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ABSTRACT 
 
AIMS: To determine the trajectories of patient reported pain and functional disability over five years 
following total hip replacement (THR) or total knee replacement (TKR). 
 
METHODS: A prospective, longitudinal cohort sub-study within the National Joint Registry for 
England, Wales, Northern Ireland and the Isle of Man (NJR) was undertaken. 20,089 patients who 
underwent primary THR and 22,489 who underwent primary TKR between 2009 and 2010 were sent 
Oxford Hip Score (OHS) and Oxford Knee Score (OKS) questionnaires at six months, one, three and 
five years post-operatively. OHS and OKS were disaggregated into pain and function subscales. A k-
means clustering procedure assigned each patient to a longitudinal trajectory group for pain and 
function. Ordinal regression was used to predict trajectory group membership using baseline OHS 
and OKS score, age, BMI, IMD, gender, ethnicity, geographical location and ASA grade. 
 
RESULTS: Data described two discrete trajectories for pain and function: ‘Level 1’ responders (70% 

of cases) in whom a high-level of improvement is sustained over five years, and a ‘Level 2’ 

responders who sustained improvement, but at a lower level. Baseline patient variables were only 

weak predictors of pain trajectory and modest predictors of function trajectory. Those with worse 

baseline pain and function tended to show a greater likelihood of following a ‘Level 2’ trajectory. Six-

month PROMs data reliably predict the class of five-year outcome trajectory for both pain and 

function.  

CONCLUSION: Reviewing patient outcomes at six months post-operatively is a reliable indicator of 

outcome at five years.  
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INTRODUCTION 
 
An awareness of long-term outcomes following total hip (THR) and total knee replacement (TKR) is 
essential for planning the provision of care for patients with established hip and knee osteoarthritis. 
While registries have tended to focus on revision rates as the key measure with which to assess 
outcomes following joint replacement, revision itself has recognised shortcomings as an indicator of 
joint failure.1,2  
 
Not all joints that fail are revised and not all joints are revised because of failure.3,4 Patient reported 

outcome measures (PROMs) of pain and functional limitation provide additional insight5 and can 

provide meaningful data on the patient’s perception of the effect of their intervention. PROMs for 

THR and TKR have been collected routinely pre-operatively and at six months after surgery in all 

patients undergoing hip and knee joint replacement in England since 2009 as part of a national 

programme and have been widely adopted as quality metrics to evaluate performance variation.6 

The majority of hip and knee replacements will last for more than 25 years7,8 so the six month follow-

up time-point that is currently captured represents a relatively short window of observation and the 

value of these data is debated.9 An evaluation at six months might not reflect the maximal 

improvement following surgery or adequately predict any later decline.   

In this analysis, we describe the trajectories of patient reported pain and functional disability 

reported prospectively over five years among patients in a large cohort of patients following THR 

and TKR enrolled in the National Joint Register of England, Wales, Northern Ireland and the Isle of 

Man (NJR). We assess the value of the six-month data in predicting future outcomes.  

 

METHODS 
 
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines were 
followed in the reporting of this comparative prospective cohort study.10 
 

Participants 
The data included in this analysis were collected as part of a stand-alone prospective study 

commissioned by the NJR to collect long-term PROMs data on patients undergoing THR and TKR. The 

base sample included patients with a primary THR or TKR who had returned both preoperative and 

six-month questionnaire sent routinely in England as part of a national surveillance programme. The 

patients included in this cohort were identified from those who returned six-month questionnaires 

consecutively over a 12-month period in 2009 and 2010. All had data relating to their surgery 

entered onto the NJR and had completed preoperative questionnaires. In addition to routine six-

month NJR questionnaires, these patients were sent further PROMs questionnaires at one, three 

and five years post-operatively. The baseline NJR data provided information on age at surgery, 

gender, body mass index and American Society of Anesthesiologists (ASA) grade. The records were 

anonymously linked to Hospital Episode Statistics data from 2010, providing information on 

ethnicity, index of multiple deprivation (IMD) and geographical location.  

Patients who had further surgery involving the index joint at any point in the five-year postoperative 

period were excluded from the baseline sample. Following the guidance of Murray et al,11 



questionnaires were excluded where data was missing from three or more items within the 12 OHS 

or OKS questions. 

Outcome Measures 
The PROMs questionnaires captured responses to variables included in the Oxford Hip and Knee 

Score (OHS);12 Oxford Knee Score (OKS).13 The scores are composed of the sum of 12 individual 

attributes which a factor analysis has indicated as comprising two underlying components (domains) 

reflecting degree of pain and functional disability.14,15 In this analysis, we disaggregated the total 

OHS and OKS scores into a ‘pain’ domain (ranging from 0 to 24 for OHS and 0 to 28 for OKS) and the 

‘function’ domain (ranging from 0 to 24 for OHS and 0 to 20 for OKS) with higher values on each 

domain representing less pain and better function. As an additional exclusion criterion, if there were 

two missing items within the pain or function domain, that questionnaire was excluded. 

Statistical Analysis 
To analyse the trajectories of patient outcome over the five-year period of follow-up, we conducted 

a longitudinal cluster-based analysis. A k-means procedure was used to allocate each patient to a 

longitudinal trajectory group for ‘pain’ and ‘function’ outcomes separately. The procedure was 

implemented in the ‘kml’ package in R16 that is specifically designed for longitudinal data. K-means is 

an expectation-maximisation hill climbing algorithm that maximises between-cluster variance and 

minimises within-cluster variance by initially determining the ‘centre’ of each cluster during the 

expectation phase and assigning each observation (patient) to its nearest cluster during the 

maximisation phase. Only cases with data from at least four out of the five possible time points after 

baseline were included in the analysis. 

Cluster sizes from two to six were examined. For each number of clusters, the k-means algorithm 

was run 20 times with varying starting conditions (randomly allocating a selection of patients to each 

cluster) to maximise the likelihood that the solution converged to global, rather than local, maxima. 

The optimal number of clusters was determined by a set of three non-parametric tests,17-19 which 

use the ratio of between to within cluster variance and two likelihood-based parametric tests (AIC, 

BIC). The cluster solution for which the parametric and non-parametric tests converged was chosen 

to best reflect the data. 

Ordinal regression methods were used to predict cluster group membership, initially using baseline 

patient data and patient OHS and OKS score separately, and in combination with age, gender, 

ethnicity, geographical location, IMD, preoperative body mass index (BMI), and ASA grade (as a 

marker for comorbidity). The model was extended to examine the additional impact of including 

data from OHS and OKS scores reported on the questionnaires at six months and one year. 

The data were randomly divided into 'training' and 'test' sets (each set was 50% of the entire data). 

The test data were used to observe if it was possible to predict the 'unseen' trajectories (identified 

by the clusters) in the training data. This was repeated for 1000 iterations to create multiple, random 

splits of the data into training and test sets (Monte Carlo cross-validation) to generate mean 

predictions and 95% confidence intervals. 

The accuracy of each model’s binary classification was evaluated by comparing its performance 

against the Proportional Chance Criterion (PCC).20 PCC is a measure of the proportion of subjects 

that would have been classified accurately by chance alone. The probability that the model’s 

accuracy exceeded a threshold of 25% higher than the PCC (>1.25xPCC) was used to evaluate the 

significance of the model’s predictive capacity. 



The impact of missing data on the choice of number of clusters was explored by imputation 

methods, implemented within the kml package. Imputation methods were also used to explore the 

impact of missing covariate data on the outcomes of the regression analysis. 

 

RESULTS 
 

Patient Characteristics 
One, three- and five-year follow-up questionnaires were sent to 20,089 patients who underwent a 

primary THR and 22,489 who underwent a primary TKR, and who also returned baseline 

preoperative and six month postoperative PROMs. After accounting for patients who died during the 

interval, the response rate to follow-up questionnaires sent at one, three- and five-years patients 

was 83%, 71% and 47% for THR and 84%, 70%, and 53% for TKR. A cohort flow chart is presented in 

Supplementary Figures 2a and 2b. 

For the trajectory analysis, we included patients who had complete data from a minimum of four out 

of the five time points. For patients undergoing THR, 5,754 patients from the pain domain and 5,723 

from the function domain analysis were excluded. For patients who underwent TKR, 6,529 were 

excluded from the pain domain and 6,644 from the function domain analysis.  

A total of 1,360 patients with THR and 2,308 patients with TKR had further surgery on the index joint 

at any point in the follow-up interval were excluded from the main analysis and analysed separately.  

The characteristics of the THR and TKR cohorts are presented in Supplementary Tables 1 and 2. The 

OHS and OKS outcomes (total and subset data) for missing and analysed cohorts is presented in 

Supplementary Table 3. 

Outcome Trajectories 
The results of the k-mean clustering analysis suggested that the outcomes in both the THR and TKR 

patients could be described as following one of two trajectories (or clusters) for both the ‘pain’ and 

the ‘function’ domains as defined by the goodness of fit criteria. Both the non-parametric and 

parametric (AIC, BIC) quality criteria all suggested that two clusters were the best solution. The non-

parametric criteria are shown in Supplementary Figure 1.  

The mean pain and function domain scores for the two trajectories (termed ‘Level 1’ and ‘Level 2’) 

are presented in Figure 1 and Figure 2. Both the Level 1 and Level 2 trajectories show a sustained 

improvement over baseline throughout the five year follow up interval; however, the improvement 

is greater at all timepoints in the Level 1 than in Level 2 groups. For both Level 1 and Level 2 groups 

the maximum improvement in pain and function was achieved by about 12 months for both THR and 

TKR and remained little changed over subsequent follow up.   

Predictors of Pain and Function 
The ability of baseline preoperative characteristics and subsequent outcomes to predict trajectory 

group membership is shown in Table 1. 

For pain, following THR, baseline preoperative patient characteristics including OHS did not 

significantly predict trajectory group membership. For TKR, patient characteristics combined with 

baseline OKS scores were significant predictors of group membership, but only classified patients 

into Level 2 with an accuracy of 30%. By contrast, for both THR and TKR, data collected at six months 



on OHS and OKS combined with patient characteristics was a highly significant predictor of outcome 

group membership, predicting Level 2 membership with an accuracy of 75% and 77% respectively. 

The accuracy improved further when data from one year were included in the model. 

For function, both the THR and TKR baseline preoperative data combined with OHS and OKS were 

significant predictors of group membership. However, the accuracy of prediction of Level 2 

membership was relatively low (36% for THR and for 55% TKR). Level 2 prediction improved to 79% 

for THR and 78% for TKR when data were included on function at six months, and there were further 

improvements when data were included from OHS and OKS at one year.  

 

Sensitivity Analysis 
Imputing missing values in the kml procedure led to no difference in the choice of the number of 

clusters that best described the data. Imputing values for the missing data in the ordinal regression 

analysis led to no important difference in the estimates of the predictive capacity of the individual 

models. 

 

DISCUSSION 
 
This analysis of data gathered prospectively from a large national cohort of patients undergoing THR 

and TKR shows that, on average, the maximal improvement in pain and function has occurred by 12 

months postoperatively. The analysis indicates that PROMs for pain and function for the first five 

years following THR and TKR can be described as following two distinct trajectories: ‘Level 1’ 

responders (comprising around 70% of cases) in whom a high level of improvement is sustained over 

the five year period, and ‘Level 2’ responders who have sustained improvement, but at a lower level. 

In this cohort, baseline variables do not predict pain trajectory following THR and are only weak 

predictors of pain trajectory following TKR. Preoperative variables are only modest predictors of 

function trajectory for THR and TKR. By contrast, data collected on OHS and OKS at six months, 

reliably predict the class of five-year outcome trajectory for both pain and function.  

Our data, which show that individual-level patient-related variables at baseline have relatively little 

impact on the PROMs trajectory after THR and TKR, appear to contrast with the conclusions from a 

number of previous studies.21,22 Previous literature has explored pre-operative predictors of 

outcomes. These have suggested that factors such as preoperative pain and function, radiological 

status and body mass index23,24 as well as age and mental health score21 are important predictors. 

These analyses have used regression approaches to identify associations. While these possible 

associations are reflected in our data, our analysis emphasises that these variables are, at best, only 

weakly predictive of outcome trajectory up to five years. Our data show that, irrespective of baseline 

preoperative characteristics, the most important predictor of long-term outcome is the patient post-

operative state, captured at six month on questionnaires.  

These findings need to be considered in the context of a number of limitations. As in all real-world 

observational studies, the analysis relies on patients to complete and return questionnaires. Our 

sample was based on consecutive six month PROMs returns and while we  are unable to estimate 

the level of response at that timepoint directly, typical responses rates for hip and knee surgery of 

six to 12 month PROMs are reported in the region of 75%.25  We note that the characteristics of 

patients in the initial sample who returned preoperative questionnaires are similar to those reported 



in patients undergoing primary hip and knee surgery in the 8th NJR annual reports,6 giving confidence 

that our sample is representative.  

The rate of questionnaires returned fell, over time. Approximately, 40-45% of the subjects had data 

at all-time points once exclusion criteria were applied. Data on patient related variables are missing 

in a number of instances, and there were insufficient resources to be able to undertake a more 

rigorous programme of reminders for non-responders. While the response rate to our follow-up 

questionnaires was comparatively good for a study of this type,26,27 data were missing from a large 

number of individuals. We also excluded data where there was more than one missing time point 

after six months. The nature of the available data available did not allow us to separately identify 

cases who died among those who did not return questionnaires. 

We note that the characteristics of the non-responders and those otherwise excluded from the 

analysis were similar to those who contributed to the trajectory analysis. This suggests no important 

bias in our estimate of the lack of influence of baseline characteristics on predicting outcome 

trajectory class. However, the data that are available from the group that returned questionnaires of 

between one and three timepoints, suggests that the patients who were not included because of 

insufficient serial data, are likely to have outcomes similar to those in the Level 2 response category. 

This might have led to an underestimate of the proportion of those with poorer long-term outcome 

trajectories.  

We chose to investigate longitudinal trajectories through k-means clustering procedure because we 

felt that it was most appropriate technique for the type of data that had been collected. Although 

the serial questionnaires were returned in sequence over a five-year period post-operatively, it was 

not possible to validate with precision the exact dates at which questionnaires were completed. It 

was therefore felt that the data was not sufficiently well-specified to support more sophisticated 

approaches including, for example, multilevel modelling. K-means clustering is, in effect, a 

nonparametric approach, in which it is not necessary to specify or model individual-level trajectories 

explicitly. Instead, it provides an appropriate way to summarise sets of complex trajectories to allow 

predictive factors to be explored. The Level 1 and 2 trajectories will encompass a range of individual 

patterns of both improvement and decline in pain and function scores over the follow-up period. 

The procedure does not account for censoring (through subsequent surgery, death, or loss to follow-

up).  

We acknowledge that better or improving scores for pain and function may not necessarily equate 

to satisfaction with the procedure. We deliberately chose the terms ‘Level 1’ and ‘Level 2’ to 

describe the two trajectories identified in this analysis rather than categorise these as ‘poor’ or 

‘good’ responders. However, we note that the level of satisfaction was lower among those whose 

trajectory was classified into level 2.  

One consequence of the approach we have used is that the findings are only generalisable to 

patients who survive for five years with their implant in situ. It should be noted, given the typical 

five-year revision rate for THR and TKR implants of around three percent,6 this represents the 

majority who undergo joint replacement surgery. K-means is an exploratory approach, and there is 

no statistical test to indicate the clusters are real. However, it is of interest that when all the 

available PROMs data were analysed separately from patients who subsequently underwent surgery, 

we found that the PROMs trajectories mirrored closely those of the Level 2 response category. This 

lends a degree of construct validity to the two response categories as providing plausible 

representations of five-year outcomes.  



These findings suggest that for both THR and TKR, while average post-operative PROMS continue to 

improve of the first post-operative year, the six month assessment of pain and function is a reliable 

indicator of the prognosis for the following five years and appears to be an optimal time-point for 

assessing post-operative patient outcomes. This information should help to inform the design for 

routine monitoring pathways for people following THR and TKR where the current evidence-base is 

still limited. Our data also show that baseline patient characteristics alone are poor predictors of 

future outcome and emphasise that these should not be used as a basis for rationing treatment.  
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FIGURE AND TABLE LEGENDS 
 

Figure 1: Trajectory of pain domain for people following THR and TKR from pre-operative to 5-year 

follow-up.  

Figure 2: Trajectory of function domain for people following THR and TKR from pre-operative to 5-

year follow-up. 

 

Table 1: Percentage accuracy (with 95% Confidence Interval) of model classification for patients in 

each trajectory group 

 

Supplementary Figure 1: Line graph to illustrate the optimal number of clusters was determined by 

a set of three non-parametric tests. 

Supplementary Figure 2: Flow-chart of participants to illustrate identification of analysed cohort. 

 

Supplementary Table 1: Characteristics for patients following THR (n=20,089) tabulated by 

trajectory group according to ‘pain’ and ‘function’ domains. 

Supplementary Table 2: Characteristics for patients following TKR (n=22,489) tabulated by trajectory 

group according to ‘pain’ and ‘function’ domains. 

Supplementary Table 3: Table to illustrate the baseline, 6-month, 1-year, 3-year and 5-year OHR and 

OKS scores (overall) and pain and function subsets for both missing and analysed THR and TKR 

cohorts. 
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Table 1: Percentage accuracy* (with 95% Confidence Interval) of model classification for patients in each trajectory group 

Explanatory variable(s)  
Group 

Outcome variable (THR) Outcome variable (TKR) 

Pain  
domain 

PCC**, 
p-value 

Function  
domain 

PCC**, 
p-value 

Pain 
domain 

PCC**, 
p-value 

Function 
 domain 

PCC**, 
p-value 

Pre-operative  
variables*** 

Level 1 99 (96, 100) 1.000 94 (91, 96) 0.971 97 (95, 99) 0.993 87 (81, 92) 0.110 

Level 2 3 (0, 11) 21 (13, 27) 11 (7, 16) 34 (25, 44) 

Baseline OHS/OKS Level 1 98 (96, 100) 1.000 93 (92, 95) 0.299 92 (86, 95) 0.361 85 (82, 87) <0.0001 

Level 2 8 (0, 13) 28 (24, 31) 27 (19, 40) 48 (45, 54) 

Pre-operative  variables + 
Baseline OHS/OKS 

Level 1 95 (93, 98) 1.000 92 (89, 95) 0.0002 92 (87, 95) 0.014 84 (80, 88) <0.0001 

Level 2 18 (9, 25) 36 (27, 45) 30 (21, 40) 55 (46, 61) 

6-month OHS/OKS Level 1 95 (95, 96) <0.0001 94 (93, 95) <0.0001 93 (93, 95) <0.0001 90 (88, 91) <0.0001 

Level 2 73 (70, 76) 74 (71, 76) 77 (73, 79) 76 (74, 79) 

Baseline + 6 month OHS/OKS Level 1 95 (94, 96) <0.0001 93 (92, 94) <0.0001 94 (91, 95) <0.0001 91 (88, 93) <0.0001 

Level 2 75 (73, 77) 79 (76, 82) 77 (72, 82) 78 (76, 84) 

6 month +  
1-year OHS/OKS 

Level 1 95 (95, 97) <0.0001 95 (93, 96) <0.0001 95 (94, 96) <0.0001 92 (91, 93) <0.0001 

Level 2 82 (78, 85) 81 (77, 85) 83 (80, 86) 81 (79, 84) 

Baseline + 6 month + 1-year 
OHS/OKS 

Level 1 95 (94, 97) <0.0001 95 (94, 96) <0.0001 95 (93, 96) <0.0001 93 (92, 94) <0.0001 

Level 2 82 (78, 86) 84 (81, 86) 84 (82, 87) 84 (82, 86) 

OHS – Oxford Hip Score; OKS – Oxford Knee Score; SD – standard deviation; THR – total hip replacement; TKR – total knee replacement 

 

* Percentage accuracy is defined as the proportion classified into the correct trajectory group in the test data set using the model developed from the 

training data set 

** Proportional Chance Criterion – this is used to test the predictive performance of each model. A result is considered significant if P<0.05 and indicates 

that the classification achieved by the model was significantly better than could reasonably expected by chance 

*** Age, BMI, gender, social deprivation (IMD), ethnicity, rural/urban location, ASA grade 

  



Figure 1: Trajectory of pain domain for people following THR and TKR from pre-operative to 5-year 

follow-up. Black bars represent Level 1 patients; grey bars represent Level 2 patients. 

 

Time post-
operative (yrs) 

0 0.5 1 3 5 

Level 1      

N 10,675 10,649 10,628 10,236 7,086 

Mean (95% CI) 7.64 
(7.56, 7.72) 

21.64 
(21.59, 21.69) 

22.09 
(22.05,22.14) 

22.17 
(22.12, 22.22) 

22.07 
(22.00, 22.13) 

Level 2      

N 3,633 3,610 3,608 3,345 2,274 

Mean (95% CI) 5.34 
(5.23, 5.46) 

11.36 (11.15, 
11.58) 

14.51 (14.34, 
14.68) 

14.01 (13.83, 
14.2) 

14.18 (13.94, 
14.42) 

CI – confidence intervals; OHS - Oxford Hip Score; yrs - years 

 

 

0

5

10

15

20

25

0 0.5 1 3 5

O
H

S 
P

ai
n

 d
o

m
ai

n

Time after operation (years)

0

5

10

15

20

25

30

0 0.5 1 3 5

O
K

S 
P

ai
n

 d
o

m
ai

n

Time after operation (years)



Time post-
operative (yrs) 

0 0.5 1 3 5 

Level 1      

N 11,055 11,021 11,005 10,578 7,369 

Mean (95% CI) 11.06 
(10.98,11.15) 

24.08 
(24.01, 24.14) 

24.96 
(24.90, 25.01) 

25.15 
(25.09, 25.21) 

25.10 
(25.02, 25.18) 

Level 2      

N 4,862 4,847 4,847 4,463 2,978 

Mean (95% CI) 8.01 
(7.90, 8.13) 

13.27 
(13.07, 13.46) 

15.66 
(15.50, 15.81) 

15.27 
(15.10, 15.43) 

14.97 
(14.76, 15.19) 

CI – confidence intervals; OKS - Oxford Knee Score; yrs - years 

 

 

 

  



Figure 2. Trajectory of function domain for patients following THR and TKR from pre-operative to 5-

year follow-up. Black bars represent Level 1 patients; grey bars represent Level 2 patients. 

 

Time post-
operative (yrs) 

0 0.5 1 3 5 

Level 1      

N 10,293 10,262 10,254 9,935 6,910 

Mean (95% CI) 12.84 
(12.76,12.93) 

21.76 
(21.72, 21.81) 

22.16 
(22.12, 22.2) 

22.24 
(22.19, 22.29) 

21.99 
(21.93, 22.05) 

Level 2      

N 4,051 4,016 4,008 3,735 2,459 

Mean (95% CI) 8.60 
(8.48, 8.72) 

11.93 
(11.73, 12.12) 

14.51 
(14.37, 14.66) 

14.25 
(14.09, 14.4) 

13.94 
(13.74, 14.13) 

CI – confidence intervals; OHS - Oxford Hip Score; yrs - years 
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Time post-
operative (yrs) 

0 0.5 1 3 5 

Level 1      

N 8,912 8,769 8,562 8,325 6,284 

Mean (95% CI) 10.96 
(10.90,11.03) 

16.15 
(16.08, 16.22) 

16.69 
(16.64, 16.74) 

16.97 
(16.92, 17.02) 

16.70 
(16.63, 16.76) 

Level 2      

N 5,221 5,132 4,987 4,638 3,365 

Mean (95% CI) 7.21 
(7.13, 7.29) 

10.03 
(9.93, 10.13) 

10.23 
(10.14, 10.33) 

9.58 
(9.49, 9.68) 

9.42 
(9.30, 9.54) 

CI – confidence intervals; OKS - Oxford Knee Score; yrs - years 

 

 

  



Supplementary Figure 1: Line graph to illustrate the optimal number of clusters was determined by 

a set of three non-parametric tests. 
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Supplementary Figure 2a: Flow-chart of THR participants to illustrate identification of analysed cohort  

 

  
BASELINE 

n=20,089 

6 months 

n=19,727 

    5 years 

   n=10,343 

 

    3 years 

   n=13,719 

 

    1 year 

   n=16,246 

 

Insufficient data (> 2 

items missing) to 

compute OHS: 362 

 

No questionnaire: 3,542 

Insufficient data (> 2 

items missing) to 

compute OHS: 301 

 

No questionnaire: 5,997 

Insufficient data (> 2 

items missing) to 

compute OHS: 373 

 

No questionnaire: 9,568 

Insufficient data (> 2 

items missing) to 

compute OHS: 178 

 

Analysed (Pain domain) 

Missing none: 8,404; Missing one: 5,931 

             n=14,335 

          (71% of possible cohort) 

Analysed (Function domain) 

Missing none: 8,455; Missing one: 5,911 

             n=14,366 

          (72% of possible cohort) 



Supplementary Figure 2b: Flow-chart of TKR participants to illustrate identification of analysed cohort  

  

BASELINE 

n=22,489 

6 months 

n=21,746 

    5 years 

   n=11,396 

 

    3 years 

   n=15,279 

 

    1 year 

   n=17,999 

 

Insufficient data (> 2 

items missing) to 

compute OKS: 743 

No questionnaire: 3,839 

Insufficient data (> 2 

items missing) to 

compute OKS: 651 

 

No questionnaire: 6,807 

Insufficient data (> 2 

items missing) to 

compute OKS: 403 

 

No questionnaire: 10,893 

Insufficient data (> 2 

items missing) to 

compute OKS: 200 

 

Analysed (Pain domain) 

Missing none: 9,185; Missing one: 6,775 

             n=15,960 

          (71% of possible cohort) 

Analysed (Function domain) 

Missing none: 9,032; Missing one: 6,813 

             n=15,845 

          (70% of possible cohort) 



Supplementary Table 1: Characteristics for patients following THR (n=20,089) tabulated by trajectory group according to ‘pain’ and ‘function’ domains. 

 Pain Function 

Missing † Level 1 Level 2 OR (95% CI)* Missing † Level 1 Level 2 OR (95% CI)* 

n (% of total) 5,754 (29) 10,695 (53) 3,640 (18)  5,723 (28) 10,311 (60) 4,055 (20)  

         

Age [Mean (SD)] 67.2 (13.2) 68.4 (9.6) 68.5 (10.2) 1.01 (1.00, 1.01) 67.3 (13.2) 67.6 (9.4) 70.4 (10.4) 1.03 (1.03, 1.04) 

BMI [Mean (SD)] 29.0 (5.5) 28.2 (4.8) 29.6 (5.4) 1.06 (1.05, 1.07) 29.0 (5.5) 28.0 (4.7) 29.9 (5.5) 1.08 (1.07, 1.09) 

IMD [Mean (SD)] 20.8 (10.1) 18.4 (9.1) 20.9 (10.0) 1.03 (1.02, 1.03) 20.9 (10.1) 18.4 (9.1) 20.7 (9.9) 1.03 (1.02, 1.03) 

Gender         

Males (%) 40 41 35 reference 40 42 33 reference 

Females (%) 60 59 65 1.32 (1.22, 1.43) 60 58 67 1.43 (1.33, 1.55) 

Ethnicity         

White (%) 97 99 98 reference 97 99 98 reference 

Non-white (%) 3 1 2 3.33 (2.29, 4.88) 3 1 2 2.80 (1.93, 4.09) 

Geographical Location         

Rural (%) 31 37 32 reference 31 37 32 reference 

Urban (%) 69 63 68 1.32 (1.21, 1.43) 69 63 68 1.30 (1.20, 1.40) 

ASA grade         

Fit and Healthy (%) 13 16 11 Reference 13 18 8 Reference 

Mild Disease (%) 67 73 72 1.47 (1.31, 1.65) 67 73 71 2.05 (1.82, 2.33) 

Incapacitating (%) 20 11 17 2.27 (1.97, 2.63) 20 9 21 4.72 (4.07, 5.49) 

Operation satisfaction  
(at one year post-op) 

        

Very good 71 98 75 Reference 63 98 79 Reference 

Poor 29 2 25 20.24 (17.15, 24.04) 37 2 21 10.79 (9.32, 12.53) 

ASA - American Society of Anesthesiologists; BMI – body mass index; IMD – index of multiple deprivation score; SD – standard deviation; THR – total hip 

replacement 

 



† Missing data for trajectory group membership occurs when there are 1 (or more) missing values in response to the OHS domains from baseline, six 

months, one year, three year and five year questionnaires. 

* OR=odds ratio for logistic regression for association of trajectory group (level1=0; level2=1) with variable 

  



Supplementary Table 2: Characteristics for patients following TKR (n=22,489) tabulated by trajectory group according to ‘pain’ and ‘function’ domains. 

 Pain Function 

Missing † Level 1 Level 2 OR (95% CI) Missing † Level 1 Level 2 OR (95% CI) 

n (% of total) 6,529 (29) 11,082 (49) 4,878 (22)  6,644 (30) 10,000 (44) 5,845 (26)  

         

Age [Mean (SD)] 68.5 (10.7) 69.3 (8.5) 68.8 (9.2) 0.99 (0.99, 1.00) 68.6 (11.0) 68.8 (8.5) 69.7 (9.8) 1.01 (1.01, 1.02) 

BMI [Mean (SD)] 31.3 (5.6) 30.2 (5.0) 31.8 (5.6) 1.06 (1.05, 1.07) 31.3 (5.7) 30.0 (5.0) 32.0 (5.6) 1.08 (1.07, 1.09) 

IMD [Mean (SD)] 21.7 (10.6) 19.2 (9.3) 21.8 (10.4) 1.03 (1.02, 1.03) 21.6 (11.0) 19.0 (9.4) 21.7 (10.4) 1.03 (1.02, 1.03) 

Gender         

Males (%) 41 46 40 reference 41 50 34 reference 

Females (%) 59 54 60 1.28 (1.20, 1.37) 59 50 66 1.93 (1.81, 2.07) 

Ethnicity         

White (%) 94 99 94 reference 94 99 95 reference 

Non-white (%) 6 1 6 4.83 (3.83, 6.14) 6 1 5 4.01 (3.16, 5.13) 

Geographical Location         

Rural (%) 28 34 28 reference 28 34 28 reference 

Urban (%) 72 66 72 1.46 (1.35, 1.57) 72 66 72 1.46 (1.35, 1.57) 

ASA grade         

Fit and Healthy (%) 10 12 9 Reference 10 13 10 Reference 

Mild Disease (%) 71 76 73 1.22 (1.09, 1.37) 71 77 71 1.64 (1.47, 1.85) 

Incapacitating (%) 19 12 18 1.96 (1.71, 2.25) 19 10 19 3.25 (2.84, 3.73) 

Operation satisfaction  
(at one year post-op) 

        

Very good 69 97 62 Reference 65 96 69 Reference 

Poor 31 3 38 19.86 (17.57, 22.52) 35 4 31 10.99 (9.79, 12.36) 

ASA - American Society of Anesthesiologists; BMI – body mass index; IMD – index of multiple deprivation score; SD – standard deviation; TKR – total knee 

replacement 



† Missing data for trajectory group membership occurs when there are 1 (or more) missing values in response to the OKS ‘Pain’ and ‘Function’ domains 

from baseline, six months, one year, three year and five year questionnaires. 

* OR=odds ratio for logistic regression for association of trajectory group (level1=0; level2=1) with variable 



Supplementary Table 3: Table to illustrate the baseline, 6-month, 1-year, 3-year and 5-year OHR and 

OKS scores (overall) and pain and function subsets for both missing and analysed THR and TKR 

cohorts. 

 Hip Knee 

Missing Analysed Missing Analysed 

OHS/OKS 5,806 (29) 14,283 (71) 6,763 (30) 15,726 (70) 

Baseline [Mean 
(SD)] 

15.8 (8.3) 18.7 (8.2) 16.8 (7.8) 19.8 (7.7) 

6-month [Mean 
(SD)] 

22.8 (15.5) 38.1 (11.5) 21.3 (17.2) 34.5 (11.4) 

1-year [Mean (SD)] 35.6 (9.1) 40.2 (8.8) 32.3 (10.7) 36.5 (9.7) 

3-year [Mean (SD)] 37.1 (9.2) 40.2 (9.2) 34 (11.1) 36.6 (10.1) 

5-year [Mean (SD)] 36.6 (9.6) 40 (9.3) 33.3 (11.7) 36.4 (10.4) 

Pain Domain 5,754 (29) 14,335 (71) 6,529 (29) 15,960 (71) 

Baseline [Mean 
(SD)] 

5.9 (4) 7.1 (4.1) 8.6 (4.7) 10.1 (4.7) 

6-month [Mean 
(SD)] 

11.7 (9.7) 19 (6) 13 (10.5) 20.8 (6.9) 

1-year [Mean (SD)] 18.3 (5.8) 20.2 (4.7) 19.8 (6.7) 22.1 (5.9) 

3-year [Mean (SD)] 19.3 (5.3) 20.2 (5) 20.5 (6.6) 22.2 (6.1) 

5-year [Mean (SD)] 18.5 (6.2) 20.2 (5.1) 20.4 (7.3) 22.2 (6.3) 

Function Domain 5,723 (28) 14,366 (72) 6,644 (30) 15,845 (70) 

Baseline [Mean 
(SD)] 

9.9 (4.8) 11.6 (4.7) 8.1 (3.7) 9.6 (3.7) 

6-month [Mean 
(SD)] 

11.2 (9.4) 19 (5.9) 8.3 (6.9) 13.7 (4.9) 

1-year [Mean (SD)] 17.3 (5.7) 20 (4.6) 12.4 (4.7) 14.4 (4.3) 

3-year [Mean (SD)] 17.7 (5.7) 20.1 (4.8) 13.3 (5) 14.4 (4.5) 

5-year [Mean (SD)] 18.2 (5.8) 19.9 (4.9) 12.9 (5) 14.2 (4.6) 

OHS – Oxford Hip Score; OKS – Oxford Knee Score; SD: standard deviation 
 

 


