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1 Background and rationale 

1.1 Purpose of the health economic analysis plan 

The purpose of this health economic analysis plan (HEAP) is to describe the analysis and reporting procedure intended 

for the economic analyses to be undertaken. The analysis plan is designed to ensure that there is no conflict with the 

protocol and associated statistical analysis plan (SAP) and it should be read in conjunction with them. This HEAP largely 

follows the guidance as suggested by Thorn et al1. This document has been written based on information contained in 

the trial protocol version 2.0, dated 22 May 2023 and SAP version 1.0, dated 14 May 2024. 

1.2 Background 

Ankle fracture is one of the most common fractures of the lower limb2. Based on a 1988-2012 analysis of UK primary 

care records3, the annual incidence of ankle fracture amongst adults aged 50 years and above (104 per 100,000 person-

years) was estimated to be greater than amongst adults aged 49 years and below (75 per 100,000 person-years).  

Treatments for ankle fractures range from conservative plaster casts or boots to surgical fixation. Physiotherapy after 

surgery or a period of immobilisation in a cast or boot aims to reduce pain, enhance mobility, and improve balance 

and coordination as well as muscle strength. Many adults aged 50 years and above experience loss of confidence and 

fear of future injuries after ankle fracture4,5. There is good evidence that progressive exercise reduces risk of falls and 

improves mobility in other clinical populations6, so a tailored progressive exercise intervention supervised by a 

physiotherapist could have the potential to improve recovery in this group, especially where rehabilitation needs are 

often more complex. However, there is insufficient evidence regarding physiotherapist-supervised rehabilitation after 

ankle fracture7,8, especially, for adults aged 50 years and above.  

1.3 Aims and objectives 

The aim of this trial is to evaluate the clinical and cost-effectiveness of physiotherapist-supervised versus self-directed 

rehabilitation in improving ankle function for people aged 50 years and over with ankle fractures. 

The primary objective of this trial is to quantify and draw inferences on differences in ankle function at 6 months post-

randomization between the trial intervention groups (supervised vs self-directed rehabilitation). 

The secondary objectives of this trial include: 

• ankle function at 2 and 4 months  

• ankle pain at 2, 4 and 6 months 

• health-related quality of life (HRQoL) at 2, 4 and 6 months 

• physical function at 4 and 6 months 

• self-efficacy to exercise at 4 and 6 months 

• exercise adherence at 4 and 6 months 

• risk of related complications over the initial 6 months 

• cost-effectiveness of the interventions 



2 Trial design 

AFTER is a multi-centre, parallel-group, superiority individually randomised controlled trial assessing the clinical 

effectiveness of supervised versus self-directed rehabilitation in improving ankle function for people aged 50 years 

and over after ankle fracture. The trial will be conducted at secondary care trauma departments in a minimum of 20 

NHS hospitals and their related physiotherapy services. 

Supervised and self-directed rehabilitation are defined as follows: 

Self-directed rehabilitation. Self-directed rehabilitation is the provision of a standardised high-quality detailed advice 

on self-management and a set of exercises that can be progressed independently by the participant. The advice 

materials will be provided by a surgeon, nurse or physiotherapist during the fracture clinic appointment and will be 

accessible in both paper and online format. The online format comes with additional instruction videos.  

Supervised rehabilitation. Participants referred to a physiotherapist will have four to six one-to-one sessions with a 

trial-trained physiotherapist, spread over three months from the initial session. This period allows sufficient time for 

neuromuscular adaptation to exercise9. The first session will take place as soon as possible after the referral, and no 

later than three weeks from randomization. These sessions will be delivered via face-to-face or 

telephone/videoconference, depending on the usual mode of physiotherapy delivery for the participant. 

Physiotherapists will support participants with a highly structure but individualised progressive exercise programme 

focusing on recovery of movement, muscle strength, balance and gait training, and issue the exercise programme 

workbook. The programme uses contemporary evidence-based guidelines on exercise volume and load to optimise 

the physiological response10.  

For both forms of rehabilitation, commonly used simple methods11 to support exercise adherence such as goal setting 

and provision of an exercise diary will be used. 

2.1 Inclusion criteria 

Adults aged 50 years and over with an ankle fracture undergoing surgical fixation or non-surgical management and 

are provided with a cast or orthotic boot (non-removable or removable for non-weight bearing ankle movement) for 

at least four weeks were included. 

2.2 Exclusion criteria 

Participants will be excluded if they are deemed unable to adhere to trial procedures or complete questionnaires; 

were not ambulatory before the injury; or had contraindications to participation in an exercise programme. 

3 Economic approach 

3.1 Aims and objectives 

The primary objective of the health economic evaluation is to estimate the within-trial cost-effectiveness of supervised 

versus self-directed rehabilitation among patients with ankle fracture.  

3.2 Overview of economic analysis 

A within-trial economic analysis will be performed using individual participant-level data from AFTER. The analytical 

approaches will take the form of cost-utility analysis. Based on trial evidence, incremental cost-effectiveness ratios 



(ICERs) will be calculated by taking a ratio of the difference in the mean costs and mean quality-adjusted life years 

(QALYs). Participants will primarily be recruited from secondary care trauma departments in a minimum of 20 NHS 

hospitals. The economic analysis will be from the NHS and personal social services (PSS) perspective and will compare 

the costs and consequences of each treatment group over six months after randomization.  

4 Data collection and management 

4.1 Measurement of resource use 

The therapist hours per treatment group will be computed from the frequency and duration of supervised and self-

directed rehabilitation sessions that will be captured via the Rehabilitation Initial Provision Log and the Treatment Log 

for supervised rehabilitation. 

Inpatient care will be recorded in the form of treatment due to complications, which will be captured via the 

participant-reported Complications case report form (CRF) and verified by sites.  

Resource use data will be collected using trial questionnaires given to participants at two- and six-months post-

randomization. Participants will be required to note the frequency of their use of outpatient care, emergency 

department care, community health care, private care, social care, residential/nursing home care, informal care, and 

painkillers related to their ankle fracture or its treatment. Participants will also have their use of walking aids and time 

off work recorded. 

4.2 Valuation of resource use 

All resource use will be valued in monetary terms using the latest and most appropriate UK unit costs or participant 

valuations estimated at the time of analysis. Adjustments will be made for inflation using the latest NHS hospital & 

community health services pay & prices index from the Personal Social Services Research Unit (PSSRU) Unit Costs 

compendium where applicable.  

NHS reference costs will be employed to value hospital resource use (e.g. inpatient visits, emergency department visits 

and outpatient attendances) while the latest PSSRU Unit Costs of Health and Social Care will be used to value the 

therapist hours based on their grade per treatment group and community health and social services resource use. Unit 

cost of medications will be obtained from the Prescription Cost Analysis. The gender-specific median wage, obtained 

from the Office for National Statistics, will be used in the computation of the valuation of time taken off work by the 

participants due to the ankle fracture. The unit cost of the exercise diary and exercise programme workbook will be 

obtained from the trial team at its production cost. 

4.3 Measurement of health outcomes 

The primary health outcome measure will be QALYs derived from utility scores, obtained using the EQ-5D-5L HRQoL 

instrument12. The EQ-5D-5L instrument facilitates the generation of a utility score from a person’s health related 

quality of life. A utility score refers to the preference that individuals have for any particular set of health outcomes. 

The EQ-5D-5L’s descriptive system consists of five health dimensions (mobility, self-care, usual activity, 

pain/discomfort, and anxiety/depression) each with five levels of severity to choose from (no problems, slight 

problems, moderate problems, severe problems, and extreme problems). Although not used to derive utilities, the 



EQ-5D-5L HRQoL instrument also contains a visual analogue scale that records the participant’s self-rated health from 

the worst to best health that they can imagine having. Measurement of HRQoL will be recorded using the trial 

questionnaires at baseline and at two-, four- and six-months post randomization. 

4.4 Valuation of health outcomes 

Utility scores will be derived from responses to the EQ-5D-5L descriptive system. UK utility values will be derived using 

the approach recommended by NICE13, which is currently recommending the validated mapping function onto the 

existing EQ-5D-3L A1 tariff set developed by the Decision Support Unit14. QALYs will be calculated as the area under 

the baseline-adjusted utility curve of EQ-5D-3L utility scores using the trapezoidal rule15. 

4.5 Data cleaning 

Face validity tests will be conducted on data (e.g. to identify misspelt text) and checked against the source documents. 

Records of resource use across different time-points will also be cross-checked to ensure that there is no duplication. 

Corrections made will be documented in the statistical code. 

4.6 Missing data 

Before carrying out the within trial analysis, the trial data will be checked for any missing data. Where possible, the 

reasons for missing data will be ascertained, using the methodology described by Faria et al16, and reported. The nature 

and pattern of ‘missingness’ will be carefully considered; in particular, whether data can be treated as missing at 

random (MAR) and multiple imputation methods may be used if the data is MAR. 

5 Data analysis 

The data analysis will be conducted once all participants have been followed for six months after randomization; no 

interim analysis will be undertaken. The data analysis will include a within-trial analysis using imputed data that will 

include all randomised participants, which is in accordance with the “intention to treat” (ITT) principle, taking a six-

months’ time horizon.  

There will be no discounting of costs and benefits as the follow-up period is less than one year. Utilisation of resource 

use items will be summarised by trial allocation group and follow-up period and differences between groups will be 

analysed using t-tests for continuous variables and Pearson chi-squared (χ2) test for categorical variables. Means and 

standard errors for values of each cost category will be estimated by treatment allocation and follow-up period. Mean 

differences in costs and QALYs between the treatment groups will be estimated using t-tests and the bootstrap 95% 

confidence interval that will be computed based on 10,000 replications. This bootstrap will use Monte Carlo 

simulations to resample many datasets based on the original data.  

Cost and QALY data will be combined to calculate incremental cost-effectiveness ratios (ICERs) and net monetary 

benefit (NMB) statistics from the NHS and PSS perspective in the primary economic analysis. The primary economic 

analysis will use incremental cost-effectiveness thresholds of £20,000 and £30,000 per QALY as recommended by 

NICE17. An additional £15,000 per QALY cost-effectiveness threshold will also be included to reflect recent trends in 

healthcare decision-making18. 



All analyses will be carried out using appropriate analytical software such as R or STATA. The relevant package and 

version number will be recorded in the health economics report. 

5.1 Uncertainty analysis 

A nonparametric bootstrapping approach will be used to determine the level of sampling uncertainty surrounding the 

mean ICER by generating 10,000 estimates of incremental costs and benefits. Decision uncertainty characterised by 

estimating the probability that an option is cost-effective at different cost-effectiveness thresholds will be explored 

using cost-effectiveness acceptability curves (CEACs). 

5.2 Sensitivity analysis 

Several sensitivity analyses will be undertaken to explore uncertainties surrounding key parameters in the economic 

evaluation as described in the following. First, the study perspective will be extended to a societal perspective which 

includes indirect costs (e.g. valuation of time off work). Second, complete case analysis will be used to assess the 

impact of missing data on the cost-effectiveness outcomes. 

5.3 Subgroup analysis 

As per the subgroup analysis stated in the Statistical Analysis Plan, subgroup analysis will be conducted on initial 

fracture management (surgical vs non-surgical).   

6 Reporting of results 

Consolidated Health Economic Evaluation Reporting Standards (CHEERS) 2022 guidelines19 will be followed when 

reporting the health economic evaluation, in a format appropriate to stakeholders and policy makers. Any deviation 

from the HEAP will be described and justified in the final published report. 
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1 Introduction 

This document details the proposed data presentation and analysis for the main paper(s) and final study reports from 
the NIHR-funded multicentre randomised controlled trial assessing the clinical effectiveness of supervised versus 
self-directed rehabilitation in improving ankle function for people aged 50 years and over after ankle fracture 
(AFTER).  The results reported in these papers should follow the strategy set out here.  Subsequent analyses of a more 
exploratory nature will not be bound by this strategy, though they are expected to follow the broad principles laid 
down here.  The principles are not intended to curtail exploratory analysis (for example, to decide cut-points for 
categorisation of continuous variables), nor to prohibit accepted practices (for example, data transformation prior to 
analysis), but they are intended to establish the rules that will be followed, as closely as possible, when analysing and 
reporting the trial. This document follows published guidelines regarding the content of statistical analysis plans for 
clinical trial(1). 

The analysis strategy will be available on request when the principal papers are submitted for publication in a journal.  
Suggestions for subsequent analyses by journal editors or referees, will be considered carefully, and carried out as far 
as possible in line with the principles of this analysis strategy. If reported, the analyses will be marked as post-hoc; the 
source of the suggestion will be acknowledged and the reader will be advised to rely on the pre-specified analysis for 
the interpretation of the results.  

Any deviations from the statistical analysis plan will be described and justified in the final report of the trial.  The 
analysis should be carried out by an identified, appropriately qualified, and experienced statistician, who should 
ensure the integrity of the data during their processing.  Examples of such procedures include quality control and 
evaluation procedures. 

Integral to this Statistical Analysis Plan (SAP) is the SAP – Data Definitions and Tables document which will include full 
detailed descriptions of all key outcomes, including their definition, generation and how they will be reported at the 
end of the study. These two documents should be read in tandem. 
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2 Background and objectives 
Ankle fractures are very common and the incidence of these fractures in the UK is highest among people aged 50 years 
and over (2, 3). As the population ages, a three-fold increase in these fractures is projected over the next two decades 
(4). The mechanism of injury for people aged over 50 is usually a fall from standing height; the fracture is then defined 
as a fragility fracture (5). 

Treatments for ankle fractures range from non-surgical management through application of plaster casts or 
boots to surgical fixation. A recent trial including adults aged 60 years and over found that, regardless of the initial 
fracture management, post-injury reduced ankle function and walking abnormalities remain at 6 months post-injury 
(6, 7). Ankle movement restrictions during weight bearing are usually lifted by the orthopaedic team six weeks after 
injury. At this stage, national guidance is that patients should be advised to gradually resume activities. Data has shown 
that, in addition to the advice, some patients are referred to see a physiotherapist for supervised rehabilitation. 
Physiotherapy after ankle fracture aims to support patients during the recovery period and provide individualised 
progressive exercise to improve muscle strength, range of motion, gait and balance.  However, the referral patterns 
vary from hospital to hospital (7) and there is no national guidance on whether further rehabilitation under the 
supervision of a physiotherapist should be provided. 

Previous research in younger adults found additional physiotherapy did not improve recovery, but it is not 
clear whether older adults would benefit. Moreover, extra physiotherapy could bring cost burden to the health service.  

Therefore, the aim of this pragmatic, parallel-group, randomised controlled superiority trial is to evaluate the 
clinical and cost-effectiveness of supervised versus self-directed rehabilitation in improving ankle function for people 
aged 50 years and over with ankle fractures. 

2.1  Objectives  
Table 1 Primary and secondary objectives and endpoints. 

 Objectives Outcome Measures Timepoint(s) 

Primary 
 

Ankle Function Olerud and Molander 
Ankle Scale (OMAS) 

6 months post-
randomization 

 Secondary 
 

Ankle Function OMAS Baseline, 2 and 4 months 
post-randomization 

Health-related 
quality of life 

EQ-5D-5L Baseline, 2, 4 and 6 
months post-
randomization 

Pain Pain sub-scales of the 
EQ-5D-5L and OMAS 

Baseline, 2, 4 and 6 
months post-
randomization 

Physical Function PROMIS Physical 
Function 

Baseline, 4 and 6 months 
post-randomization 

Self-efficacy Self-Efficacy Exercise 
Score (SEE) 

Baseline, 4 and 6 months 
post-randomization 

Exercise adherence Self-reported exercise 
frequency 

2, 4 and 6 months post-
randomization 

Complications Complications 
Questionnaire and Case 
Report Form 

2, 4 and 6 months post-
randomization 

Resource use Health economics 
questionnaire  

2 and 6 months post-
randomization 

 

 



3 Study METHODS 
3.1  Trial Design/framework 
AFTER is a multi-centre, parallel-group, superiority individually randomised controlled trial assessing the clinical 
effectiveness of supervised versus self-directed rehabilitation in improving ankle function for people aged 50 years 
and over after an ankle fracture. The trial will be conducted at secondary care trauma departments in a minimum of 
20 NHS hospitals and their related physiotherapy services.  

3.2  Randomization and Blinding 
The randomization will be on a 1:1 basis to supervised versus self-directed rehabilitation, using a validated 

computer randomization program managed through a secure (encrypted) web-based service by the Oxford Clinical 
Trials Research Unit (OCTRU). Randomization will use a minimisation algorithm to ensure balanced allocation across 
the two treatment groups, stratified by centre and initial fracture management (surgical vs non-surgical). The first few 
participants will be randomised by simple randomization to seed the minimisation algorithm and a probabilistic 
element introduced to the algorithm to ensure the unpredictability of intervention allocation.  

Full details of the randomization are available in AFTER_RandomizationAndBlindingPlan_V1.0_27Jul2022, 
stored in the confidential statistical section of the Trial Master File (TMF). 

Due to the nature of the intervention, it is not possible to blind participants or those delivering the 
intervention. The local research team at recruiting centres will also not be blinded to the treatment allocation. 
3.3  Sample Size 
292 (146 per arm) participants providing primary outcome data at 6 months are required to detect a difference of 8 
points on the OMAS score with an estimated standard deviation of 21 with 90% power and 5% (2-sided) significance. 
The minimum clinically important difference for the OMAS selected in surgical trials has usually been 10 points but for 
this trial of physiotherapy we have chosen a smaller difference of 8 points, which is likely to be clinically important and 
was supported by our patient advisory group. The chosen standard deviation of 21 is based on the AIM trial (6) (SD 
21.7) and the feasibility study data (SD 20.5 based on 32 participants having reached the 6 month time-point). This 
equates to a standardised effect size of 0.38, a small to moderate effect. In the AFTER feasibility study there was 11% 
loss to follow-up (those not providing the primary outcome data). In order to allow for potential loss to follow-up of 
participants in the definitive trial we have inflated the sample size by 15% to aim for a minimum of 344 participants 
(172 per arm).  

3.4  Statistical Interim Analysis, Data Review and Stopping guidelines 

The study conduct and data safety will be discussed in the Trial Oversight Committee (TOC). The Trial Oversight 
Committee (TOC), which includes independent members, provides overall supervision of the trial on behalf of the 
funder. Its terms of reference is drawn up in a TOC charter (stored in AFTER_TOCCharter_V1.0_18Aug2022 ) which 
outlines its roles and responsibilities. Full details of the data planned to be reported at the TOC meeting are available 
in the TOC report template (AFTER_TOCTemplate_V1.0_17Aug2022). 

There is no interim analysis planned for this trial. The trial is considered low risk so does not have a separate Data 
Safety Monitoring Committee (DSMC). 

3.5  
3.6  Timing of Final Analysis 

The final analysis will be conducted after the last participant has reached the 6 month time period, and the data has 
been received, cleaned, and finalised.   

3.7  Blinded analysis 

A blinded analysis (i.e. a review of the data prior to details of the interventions being added to the dataset) will be 
performed to look into the distribution of variables, missing data distributions, outliers and to finalise the per protocol 
population. The blinded analysis will be undertaken prior to the final datalock. 

3.8  Statistical Analysis Outline 
The primary analysis population will be the intention-to-treat population (ITT), that is participants will be analysed in 
the group in which they were randomised regardless of what treatment they received. The analyses will be repeated 
for the per protocol (PP) population. The per protocol population will exclude participants who did not receive the 
allocated treatment and participants with major protocol deviations, this will be finalised using blinded data prior to 



the final datalock. Standard descriptive statistics will be used to describe the demographics between the treatment 
groups reporting means and standard deviations or medians and interquartile ranges as appropriate for continuous 
variables and numbers and percentages for binary and categorical variables. Standard statistical summaries and 
graphical plots will be presented for the primary outcome measure and all secondary outcome measures. 

The OMAS score at 6 months is the primary outcome in this study and will be compared between treatment 
groups as the dependent variable in a mixed-effects linear regression model including outcome information at 
intermediate time-points. This model will adjust for stratification factors (initial fracture management; operative or 
non-operative) and baseline OMAS score. A random effect will be included to account for heterogeneity due to 
recruitment centres. The treatment effect will be based on adjusted mean differences at 6 months and will be reported 
together with their 95% confidence intervals.  

We will also undertake a Complier Average Causal Effect (CACE) analysis which essentially compares the 
“compliers” in each group. The CACE analysis will be undertaken using the definition of full compliance in the 
intervention group – defined as receiving a minimum of 4 physiotherapy sessions. Partial compliance is receiving at 
least one physiotherapy session (i.e. starting the treatment), which will be used in the per-protocol analysis. This will 
provide supporting evidence to any findings from the principal analysis. Subgroup analysis by surgical vs non-surgical 
treatment of the fracture will be undertaken, using a treatment by subgroup interaction term and will be presented 
using forest plots. 

Similar methods to the primary outcome will be used to analyse continuous secondary clinical outcomes and 
patient reported outcomes. Complications will be reported by type for each intervention group, and, if appropriate, 
compared between the two groups using logistic regression models. 

4 Statistical Principles 
4.1  Statistical Significance and Multiple Testing 

There is no multiple testing as only a single primary outcome is considered.  Therefore, the significance levels used will 
be at the 2-sided 5% level and 95% confidence intervals will be reported. P-values will not be reported for subgroup 
exploratory analyses, the analyses results will be presented as forest plots with 95% confidence intervals. Any analyses 
that are not pre-specified will use the stricter 1% significance level and will be stated clearly as not included in the SAP. 

4.2  Definition of Analysis Populations  

The primary analysis population will be the intention-to-treat population (ITT), that is participants will be analysed in 
the randomised group in which they were allocated to regardless of what treatment they received. Patients with 
baseline outcome and at least one post-randomization outcome will be included in the analysis.  

The analyses will be repeated for the per protocol (PP) population. The per protocol population will exclude 
participants who did not receive the allocated treatment and participants with major protocol deviations. 

5 trial population and descriptive analyses 

Summary of flow of trial participants through the trial and baseline stratification, demographic and clinical 
characteristics of each group. 

5.1  Representativeness of Study Sample and Patient Throughput 

Figure 1 shows the flow of participants through each stage of the trial, including numbers of participants randomly 
assigned, receiving intended treatment, completing the study protocol, and analysed for the primary outcome, 
following the appropriate guideline (e.g. CONSORT). Information on the number of patients screened and found to be 
ineligible because they meet the exclusion criteria will also be reported. 



 

Figure 1 The CONSORT flowchart. 

5.2  Withdrawals 

The number (and percentage) of withdrawal reasons will be presented by treatment arm. Details of each withdrawal 
will also be investigated, including their days on the trial, site, last questionnaire completed and whether they have 
their primary outcome available for analyses. (see table 7 and 8 in AFTER_SAP_DDT_V1.0_18Aug2022). Any deaths 
(and their causes) will be reported separately (see table 12 in the AFTER_SAP_DDT_V1.0_18Aug2022). 

5.3  Baseline Characteristics 

Baseline comparability between two treatment groups (supervised rehabilitation and self-directed rehabilitation) will 
be investigated. Numbers (with percentages) for binary and categorical variables and mean (and standard deviation), 
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or median (with lower and upper quartiles) for continuous variables will be presented; there will be no tests of 
statistical significance nor confidence intervals for differences between randomised groups on any baseline variable 
(see Table 5 in AFTER_SAP_DDT_V1.0_18Aug2022 ) . 

5.4  Unblinding 
AFTER is not a blinded trial. 

5.5  Treatment Compliance with Details of Intervention 

A summary of treatment received (supervised rehabilitation and self-directed rehabilitation) will be provided by 
treatment arm. Compliance to the supervised rehabilitation treatment is defined as receiving a minimum of 4 
physiotherapy sessions and partial compliance is receiving at least one physiotherapy session (i.e. starting the 
treatment). Compliance will be summarised as full compliance and partial compliance by treatment arm. The reasons 
for participants who did not receive the treatment that they were allocated will be also summarised by  treatment 
arm (see table 6 in AFTER_SAP_DDT_V1.0_18Aug2022). Full details of intervention delivery will be reported in line 
with the TIDieR checklist for reporting complex interventions (8). 

5.6  Reliability 

To ensure consistency, validation checks of the data will be conducted. This will include checking for duplicate records, 
checking the range of variable values and validating potential outliers where possible (referring back to sites if 
necessary). As the data is collected electronically, many of these checks will be implemented automatically as part of 
the data entry procedure and data collection instruments have been validated prior to data entry commencing. 
Calculations and processes performed by a computer program, including the construction of derived data, will be 
checked. A sample of 15 participants will be randomly selected from all randomised participants (around 5% of the 
total planned sample size) for the check. Algorithms and calculations that are performed by a computer program will 
be checked and validated manually for the 15 selected participants.  

For each variable, missing value codes will be checked for consistency and the proportion of missing values per variable 
will be presented. Patterns of missing data will be explored. 

6 Analysis 
6.1  Outcome Definitions 
6.1.1 Primary outcome 
The primary outcome is patient-reported ankle-related symptoms and function at 6 months after randomization 
measured by completion of the Olerud and Molander Ankle Score (OMAS) (9). The OMAS is a 9-item questionnaire 
which is completed directly by the participant (0-100, with higher scores indicating better function). The OMAS has 
been the primary outcome for a number of other ankle fracture trials, including NIHR HTA trials. (7, 10)  

6.1.2 Secondary outcomes 
Ankle Function: measured by completion of the Olerud and Molander Ankle Score (OMAS) at baseline, 2 and 4 months 
after randomization. 

Health-related quality of life: assessed using the EuroQol 5 Dimensions (EQ-5D-5L) score (11). The EQ-5D-5L is a 
validated, generalised and standardised instrument comprising a VAS measuring self-rated health and a health status 
instrument, consisting of a five-level response (no problems, some problems, moderate problems, severe problems 
and unable) for five domains related to daily activities; mobility, self-care, usual activities, pain and discomfort, and 
anxiety and depression. Responses to the health status classification system are converted into an overall score using 
a published utility algorithm for the UK population. The EQ-5D health status scale ranges from negative scores 
reflecting a patient’s quality of life being worse than death, and 0 [death] to 1 [perfect health]. A respondent’s EQ-VAS 
gives self-rated health on a scale where the endpoints are labelled ‘best imaginable health state’ (100) and ‘worst 
imaginable health state’ (0). This is measured at baseline, 2, 4 and 6 months after randomization. 

Pain: assessed using the sub-scales of the OMAS and EQ-5D-5L. This is measured at baseline, 2, 4 and 6 months after 
randomization. 

Physical function: assessed using PROMIS Physical Function (12). Patient Reported Outcome Measurement 
Information System (PROMIS) questionnaires are administered electronically, via a Computer Adaptive Test (CAT), 



which are dynamic tests based on Item Response Theory (IRT). A mathematical model adapts the sequential questions 
asked based on a participant’s previous response. A tailored set of questions is therefore asked from a large item pool. 
Participants are typically asked 4 to 6 questions. PROMIS instruments are scored from 0 to 100 with 50 points 
representing the mean score for the US general population, higher scores indicate better function. Participants who 
have not completed the online questionnaire or who have no internet access will be able to complete a paper-based 
version of the PROMIS questionnaire with 4-items (PROMIS Physical Function - Short Form 4a) via postal follow up. If 
a participant needs to be contacted directly by phone to complete their follow up, they will be asked the PROMIS 
Physical Function CAT questionnaire as the central site team can directly enter patient responses on their behalf. This 
is measured at baseline, 4 and 6 months after randomization. 

Self-efficacy: assessed using the Self-Efficacy Exercise Score (13). The score measures a participant's judgment of their 
confidence to carry out exercise. The questionnaire has 9-items specifically about the ability to continue to exercise 
despite barriers. The participant scores their confidence level from 0 (not confident) to 10 (very confident), if they 
were to exercise 3 times per week for 20 minutes during each of the nine situations presented. The overall scores 
range 0 to 90, with higher scores indicating greater confidence to exercise. This is measured at baseline, 4 and 6 
months after randomization. 

Exercise adherence: assessed using patient reported exercise frequency. This is measured at 2, 4 and 6 months after 
randomization. 

Complications: fracture and treatment complications will be recorded, but particular note will be made of 
complications related to the interventions. This is measured at 2, 4 and 6 months after randomization. 

Resource use: patient reported resource use and information on hospital treatments and appointments will be 
collected. This will include consultations with primary and secondary care, prescribed and over-the-counter pain 
medication use, additional physiotherapy and hospital admission, self-funded health and social care, out-of-pocket 
expenses, and work absence. This is measured at 2 and 6 months after randomization. 

6.2  Analysis Methods 

6.2.1 Primary outcome analysis 
The OMAS at 6 months is the primary outcome. Raw summary statistics (mean and standard deviation) will be 
calculated and reported by treatment arm for each time point.  

The treatment difference between the two groups (self-directed rehabilitation and supervised rehabilitation) 
will be analysed using a mixed effect linear regression model. The OMAS at all follow-up time points will be the 
dependent variable (panel data) and the independent variable will be the interaction between treatment group and 
follow-up time points. This model will adjust for stratification factors of randomization (recruitment centre and initial 
fracture management (operative vs non-operative)), age in years, and sex at birth as fixed effects in the model. 

Sensitivity analyses will be conducted to check the robustness of the analysis results. The analyses will include 
a partially-adjusted model, per protocol analysis and CACE analysis. A partially-adjusted model will only include 
baseline OMAS as its sole adjustment variable. Per-protocol analysis will only include participants at least partially 
compliant in the supervised rehabilitation arm to their allocated treatment (1 or more physiotherapy sessions in 
supervised rehabilitation arm), and will be conducted for the adjusted model. The per-protocol analysis will also 
exclude participants who did not receive the self-directed rehabilitation materials when allocated to self-directed 
rehabilitation.  

Complier Average Causal Effect (CACE) analysis: 

CACE analysis seeks to compare outcomes for individuals in the intervention condition who complied with treatment 
with individuals in the control group who would have complied with treatment given the opportunity to do so. The 
two treatment groups for the AFTER trial are supervised rehabilitation (intervention) and self-directed rehabilitation 
(control).  

Participants in the intervention arm will be defined as non-compliers to the control arm if they have not met 
the adherence definition: Full compliance is defined as receiving a minimum of 4 physiotherapy sessions. However, it 
is unlikely for participants in the control arm to crossover to the intervention arm, therefore the per-protocol analysis 



will mostly exclude non-compliers in the intervention arm that may result in estimation bias. CACE looks at compliers 
in the intervention arm and would-be compliers in the control arm (i.e. the participants in the control arm who would 
comply to the treatment if they were assigned to the intervention arm) (14). The CACE analysis will be done using a 
two-stage regression model (14-16): 

Stage 1: Predict treatment compliance using treatment allocated. Treatment received (compliance) by 
participants will be used as an instrumental variable (IV) for treatment allocated. A mixed model, with the independent 
variable as treatment allocation and the dependent variable as treatment compliance, will run, adjusting for baseline 
OMAS and initial fracture management. The coefficient estimated for treatment allocation will be used to predict 
treatment compliance in both intervention and control arm.  

Stage 2: Use predicted treatment compliance to represent treatment allocation. A mixed effect model will be 
run with the dependent variable as OMAS scores and independent variable as predicted treatment compliance and 
follow-up timepoint interaction. The random effect of the model will be recruitment centre and the model will adjust 
for fracture management and baseline OMAS score. The Stata command “ivregress” can perform the two-stage 
analysis together.  

For fully adjusted (as per primary outcome analysis) and non-adjusted model, the process will be the same 
with different variables being adjusted. 

The treatment effect for OMAS at 6 months (ITT) and sensitivity analyses results will be presented together in 
one table for comparison (see table 9 in AFTER_SAP_DDT_V1.0_18Aug2022). They will be reported alongside 95% 
confidence intervals and p-values calculated using clustered standard error to account for serial correlations. Mixed 
model assumptions will be assessed using residual plots. In case we have a skewed variable, we will consider 
transforming or using bootstrapping methods. 

6.2.2 Secondary outcome analysis 
Summary statistics by treatment arm will be computed for EQ-5D-5L, pain, PROMIS, self-efficacy, exercise adherence 
and complications. Similar methods to the primary outcome will be used to analyse continuous secondary outcomes, 
with their mean and standard deviation or median and interquartile range reported. Only the intention to treat (ITT) 
population will be used for secondary outcome analysis (see table 10 in AFTER_SAP_DDT_V1.0_18Aug2022).   

OMAS at baseline, 2 and 4 months: The treatment difference for the OMAS at other follow-up time points will 
be the adjusted difference at these time points taken from the same model used for the primary outcome analysis.  

EQ-5D-5L utility score (at baseline, 2,4 and 6 months):  will be calculated by the ED-5D-5L mapping function 
(17) and range from -0.594 to 1. If a participant dies before end of follow-up, their utility score will be imputed as 0. 
Similar to the analysis for primary outcome, a mixed effect model with recruitment centre as random effect and adjust 
for stratification factor (initial fracture management) and baseline utility score. The independent variable of the model 
will be treatment and follow-up time point interaction. This model will adjust for stratification factors of randomization 
(recruitment centre and initial fracture management (operative vs non-operative), as well as important prognostic 
factors of age and sex. Results for treatment effect at each of the follow-up timepoint will be presented with 
confidence intervals and p-values. 

EQ-5D-5L VAS score (at baseline, 2, 4 and 6 months): is a score ranges from 0 to 100, with better score 
indicating better health. The analysis for the VAS score will be the same as with the EQ-5D-5L utility score, but adjusting 
for baseline EQ-5D-5L VAS score. 

PROMIS Physical Function (at baseline, 4 and 6 months): assesses the physical function of individuals. A 
normalised score will automatically be calculated by REDCap built-in programmes. Similar to the analysis for the 
primary outcome, a mixed effect model with recruitment centre as random effect and adjust for stratification factor 
(initial fracture management) and baseline PROMIS score. The independent variable of the model will be treatment 
and follow-up time point interaction. This model will adjust for stratification factors of randomization (recruitment 
centre and initial fracture management (operative vs non-operative) , as well as important prognostic factors of age 
and sex. Participants who have no access to the online PROMIS computer-adaptive test questionnaire can complete a 
paper-based PROMIS short form.  A sensitivity analysis excluding the PROMIS short form will be conducted to assess 



the robustness of the analysis. Results for treatment effect at each of the follow-up timepoints  will be presented with 
95% confidence intervals and p-values. 

Pain (at baseline, 2, 4 and 6 months) will be assessed by both the OMAS and EQ-5D-5L subscale. OMAS pain 
has 5 categories and ranges from 0-25, the pain decreases as score increases. EQ-5D-5L pain has 5 categories and 
ranges from 1-5, the pain increases as the score decreases. Both scores will be analysed using a mixed ordinal 
regression model, adjusting for centre as a random effect and fixed effects for fracture management, their respective 
baseline score, as well as important prognostic factors of age and sex.  

Self-efficacy for exercise (SEE) score (at baseline, 4 and 6 months): ranges from 0-90 with 90 being the most 
confident and 0 being the least confident for conducting exercise. A mixed effect model with recruitment centre as 
random effect and adjust for stratification factor (initial fracture management) and baseline SEE score, as well as 
important prognostic factors of age and sex. The independent variable of the model will be treatment and follow-up 
time point interaction.  

Exercise frequency (at 2, 4 and 6 months): records the frequency of exercise that participants perform in a 
week, ranges from 7 days to less than 1 day a week. Summary statistics by treatment arm will be presented. 

Complications: will be reported by participants and verified by sites. Both patient-reported complications (at 
2, 4 and 6 months) and site-verified complications (ad-hoc) will be summarised by treatment arm (see table 11 and 13 
in AFTER_SAP_DDT_V1.0_18Aug2022).  The number and its associated percentage will be reported for each 
complication category. A logistic regression model will be used to analyse this outcome variable. 

6.3  Missing Data  

Missing data will be minimised by careful data management. Missing data will be described with reasons given where 
available; the number and percentage of individuals in the missing category will be presented by treatment arm. All 
data collected on data collection forms will be used, since only essential data items will be collected. No data will be 
considered spurious in the analysis since all data will be checked and cleaned before analysis.  

The primary analysis method proposed is reasonably robust to missing at random (MAR) data (18), but this 
assumption will be investigated by using a pattern mixture model, such as the Stata ‘rctmiss’ command. The missing 
data will be assumed to have the same distribution as the observed data, differing by a sensitivity parameter delta. 
The delta parameter will be the mean shifted value between observed and missing data,  measuring the departure 
from MAR up to one standard deviation from the observed data value. This missing data sensitivity analysis can be 
used to explore the impact of any potential differential differences in the amount of missing data in the allocated 
treatment arms. 

6.4 Pre-specified Subgroup Analysis 
Subgroup analysis will be conducted on fracture management (surgical vs non-surgical). The purpose of subgroup 
analyses is to investigate if the estimated treatment effects are relatively consistent across subgroup and for this 
extent will be viewed as exploratory. 

The analysis population will be divided into their respective subgroup, and if there are too few participants in 
one subgroup (<=15) or one treatment arm of a subgroup (<=5), the analysis of that subgroup is likely to be biased due 
to small number of samples. In that case, that subgroup will be combined with other subgroups with more participants 
or the subgroup analysis will not be conducted. 

Linear regression will be performed for each subgroup analysis. The model will include a treatment-subgroup 
interaction term to capture the effect of subgroups. The estimated treatment difference and confidence intervals will 
be reported and presented in forest plots. The results will be presented in forest plots with 95% confidence interval.  

6.5 Supplementary/ Additional Analyses and Outcomes 
The primary analysis ignores the potential clustering effect on outcomes of patients treated by the same therapist. 
The intra-cluster correlation coefficient (ICC) will be presented to indicate if the assumption of ignoring the therapist 
effect is fair for the primary analysis. We plan to test this assumption and perform a sensitivity analysis; this will be 
done by modelling the clustering therapist effect in the intervention arm as a random effect, and by treating the 
control arm as a single cluster. We will also explore, through the use of forest plots, the consistency of the therapist 
effect. (19, 20) 



6.6 Harms  

Serious adverse events (SAEs) will be reported by treatment arm and overall, in numbers and percentages (see table 
14 in AFTER_SAP_DDT_V1.0_18Aug2022). Complications such as wound infection, nerve injury, pressure sores and 
deep vein thrombosis and embolism will be reported by participants and verified by sites. 

6.7 Meta-analyses (if applicable) 

There is no planned meta-analysis in this study. 

7 Validation of the Primary analysis 

To validate the primary outcome (OMAS) and key secondary outcomes (PROMIS Physical Function and EQ5D-5L) a 
statistician not involved in the trial will independently repeat the analyses detailed in this SAP, by using different 
statistical software (if possible). The results will be compared and any unresolved discrepancies will be reported in the 
Statistical report (See OCTRU SOP STATS-005 Statistical Report). If necessary this will include derivation of the primary 
and key secondary outcomes from raw data. 

8 Specification of Statistical Packages 
All analysis will be carried out using appropriate validated statistical software such as STATA, SAS, SPLUS or R. The 
relevant package and version number will be recorded in the Statistical report. 

9 Publication 
This study will be conducted as part of the portfolio of trials in the registered UKCRC Oxford Clinical Trials Research 
Unit (OCTRU) at the University of Oxford. It will follow their Standard Operating Procedures ensuring compliance 
with the principles of Good Clinical Practice and the Declaration of Helsinki and any applicable regulatory 
requirements. 

10 Appendix: glossary of abbreviations  
AE Adverse event 

CACE Compliance Average Causal Effect 

CI  Confidence Interval 

CRF Case Report Form 

CT Computerised Tomography Scan 

CTRG Clinical Trials and Research Governance 

DSMC Data Safety and Monitoring Committee 

EQ-5D EuroQoL Five Dimensions 

GCP Good Clinical Practice 

GP General Practitioner 

HRA Health Research Authority 

IV Instrumental variable 

NHS National Health Service 

NIHR National Institute for Heath and Care Research 

OMAS Olreud-Molander Ankle Scale 

OR Odds Ratio 

ORTU Oxford Respiratory Trials Unit 



PI Principal Investigator 

PP Per Protocol 

PROM Patient-Reported Outcome Measure 

PROMIS Patient-Reported Outcomes Measurement Information System 

QoL Quality of Life 

RCT Randomised Controlled Trial 

REC Research Ethics Committee 

REDCap Research Electronic Data Capture 

RFPB Research for Patient Benefit 

SAE Serious Adverse Event 

SAP Statistical Analysis Plan 

SD Standard Deviation 

SEE Self-Efficacy for Exercise Scale 

TOC Trial Oversight Committee 

TSC Trial Steering Committee 

SOP Standard Operating Procedure 

VAS Visual Analogue Scale 
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