of patients are
typically satisfied following THR and TKR,[2] with significant improvements in pain and physical
function after three to 12 months.[2,3]

Historically, it has been assumed that people become more active following THR or TKR through the
amelioration of joint pain.[4] However, current literature suggests physical activity, at best, remains
the same from pre- to post-operatively, and in some instances declines.[4,5]

People following THR and TKR have reported a number of challenges which make engaging in physical
activity difficult, most notably psychosocial barriers and fear avoidance beliefs.[6] Such barriers
include receiving insufficient and inconsistent information on being more physically active, fear of
damaging joint replacements and causing pain, and not being able to goal-set or problem-solve
physical activities within individual’s lifestyles.[6] Whilst previous international guidance has
acknowledged the importance of physical activity on health and wellbeing, people following THR and
TKR have reported difficulty in being active.[6] There is limited support or guidance currently offered
on how to overcome these problems post-operatively.[6]

Not being physically active after joint replacement can have a major negative impact on a person’s
health and a burden on the National Health Service (NHS). Medical co-morbidities are common in this
population. These include hypertension (56%),[7] cardiovascular disease (20%),[8] diabetes (16%)[8]
and multi-joint pain (57%).[7] Approximately 27% of people who undergo joint replacement have
three or four comorbidities.[8] Medical comorbidities have a significant negative impact on both
health-related quality of life (HRQoL) and result in a societal burden.[9,10] Participating in regular
physical activity can decrease the risk of cardiovascular disease by 52%,[11] diabetes by 65%,[12] and
some cancers by 40%.[13] It is associated with a reduction in all-cause mortality by 33% and
cardiovascular mortality by 35%.[14]

Current rehabilitation following THR and TKR in the UK, as advocated by the National Institute for
Health and Care Excellence (NICE), centres around regaining joint movement, strength and gait re-
education.[15] There is currently no evidence informing patients or healthcare professionals on how
to increase physical activity specifically following THR and TKR. Following joint replacement, people
have specific psychological needs and challenges which differ to the non-joint replacement
population.[6] Therefore, a specific intervention tailored to this population's health beliefs, including
fear avoidance regarding implant survival, dislocation and increased knowledge on the impact of



physical inactivity on other comorbidities, is required. Previous research has demonstrated that
behaviour-change interventions can effectively increase physical activity across the lifespan.[16-20]
Given this, it was hypothesised that such an intervention could be beneficial for this population.
Accordingly, the purpose of this trial was to answer the research question “following a primary THR
or TKR, does a group exercise and behaviour-change intervention targeted to increase physical activity
participation increase HRQoL and clinical outcomes over the initial 12 post-operative months
compared to group exercise alone?”

METHODS

Study design

A full protocol has been published previously.[21]

This was a two-arm, open, pragmatic, parallel, multi-centre, randomised controlled superiority trial.
The study flow chart is presented as Figure 1. Participants were recruited from eight UK NHS hospital
trusts by the clinical team once they had been listed for THR or TKR. Interventions were delivered in
physiotherapy departments within these NHS facilities.

We recruited adults who were due to undergo primary unilateral THR or TKR where the indication for
surgery was degenerative joint pathology (not trauma). Potential participants were classified as
‘moderately inactive’ or ‘inactive’ using the General Practice Physical Activity Questionnaire
(GPPAQ)[22] and have a Charlson Comorbidity Index (CCl) of 21 point.[23,24] We excluded people
who were cognitively impaired, defined as an Abbreviated Mental Test Score (AMTS)[25] of <8; whose
usual place of residence was a care home; were unable to read and/or comprehend English; and had
no access to a working telephone.

Study treatments

Usual NHS surgical and in-patient care was received by both control and intervention groups. On
hospital discharge, all participants attended six-weekly, 30-minute, group-based exercise classes
within each hospital trust’s physiotherapy department. These groups commenced within four weeks
post-operation. The principles regarding prescription of group exercises to increase range of motion,
strength and gait pattern, were consistent. Whilst the rehabilitation of THR and TKR focuses on overall
lower limb function, all participants following a THR focused on hip exercises, whereas those following
a TKR focused on knee exercises. One physiotherapist (with or without a second physiotherapist or
therapy assistant) ran each session.

The programme and rationale for the experimental intervention are presented in detail in
Supplementary File 1. In brief, the intervention was grounded in the Social Cognitive Theory (SCT)[26]
based on the theory that behaviour (physical activity level) is influenced by bi-directional relationships
with personal factors (cognitive, emotional and physical) and environment. In this process, the
cognitive behavioural approach in the PEP-TALK intervention, used techniques to identify and target
unhelpful thoughts and behaviours in order to produce adaptive thoughts, behaviours, emotions and
physiological responses. Previous systematic reviews examining barriers and facilitators for older
adults to increase physical activity have identified specific beliefs which could reduce an individual’s
general self-efficacy.[4,6,27,28] These include: stigma, body image[28] and ageing stereotypes.[27]
Unhelpful beliefs can be identified and explored using cognitive behavioural techniques to increase
self-efficacy. The evidence also identified tools to increase general self-efficacy which include the



credibility of instructors and the information/physical activity tasks they provide.[27-29] The PEP-TALK
intervention was designed to address these, exploring known barriers and facilitators to physical
activity after joint replacement,[6] to promote increased participation in activity post-operatively.

In practice, participants randomised to the experimental group received the same six-weekly, group-
based, 30-minute, exercise session as the usual care group. The only difference between the two
groups was the addition of a 30-minute, group-based, behaviour change intervention prior to the
routine 30 minutes of exercise, and three follow-up telephone calls two, four and six weeks after the
last group-based session. In the group-based sessions, participants were facilitated (as a group) to
develop skills to overcome challenges to physical activity behaviour, supplemented through a
workbook. This encouraged reflective activities such as recording physical, emotional and cognitive
barriers and facilitators to physical activity. One physiotherapist (with or without a second
physiotherapist or therapy assistant) ran each session. During the follow-up telephone calls,
participant’s goals were reviewed, any barriers to the completion of these goals were identified, and
the physiotherapist reviewed any ‘unhelpful’ and ‘helpful’ thoughts or feelings towards physical
activity which may have arisen since the last consultation, and closed with the development of longer-
term physical activity goal-setting. A treatment log was completed by physiotherapists to record the
components of what was discussed across the group in each session and each telephone call.

Each member delivering the experimental intervention attended a one-day training session which
taught the components and format of the intervention. To ensure compliance with the treatment
protocol, the PEP-TALK team made regular visits for quality assurance.

Data collection

At the time of enrolment, site healthcare professionals checked eligibility and recorded demographic
characteristics. Baseline scores for outcome questionnaires were obtained before randomisation.
Data collected at baseline included: gender, age, height and weight, CCl, self-reported presence and
location of multi-site joint pain, co-morbidities determined from the medical notes, AMTS,
employment status and occupation (when appropriate).

Participants were followed-up at six and 12 months after randomisation.

The primary outcome was the University of California Los Angeles (UCLA) Activity Score[30] (scored O
to 10; higher scores indicate greater physical activity) at 12 months. This was selected as it is a reliable
and valid self-reported tool to assess physical activity[31] and has been previously used for this means
in orthopaedic trials.[32] Secondary outcomes at six and 12 months after randomisation were
measured using the Lower Extremity Functional Scale (LEFS)[33] (scored O to 80, higher scores
indicating less functional disability), Oxford Hip Score (OHS)[34] or Oxford Knee Score (OKS)[35]
(scored 0 to 48, higher scores indicating less disease-specific function), Numerical Rating Scale (NRS)
for pain (scored 0 to 10, higher scores indicating greater pain perception), the Generalized Self-Efficacy
Scale (GSES)[36] (scored 10 to 40, higher scores indicating greater self-efficacy), the Tampa Scale for
Kinesiophobia[37] (scored 17 to 68, higher scores indicating greater fear of motion), the Hospital
Anxiety and Depression Scale (HADS)[38] (scored 0 to 21, higher scores indicating greater anxiety and
depression), and the EQ-5D-5L[39] (scored 0 to 1, higher scores indicating greater HRQol). Participants
provided a retrospective assessment of complications at each six-month follow-up period. Health
resource utilisation data were collected but is not presented in this paper.

For each participant in the experimental intervention arm, the number of trial exercise sessions
attended and group size of each session was recorded. The number of telephone contacts made after
the end of the sessions and adherence with intervention protocols was also collected. There were no
changes to the outcomes during the trial.



Randomisation and masking

Random allocation was 1:1 originally. Randomisation was performed using a centralised computer
randomisation program provided by the Oxford Clinical Trials Research Unit (OCTRU). Research nurses
and physiotherapists at recruiting centres enrolled participants and then assigned participants by
accessing the online OCTRU randomisation program, thereby adopting a concealed allocation
approach. Randomisation was undertaken using a minimisation algorithm, stratified by: hospital site;
type of joint replacement (THR or TKR); CCl of one to three versus >4.[23,24] It had a probabilistic
element introduced to ensure unpredictability of treatment assignment.

The experimental intervention was designed to have three or more people per group.[21] Early sites
found it difficult to consistently reach this level of participant numbers with the original 1:1
randomisation allocation. Accordingly, after 75 randomisations, we modified the randomisation ratio
to 2:1 in favour of the experimental intervention. This ensured that a greater number of people are
allocated to the experimental intervention. The sample size was increased to 260 to account for this
change.

Masking participants or the teams providing interventions was not possible.

Sample size

The trial was powered on the single primary outcome of UCLA at 12 months. Originally, 250
participants (125 per arm) were required to detect a standardised effect size of 0.4 with 80% power
and 5% (two-sided) significance, and allowing for 20% loss to follow-up. These calculations were based
on the primary outcome, UCLA Activity Score at 12 months, assuming a baseline standard deviation
of 2.5 and a between-group difference of one.[32] The minimally clinically important difference
(MCID) was reported as a within-person difference of 0.92 points.[32]

The target sample size was increased to 260 to account for the change in randomisation ratio.[21]

Results from the secondary outcomes provide supporting evidence for the results from the primary
outcome analysis and are not powered separately. No allowance for multiple testing was included as
a single primary outcome was considered.

Statistical methods

There was no planned interim analyses or pre-defined stopping rules. Full analysis details are in the
published statistical analysis plan.[40]

The primary outcome measure, UCLA at 12 months, was modelled using a linear mixed effects model
adjusting for person within centre random effects, CCl, type or operation (TKR or THR), time (six and
12 months) and baseline UCLA score as fixed effects using the intention-to-treat population
(participants analysed as randomised). A treatment by time point interaction was included to allow
time specific treatment effects to be calculated. This approach makes use of all available data at each
time point. The secondary outcomes (LEFS, OKS, OHS, HADS, NRS for pain, GSES, Tampa, EQ-5D-5L
Index and EQ-VAS) were analysed using a similar modelling approach. The number of participants with
one or more complications were analysed using logistic regression, adjusting for minimisation factors
and treatment. Total number of complications were analysed using Poisson Regression adjusting for
the same factors.



Supporting analyses to the primary outcome included an area under the curve (AUC) analysis and
complier average causal effect (CACE) analyses for all three pre-defined levels of compliance (Strict
Compliance, Compliance, Attendance).[40] Full definitions of the three compliance levels are given in
Supplementary File 2. The AUC analysis provided additional information on the trajectory of function
recovery of these participants. The CACE analysis answered the question, for those participants who
received the intervention as planned, did it improve function over usual care alone? The AUC analysis
was performed using the same model as used for the primary analysis except including baseline UCLA
Activity Score in the “time” fixed effect allowing time point specific treatment effects to be calculated
for baseline, six and 12 months. The CACE analysis has been performed through 10000 bootstrapped
samples. Adjusted linear regression was used for the 12-month UCLA Activity Score; adjusting for
randomised treatment, baseline UCLA Activity Score, recruiting site, CCl (continuous), and joint
replacement was used to obtain ITT estimates. The pathway from treatment allocation to compliance
(rate of potential compliers in the usual care group) was also estimated using adjusted linear
regression: compliance indicators was analysed adjusting for the same variables. CACE estimates were
obtained by taking the ratio of the ITT estimate and potential complier rate. Standard errors,
confidence intervals and p-values were calculated using the bootstrapped samples.

Other analyses examining the missing data assumptions, the per-protocol population, using a reduced
model, treatment effects within pre-defined clinical subgroups and exploratory descriptive statistics
for selected secondary outcomes by COVID-19.

Study monitoring

A Trial Steering Committee (TSC) and Data Safety Monitoring Committee (DSMC) were appointed to
independently review data on safety, protocol adherence and trial recruitment.

Patient and public involvement

Patient involvement began during protocol development and continued throughout the trial. A
patient-member (not enrolled in the trial) attended TSC meetings. The same patient-member was a
co-investigator. He provided insights into the trial conduct, particularly on data collection processes
and helped interpret the findings to inform the trial’s dissemination phase.

Trial participants who expressed an interest in receiving information on the trial findings were
provided with this.

RESULTS

Recruitment and participant flow

Recruitment occurred between 12 April 2019 to 27 March 2020. The CONSORT[41] flow chart is
presented as Figure 1. In total, 230 participants were randomised. Six were randomised in error,
resulting in an analysable population of 224 participants (85 usual care; 139 experimental).

Due to the COVID-19 pandemic, 47 participants that had consented to take part in the study could not
be randomised and the trial was stopped 30 participants short of its planned sample size. All elective



THRs and TKRs were cancelled as part of the UK national COVID-19 lockdown (23rd March 2020).
Group-based physiotherapy classes within the participating hospital outpatient settings (a mechanism
this trial relied on for both treatment groups) were also halted. Consequently, it was not feasible to
continue the trial for the final 30 planned participants.

Retention

The retention of participants is presented in Figure 1. There were 37 withdrawals (13 usual care; 24
experimental). Supplementary Table 1 gives a summary of type of withdrawals by level of withdrawal
and treatment group. The return of primary outcome data is presented in Supplementary Table 2.
This illustrates that for the primary, ITT, analysis of the UCLA Activity Score there were 223 (99.6%)
participants to supply a UCLA Activity Score at baseline (85 usual care; 138 experimental), 186 (83.0%)
responses at six months (69 usual care; 117 experimental) and 181 (80.8%) responses at 12 months
(70 usual care; 111 experimental).

Participant characteristics

Baseline characteristics are presented by randomised treatment group in Table 1. The mean
participant age was 68.4 years (standard deviation (SD): 8.7), 62.9% were female with 52.2%
undergoing TKR. Seventy-four percent of the cohort had a CCl of one to three (mean 2.9 (SD: 1.3)).
Mean BMI was 30.9kg/m? (SD: 5.7). The mean duration of symptoms prior to surgery was 46.9 months
(SD: 50.9) with 73.2% presenting with an American Society of Anesthesiology (ASA) grade of two at
surgery. As Table 1 demonstrates, the two groups were comparable with the experimental group
presenting with a slightly higher proportion of females (64.7% vs. 60.0%), longer duration of symptoms
(mean: 48.8 months vs. 43.8 months) and fewer inactive participants (79.1% vs. 83.5%) compared to
the usual care group.

Table 1: Baseline characteristics by randomised group

Usual Experimental Total

(n=85) (n=139) (n=224)
Age, years n=85, 68.5 (8.8) n=139, 68.3 (8.6) n=224, 68.4 (8.7)
UCLA Activity Score, 1-10 n=85, 3.6 (1.5) n=138, 3.6 (1.6) n=223, 3.6 (1.5)
Joint Replacement
Hip replacement 40 (47.1) 67 (48.2) 107 (47.8)
Knee replacement 45 (52.9) 72 (51.8) 117 (52.2)
CCl, Dichotomised
1-3 64 (75.3) 102 (73.4) 166 (74.1)
4+ 21 (24.7) 37 (26.6) 58 (25.9)
CCl, Continuous n=85, 2.8 (1.3) n=139, 3.0 (1.3) n=224,2.9 (1.3)
Sex
Female 51 (60.0) 90 (64.7) 141 (62.9)
Male 34 (40.0) 49 (35.3) 83 (37.1)
BMI, Categories
Healthy Weight 15 (17.6) 25 (18.0) 40 (17.9)
Overweight 22 (25.9) 45 (32.4) 67 (29.9)
Obese 42 (49.4) 60 (43.2) 102 (45.5)
Morbidly Obese 6(7.1) 9 (6.5) 15 (6.7)
BMI, kg/m2 n=85, 31.1 (5.9) n=139, 30.7 (5.6) n=224, 30.9 (5.7)

Joint Pain in the Past 7 Days




Usual Experimental Total

(n=85) (n=139) (n=224)
Yes 85 (100.0) 138 (99.3) 223 (99.6)
No 0 (0.0) 1(0.7) 1(0.4)
GPPAQ Level
Active 0 (0.0) 0 (0.0) 0 (0.0)
Moderately Active 2 (2.4) 1(0.7) 3 (1.3)
Moderately Inactive 12 (14.1) 28 (20.1) 40 (17.9)
Inactive 71 (83.5) 110 (79.1) 181 (80.8)
AMTS n=85, 9.6 (0.6) n=139, 9.6 (0.6) n=224,9.6 (0.6)
EQ-5D-5L Score n=85, 0.4 (0.2) n=139, 0.4 (0.3) n=224, 0.4 (0.2)
EQ-VAS, 0-100 n=85, 61.3 (20.0) n=139, 60.6 (23.6) n=224, 60.9 (22.2)
Numeric Pain, 0-10 n=85, 6.9 (1.9) n=139, 7.2 (1.8) n=224,7.1(1.9)

Symptom Duration, Months

n=85, 43.8 (48.8)

h=138, 48.8 (52.2)

h=223, 46.9 (50.9)

ASA Classification

1 4 (4.7) 12 (8.6) 16 (7.1)

2 61 (71.8) 103 (74.1) 164 (73.2)
3 20 (23.5) 22 (15.8) 42 (18.8)
4 0 (0.0) 2 (1.4) 2 (0.9)

Data are mean (SD-standard deviation) or n (%). +Stratification factor used in randomisation. UCLA=University
of California, Los Angeles, CCl=Charlson Comorbidity Index, BMI=Body Mass Index, GPPAQ=General Practice
Physical Activity Questionnaire, AMTS=Abbreviated Mental Test Score, EQ-5D-5L=Health-related quality of life
assessed by EuroQol 5-level EQ-5D, EQ-VAS=EuroQol Visual Analogue Scale; ASA=American Society of
Anesthesiologists.

Main analyses

The results of the analysis for the primary outcome measure are presented in Table 2 and Figure 2.
There was no evidence to support rejecting the null hypothesis that there was no difference between
attending group-based exercise plus a group-based behaviour change intervention and attending
group-based exercise alone on the UCLA Activity Score at 12 months post-randomisation, at the 5%
significance level (mean difference: -0.03; 95% Cl: -0.52 to 0.45; p=0.89). However, as the trial could
not reach its intended final sample size due to the COVID-19 pandemic, this result should be
interpreted with caution. The interpretation of the results did not change on per-protocol analysis or

reduced model analysis (Supplementary Table 3; Supplementary Table 4).

Table 2: UCLA Activity Score (primary outcome) results

Time Point Usual Experimental Mean Difference p-value
n, Mean (SD) n, Mean (SD) Unadjusted |Adjusted (95% CI)

Baseline n=85,3.62 (1.52)  |n=138,3.57 (1.57)  |-0.06 - -

6 Months n=69, 4.77 (1.52)  |n=117,4.97 (1.68)  [0.20 0.27 (-0.21,0.76)  [0.27

12 Months n=70,4.87 (1.61)  |n=111,4.84 (1.91)  |-0.03 10.03 (-0.52,0.45)  [0.89

(Primary Outcome)

Area under the curve | o) 4 5 4.89 (0.28) ; 0.09 (-0.47,0.64)  |0.88

over 12 months

CACE: Strict Compliance - n=46 - -0.24 (-1.45,0.96) 0.69

CACE: Compliance - n=58 - -0.20 (-1.19,0.79) 0.69

CACE: Attendance - n=81 - -0.16 (-0.90,0.59) 0.68

N - number of participants; SD — standard deviation; CACE — complier average causal effect.



For the AUC analysis, the standard deviations presented are the standard errors for these estimates calculated
using the delta method. CACE analysis based on 10000 bootstrapped samples.

Three Complier Average Causal Effect (CACE) estimations were performed on the 12-month UCLA
Activity Score, one for each definition of compliance (Strict Compliance, Compliance and Attendance).
Table 2 presents the CACE estimates for the three levels of compliance. There was no difference in
outcome based on these analyses and all effect estimates were within the MCID of 0.92.[34]

The results of all continuous secondary outcomes are presented in Table 3. They demonstrate no
significant between-group differences for any of the continuous secondary outcomes at any time
point. A general pattern of improvement from baseline to six months then levelling off at 12 months
with no significant between-group differences observable, was seen throughout.

A total of 141 complications were reported from 75 participants, 50 (35.5%) in the usual care group
and 91 (64.5%) in the experimental group (Table 4; Supplementary Figure 1). It should be noted that
62.1% of participants were randomised to the experimental group so this apparent difference is
expected if complication rate was the same across both groups. The most common complications
were increased pain either in the operated joint or in other joints, wound infections, medical
complications and stiffness in the operated joint. Most complications (65.2%) were reported in the
first six months post-randomisation. There was no difference in the number of people who had a
complication (28 vs. 47; odd ratio (OR): 1.03; 95% Cl: 0.56 to 1.89) or total numbers of complications
(50vs.91; OR: 1.10; 95% Cl: 0.77 to 1.56) between the usual care and experimental group respectively.
There was one adverse event (fall, usual care) and three serious adverse events (two experimental
(cardiac failure, pneumonia), one usual care (suspected deep vein thrombosis)).

Table 3: Continuous secondary outcome results

. . Usual Experimental Mean Difference p-value

Time Point - :
n, Mean (SD) n, Mean (SD) Unadjusted |Adjusted (95% ClI)

Lower Extremity Functional Scale
Baseline n=82, 23.72 (13.11) |n=130, 24.50 (14.07) [0.78 - -
6 Months n=45, 45.40 (19.76) |[n=80, 51.44 (17.70)  |6.04 2.60 (-3.29,8.50)  [0.39
12 Months n=51, 47.86 (18.97) |n=80, 50.67 (21.40) 2.81 1.26 (-4.61,7.13) 0.67
Oxford Hip Score
Baseline n=40, 16.05 (6.36)  |n=67, 16.78 (7.99) 0.73 - -
6 Months n=28, 34.84 (11.73) |n=50, 39.68 (8.93) 4.84 3.86(-0.92,8.64) [0.11
12 Months n=27,36.90 (12.48) |n=48, 39.42 (10.46) 2.52 2.37 (-2.53,7.27) 0.34
Oxford Knee Score
Baseline n=45, 18.67 (8.51)  |n=72, 17.46 (6.99) 11.21 - -
6 Months n=33,35.20 (7.62)  |n=51, 33.45 (9.38) 11.75 11.74 (-5.03,1.54) [0.30
12 Months n=35,34.90 (8.46)  |n=55, 33.54 (9.84) 11.36 11.43 (-4.72,1.86) [0.39
Numerical Rating Scale for Pain
Baseline n=85, 6.87 (1.94) n=139, 7.23 (1.79) 0.36 - -
6 Months n=61, 3.34 (2.59) n=101, 3.54 (2.74) 0.20 0.19 (-0.64,1.02) [0.66
12 Months n=61, 4.08 (2.87) n=102, 3.33 (2.85) L0.75 10.75 (-1.59,0.09) [0.08

Generalized Self-

Efficacy Scale




Time Point Usual Experimental Mean Difference p-value
n, Mean (SD) n, Mean (SD) Unadjusted |Adjusted (95% Cl)
Baseline n=84,31.31 (5.49) |n=138,31.67 (5.39) [0.36 - -
6 Months n=58,31.88 (5.18)  |n=98, 33.03 (5.30) 1.15 1.15(-0.30,2.61)  [0.12
12 Months n=61, 32.16 (5.55)  |n=101, 32.20 (6.72)  [0.03 0.33(-1.13,1.78) [0.66
Tampa Scale for Kinesiophobia
Baseline n=85, 40.04 (7.44) |n=136,39.77 (7.75)  |0.26 - -
6 Months n=56, 35.77 (7.74)  |n=91, 34.77 (7.29) -1.00 10.39 (-2.40,1.61) [0.70
12 Months n=57, 36.56 (6.91)  |[n=90, 35.06 (8.27) 11.51 10.77 (-2.79,1.24) |0.45
Hospital Anxiety and Depression Scale (Overall)
Baseline n=85, 11.85 (6.16)  |n=138, 12.50 (7.07)  [0.65 - -
6 Months n=59, 8.97 (6.52) n=97, 8.81 (6.36) 10.15 11.18 (-2.73,0.37) [0.14
12 Months n=62, 9.02 (6.61) n=98, 9.70 (6.99) 0.69 0.52 (-1.03,2.06) [0.51
Hospital Anxiety and Depression Scale (Anxiety)
Baseline n=85, 5.89 (3.78) n=138, 6.63 (4.07) 0.74 - -
6 Months n=60, 4.95 (4.01) n=98, 4.95 (3.57) 0.00 10.71 (-1.67,0.25)  [0.15
12 Months n=62, 4.76 (3.73) n=99, 5.46 (3.84) 0.71 0.36 (-0.60,1.31) [0.46
Hospital Anxiety and Depression Scale (Depression)
Baseline n=85, 5.95 (3.16) n=139, 5.89 (3.81) 10.06 - -
6 Months n=61, 4.03 (3.27) n=99, 3.90 (3.51) 10.13 10.25 (-1.13,0.63) [0.58
12 Months n=62, 4.26 (3.47) n=101, 4.30 (4.02) 0.04 0.24 (-0.65,1.12)  [0.60
EQ-5D-5L Index
Baseline n=85, 0.40 (0.22) n=139, 0.39 (0.27) 10.01 - -
6 Months n=68, 0.66 (0.23) n=117, 0.69 (0.25) 0.03 0.03 (-0.03,0.10) [0.31
12 Months n=70, 0.67 (0.24) n=113, 0.67 (0.29) 0.00 0.00 (-0.06,0.07)  [0.93
EQ-VAS
Baseline n=85, 61.33 (20.01) |n=139, 60.58 (23.56) |-0.75 - -
6 Months n=68, 70.93 (18.67) |n=117,73.86(20.02) [2.94 2.84 (-2.31,7.99) 0.28
12 Months n=69, 72.51 (17.90) |n=110, 72.94 (19.98) [0.43 1.47 (-3.73,6.68) 0.58
Table 4: Complication results
Usual Experimental |[Odds Ratio
N(%) N (%) (95% Cl) p-value
Number of participants who had a complication 28 (32.94) |47 (33.81) 1.03 (0.56,1.89) 0.94
Total complications 50 (58.82) 91 (65.47) 1.10(0.77,1.56) 0.61

Cl — confidence intervals

Analysis by compliance

Treatment compliance is summarised in Supplementary Figure 2. Compliance is reported by
categories as defined in the analysis plan.[40] In total, 489 experimental intervention or physiotherapy
exercises sessions were held. The sessions ran from 08 May 2019 to 18 March 2020. 162 were
experimental sessions and 327 were exercise alone sessions (161 usual care; 166 experimental). There
was one experimental class that was not accompanied by a physiotherapy class.

A major component of the definition of compliance for the experimental group was the group class
sizes. The median class size for the intervention classes was two with a range of one to 14.
Supplementary Figure 3 is a plot of the group sizes for all intervention sessions. Any class with three



or more participants was considered a “compliant” class. In total, 75 (46.3%) of the 162 intervention
sessions had three or more participants. To address the issue of compliance, the randomisation
procedure was changed from 1:1 to 2:1. Supplementary Figure 4 is a breakdown of treatment
compliance by participants randomised using either a 1:1 or 2:1 randomisation ratio. In both groups,
the number of participants who were non-compliant rose considerably and the number of strict
compliers fell after the change from 1:1 to 2:1 randomisation. A confounder to this result is that
participants whose intervention was disrupted by COVID-19 were all randomised using a 2:1 ratio. The
large increase in non-compliance in that population is seen in Supplementary Figure 4.

Impact of COVID-19 on trial findings

The level of disruption to the intervention delivery caused by the COVID-19 pandemic was high. There
was a high level of non-compliance, particularly in the experimental group. This apparent between-
group difference in non-compliance was because the pre-defined definitions of compliance were
stricter in the experimental than the usual care group. To be an “Attender” in the experimental group,
one needed to attend four out of six group intervention sessions, to achieve the same level of
compliance in the usual care group, only one session was required to be attended. In the usual care
group, 66 (77.6%) attended at least one physiotherapy session, a similar proportion, 111 (80%),
attended at least one physiotherapy session in the experimental group. Due to the added therapy the
experimental group received, the definition for compliance had to be stricter but both groups had a
similar proportion who attended at least one session.

The final months of the trial, before all group-based physiotherapy classes within the hospital
outpatient setting were halted due to the COVID-19 pandemic, yielded the highest group sizes.
Supplementary Figure 4 summarises the compliance to the experimental group by pre-COVID-19
compared to COVID-19 to estimate the impact of the pandemic on compliance. This is plotted by time
in Supplementary File 3. Based on this, a large proportion of participants who could not be
randomised due to the trial closure would have ended up falling into either the “Compliant” or “Strict
Compliant” groups.

Additional analyses

The missing data analysis suggests that the missing at random assumption made in the primary
analysis is appropriate (Supplementary Figure 5). The per-protocol and reduced model results support
the main findings from the trial and there was no evidence of any difference in the exploratory
subgroup analysis. The exploratory descriptive statistics by COVID-19 status may suggest participants
in the COVID-19 group had poorer psychological outcomes (Supplementary Table 5). The results are
presented in full in Supplemental Figure 6.

DISCUSSION

The findings suggest that following THR or TKR, there is no difference between the addition of a group-
based exercise and behaviour change intervention in physical activity and other clinical outcomes
during the first post-operative year compared to attending group-based exercise alone. However, the
COVID-19 pandemic significantly impacted on this trial whereby the intended sample size was not
achieved, and a considerable proportion of participants were unable to receive their intended post-
operative rehabilitation. Accordingly, these findings should be interpreted with caution.



The rationale for undertaking this study was the uncertainty over how to increase physical activity
following THR and TKR. Whilst several studies have been published over the intervening period
acknowledging that physical activity remains low following joint replacement,[42-44] there continues
to be uncertainty over how to overcome this. Studies in other populations, most notably older adults,
individuals with chronic respiratory disorders and those with chronic rheumatological diseases have
provided promise that a behaviour change intervention may improve physical activity.[17-20] As
previously acknowledged, the specific challenges which individuals face in relation to fear avoidance,
beliefs about implant failure, multi-joint pain and other comorbidities[6] may account for why this
behaviour change intervention did not demonstrate similar changes. However this trial specifically
relates to the effectiveness of a behaviour intervention targeted to the behaviour change construct of
self-efficacy in the joint replacement population. There may remain value for future research exploring
the effectiveness of other behaviour change constructs, to increase physical activity after these
orthopaedic procedures. Furthermore, the results from this trial have been impacted by the COVID-
19 pandemic, principally on intervention delivery and compliance. Given the impact COVID-19 had,
there still remains a need to better understand how to increase physical activity following THR or TKR.

Trial participants understood the research objective was to explore the effectiveness of an
intervention aimed at increasing physical activity following THR or TKR. However, compliance to the
intervention was low throughout the trial. Accordingly, the appetite to increase physical activity
remains uncertain. Previous literature has suggested that whilst individuals may be no more physically
active after joint replacement,[44,45] clinical outcomes and specifically pain do significantly
improve.[46,47] This corresponds with an improvement in HRQoL. Patient satisfaction to outcome and
expectations may be met but this is not translated into increased physical activity. Given the wider
health benefits which physical activity confers, consideration should be made on how health
professionals promote physical activity messages within post-operative recovery programmes so
added health gains are maximised. How this is operationalised following this trial’s findings, remains
unclear.

Whilst the results indicate no superiority to the addition of a behaviour change intervention to usual
physiotherapy rehabilitation after TKR or THR, the findings offer important clinical implications. Firstly,
the trial indicates that joint replacement and usual physiotherapy rehabilitation can improve clinical
outcomes. Previous literature suggests improvements in pain, function and HRQoL[46,47] for people
following THR and TKR. However, the trial also indicates both pre- and post-COVID-19 that there were
differences in adherence and compliance to both usual and experimental physiotherapy interventions.
Whilst previous literature has highlighted geographical and service-provision differences in
rehabilitation after joint replacement,[48,49] there has been limited evidence to indicate variability in
adherence to rehabilitation. This may reflect variation in rehabilitation need. Whilst some patients
may need substantial levels of physiotherapy following joint replacement to promote physical
function, activity and improvements in HRQolL, these may not be homogeneous within the
population.[50] Stratification on rehabilitation need may therefore be warranted. Whilst previous
authors have attempted to identify those at most risk of poor outcomes post-operative,[51,52] there
remains uncertainty over what physiotherapy intervention is more beneficial for these patients.
Further consideration on the optimal rehabilitation programme to promote physical activity for those
with the most to gain as opposed to assuming all, as adopted in this trial, may be indicated.

There are several trial strengths and limitations to be considered. A major strength was the pragmatic
approach taken to assess effectiveness. The broad eligibility criteria to reflect typical patients who
undergo THR and TKR, balanced by the inclusion of only those, who were pre-operatively moderately
inactive or inactive, meant the eligibility criteria were constructed to theoretically recruit those who



had the most to gain. The multi-site, national recruitment process across NHS health trusts also
offered the ability to recruit a diverse cohort in relation to socioeconomic, ethnic and geographical
factors. However, a limitation to the design was that several measures which may have characterised
such diversity including level of deprivation, educational status, ethnicity and educational background
were not collected. This decision was made to offer a more efficient data collection process, not over-
burdening participants with extensive demographic data requests. Smith et al[53] previously
acknowledged this as a recurrent limitation to musculoskeletal research. Future research should
consider the impact of socioeconomic and deprivation factors both on the design of interventions,
processes and analysis. A further limitation was the impact of COVID-19. Whilst acknowledged that
the trial over-recruited, consenting 277 participants, only 230 were randomised as the pandemic
disrupted surgical and rehabilitation delivery. This means the results were underpowered to answer
the trial’s primary research question. Secondly, 69 individuals who were receiving rehabilitation during
this time had their intervention delivery impacted on this change in service provision. Consequently,
intervention compliance reduced, impacting on any effect estimate generated from that point
onwards. Given this equated to 30% of the cohort, it is proposed this had a significant impact. What
is more difficult to estimate is the impact of the COVID-19 social restrictions on outcome. All
participants experienced the 2020 social restrictions prior to completing their 12-month
qguestionnaires (first 12-month questionnaire completed 23 March 2020). Whilst previous
studies[54,55] indicate that individuals with joint pain substantially reduced their natural physical
activity engagement during this time, we did not specifically collect data to ascertain the effects of
‘lockdown’ on outcomes. The effect of this on 12-month results should therefore be considered.

CONCLUSIONS

The addition of a group-based behaviour change intervention to usual physiotherapy rehabilitation
following primary THR and TKR does not offer benefit over usual physiotherapy alone on physical
activity and clinical outcomes over the first 12 post-operative months. These findings should be
viewed with caution as the COVID-19 pandemic impacted on both the ability of participants to
undergo joint replacement and compliance to their rehabilitation. Given the health and social benefits
which being active offers older adults, further exploration on methods to increase physical activity for
those who are inactive following joint replacement remains important.
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Figure 1: CONSORT Flow-Chart

Enrolment

Screened n=1254

A4

Eligible Pre-Surgery
(Consented) n=414

Y

Excluded n=840

Patient not assessed n=366
Not meeting inclusion criteria
n=155

Declined n=231

Other n=88

Randomised in error

Y

Excluded n=184

Awaiting assessment when trial
closed n=47

Not meeting inclusion criteria
n=2

*Strict Compliance

n=6 Randomised n=230
Declined n=111
Other n=24
v v
Usual Care n=85 Allocation Experimental
Intervention n=139
h 4 &
Prescribed Physiotherapy® Main Prescribed Physiotherapy &
n=48 (56.5%) Rehabilitation Intervention® n=58 (41.7%)
Partial Physiotherapy n=17 Received Partial Physiotherapy &
(20.0%) Intervention n=50 (36.0%)
Telephone n=5 (5.9%) Telephone n=8 (5.8%)
Video Consultation n=0 (0.0%) Video Consultation n=0 (0.0%)
Non-Attender n=15 (17.6%) Non-Attender n=23 (16.5%)
Y y
Baseline Follow-up Baseline
Response n=85 (100.0%) Response n=139 (100.0%)
v A
Six Months Six Months
Response n=69 (81.2%) Response n=117 (84.2%)
Withdrawn n=5 (5.9%) Withdrawn n=6 (4.3%)
Dead n=0 (0.0%) Dead n=1 (0.7%)
Lost to follow-up n=11(12.9%) Lost to follow-up n=15 (10.8%)
A 4 v
12 Months 12 Months
Response n=70(82.4%) Response n=112 (80.6%)
Withdrawn=6 (7.1%) Withdrawn=13 (9.4%)
Dead n=1 (1.2%) Dead n=2 (1.4%)
Lost to follow-up n=8(9.4%) Lost to follow-up n=12 (8.6%)
v .
Intention-to-treat 12 month Analysis Intention-to-treat 12 month
primary analysis n=70 primary analysis n=111
Per-Protocol Analysis n=46 Per-Protocol Analysis n=54




Figure 2: UCLA Activity Score boxplots
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Supplementary File 1: PEP-TALK programme intervention outline and development

Background

Total hip (THR) and knee replacement (TKR) are two highly successful orthopaedic procedures which
reduce pain for people with osteoarthritis (1-2). Over 206,000 THRs and TKRs were performed in the
UK in 2018 (1). Approximately 90% of patients report significant improvements in pain and physical
function after three to 12 months (2-3). However medical co-morbidities are common in this
population. These include hypertension (56%) (4) and cardiovascular disease (20%) (5), diabetes (16%)
(5) and multi-joint pain (57%) (4). Twenty-seven percent of people who undergo joint replacement
have three or four comorbidities (5). These have a significant negative impact on both health-related
quality of life and societal burden (6-7).

Historically, it has been assumed that people are more active following TKR and THR through the
amelioration of their joint pain (8). However physical activity, for most patients, remains the same
from pre- to post-operatively, and in some instances declines (8-9). Physical activity can significantly
reduce the symptoms associated with common comorbidities (10). Participating in regular physical
activity can decrease the risk of cardiovascular disease by 52% (11), diabetes by 65% (12) and some
cancers by 40% (13). It can reduce all-cause mortality by 33% and cardiovascular mortality by 35%
(14). Supporting people to be more physically active can improve patient health and decrease
economic burden on health services.

A systematic review identified several barriers and facilitators associated with physical activity
following TKR and THR (9). From this, four key mechanisms of action were identified for targeting.
These were:

(1) Psychoeducation (knowledge/information) to increase self-efficacy.

(2) Reducing fear-avoidant behaviours in response to unhelpful beliefs about activity
jeopardising recovery or damaging the implant.

(3) Providing opportunities for personal enjoyment of the physical activity.

(4) Enabling social contact, peer-support and advice from previous patients (encouraging
positive coping behaviours).

Systematic reviews of behaviour change interventions have identified that those with a theoretical
basis are more effective than those without (15-16). The Social Cognitive Theory (SCT) (17) has been
commonly used to understand physical activity behaviour in older adults. The theory targets self-
efficacy, goals, outcome expectations and socio-structural factors. Bandura (17) hypothesises that
behaviour (physical activity level) is influenced by bi-directional relationships with personal factors
(cognitive, emotional and physical) and environment. The cognitive behavioural approach uses
techniques to identify and target unhelpful thoughts and behaviours in order to produce adaptive
thoughts, behaviours, emotions and physiological responses.

Using the SCT framework, we reviewed evidence on the effectiveness of behaviour change techniques
for older adults to improve physical activity. These were then compared to the systematic review
regarding patients’ perspectives post-TKR/THR (9) to for the four key SCT targets outlined below.

1. Self-Efficacy: A person’s belief in their own ability to perform a behaviour

General self-efficacy: Quantitative and qualitative systematic reviews examining barriers and
facilitators for older adults to increase physical activity have identified specific beliefs which could
reduce an individual’s general self-efficacy (9, 18-21). These include: stigma, body image (20) and
ageing stereotypes (19). Unhelpful beliefs can be identified and explored using cognitive behavioural
techniques to increase self-efficacy. The evidence also identified tools to increase general self-efficacy




which include the credibility of instructors and the information/physical activity tasks they provide
(19-20, 22).

Self-efficacy to cope with barriers: Barrier identification and problem-solving are two key behaviour
change techniques previously identified from the literature. Barriers can be socio-structural such as
lack of access/convenience of facilities (20). Whilst these types of barriers cannot be changed by the
PEP-TALK intervention, we can facilitate problem-solving strategies to help overcome such barriers.

The intervention programme will be a group-based rolling programme consisting of people in different
stages of their behaviour change process. Peers may suggest ideas to other members in addition to
ideas from instructors (20). Barriers may also be cognitive beliefs such as a fear of increasing physical
activity in case of damaging the implant (9). These beliefs can be targeted with cognitive behavioural
strategies.

Task efficacy: Previous literature has consistently reported that if someone has struggled with
performing physical activity in the past, they will understandably have poor self-efficacy for
performing physical activity tasks in the future (9, 23-24). We will target this by encouraging
supportive environments to try exercises with physiotherapists (22), vicariously learning from other
patients following THR or TKR (23) and tailored exercises to meet their individual needs (19). This
should theoretically increase self-efficacy and the likelihood of greater physical activity engagement
(17).

Somatic and emotional states influence self-efficacy (17). Experiencing stress/tension (emotional),
fatigue and pain (somatic) can be interpreted by individuals as an indication that they cannot or should
not be active. This consequently lowers their self-efficacy. This will be targeted with psychoeducation
regarding relationships between mood and pain to physical activity. Conversely positive mood often
increases self-efficacy. French et al (23) identified rewards contingent on attempts to perform the
behaviour to be a key behaviour change technique for older adults in increasing physical activity. In
our intervention, we will ensure participants are praised or rewarded for attempting to achieve their
behavioural goal.

2. Goals

The SCT suggests that identifying proximal and distal goals are key to behaviour change (17). While
this may be the case for younger adults, in older adults and individuals following THR or TKR
specifically, goal-setting has consistently shown not to be a useful technique and not acceptable (9,
22-23). French et al (23) proposes two explanations regarding this change. Firstly, with age, cognitive
process of executive functioning (planning, attentional capacity, inhibition of responses or novel
actions) decreases to reduce abilities to self-regulate with goal-setting. Secondly, at this life stage,
achieving set goals and normative comparison is not as pertinent as it is in earlier life. Therefore, we
shall not include goal-setting in this intervention.

3. Outcome Expectation

While the motivation for this intervention may be to increase physical activity for improved health,
evidence suggests that health improvement is not the salient outcome for older adults following THR
or TKR. This population appear more interested in the social aspect and the enjoyment through
physical activity (9). The Socioemotional Selectivity Theory (25) is a life-span theory of motivation
which suggests that as people age, motivation is influenced more by positive, emotionally meaningful
goals and activities and less so by normatively defined goals of health. This is extended by Devereux-
Fitzgerald’s (22) model of the interplay of factors of acceptability to physical activity interventions for
older adults. They identified that interventions which provide the most enjoyment and meaningful
value (e.g. social interactions) are the most acceptable (22). Our intervention aims to identify what is
meaningful and valuable to participants by consistently asking them to reflect on open questions such
as “what do you want to gain from attending this group? What are you enjoying most?” then tailoring



why and how to perform physical activity to meet these needs. We will also consider these factors
when discussing maintenance and continuation of increased physical activity, identifying activities
which are fun and enjoyable for each person. This can be aided by ideas generated from group
members who may be at different stages of the behaviour change process.

4. Socio-Structural Factors

Although socio-structural factors are key to the SCT, these are aspects which we cannot change from
an intervention perspective. However, we can identify modifiable factors and use problem-solving
techniques to overcome barriers or find alternatives options. For example, a patient explains there is
no safe pavement to walk along from their house to the shops and consequently the patient always
drives. The group could offer local knowledge solutions, perhaps there is a nearby bus which can take
the patient into a part of the town with good walkways. If the patient does not want to catch the bus
then this belief could be explored to further understand the perceived barrier (lack of knowledge of
the bus routes, perceived financial cost). This technique was identified as a key behaviour change
technique for older adults in increasing physical activity (23).

In summary, while there are four key constructs in the SCT, we anticipate that self-efficacy is the key
construct to target for change. A key barrier, specific to this population, to improve self-efficacy could
be targeting the personal beliefs regarding fear of damaging the implant or re-injury (9). We prioritise
targeting self-efficacy and fear avoidance as they are two key constructs that will change as a result
of our behaviour change techniques to mediate and improve physical activity within this population.

Intervention development

The SCT provides an in-depth psychological model of why people do or do not perform behaviours.
These psychological models of behaviour have been successfully synthesised into a pragmatic
framework called the Capability, Opportunity, Motivation — Behaviour (COM-B) model (26). To
produce the most effective behaviour change intervention, the evidence has been mapped on
biopsychosocial determinants of physical activity levels post-THR/TKR from the SCT onto the COM-B
model for behaviour change (as presented in figure below). This activity is summarised in the table
below.

Capability Opportunity Motivation model of Behaviour (COM-B; Michie et al, 2014)

‘ Physical

Capability

!

‘ Psychological

Reflective

\/

—

Automatic

Physical '
Opportunity
Social

Figure 1: The COM-B model of behaviour change (Michie et al, 2014)




Mapping of the COM-B domains against the PEP-TALK SCT targets.

COM-B Model | Domain Activity

Component

Capability Physical Physiotherapeutic rehabilitation to increase the
capability patient’s capability to perform physical activities i.e.

specific exercises to reduce stiffness and pain
Psychological | Using cognitive behavioural techniques to increase self
capability and task efficacy beliefs.

Opportunity Physical Identifying and developing problem solving techniques
opportunity | to overcome physical barriers to physical activity i.e.
walking to a bus stop further away from the house.

Social Fostering solutions of how to perform physical activities
opportunity | in a social context i.e. communal gardening.
Motivation Reflective Using the PEP-TALK discussions to consciously weigh up

the individual’s pros and cons to performing more
physical activity.

Automatic Developing active participation from the PEP-TALK
participants to encourage linking physical activity into
their daily life routine behaviours. Repetition of
physically active behaviours can then become linked to
everyday activities and will hopefully form into healthy
habits which consistently remind, prompt and foster
long-term motivation to increase physical activity.

A large proportion of the research into behaviour change techniques to increase physical activity in
older adults is based on short-term (less than 12-month follow-up) data. By combining this well-
developed model of intervention development, with the SCT model, and specific cognitive behavioural
techniques which we have used successfully in previous interventions to increase physical activity (27-
28), we hope to produce a sustained behaviour change.

Acceptability of the intervention

The evidence repeatedly recommends listening to what participants want from the intervention (20,
22-23). We aim to learn from participants what their motivations are and what will make the
intervention acceptable (22).

We aim to integrate the four analytical themes from the systematic review (9) into the intervention
development:

(1) Psychoeducation

(2) Reducing fear-avoidant behaviours in response to unhelpful beliefs i.e. “physical activity
will damage my joint replacement”

(3) Providing opportunities for personal enjoyment of the physical activity.

(4) Enabling social contact, peer-support and advice from previous patients

To enhance the acceptability of the intervention, the social enjoyment of the group will be encouraged
for making friends, as this is highly valued in older adults. Another aspect is the individual variation in
the intervention exercises. This will be overcome by providing one-to-one attention, going at the
participant’s own pace and making the credibility of the physiotherapist and the intervention content
explicit to meet the expectations and needs of older adults.



Hypothesised mediation pathway

From the literature and from our previous models of behaviour change to increase physical activity
combined with physiotherapy interventions (27-28), we have developed a model of mediation. We
propose that our intervention will increase physical activity levels by increasing self-efficacy and
reducing fear avoidance. The pathway of mediation is outlined in the figure below. We are not
specifically targeting mental health or pain experience with our intervention, but we are sensitive to
monitor if increasing physical activity has a positive effect on these variables.

Proposed pathway of mediation for the PEP-TALK programme

Thoughts
Self-efficacy, fear-
avoidance Behaviour
PEP-TALK groups Physical activity/ Quality of Life
Emotions exercise levels
Enjoyment from
meaningful activity

Figure 2: Proposed mediation pathway for PEP-TALK

The PEP-TALK intervention

The PEP-TALK behaviour change group will be delivered face-to-face by one physiotherapist to a group
for 30 minutes. Immediately after finishing the ‘talking’ session the participants will begin their
THR/TKR rehabilitation exercises for another 30 minutes. During the exercise session the
physiotherapist will continue to talk to the participants. Asking them what they are thinking/feeling
when they perform the exercises; encouraging them to reflect on their experience of pain if they
encounter this. Using reflective questions to help the participants solve any barriers they encounter
whilst performing the exercises. These informal encounters are used to put the theory discussed in
the ‘talking’ group into real life practice.

At the beginning of the PRP-TALK course, intervention participants receive a printed workbook which
includes information summarising the techniques, sharing examples and includes homework tasks.
The homework tasks are essential for participants to practice translating the behaviour change
techniques discussed in the groups, into their real lives, Reflecting on their experiences, thoughts,
feelings and behaviours.

The PEP-TALK intervention, in total, lasts for one hour. The control participants only attend the
THR/TKR rehabilitation exercise class, which lasts 30 minutes. The control THR/TKR exercise class
includes the same physical exercises as prescribed in the intervention group’s exercise class but
without any of the behaviour change discussion.

Methods of Delivery

The PEP-TALK sessions will be delivered by a physiotherapist trained in the PEP-TALK intervention. The
training consists of the PEP-TALK manual outlining the theories of behaviour change, principles of the
cognitive behavioural approach, the identified barriers and facilitators to physical activity and
exercises. Following this, physiotherapists will attend a one-day training session delivered by a



member of the PEP-TALK programme development team (BF, ZH, TS). In this, physiotherapists will
discuss the theoretical underpinning of the programme and be provided with case studies and
examples of how the PEP-TALK intervention is designed to be prescribed, and discussion on potential
threats to fidelity. We will role play some patient-physiotherapist interactions to provide practical
experiences of the intervention in a supportive environment. The trainers will assess how well
physiotherapists follow the intervention and will acknowledge any deviations to correct practice.

The PEP-TALK intervention is delivered immediately prior to an exercise group. By timing the
interventions with the group discussion first, participants will immediately action and re-enforce the
encouragement for physical activity participations through exercising. We have stipulated a maximum
PEP-Talk group size of 12 participants to prevent participants from becoming lost in the group and to
parallel the standard usual care group size.

A group rather than a one-to-one approach has the advantage of enabling collaborative and vicarious
learning, which can improve self-efficacy regarding their goal behaviour (i.e. increased physical
activity), whilst also providing lower unit-costs of delivery (29). The principles underpinning this derive
from Bandura et al’s (17) SCT regarding vicarious learning where learning is proposed to not be
acquired through direct experience but by observing other people’s actions and consequences
(modelling). Secondly, the principles of social cognitive development theory (30) are adopted where
knowledge is acquired through guided collaboration with people who already have the knowledge.
Collaborative learning with ‘peers’ and expert people (facilitators) helps bridge distance between an
individual’s level of skill and their potential, the ‘zone of proximal development’ (30).

Participants and physiotherapists will be encouraged to develop a positive therapeutic alliance where
the physiotherapist will generate an environment of trust and belief around the individual challenges
the patient has and to support them to overcome these for sustained physical activity adoption.
Evidence has highlighted the beneficial impact of a positive therapeutic alliance on outcomes within
physiotherapy practice (31). Due to the nature of identifying individual’s helpful and unhelpful
thoughts, barriers and facilitators and strategies, the intervention has flexibility in the intention to
support this approach. Therefore, whilst the intervention described below has key set-elements which
form the content of sessions, there will be opportunity for individuals to express meaningful thoughts
and experiences to them, thereby personalising the intervention.

Where Delivered

The PEP-TALK behaviour change group and subsequent exercise sessions will be delivered in an out-
patient physiotherapy gym environment. Participants will be sat in a circle to facilitate dialogue.
Following the ’talking’ intervention, participants begin their THR/TKR exercise session. They will
perform exercises in exercise stations, monitored by a trained physiotherapist.

The PEP-TALK behaviour change programme consists of six sessions (A-F) delivered as a rolling
programme. Once a new participant has been randomised they can join the groups in any session: A,
B, C, D, E or F. Consequently, in every session delivered there will be a mixture of participants who
have attended 5,4,3,2,1 or O previous PEP-TALK sessions. This necessitates a large amount of
repetition of the aims and techniques in every session to ensure all members of the group understand
the core behaviour change messages. The rolling programme also enables groups to run continuously,
minimising a participant’s waiting time to join a group.

A treatment log will be completed by the physiotherapists to record the component of what is
discussed across the participants group in each of the session.

Group session will be re-enforced with a participant workbook. This provides participants with salient
information from each session, and provides them with exercise progressions, an exercise diary, a
guide and space to complete homework tasks/record.



Content of PEP-TALK Sessions

Each of the six PEP-TALK sessions (A - F) will follow this structure:

(1) agenda setting — what will be covered in the session

(2) today’s session — covering topics which have been demonstrated to impact on physical
activity following joint replacement (content listed below)

(3) conclusion — provision of homework and summarising topics covered today and what will
be covered in the next session

(4) break - before commencing exercises group session

There is a degree of overlap between sessions to aid reinforcement of ideas and beliefs. This overlap
is largely on identification of barriers and discussion of progress for individuals to share. The principles
around the six sessions are presented below:

1. “Being Physically Active”: Individual’s meaning of physical activity and barriers and problem-

solving
a.

Exploring what physical activity means to each participant. For example: active living,
transport, sports and exercise. Consideration by participants of what proportion of
their lives are engaged with each aspect of physical activity and what the harms and
benefits are of being inactive and active. Participants consider what potential barriers
exists to activity and whether they want to address these barriers.

2. “Gradually increasing physical activity”: Under/Over-Activity, Pacing, Graded Activities

a.

In this session individuals will be taught the principles of pacing and graded-activity.
Discussion will be centred on an example e.g. cleaning the car and how pacing and
graded-activity could be implemented. The concept of determining a ‘baseline’ of
activity will be established. Individuals will be asked to consider what challenges they
have to implementing a graded-activity programme in everyday activities. To facilitate
this, individuals will be asked to consider another activity and work through how that
activity may be paced in the following week.

3. “Should | be doing this?” : Fear-avoidance

a.

This session will focus on education on avoidance of activity and why individuals avoid
activities in relation to their recovery and protection of a joint replacement.
Consideration will be focused on thoughts which could be challenged particularly in
relation to functional tasks such as washing and dressing, walking, sports or home
activities. Individuals will consider how fear avoidance is a circular behaviour in
relation to ‘thoughts’, ‘feelings’, ‘actions’, ‘results’ which can reinforce health beliefs
around activity avoidance but acknowledging that such a cycle is a normal response
given their previous pain. Discussion will be made for individuals to consider how they
may overcome these beliefs.

4. “Physical activity benefits” : Emotion and Sleep, Exercise, Social links

a.

Exploration on the benefits of physical activity on emotional health and sleep will form
the basis of this session. Individuals will be asked to consider how being less
depressed, stressed and sleep deprived and happier with greater social contact can
affect their lives. They will consider how these factors inhibit their ability to be more
physically active. Discussion will be made on how worry may relate to pain and what
strategies they must address this. Individuals will also think about challenging beliefs
around failure to be able to complete certain activities and what their own fears are
regarding being more or less active.



5. “Canlchange how | think?”: Worry, Distraction, Unhelpful Thoughts

a. Fears and worries about jeopardizing recovery and long-term joint health will be
explored in this session. Individuals will identify and challenge beliefs around physical
activity and harm or damage which are unhelpful thoughts. They will explore a ‘vicious
cycle’ notion where unhelpful thinking leads to feeling low, leading to feeling
unmotivated, leading to reduced physical activity leading to atrophy which reinforces
the unhelpful thought. Individuals will be asked to consider ‘answer back thoughts’
and strategies to address such unhelpful thoughts and distractions.

6. “Staying active and having fun” : Social and Rewarding
a. The benefits of physical activity as a reward will be explored in this session. They will
be asked to consider what activities they do alone, and which could be done with
others, to increase social contact and increase motivation and pleasure from
participating in an activity. Individuals will consider potential barriers and strategies
to promote and adopt such an approach to everyday activities’ which interest them.

Homework Activities

Participants will be supported with skills developed in the group, to work at home on challenges,
barriers and facilitators to physical activity behaviour. The ‘home-work’ after each session will include
pacing and behaviour modification, goal-setting to the individual’s health and social needs, and
techniques to challenge fear avoidant behaviours.

Follow-up Telephone Calls

Three follow-up telephone calls (maximum 20-minute duration) will be undertaken at two, four and
six weeks following the last group session. Follow-up telephone calls are an important element of the
behaviour change intervention. They will review participant’s goals, identifying any barriers to the
completion of these goals, and review any ‘helpful’ and ‘unhelpful’ thoughts or feelings towards
physical activity which may have arisen since the last consultation. Each telephone call will close with
the development of longer-term physical activity plans and promotion of empowerment towards
physical activity participation using these behavioural principles instilled during the group
intervention.

Adherence and Fidelity

The PEP-TALK team phone the physiotherapist delivering the intervention group after their first
session has been delivered. The aim of this call is to address any problems the physiotherapist may
have encountered and for the PEP-TALK team to offer solutions and tips. After the third session has
been delivered, a member of the PEP-TALK team visit the site and observe a PEP-TALK behaviour
change and exercise session to perform a quality assessment (QA). If there are quality concerns, then
the site will receive additional training and another QA visit will be undertaken.

At a participant level, compliance to the PEP-TALK intervention will be arbitrarily met with participants
required to attend 70% of the behaviour-change and exercise groups and 66% of the telephone calls.

Access to the Intervention
The PEP-TALK intervention manual and work-book will be available on completion of the trial. This can
be accessed through the corresponding author.

Conclusions



The development and content of the PEP-TALK intervention has been presented. This addresses key
modifiable risk factors to physical inactivity following hip and knee replacement. The effectiveness of
this intervention will now be assessed in the multi-centre, pragmatic, randomised controlled trial (PEP-
TALK Trial).
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Supplementary File 2: Additional results

Pre-Specified Definition of Compliance

Compliance was defined in three nested levels for both randomised groups. These are:

Strict Compliance (as defined in the original Protocol):
Usual Care group
¢ Attends at least 4 out of 6 physiotherapy sessions

Experimental Intervention group

¢ Attends at least 4 out of 6 group intervention sessions with a minimum of 3 participants per
session

¢ Received 2 out of 3 follow-up telephone calls

Compliance:
Usual Care group
¢ Attends at least 4 out of 6 physiotherapy sessions

Experimental Intervention group
¢ Attends at least 4 out of 6 group intervention sessions with a minimum of 3 participants per
session

Attendance:
Usual Care group

¢ Attends at least 1 out of 6 physiotherapy sessions

Experimental Intervention group
e Attends at least 4 out of 6 group intervention sessions.

Additional Results

A summary of withdrawals is provided in Supplementary Table 1.

The primary analysis is performed assuming the data is missing at random (MAR). To assess the MAR
assumption, varying scores of the UCLA Activity Score for all time points were imputed where data is
missing and these “complete” datasets were reanalysed, using the same mixed effects as used in the
primary analysis. For each missing data point, the median value of the group that participant belongs
tois imputed and the imputed dataset analysed. The analysis is repeated on a population that has the
60th quantile imputed for one group’s missing values and the 40th quantile for the other, then again
using the 70th and 30th quantiles, up to 90th and 10th quantiles. The process was repeated but
flipping the groups. In total nine sensitivity analyses were performed and the results displayed
graphically in Supplementary Figure 5. This method used simple imputation of these quantiles,
therefore the estimates of the variance will be effected, and so will all p-values and Confidence
Intervals reported. Supplementary Figure 5 shows that there would need to be an implausibility large
departure from the missing at random assumption to see a statistically significant result in either
direction with a result only being yielded if the 10th and 90th percentiles are imputed into each
treatment group. This suggests the result from the primary analysis is robust to missing data and adds
support to the findings from the primary analysis.



A sensitivity analysis on the per-protocol population has been performed to assess the internal validity
of the trial’s primary results. The analysis is based on the same mixed effects analysis model as used
for the primary outcome but for the Per-Protocol population as described in the Statistical Analysis
Plan.[35] To be considered per-protocol participants must have data on the UCLA Activity Score at 12
months, cannot be “Non-Compliant”, cannot be part of the COVID-19 group (as these participants did
not complete their intervention per-protocol), did not crossover randomised treatments and did not
have any Important protocol deviations reported. Results from this analysis are reported in
Supplementary Table 3. The per-protocol analysis reinforces the main trial result findings, there is no
between group difference.

An analysis on the primary outcome using a reduced version of the primary analysis model, only using
person as a random effect has been performed. The results are presented in Supplementary Table 4.
The results from the reduced model in Supplementary Table 4 are extremely similar the primary
analysis results. The Akaike Information Criterion (AIC) for the primary analysis model was 1,372.47
whereas the AIC for the reduced model was 1,370.84 suggesting a marginally better model fit with
centre removed.

All subgroup analyses are on the primary outcome only. Subgroup analyses of the two clinical
stratifying variables (type of operation and (THR or TKR), Charlson Comorbidity Index Score (1-3 or
4)) were performed as well as a subgroup analysis on COVID-19 status (Pre-COVID-19 or COVID-19).
These used an extended primary analysis model including an interaction term between treatment and
each stratifying variable/COVID-19 status to define the subgroups. These analyses are exploratory,
and results should be interpreted with due caution. The results will be presented in a Supplementary
Figure 6.

Supplementary Figure 1 gives a plot of complication type.

Descriptive statistics for the Generalized Self-Efficacy Scale, Tampa Scale for Kinesiophobia, Hospital
Anxiety and Depression Score, EQ-5D-5L Index, EQ-VAS and Numerical Rating Scale for Pain are given
by COVID-19 status in Supplementary Table 5, no formal analysis is performed. The presentation of
these results was pre-specified in the analysis plan and aid in assessing the impact of the COVID-19
pandemic on the trial participants. Results indicate potentially higher levels of anxiety, depression and
kinesiophobia at six-months in the COVID-19 population, these apparent differences were not
sustained to the 12-month follow-up. Observed self-efficacy scores were lower in the COVID-19 group
across all follow-up time points. Other measures did not indicate any noticeable between group
difference. These results should be interpreted with great caution due to small sample size, non-
random groups, and the exploratory nature of the results.



Supplementary Table 1: Withdrawals summary

Usual |Experimental (Total
(n=13) [(n=24) (n=37)
Treatment Non-Compliance Reason
Complete withdrawal from the study and use of data 2 2 4
Withdrawal from intervention and completion of questionnaires |4 11 15
Withdrawal from intervention only 7 11 18
Withdrawal Time Point
6 Months 12 17 29
12 Months 1 7 8

N - number of participants



Supplementary Table 2: Questionnaire returns by treatment group

Time Point Usual Experimental Cumulative missing data Total with data
Baseline 85 (100.0) 139 (100.0) 0 (0.0) 224 (100.0)

6 Months 69 (81.2) 117 (84.2) 38 (17.0) 186 (83.0)

12 Months 70 (82.4) 112 (80.6) 42 (18.8) 182 (81.2)

All data frequency and (%)



Supplementary Table 3: UCLA Activity Score per-protocol results

X . Usual Experimental Mean Difference
Time Point . .
n, Mean (SD) n, Mean (SD) Unadjusted Adjusted (95% Cl)
Baseline n=46, 3.76 (1.51) n=54, 3.67 (1.65) -0.09
6 Months n=44,4.91 (1.44) |n=50,5.18 (1.86) [0.27 0.43 (-0.23,1.08)
12 Months  [h=46,5.04 (1.59)  |n=54,4.83(1.79) [0.21 -0.17 (-0.81,0.48)

Cl - confidence intervals; N — number of participants; SD — standard deviation



Supplementary Table 4: UCLA Activity Score reduced model (no recruiting centre random effect)

results
. . Usual Experimental Mean Difference
Time Point . .
n, Mean (SD) n, Mean (SD) Unadjusted Adjusted (95% Cl)
Baseline n=85, 3.62 (1.52) n=138, 3.57 (1.57) -0.06
6 Months n=69, 4.77 (1.52) n=117, 4.97 (1.68) 0.20 0.28 (-0.21,0.76)
12 Months n=70, 4.87 (1.61) n=111, 4.84 (1.91) -0.03 -0.03 (-0.52,0.46)

Cl - confidence intervals; N — number of participants; SD — standard deviation



Supplementary Table 5: Descriptive results for selected secondary outcomes by COVID-19 status

Pre-COVID-19

COVID-19

n, Mean (SD)

n, Mean (SD)

Generalized Self-Efficacy Scale

Baseline

n=153, 31.82 (5.49)

n=69, 30.90 (5.24)

6 Months

n=112, 33.04 (5.22)

n=44, 31.50 (5.29)

12 Months

n=112, 32.83 (6.27)

n=50, 30.74 (6.13)

Tampa Scale for Kinesiophobia

Baseline

n=153, 40.09 (7.81)

n=68, 39.38 (7.20)

6 Months

n=103, 34.86 (7.79)

n=44, 35.82 (6.62)

12 Months

n=103, 35.57 (8.30)

n=44, 35.80 (6.50)

Hospital Anxiety and Depression Scale (Overall)

Baseline

n=154, 11.99 (6.38)

n=69, 12.83 (7.46)

6 Months

n=110, 8.65 (6.20)

n=46, 9.39 (6.89)

12 Months

n=113, 9.46 (6.95)

n=47, 9.38 (6.60)

Hospital Anxiety and Depression Scale (Anxiety)

Baseline

n=154, 6.19 (3.84)

n=69, 6.71 (4.24)

6 Months

n=112, 4.79 (3.55)

n=46, 5.33 (4.16)

12 Months

n=113, 5.11 (3.75)

n=48, 5.40 (3.95)

Hospital Anxiety and Depression Scale (Depression)

Baseline

n=155, 5.83 (3.40)

n=69, 6.12 (3.95)

6 Months

n=113, 3.89 (3.31)

n=47, 4.09 (3.66)

12 Months

n=115, 4.30 (3.97)

n=48, 4.23 (3.44)

EQ-5D-5L Index

Baseline

n=155, 0.40 (0.24)

n=69, 0.38 (0.28)

6 Months

n=129, 0.68 (0.25)

n=56, 0.69 (0.23)

12 Months

n=128, 0.67 (0.26)

n=55, 0.68 (0.29)

EQ-VAS

Baseline

n=155, 62.34 (21.77)

n=69, 57.55 (23.07)

6 Months

n=130, 71.84 (20.74)

n=55, 75.02 (16.28)

12 Months

n=124, 73.19 (19.85)

n=55, 71.82 (17.62)

Numerical Rating Scale for Pain

Baseline

n=155, 7.09 (1.87)

n=69, 7.10 (1.82)

6 Months

n=115, 3.55 (2.72)

n=47, 3.28 (2.59)

12 Months

n=112, 3.68 (2.88)

n=51, 3.47 (2.87)

N — number of participants; SD — standard deviation



Supplementary Figure 1: Complication type by randomised group
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Supplementary Figure 2: Overall compliance by (a) raw frequencies and (b) percentage of
randomised group
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Supplementary Figure 3: Experimental intervention group sizes over time, including change from a
randomisation ratio of 1:1 to 2:1
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Supplementary Figure 4: Experimental intervention group compliance by COVID-19 group
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Supplementary Figure 5: 12 month adjusted mean difference UCLA Activity Score for varying
imputed quantiles for missing data
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Supplementary Figure 6: Subgroup analyses results
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CONSERVE-CONSORT Checklists

CONSERVE-CONSORT Extension: 22Jan2022 (PEP-TALK Final Report)

Item

Item Title

Description

Page No.

Extenuating Circumstances

Describe the circumstances and how they
constitute extenuating circumstances.

Methods,
Randomisati
on and
masking
Para 1;
Statistical
Methods,
Para 3;
Results,
Recruitment
and
participant
flow, Para 2;
Supplementa
ry File 2

Important Modifications

a. Describe how the modifications are
important modifications.

Methods,
Randomisati
on and
masking
Para 1;
Statistical
Methods,
Para 3;

b. Describe the impacts and mitigating
strategies, including their rationale and
implications for the trial.

Methods,
Randomisati
on and
masking
Para 1;
Statistical
Methods,
Para 3;

c. Provide a modification timeline.

Results,
Recruitment
and
participant
flow, Para 2

Responsible Parties

State who planned, reviewed and approved the
modifications.

Methods,
Randomisati
on and
masking,
Para 1

Interim data

If modifications were informed by trial data,
describe how the interim data were used,
including whether they were examined by study
group, and whether the individuals reviewing the
data were blinded to the treatment allocation.

No interim
analysis
performed.




CONSORT Number and Item For each row, if important modifications occurred |Page No.
check “direct impact” and/or “mitigating strategy”
and describe the changes in the trial manuscript
or supplement. Check “no change” for items that
are unaffected in the extenuating circumstance.
No Change Impact* Mitigating
Strategy**
1 Title and abstract X X 2
2 Introduction X 4-5
3 Methods: Trial Design X 5
4 Methods: Participants X 5
5 Methods: Interventions X 5-6
6 Methods: Outcomes X 6
7 Methods: Sample Size X 7
8-10 |Methods: Randomisation X 7
11 Methods: Blinding X 7
12 Methods: Statistical X 7-8
methods
13 Results: Participant flow X X 8-9
14 Results: Recruitment X X 8-9
15 Results: Baseline data X 9, Table 1
16 Results: Numbers analysed | X 9, Table 2
Results: Outcomes and X X 9-10 Tables
estimation 3,4,5,6
Figures 3,4,5
18 Results: Ancillary analyses X X 10-11, Sup
File 2
19 Results: Harms X 10
20 Discussion: Limitations X 11-13
21 Discussion: Generalisability X 11-13
Other information: X 2
Registration
24 Other information: Protocol |X Published,
ref pg 5
25 Other information: Funding |X 13




*Aspects of the trial that are directly affected or changed by the extenuating circumstance and are not
under the control of investigators, sponsor or funder.

**Aspects of the trial that are modified by the study investigators, sponsor or funder to respond to the
extenuating circumstance or manage the direct impacts on the trial.




