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ABSTRACT 

 
AIMS: To capture 12-month outcomes from a representative multicentre cohort of patients 
undergoing TAR, to describe the pattern of patient reported outcome measures (PROMs) at 12 
months, and to identify predictors of these outcome measures. 
 
METHODS: Patients listed for a primary TAR at 19 NHS hospitals between February 2016 and October 
2017 were eligible. PROMs data were collected pre-operatively and at six and 12 months including: 
Manchester-Oxford Foot and Ankle Questionnaire (MOXFQ (foot and ankle) and the EQ-5D-5L. 
Radiological pre- and post-operative data included Kellgren-Lawrence score and implant position 
measurement. This was supplemented by data from the National Joint Registry through record linkage 
to determine: American Society of Anesthesiology (ASA) grade at index procedure; indication for 
surgery, index ankle previous fracture; tibial hind foot alignment, additional surgery at the time of TAR 
and implant type. Multivariate regression models assessed outcomes and the relationship between 
MOXFQ and EQ-5D-5L outcome with patient characteristics.  
 
RESULTS: Data from 238 patients were analysed. There were significant improvements in MOXFQ and 
EQ-5D-5L among people who underwent TAR at six and 12-month assessments compared with pre-
operatively scores (p<0.001). Most improvement occurred between pre-operative to six months, with 
little further improvement at 12 months. A greater improvement in MOXFQ outcome post-operatively 
was associated with older age and more advanced radiological signs of ankle osteoarthritis at baseline. 
 
CONCLUSIONS: TAR significantly benefits patients with end-stage ankle disease. The lack of 
substantial further overall change between six and 12-months suggests that capturing PROMs at six 
months is sufficient to assess the success of the procedure. Older patients and those with advanced 
radiological disease who had the greater gains. These outcome predictors can be used to counsel 
younger patients and those with earlier ankle disease on the expectations of TAR. 
 

  



 

INTRODUCTION 

 

Ankle osteoarthritis (OA) is a common cause of ankle disability. An estimated 29,000 cases of 

symptomatic ankle OA are referred to UK specialists annually.1 Ankle OA has similar impact on quality 

of life as hip OA,2 end-stage kidney disease and heart failure.3 Most ankle OA is post-traumatic.3,4 It 

has been estimated that 56% of people who undergo ankle surgery for ankle OA are in employment.5  

Surgical interventions in the form of arthrodesis and total ankle joint replacement (TAR) are part of 
the standard management of patients with end-stage ankle OA.6 Whilst the use of TAR has been 
increasing in the UK in the last decade,7 routine capture of patient reported outcomes does not take 
place including the National Joint Registry for England, Wales and the Isle of Man (NJR). Risk factors 
for revision after TAR have been examined. These have implicated a role for age, body mass index 
(BMI), activity, pre-operative pain, adjacent joint OA, post-operative radiological alignment and 
surgical technique.8-10 However, the available data from studies investigating patient reported 
outcome measures (PROMs) following TAR are typically underpowered, based on limited follow-up, 
or derived from clinical trials conducted in selected groups.11 There are currently no comprehensive 
data on patient outcomes following TAR from unselected populations to help guide patient and 
surgeon choice.  

The objective of this study (the outcomes of ankle replacement study – OARS) was to capture 12-

month outcomes from a representative multicentre cohort of patients undergoing TAR, to describe 

the pattern of PROMs at 12 months, and to identify predictors of these outcome measures.  

 

METHODS 

 

Participants and Recruitment  

OARS was conducted at 19 NHS hospitals in England. All patients listed for a primary TAR between 

February 2016 and October 2017 were eligible for inclusion. Patients whose indication for surgery was 

acute trauma, and those who were undergoing a revision TAR were excluded. Recruits were identified 

prospectively at pre-operative assessment clinics held within two weeks prior to surgery. Following 

informed consent, each patient was asked to complete a pre-operative questionnaire. Consent was 

obtained to share radiographic data with the study team and for linkage to data held in the NJR. The 

study was performed contemporaneously with the TARVA trial which investigated clinical outcomes 

of TAR to ankle fusion.11 This paper reports the data on 238 participants recruited to OARS solely, 

excluding 39 participants who were recruited into both OARS and TARVA. 

Data Collection 

The study was administered by the study team at the University of East Anglia. Baseline PROMs data 

were collected during the pre-operative appointment and posted to the study team. Post-operative 

questionnaires were mailed directly to patients at six and 12 months after the procedure. Reminder 

letters were sent to non-responders within six weeks of the planned follow-up interval.  

Data collected in the baseline questionnaire included: age, gender, BMI, education status, housing 
status, whether participants lived alone or not, employment status and the duration of symptoms. 
PROMs data were collected in the baseline questionnaire including: a foot/ankle-specific PROMs (the 
MOXFQ (foot and ankle)).12 The MOXFQ is a validated PROM for ankle surgery.13,14 It contains 16-items, 



 

each with five response options, comprising three separate underlying dimensions: walking/standing 
problems (seven-items), foot pain (five-items), and issues related to social Interaction (four-items), 
including feelings of self-consciousness about foot/footwear appearance (‘cosmesis’). Item responses 
were each scored from zero to four, with four representing the most severe state. Summed raw scale 
scores are then converted to a metric (zero to 100; 100=most severe). A generic quality of life/utility 
measure was assessed using the EQ-5D-5L.15 Six and 12-month post-operative questionnaires 
collected data on the MOXFQ and EQ-5D-5L. The minimally clinically important difference (MCID) for 
the three subsections of the MOXFQ is 12.8, 4.6, and 20.3 respectively.16  
 
The baseline and postal questionnaire data were supplemented by information obtained from the NJR 
through record linkage. This included information on American Society of Anesthesiology (ASA) 
grade17 at index procedure; indication for surgery, index ankle previous fracture; tibial hind foot 
alignment, additional surgery at the time of TAR (either surgery to bone or soft tissue) and type of 
bearing used (fixed versus mobile TAR).  
 

Radiological assessment 

Details of the radiographic assessments included in OARS have been published previously.18 All 
measurements were performed in participating hospitals, using electronic goniometers and calipers 
on a diagnostic PACS workstation (Synapse® PACS, Fujifilm Healthcare, Singapore) with 3MP diagnostic 
monitors (Barco, Kortrijk, Belgium). Measurements on all patients were performed by a 
musculoskeletal radiologist (AT) with 25 years’ experience. Inter and intra-rater reliability was 
assessed on a subset of 62 OARS patients and demonstrated to be good.18 
 
The analysis included data from pre-operative and post-operative prior to hospital discharge, 

anteroposterior (AP) and lateral weight-bearing radiographs. Based on an earlier examination of the 

data, the pre-operative measurements included: distal tibial articular angle, talocalcaneal and 

calcaneal inclination angles, minimal joint space width and the Kellgren-Lawrence score (Figure 1).18-

21 Post-operative measurements included angles  and  to define the angulation of the tibial 

component relative to the tibia and  which defined the angular position of the talar component 

(Figure 1).18   

  
Sample Size 

A review of registrations to the NJR prior to the study indicated that OARS could recruit appropriately 

250 participants over a 20-month period from participating sites. This sample size was expected to 

deliver a power of 95% to detect a standardised difference of 0.23 (SD: 1.00) between the mean value 

of the total MOXFQ score at baseline and at six months (MCID for MOXFQ is reported as one standard 

deviation (SD)).16 

 
Data Analysis 
 
Analyses were conducted using R open-source software (www.r-project.org). Within the MOXFQ, 

scores were derived for each of the three subdomains: (1) walking/standing problems (combination 

of seven items – higher scores indicate more problems); (2) foot pain (combination of five items – 

higher scores indicate more pain); and (3) social interaction (combination of four items – higher scores 

indicate less social interaction). EQ-5D-5L scores were converted to a single utility index using country 

specific value sets using the ‘eq5d’ package in R, setting the country to ‘England’.22 The EQ-5D-5L 

http://www.r-project.org/


 

Health visual analogue scale (VAS) score (0 (worst health) to 100 (perfect health)) were included as a 

separate outcome. 

Baseline characteristics were analysed using descriptive statistics. The univariate association with 

baseline characteristics were examined in patient strata by comparing point estimates and their 

confidence intervals (CI).  

Effect sizes (ES) were calculated by dividing the mean change in scores (post-surgical minus pre-

surgical scores), by the SD at baseline (pre-surgical score). An ES of 1.0 is thus equivalent to a change 

of one SD in the sample. Values of 0.2, 0.5 and 0.8 are typically regarded as indicating small, medium 

and large degrees of change.23 

To accommodate potential confounding, a multivariate regression model was used to model the 

change in scores from baseline.24 As there was little difference in the outcome data at 12 months in 

the data, the model considered only the change in values between baseline and the six-months. The 

model was constructed using a backwards elimination process, starting with the full variable set in 

Table 1.  Independent variables were checked for correlation with each other. Within the radiological 

measurements, as expected, minimum joint spacing correlated strongly with Kellgren-Lawrence 

scores. Accordingly, only Kellgren-Lawrence score was retained in the analysis. The following variables 

were considered as explanatory: age (65 years or older defined as ‘older’,25 gender, problem length, 

BMI, associated procedure on bone at time of surgery, associated procedure on soft tissue at time of 

surgery, indications for implantation, index ankle previous fracture, tibia-hindfoot alignment, bearing 

type, Kellgren-Lawrence score, distal tibial articular angle, talo-calcaneal angle and calcaneal 

inclination. The independent variables were entered as single variables. Interactions were not 

considered given the limited statistical power. The analyses were conducted separately for MOXFQ 

and EQ-5D-5L. The models were fitted and then iteratively pruned by backwards elimination of least 

significant variables (one at a time and model refitted) until only significant (p<0.05) explanatory 

variables remained. In this analysis, missing values in BMI and Kellgren-Lawrence score were imputed 

in R using the ‘mice’ package.26 The number of imputations was n=100; Predictive Mean Matching 

(PMM) was performed. 

 

RESULTS 

 

Cohort characteristics 

As summarised in Figure 2, 290 participants were recruited. From these, data was available from 238 

participants to include in the analysis. There were no important differences between the analysed and 

non-analysed cohorts (Supplementary File 1). The cohort characteristics are summarised in Table 1. 

The 238 patients analysed had a mean (SD) age of 65.2 (11.1) years, and BMI 29.6 (4.8) kg/m2. Most 

were male (58%); 55% had retired. Most were coded as having ankle OA (78%) with 78% having the 

highest grade of OA (Kellgren-Lawrence=4). In total, 21 different lead surgeons performed the 238 

TARs. Ninety-seven percent of cases were performed by a surgeon of consultant-level. A summary of 

the TAR implants used is presented in Supplementary Table 2. 

Clinical outcome of TAR 

MOXFQ improved significantly across all three domains (foot pain, walking and social interactions) 

among people who underwent TAR at both six months and 12-month assessments compared with 



 

pre-operatively scores (p<0.001; Figure 3). The same pattern of improvement was seen for the EQ-

5D-5L (Figure 4). The most improvement in MOXFQ and EQ-5D-5L score occurred between pre-

operative and six months timepoints, with little further improvement at 12 months (Table 2; Table 3). 

This change of 37 was above the MCID for the MOXFQ.16 Effect sizes are shown in Figure 3 and Figure 

4. All ES are deemed to be ‘large’ (>0.8) apart from the ES for EQ-5D-5L Health which was ‘small’. 

Generally, the ESs for the MOXFQ variables were larger than for the EQ-5D-5L variables. 

Radiological outcomes of TAR 

Table 4 and Table 5 indicate how MOXFQ and EQ-5D-5L varied with three important radiological 

outcomes (angles: ,  and ). There was no relationship between radiological variables and outcome 

in these data (p>0.05).  

Relationship between MOXFQ and EQ-5D-5L and patient characteristics 

Table 2 and Table 4 show the relationship between patient (baseline) characteristics with MOXFQ and 

EQ-5D-5L at six and 12 months. In general, patients younger than 65 years, female or had BMI>30 

kg/m2 reported poorer baseline MOXFQ total scores (p<0.05). A trend towards a greater improvement 

in outcome was observed for those who had ankle problems for more than five years and for those 

whose Kellgren-Lawrence score was four (the highest). The choice of bearing type (mobile or fixed) 

did not appear to have been influenced by baseline MOXFQ (Table 2) or EQ-5D-5L (Table 4) or 

influence change over six and 12 months. 

Table 6 shows the pre-operative variables that were significantly associated with MOXFQ and EQ-5D-

5L outcomes in multivariate analysis for the difference between baseline and six months. A greater 

improvement in perceived MOXFQ outcome post-operatively was associated with an older age and 

more advanced radiological signs of ankle OA (indicated through Kellgren-Lawrence score) at baseline. 

No variables were significantly associated with EQ-5D-5L outcome (p>0.05).  

 

DISCUSSION 

 

The findings demonstrate that clinically important improvements in foot pain, function, social 

interaction and HRQoL are seen over the first 12 post-operative months following TAR. Outcomes, 

when measured by PROMs, do not substantially improve between six to 12-months. Increasing age 

and more advanced pre-operative Kellgren-Lawrence scores are predictors of improvement in MOXFQ 

outcome.  

Our findings are consistent with the results of smaller published studies. Agarwalla et al27 reported 

significant improvements up to six months after TAR using the American Orthopaedic Foot and Ankle 

Society Ankle Hindfoot Score and VAS and by the Short Musculoskeletal Function Assessment 

Dysfunction and Bother subsections at 12 months. Similarly, King et al28 reported improvements in 

both HRQoL assessed with the EQ-5D-5L and clinical outcomes with the MOXFQ for a cohort of 20 

patients two years after TAR. The OARS study was conducted contemporaneously with a randomised 

clinical trial of ankle joint replacement compared with fusion (the TARVA trial11) at similar sites.  OARS 

was designed as an observational study, with broader selection criteria from a wider base and more 

reflective of real-world clinical practice. No patient from TARVA is included in the present analysis. 

The outcomes recorded in OARS and those in the interventions arm in TARVA are nevertheless 



 

complementary and give the message that TAR can offer significant benefit in symptoms within the 

short-term.   

Our analysis showed that increasing severity of pre-operative joint degeneration, as determined by 

the Kellgren-Lawrence scale, was associated with greater improvement. This is consistent with 

previously reported findings indicating that radiological severity may be related to post-operative 

prognosis.29 Chambers et al29 hypothesised that patients with more ‘undamaged’ parts of the joint 

have greater proprioceptive feedback pre-operatively. This feedback is lost after TAR. They suggested 

patients may find a painful joint, with largely healthy areas, is preferable to the ‘artificial’ joint with 

lost proprioceptive capabilities. This provides a possible explanation for these findings.  

A number of potentially important variables showed no relationship with change in MOXFQ or EQ-5D-

5L in the present study. These included BMI, gender, previous ankle fracture or associated procedures 

at the time of TAR. This is important because variables such as BMI have been previously used to help 

determine eligibility for surgery and ‘ration’ treatment.8 Furthermore, the finding that associated 

procedures and previous ankle fracture was not associated with outcome indicates that complexity of 

TAR surgery may be of less prognostic importance than previously suggested.8 We acknowledge that 

these observations need to be tempered by statistical power considerations. In the case of BMI, the 

relatively narrow range of BMI also limits conclusions over outcomes in the most overweight or obese 

patients. Further the focus here has been on the analysis on PROMs rather than survivorship, which is 

clearly an equally important consideration on TAR decision-making.  

Older people reported better outcomes when measured using the walking/standing subdomain of the 

MOXFQ. This lends support to the previously held view that TAR may offer greater benefit for those 

with lower physical demand30 on the assumption that age is a surrogate for physical activity. Whilst it 

was not the purpose of this analysis to explore whether choice of implant (particularly fixed versus 

mobile) or level of physical demand were important factors for younger versus older patients, further 

exploration may be helpful to counsel younger patients on whether TAR is the right surgical choice for 

them.  

Our analysis found no relationship between outcome and pre-operative x-ray malalignment. Previous 

studies have acknowledged some limitations to the reliability of ankle radiological measures for this 

population.18 Whilst poor measurement precision may be one explanation for why no relationship was 

identified, this was mitigated against by excluding those measurements with documented poor 

reliability.  We also note that the majority of patients in the present study had near normal alignment 

(within 10 degrees of neutral). 

A strength of this study is that it includes data from 19 hospitals in England, from a wide and 

representative sample from 19 hospitals in England. Whilst previous study12 has presented MOXFQ 

scores in relation to a wide range of foot and ankle surgical procedures, where scores for all 

procedures were amalgamated, the current study presents pre- and post-operative MOXFQ scores 

specifically for ankle replacement. Accordingly, these data offer novel reference data useful to both 

surgeons and researchers. The data contributes to a growing literature offering MOXFQ reference 

scores for particular conditions or procedures. These data are extremely useful for designing future 

comparative studies. Furthermore, as MOXFQ scores are patient-centred, these data are potentially 

also useful for informing expectations of outcomes following surgical procedures, in prior decision-

making discussions with patients. Finally, the NJR does not capture PROMs for TAR. As PROMs 

collection is routine for other arthroplasties such as TKR and THR, the data are the first to provide 

nationally-representation of data. 



 

The study presents with three key limitations should be acknowledged. Firstly, there were missing 

data for radiological data due to challenges in data collection, limited data on potentially important 

factors on outcome such as ethnicity and limited information on occupational profiles pre- and post-

operatively. Similarly, whilst we explored global outcomes with the PROMs, we were unable to report 

comprehensively on wider health status and any medical co-morbidities. Such information may 

provide greater context to inform the generalisability of this cohort. Secondly, whilst a 12-month 

follow-up provides important indicative findings, a longer follow-up period, including data on implant 

survival is clearly needed to fully to provide a comprehensive assessment of the outcomes of TAR. 

Finally, this analysis was designed to detect changes in MOFXQ and EQ-5D-5L data over the follow-up 

period following TAR. We excluded data on 12 participants (4%) who underwent additional surgery 

with the aim of exploring the outcomes of TAR alone. This may have created bias towards better 

outcomes for the TAR cohort as a whole.  

 

 

CONCLUSIONS 

 

This is the first study to assess 12-month PROM TAR outcomes in a representative, national cohort. 

The study demonstrates how changes in PROMs after TAR are dependent on patient characteristics. 

TAR significantly improved patient reported outcomes over the first 12 post-operative months 

compared to pre-operative outcomes. Older age and worse pre-operative Kellgren-Lawrence score 

were predictors of a greater improvement in outcome at six months. There was no substantial 

difference in outcome between six and 12-months suggesting ceasing PROMs surveillance at six-

months may appropriately predict outcome. 

  

  



 

FIGURE AND TABLE LEGENDS 

 

Figure 1: Diagram illustrating the radiological measures used for anteroposterior (A,C) and lateral 
(B,D) radiographs of the ankle. 
 
Figure 2: OARS participant flow-chart illustrating recruitment, attrition and numbers included in the 

final analysis.  

Figure 3: Preoperative and postoperative (six and 12 month) MOXFQ (bars represent mean value 

with SE) 

Figure 4: Preoperative and postoperative (six and 12 month) EQ5D (bars and data points represent 

mean value with SE) 

 

Table 1: Total ankle replacement patient characteristics at baseline  

Table 2: Pre-operative variables: change from baseline at six months and 12 months for the MOXFQ 

Total Score 

Table 3: Pre-operative variables: change from baseline at six months and 12 months for the EQ-5D-

5L utility score 

Table 4: Post-operative variables: change from baseline at six months and 12 months for the MOXFQ 

Total Score 

Table 5: Post-operative variables: change from baseline at six months and 12 months for the EQ-5D-

5L utility score 

Table 6: Statistical association of TAR study outcomes with baseline explanatory variables using 

linear regression models  

 

Supplementary Table 1: Total ankle replacement (TAR) patient characteristics at baseline for those 

that did not complete the MOXFQ at six months. 

Supplementary Table 2: Summary of frequency of TAR implants across 260 participants. 
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Figure 1: Illustration of the radiological measures used for anteroposterior (A,C) and lateral (B,D) 
radiographs of the ankle. 
 

 

  



 

Figure 2: OARS participant flow-chart illustrating recruitment, attrition and numbers included in the 

final analysis.  
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Figure 3: Preoperative and postoperative (six and 12 month) MOXFQ (bars represent mean value 

with SE) 
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Figure 4: Preoperative and postoperative (six and 12 month) EQ-5D (bars and data points represent 

mean value with SE).  

 

 

 

Note: Effect sizes (ES) were as follows: EQ5D Utility (ES=1.0 at 6 months; 1.1 at 12 months); EQ5D 

Health (ES=0.3 at 6 month 

  



 

Table 1: Total ankle replacement patient characteristics at baseline  

Variable Value 

TAR patients, n 238 

Age, years [mean (SD)] 65.2 (11.1) 

BMI, kg/m2 [mean (SD)] 29.6 (4.8) 

Problem length, months [median (IQR)] 58 (24, 120) 

Gender No missing 

Male 137 (58%) 

Female 101 (42%) 

Education 6 missing (3%) 

No qualifications 60 (25%) 

Secondary school 90 (38%) 

Higher education 82 (34%) 

Housing 1 missing (<1%) 

Home owner 191 (80%) 

Privately renting 17 (7%) 

Council renting 19 (8%) 

Other 10 (4%) 

Live alone? 19 missing (8%) 

Yes 58 (24%) 

No 161 (68%) 

Employment No missing 

Full time 57 (24%) 

Part time 29 (12%) 

Homemaker/caregiver 3 (1%) 

Retired 132 (55%) 

Student 0 (0%) 

Unemployed 17 (7%) 

Ankle to be operated on No missing 

Left 116 (49%) 

Right 122 (51%) 

Problem with other ankle? No missing 

Yes 70 (29%) 

No 168 (71%) 

Primary ASA 25 missing (11%) 

Fit and healthy 36 (15%) 

Mild disease not incapacitating 142 (60%) 

Incapacitating systemic disease 35 (15%) 

Indications for Implantation 25 missing (11%) 

Osteoarthritis 185 (78%) 

RA 17 (7%) 

Other inflammatory arthritis 5 (2%) 

Other 6 (3%) 

Index ankle previous fracture 31 missing (13%) 

Yes 74 (31%) 

No 133 (56%) 

Tibia Hindfoot Alignment 39 missing (16%) 

5-15º Varus 63 (26%) 

5-15º Valgus 26 (11%) 



 

Physiological Neutral 87 (37%) 

16-30º Valgus 7 (3%) 

16 - 30º Varus 16 (7%) 

Associated procedure on bone at time of surgery 25 missing (11%) 

Yes 17 (7%) 

No 196 (82%) 

Associated procedure on soft tissue at time of surgery 25 missing (11%) 

Yes 41 (17%) 

No 172 (72%) 

Joint replacement bearing type 31 missing (13%) 

Fixed 139 (58%) 

Mobile 68 (29%) 

Radiological Variable [mean; SD] 28-40% missing 

Minimal Joint Space, mm [median (IQR)] 0.0 (0.0, 0.8) 

Distal tibial articular angle 89.7 (8.8) 

Talo calcaneal angle 44.3 (7.4) 

Calcaneal inclination 21.7 (8.4) 

KL score [n (%)] No missing 

1 2 (1%) 

2 14 (6%) 

3 36 (15%) 

4 186 (78%) 

  

 

ASA-American Anaesthesiological Society; BMI – Body Mass Index; IQR – Inter-Quartile Range; KL -

Kellgren Lawrence; SD - Standard Deviation; TAR – Total Ankle Replacement 

  



 

Table 2: Pre-operative variables: change from baseline at six months and 12 months for the MOXFQ Total Score 

 Baseline 
MOXFQ Total 

6 Months – Baseline 
MOXFQ Total 

12 Months – Baseline 
MOXFQ Total 

n Mean (95% CI) n Mean (95% CI) n Mean (95% CI) 

All patients 237 72.7 (70.9, 74.5) 207 -37.2 (-40.8, -33.6) 200 -40.4 (-44.1, -36.8) 

Age       

<=65 years 114 74.8 (72.4, 77.2) 97 -33.3 (-38.3,-28.2) 93 -36.6 (-42.0, -31.2) 

>65 years 123 70.7 (68.1, 73.3) 110 -40.7 (-45.6,-35.7) 107 -43.8 (-48.7,-38.9) 

Gender       

Male 137 70.7 (68.2, 73.1) 117 -37 (-41.7,-32.3) 111 -40.3 (-45.0, -35.7) 

Female 100 75.4 (72.8, 78) 90 -37.4 (-43,-31.9) 89 -40.5 (-46.4,-34.7) 

BMI       

<=30kg/m2 178 71.5 (69.5, 73.5) 156 -36.3 (-40.4,-32.2) 151 -38.8 (-43.0, -34.6) 

>30kg/m2 59 76.1 (72.6, 79.6) 51 -39.9 (-47.1,-32.7) 49 -45.3 (-52.7,-37.9) 

Problem length        

<=5 years 116 70.3 (67.6, 73.1) 105 -39.9 (-44.6,-35.2) 101 -43.5 (-48.4, -38.7) 

>5 years 119 75 (72.7, 77.4) 101 -34.7 (-40.1,-29.3) 98 -37.5 (-42.9,-32.1) 

Diagnosis       

Osteoarthritis 184 72.3 (70.2, 74.4) 170 -38 (-41.9,-34.1) 165 -41.7 (-45.8, -37.7) 

Other 28 76.4 (71.9, 80.9) 24 -37.8 (-47.8,-27.8) 23 -36.1 (-46.5,-25.7) 

Bearing       

Fixed 138 72.7 (70.3, 75.1) 130 -38.1 (-42.3,-33.8) 125 -42.8 (-47.2, -38.5) 

Mobile 68 72.6 (69.2, 76) 59 -35.4 (-42.8,-28.1) 58 -36.1 (-43.4,-28.8) 

KL score       

1 to 3 75 74 (70.9, 77) 65 -30.5 (-36.6,-24.5) 63 -38.8 (-45.3, -32.4) 

4 162 72 (69.8, 74.2) 142 -40.2 (-44.6,-35.9) 137 -41.1 (-45.6,-36.7) 

Tibia Hindfoot alignment       

Neutral 87 73.7 (70.8, 76.6) 83 -36.6 (-42.3,-30.9) 81 -41.5 (-47.4,-35.6) 

Varus 79 71.7 (68.5, 74.9) 70 -36.7 (-42.9,-30.5) 67 -38.8 (-45.5,-32.1) 

Valgus 33 75.1 (70.9, 79.3) 32 -46.2 (-54.6,-37.7) 31 -45 (-53.6,-36.4) 



 

BMI – body mass index; CI – confidence intervals; Kg/m2 – kilograms per meter squared; KL – Kellgren Lawrence; MOXFQ – Manchester-Oxford Foot and 

Ankle Questionnaire; n – number of participants 

  



 

Table 3: Pre-operative variables: change from baseline at six months and 12 months for the EQ-5D-5L utility score 

 Baseline  
EQ-5D-5L Utility 

6 Months – Baseline  
EQ-5D-5L Utility 

12 Months – Baseline 
EQ-5D-5L Utility 

n Mean (95% CI) n Mean (95% CI) n Mean (95% CI) 

All patients 193 0.58 (0.55, 0.60) 139 0.21 (0.16, 0.25) 139 0.23 (0.19, 0.28) 

Age       

<=65 years 92 0.55 (0.51, 0.6) 72 0.22 (0.16, 0.27) 72 0.22 (0.16, 0.28) 

>65 years 101 0.59 (0.56, 0.63) 67 0.2 (0.14, 0.25) 67 0.24 (0.19, 0.3) 

Gender       

Male 108 0.57 (0.53, 0.61) 84 0.21 (0.16, 0.26) 84 0.23 (0.18, 0.29) 

Female 85 0.58 (0.53, 0.62) 55 0.21 (0.14, 0.27) 55 0.23 (0.16, 0.3) 

BMI       

<=30kg/m2 148 0.58 (0.55, 0.62) 105 0.18 (0.13, 0.22) 105 0.22 (0.17, 0.26) 

>30kg/m2 45 0.55 (0.49, 0.6) 34 0.31 (0.22, 0.39) 34 0.27 (0.18, 0.36) 

Problem length        

<=5 years 98 0.59 (0.55, 0.63) 67 0.22 (0.16, 0.28) 67 0.25 (0.19, 0.31) 

>5 years 94 0.56 (0.52, 0.6) 72 0.2 (0.14, 0.25) 72 0.21 (0.16, 0.27) 

Diagnosis       

Osteoarthritis 159 0.58 (0.55, 0.61) 118 0.21 (0.17, 0.26) 118 0.23 (0.19, 0.28) 

Other 23 0.5 (0.4, 0.6) 14 0.23 (0.1, 0.36) 14 0.26 (0.12, 0.4) 

Bearing       

Fixed 120 0.57 (0.53, 0.61) 82 0.21 (0.16, 0.26) 82 0.23 (0.18, 0.28) 

Mobile 58 0.58 (0.53, 0.63) 46 0.2 (0.12, 0.28) 46 0.23 (0.15, 0.31) 

KL score       

1 to 3 62 0.57 (0.52, 0.62) 48 0.24 (0.18, 0.29) 48 0.25 (0.18, 0.33) 

4 131 0.58 (0.54, 0.61) 91 0.19 (0.14, 0.24) 91 0.22 (0.17, 0.27) 

Tibia Hindfoot alignment       

Neutral 79 0.56 (0.51, 0.6) 59 0.2 (0.14, 0.25) 59 0.2 (0.14, 0.26) 

Varus 64 0.59 (0.54, 0.64) 44 0.22 (0.14, 0.3) 44 0.25 (0.17, 0.32) 

Valgus 30 0.52 (0.45, 0.59) 23 0.28 (0.19, 0.38) 23 0.35 (0.25, 0.45) 

BMI – body mass index; CI – confidence intervals; Kg/m2 – kilograms per meter squared; KL – Kellgren Lawrence; n – number of participants 



 

 

 

  



 

Table 4: Post-operative variables: change from baseline at six months and 12 months for the MOXFQ Total Score 

 Baseline 
MOXFQ Total 

6 Months – Baseline 
MOXFQ Total 

12 Months – Baseline 
MOXFQ Total 

n Mean (95% CI) n Mean (95% CI) n Mean (95% CI) 

Alpha       

<90 120 73.6 (71.4, 75.9) 111 -35.8 (-40.9, -30.7) 107 -37.7 (-44.9, -30.6) 

>=90 65 70.3 (66.5, 74.1) 59 -39.2 (-45.7, -32.6) 58 -42.5 (-49.1, -35.9) 

Beta       

<90 108 72.4 (69.8, 75.1) 101 -36.6 (-42.3, -31.0) 98 -39.3 (-44.8, -33.8) 

>=90 77 72.5 (69.5, 75.4) 69 -37.4 (-43.0, -31.9) 67 -39.5 (-45.8, -33.2) 

Gamma       

<20 79 73.2 (70.3, 76.1) 74 -38.7 (-44.3, -33.1) 73 -42.7 (-48.2, -37.1) 

>=20 106 71.9 (69.2, 74.6) 96 -35.6 (-41.3, -29.9) 92 -36.8 (-42.7, -30.9) 

 

CI – confidence intervals; n – number of participants 

  



 

Table 5: Post-operative variables: change from baseline at six months and 12 months for the EQ-5D-5L utility score 

 Baseline  
EQ-5D-5L Utility 

6 Months – Baseline  
EQ-5D-5L Utility 

12 Months – Baseline 
EQ-5D-5L Utility 

n Mean (95% CI) n Mean (95% CI) n Mean (95% CI) 

Alpha       

<90 102 

0.55 (0.51, 0.58) 

102 

-0.33 (-0.41 ,-
0.25) 

 102 

-0.32 (-0.26 ,-
0.38) 

 

>=90 57 

0.62 (0.57, 0.67) 

57 

-0.44 (-0.53 ,-
0.34) 

 57 

-0.43 (-0.53 ,-
0.33) 

 

Beta       

<90 93 

0.56 (0.52, 0.61) 

93 

-0.37 (-0.45 ,-
0.28) 

 93 

-0.36 (-0.44 ,-
0.28) 

 

>=90 66 

0.58 (0.54, 0.63) 

66 

-0.37 (-0.46 ,-
0.29) 

 66 

-0.36 (-0.45 ,-
0.27) 

 

Gamma       

<20 71 

0.55 (0.51, 0.60) 

71 

-0.33 (-0.41 ,-
0.24) 

 71 

-0.32 (-0.41 ,-
0.22) 

 

>=20 88 

0.59 (0.55, 0.63) 

88 

-0.40 (-0.49 ,-
0.32) 

 88 

-0.39 (-0.48 ,-
0.31) 

 

 

CI – confidence intervals; n – number of participants 

 

  



 

Table 6: Statistical association (regression coefficient (95% CI) and p-value) of TAR study outcomes with baseline explanatory variables using linear 

regression models 

 MOXFQ* EQ-5D-5L* 

Total Walking/standing Foot pain Social interaction Utility Health 

Agea 0.36 (0.04, 0.67); 
p=0.028 

0.44 (0.05, 0.83); 
p=0.029 

- - - - 

Kellgren-Lawrence 
score=4bc 

-10.14 (-17.62, -
2.66); p=0.009 

-12.57 (-21.86, -
3.29); p=0.009 

-9.39 (-16.94, -
1.84); p=0.016 

- - - 

 

*Relationship of MOXFQ and EQ-5D-5L outcomes with explanatory variables are estimated using linear regression models. Each outcome (e.g. MOXFQ 

Total) is calculated as the difference between the 6-month and the baseline value. Initially, each model contained the same explanatory baseline variables 

and was refined using backwards elimination until all the remaining explanatory variables had p<0.05 (see Methods for details). Table shows the regression 

coefficient (95% CI) and p-value. Blank cells indicate that variable was not significant. 

a Being older leads to a greater improvement in outcome post-operation 
bThe worse the ankle is damaged (as seen via x-ray), the greater improvement in perceived outcome post-operation 
cWith reference to Kellgren-Lawrence score=1-3 

 

  



 

Supplementary Table 1: Total ankle replacement (TAR) patient characteristics at baseline for complete data (all MOXFQ complete) versus missing (either 

due to incomplete MOXFQ (n=38) or exclusion due to additional surgery (n=10)).  

Variable Missing Data Cohort Complete Data 

TAR patients, n 48 200 

Age, years [mean (SD)] 62.5 (11.0) 65.7 (10.9) 

BMI, kg/m2 [mean (SD)] 30.2 (4.4) 29.5 (3.6) 

Problem length, months [median (IQR)] 60 (333, 120) 55 (24, 120) 

Gender   

Male 33 (69%) 111 (56%) 

Female 15 (31%) 89 (45%) 

Education   

No qualifications 19 (40%) 46 (23%) 

Secondary school 11 (23%) 80 (40%) 

Higher education 16 (33%) 70 (35%) 

Housing   

Homeowner 34 (71%) 165 (83%) 

Privately renting 8 (17%) 10 (5%) 

Council renting 4 (8%) 16 (8%) 

Other 2 (4%) 8 (4%) 

Live alone   

Yes 7 (15%) 51 (26%) 

No 35 (73%) 136 (68%) 

Employment   

Full time 13 (27%) 48 (24%) 

Part time 5 (10%) 25 (13%) 

Homemaker/caregiver 0 (0%) 3 (2%) 

Retired 25 (52%) 111 (56%) 

Student 0 (0%) 0 (0%) 

Unemployed 5 (10%) 13 (7%) 

BMI – Body Mass Index; CI – confidence intervals; IQR – Interquartile Range; N – number of participants; SD – Standard Deviation; TAR – Total Ankle 

Replacement 



 

 

Supplementary Table 2: Summary of frequency of TAR implants across 207 participants. 

 

Components (Brand/Manufacturer) Bearing Type Frequency 

Infinity – Wright Medical UK Ltd Fixed 113 

Inbone – Wright Medical UK Ltd Fixed 25 

Salto – Wright Medical UK Ltd Mobile 1 

Box – MatOrtho Ltd Mobile 28 

Zenith – Corin Mobile 22 

Star – Stryker Mobile 8 

Hintegra – DT Medtech International Mobile 9 

Mobility - DePuy Mobile 1 

 

 

 

 


