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Abstract 64 

Background 65 

The National Joint Registry for England, Wales, Northern Ireland and the Isle of Man (NJR) has 66 

monitored the performance of consultant surgeons performing primary total hip (THR) or knee 67 

replacements (KR) since 2007. The aims of this study were: 1) To describe the surgical practice of 68 

consultant hip and knee replacement surgeons in the National Joint Registry for England and Wales 69 

(NJR), stratified by potential outlier status for revisions. 2) To compare the practice of revision outlier 70 

and non-outlier surgeons.  71 

Patients and Methods 72 

We combined NJR primary THR and KR data from 2008-2017 separately with relevant anonymised NJR 73 

outlier notification records. We described the surgical practice of outliers and non-outliers by surgical 74 

workload, implant choice, and patients’ clinical and demographic characteristics. We explored 75 

associations between surgeon-level factors and outlier status with conditional logistic regression 76 

models. 77 

Results 78 

We included 764,888 primary THRs by 3,213 surgeons and 889,954 primary KRs by 3,084 surgeons 79 

performed between 2008-2017. One hundred and eleven (3.5%) THR and 114 (3.7%) KR consultant 80 

surgeons were potential revision outliers. Surgeons who used more types of implant had increased odds 81 

of being an outlier (KR: OR/additional implant=1.35, 95%CI 1.17-1.55; THR: OR=1.12, 95%CI 1.06-1.18). 82 

Conclusions 83 

The use of more types of implant is associated with increased risk of being a potential revision outlier. 84 

Further research is required to understand why surgeons use many different implants and to what 85 

extent this is responsible for the effects observed here. 86 
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Introduction 100 

Total hip replacements (THR) and partial (unicompartmental or patellofemoral) or total knee 101 

replacements (KR) are amongst the most common elective surgical procedures performed. In total, 102 

more than 200,000 primary THRs and KRs were performed in the UK in 2017.1,2 Elective THRs and KRs 103 

are mainly performed to relieve pain and the functional limitations of osteoarthritis (OA).3 They are 104 

successful procedures in which most patients achieve improvements in pain and function. 105 

In the UK, monitoring of surgical performance is undertaken in many surgical specialties, including adult 106 

cardiac surgery, oesophago-gastric cancer surgery, bowel cancer resection and hip fracture surgery,4 as 107 

well as joint replacement surgery.5 The National Joint Registry for England, Wales, Northern Ireland and 108 

the Isle of Man (NJR) has monitored the performance of consultant surgeons and units performing THRs 109 

and KRs since 2007. The NJR monitors two main outcomes: the rate at which surgery is performed ‘to 110 

add, remove or modify one or more components or conduct a DAIR (debridement, antibiotics and 111 

implant retention) of a total joint prosthesis’ (revision surgery)6 and the rate of mortality within 90 days 112 

postoperatively. The performance of each surgeon is compared with their peers (similar comparisons 113 

are made for units) and those with mortality/revision rates outside the accepted limits are considered to 114 

be ‘potential outliers’. For the purpose of this study we focussed on revision outlier consultant surgeons.  115 

Although surgeon performance is monitored we do not know, higher rates of revision surgery aside, 116 

whether outlying surgeons differ from non-outlying surgeons. Studies of patient-level and surgeon-level 117 

factors associated with the revision risk of primary operations suggest that we might expect outlier 118 

surgeons to differ from non-outlier surgeons in respect of these factors. Outlier surgeons may perform a 119 

lower volume of operations7,8 or use a wider range of implants9 than non-outliers. Alternatively, they 120 

may operate on a higher proportion of patients at higher risk of revision, such as younger patients who 121 

have a higher lifetime revision risk,10 or people with elevated body mass index (BMI).11   122 

Revision outlier status is a composite surgeon-level outcome incorporating revision rate, volume of 123 

cases and patient case-mix. Previous research has focussed on outcomes at the individual-level (i.e. 124 

revision risk of individual joint replacements) and may not directly relate to this composite surgeon-level 125 

outcome. A better understanding of the surgical practice of revision outlier surgeons compared with 126 

their peers may help to inform feedback to revision outlier surgeons and improve outcomes for patients. 127 

This study has two main aims: 128 

1. To describe the practice of revision outlier surgeons 129 



 

 

2. To compare the practice of revision outlier and non-outlier surgeons  130 

 131 

Patients and Methods 132 

Data source 133 

In this study we combined anonymised records from the NJR with anonymised records from the NJR 134 

outlier notification process. Data collection in the NJR started in 2003 and includes details of primary 135 

and revision hip and knee replacement episodes.1 Northern Ireland and the Isle of Man were included in 136 

the NJR in 2013 and 2015 respectively, and data linkage for those periods is limited, therefore they are 137 

excluded from this analysis. 138 

The NJR outlier notification process started in 2007 and is undertaken every six months (notifications 139 

were annual for the first three years). The method used by the NJR to identify outliers is described 140 

elsewhere.5,12,13 Briefly, every primary operation performed up to the date of outlier monitoring by each 141 

consultant surgeon responsible for a procedure is eligible to be included. The patient time incidence rate 142 

(PTIR) is calculated, which for each surgeon is their number of primary operations revised for the first 143 

time divided by the total time their primary operations were at risk; i.e. the time until they were either 144 

revised, the patient died or the patient is alive and the implant has not yet been revised. The PTIR is 145 

used to calculate the standardised revision ratio. Revised primary operations are allocated to the 146 

consultant in charge of the original primary, regardless of who performed the revision surgery. 147 

Consultant surgeons responsible for a procedure with a standardised revision ratio above the 99.8% 148 

control limit adjusted for age, gender and indication for primary surgery are flagged as potential revision 149 

outliers (see sensitivity analyses for exception). An anonymised list of all consultant surgeons (by 150 

anonymised NJR surgeon ID) who have been identified as outliers for each outlier notification period is 151 

maintained by the NJR. We matched these records to the NJR dataset by anonymised NJR surgeon ID.  152 

Some surgeons remained outliers over several consecutive outlier notification periods or became an 153 

outlier more than once. Since outliers may change their surgical practice after being notified of their 154 

outlier status we only included the first time each outlying surgeon became an outlier (the first ‘outlier 155 

event’) and excluded any consecutive periods being an outlier or subsequent outlier events.  156 

Study samples 157 

We defined separate study samples for THRs and KRs and included all THRs/KRs performed for any 158 

indication respectively. We excluded surgeons who had stopped performing THRs/KRs one year before 159 



 

 

the first NJR outlier notification date (October 2007). Since surgeons may become outliers several years 160 

after their last THR/KR, we classified surgeons who had not performed a THR/KR in a 12-month period 161 

as no longer performing THRs/KRs respectively. Surgeons who performed another THR/KR after this 162 

period were re-included as well as the intervening period of non-activity. We included surgeons who had 163 

stopped performing THRs/KRs in our description of how many surgeons have ever been identified as a 164 

potential revision outlier and their cumulative number of operations and revisions, but since they had 165 

performed no relevant operations in the 12 months before becoming a potential revision outlier they 166 

were excluded from further analyses. 167 

Surgical practice 168 

We aggregated the practice of outlier and never outlier surgeons, and the characteristics of the patients 169 

they operated on over the 12 months prior to the date of each outlier notification. We characterised 170 

surgeons’ practice according to four domains (see Table 1 for full details): 1) Surgical workload, 2) Choice 171 

of implants, 3) Patients’ characteristics, 4) Source of funding for THRs/KRs. 172 

The process used by the NJR to identify KR provisional revision outliers is not broken down by type of 173 

KRs (total, unicompartmental or patellofemoral), although the feedback to surgeons from the NJR does 174 

include separate funnel plots for each KR type. In our main analyses we therefore did not distinguish 175 

between types of KR but we have included this in our sensitivity analyses (detailed below). 176 

Statistical analysis 177 

We analysed THRs and KRs separately. We described the overall surgical practice of ‘outliers’ (cases). 178 

We also described the practice of ‘never outliers’ (controls) but did not compare cases and controls 179 

since the study design requires that they be matched (see below), and some operations performed by 180 

never outliers could contribute to multiple outlier notification periods. Unless otherwise stated, our unit 181 

of analysis was surgeon-year, i.e. we summarised the operations performed by each surgeon over 12-182 

months. Since there was a low number of revision outliers, we did not describe surgical behaviour in 183 

each outlier notification period to avoid potential deanonymisation.  184 

We used a time-matched case control design (also known as ‘incidence density sampling’) to compare 185 

the surgical practice of outlier surgeons in the 12-months before they were identified as being an outlier 186 

with time-matched controls. All eligible controls were identified as the surgeon-years of never-outlying 187 

surgeons, which were matched with cases by the time the case was identified. Controls were only 188 

selected from surgeons who were never outliers. Outlier surgeons were included only in the period 189 



 

 

immediately prior to becoming an outlier, never outlier surgeons were eligible to be controls for 190 

multiple cases and in multiple outlier periods. We derived unadjusted and multivariable adjusted 191 

(simultaneous adjustment for all exposure variables) odds ratios for being an outlier using conditional 192 

logistic regression models with time matching by outlier notification period and robust standard errors. 193 

We assessed potential multicollinearity through the variance inflation factor (VIF) and considered a VIF 194 

≤10 to indicate that multicollinearity was not a concern. 195 

Sensitivity analyses 196 

We repeated our main analysis with the following changes: 197 

1. Since the optimal time-period over which to characterise surgical practice is unknown, we used 198 

24 and 60-month periods to determine whether our results were dependent on the time-period.  199 

2. Different types of KR procedures have different associated revision rates which may affect 200 

associations in our main analyses. We included further adjustment for the proportion of 201 

Unicompartmental and patellofemoral KRs performed.  202 

3. Since we used aggregated data, low-volume surgeons contributed the same weight as high-203 

volume surgeons, which may have biased our results. We excluded surgeons performing below 204 

the 25th percentile in terms of volume.  205 

4. Between 2007 and 2010 the NJR outlier process used unadjusted standardised revision ratios. 206 

This may have identified surgeons with different surgical behaviour. We excluded these outlier 207 

periods and compared the results. 208 

5. Our inclusion of age, gender, ASA grade and indication for surgery may duplicate adjustment in 209 

the NJR outlier process. We excluded these and compared the results. 210 

Analyses were performed using Stata v15 (StataCorp). 211 

 212 

Results 213 

Our study sample included 764,888 primary THRs and 889,954 primary KRs performed by 3,416 214 

consultant surgeons, of whom 3,213 performed one or more THRs and 3,084 one or more KRs. These 215 

operations were spread across a total of 33,374 surgeon-years for THRs and 33,737 surgeon-years for 216 

KRs. Two hundred and seven surgeons (6.0%) have been identified as either a THR or KR revision outlier, 217 

18 of whom (8.7%) have been identified as both a THR and KR revision outlier (14 were simultaneous 218 

outliers). One hundred and eleven of 3,213 THR surgeons (3.5%) and 114 of 3,084 KR surgeons (3.7%) 219 



 

 

have been identified as THR and KR revision outliers respectively. Fifteen percent (17 of 111) THR 220 

revision outliers and 21.9% (25 of 114) KR revision outliers had stopped performing primary THRs/KRs at 221 

the time of their outlier notification and were excluded from further analyses.  222 

When they first became revision outliers, these surgeons had performed a median total of 289 (IQR 154 223 

to 544) THRs and 338 (IQR 199 to 606) KRs as consultant in charge in the NJR and had accrued a median 224 

of 11 (IQR 8 to 21) and 15 (IQR 10 to 25) revisions for primary THRs and KRs respectively. The median 225 

time to revision for outlier surgeons was 2.2 years for THRs (IQR 0.5 to 4.4 years) and 1.9 years for KRs 226 

(IQR 1.0 to 3.4 years), compared with 2.5 years for THRs (25%-75%: 0.6 to 5.4) and 2.3 years for KRs 227 

(25%-75%: 1.2 to 4.3) for never outliers. 228 

For our descriptive analyses and conditional logistic regression models we included only the surgeon-229 

year for each outlying surgeon that immediately preceded their first outlier event (see Figures S1 and S2 230 

for study sample flowcharts). Our resultant study samples were 24,684 surgeon-years for THRs (24,601 231 

surgeon-years for never outliers, 83 surgeon-years for outliers) and 27,824 surgeon-years for KRs 232 

(27,741 surgeon-years for never outliers, 83 surgeon-years for outliers). 233 

Description of outliers and non-outliers 234 

A crude comparison of the surgical practice of potential outlier and non-outlier surgeons indicates 235 

differences between surgeons in these groups, many of which were consistent between THR and KR 236 

outliers. Outlying surgeons performed more operations than non-outliers in the 12 months prior to 237 

becoming an outlier (THR: 59 vs. 17; KR: 47 vs. 24, outlier and non-outlier respectively, Tables 2 and 3). 238 

Outliers used more implant combinations than non-outliers (THR: 5 vs. 3; KR: 3 vs. 2). Compared with 239 

non-outliers, a higher proportion of operations performed by outliers were on patients <55 years old 240 

(THR: 10.7% vs. 4.2%; KR: 6.7% vs. 3.6%) and privately funded (THR: 11.6% vs. 0.0%; KR: 9.8% vs. 0.0%).  241 

We found some differences only between THR outliers and non-outliers. A higher proportion of THR 242 

outliers than non-outliers used new implants for ≥10% of their operations (59.0% vs. 31.7%), and overall 243 

a much higher proportion of THR surgeons than KR used ‘new’ implants. There was a slight difference in 244 

joint specialisation between THR outliers and non-outliers (THR: 57.2% vs. 48.6%) but not for KR outliers 245 

(KR: 58.5% vs. 54.4%). We found no difference in the patient case-mix of outliers and non-outliers 246 

according to the proportion of patients with other indications, female patients, patients with a high ASA 247 

grade, and who were obese class II/III. 248 

 249 



 

 

Factors associated with being a revision outlier 250 

In our multivariable adjusted regression models, use of more implants was associated with increased 251 

odds of being a revision outlier for both THRs (OR/additional implant 1.12, 95% CI 1.06 to 1.18; Table 2) 252 

and KRs (OR/additional implant 1.35, 95%CI 1.17 to 1.55; Table 3). Surgeons who conducted a higher 253 

proportion of privately funded KRs compared had increased odds of being a revision outlier 254 

(OR/additional 10% private=1.19, 95%CI 1.10 to 1.30), but this was not associated with being a THR 255 

revision outlier (OR/additional 10%=0.99, 95%CI 0.93 to 1.06). For THRs, surgeons who performed a 256 

higher proportion of THRs to other joint replacements had higher odds of being an outlier 257 

(OR/10%=1.10, 95%CI 1.02 to 1.17) and there was weak evidence that higher volume THR surgeons had 258 

higher odds of being an outlier (OR/10 THRs=1.03, 95%CI 1.00 to 1.06). In terms of patient case-mix, THR 259 

surgeons had higher odds of being an outlier if they treated a higher proportion of females (OR=1.16, 260 

95%CI 1.05 to 1.28) and patients younger than 55 years old (OR=1.22, 95%CI 1.09 to 1.35), but lower 261 

odds of being an outlier if they performed a higher proportion of THRs for indications other than 262 

osteoarthritis (OR=0.80, 95%CI 0.66 to 0.96). VIFs were all <10 (Table S1) despite high correlation 263 

between surgeon volume and number of implants used (rTHR = 0.57, rKR = 0.49), therefore we did not 264 

modify our regression models due to multicollinearity. 265 

The results from our unadjusted regression models are described briefly here and in detail in 266 

Supplementary Tables S2 and S3. For both THRs and KRs, surgeons who performed more THRs/KRs, 267 

those who used more types of implant, those who treated a higher proportion of patients younger than 268 

55 years old, and those with a higher proportion of privately funded operations had increased odds of 269 

being a revision outlier. Associations between the extent to which surgeons specialised in performing 270 

THRs/KRs and their odds of being a revision outlier were inconsistent but suggest the degree of 271 

specialisation may be associated with being an outlier. Using a higher proportion of new implants may 272 

be associated with higher odds of being a revision outlier. For THR surgeons, having a higher proportion 273 

of ASA grade III-V patients and performing a higher proportion of THRs for indications other than 274 

osteoarthritis may be associated with lower odds of being a revision outlier. Whereas treating a higher 275 

proportion of female patients may be associated with increased odds of being an outlier. 276 

Sensitivity analyses 277 

Changing the time frame over which surgical practice was characterised from 12 to 24 and 60 months 278 

resulted in changes to the descriptive statistics (Supplementary Tables S4 to S7). The increase in the 279 

proportion of surgeons using new implants in the sensitivity analysis is due to including more operations 280 



 

 

from the first five years of the NJR. We defined implants as ‘new’ if they were used within five years of 281 

their first recorded use in the NJR, which covers all operations performed 2003-2008. 282 

Results of our adjusted sensitivity analyses support the main finding of our primary analysis that using 283 

more implants is associated with higher odds of being a revision outlier for both THRs (OR/additional 284 

implant =1.97, 95%CI 1.04 to 1.12; Table S4) and KRs (OR/additional implant =1.23, 95%CI 1.11 to 1.37; 285 

Table S5). The sensitivity analyses also supported the association between performing a higher 286 

proportion of privately funded KRs and being a KR revision outlier (OR=1.16, 95%CI 1.08 to 1.25). An 287 

extension of the time frame to 60 months supported our main findings (Tables S6 and S7). 288 

Our sensitivity analysis including the proportion of unicompartmental and patellofemoral KRs (Table S8) 289 

highlights that KR revision outliers performed a higher proportion of unicompartmental KRs than non-290 

outliers (median=4.1% vs. 0.0%) and that this was associated with an increased odds of being a KR 291 

revision outlier (OR/10 percent=1.20, 95%CI 1.12 to 1.29). Whereas the proportion of operations which 292 

were patellofemoral KRs was very low for outliers and non-outliers, and this was not associated with 293 

being a revision outlier. Further sensitivity analyses in which we excluded low volume surgeons (Tables 294 

S9 and S10), removed the first five (unadjusted) outlier periods (Tables S11 and S12) and removed 295 

covariates already present in the NJR outlier process (Tables S13 and S14) made only minor changes to 296 

our findings.  297 

 298 

Discussion 299 

We used a time-matched case control study to explore differences between potential revision outliers 300 

and non-outliers in England and Wales according to surgeon, procedure and patient-level factors. We 301 

found that revision outlier consultant surgeons used a larger number of different hip or knee joint 302 

replacement implants than non-outlier surgeons.  303 

The current study has several strengths. This is the first study to use the NJR outlier notification records 304 

to explore differences in the surgical practice of potential revision outliers and non-outliers. Since 305 

becoming a potential revision outlier is a rare event, the large size of the NJR dataset and 10 years of 306 

outlier notification records were essential to enable this study. Also, we used a time-matched case-307 

control study design, which accounted for temporal variation in surgical trends. This study also has some 308 

important limitations. We characterised surgeon behaviour immediately prior to each outlier 309 

notification period, rather than prior to each primary operation, which may have been several years 310 



 

 

earlier. Our aim was to compare the surgical practice of outlier surgeons at the time they became 311 

outliers with that of non-outliers, but this may not reflect their practice when they performed the 312 

primary operations. Therefore, we cannot infer causality from our findings. Our selection of the 12-313 

month timeframe over which to characterise surgical behaviour was arbitrary. We varied the timeframe 314 

in our sensitivity analysis to 24 and 60 months and found differences in our results, suggesting that the 315 

timeframe over which surgical practice is characterised may need further refinement. Some NJR records 316 

have missing data, particularly BMI (~30% missing, early data collection forms did not include BMI). We 317 

aggregated these records for each surgeon across each outlier notification period excluding any missing 318 

data. This assumes that these data were missing completely at random,14 which may not be true. This 319 

aggregation of data may have resulted in biased estimates or inaccurate standard errors. Methods to 320 

incorporate individual-level factors into hierarchical models with the outcome measured at the group-321 

level are developing, but at present aggregation of individual-level data at the group-level with robust 322 

standard errors may be preferable.15 We have attributed factors to surgeons which may more accurately 323 

reflect unit-level approaches to surgery, for example some units may switch to newer implants or 324 

restrict surgeons’ implant selection. Accommodating the influence of unit-level decisions on surgeons’ 325 

behaviour was outside the scope of this study but may be of interest for future studies. Finally, as with 326 

any observational study, there may be other confounding factors we have not included in our analysis 327 

models (residual confounding). 328 

Our main finding, consistent between THR and KR revision outliers, was that outliers used a larger range 329 

of implants than non-outliers at the time they became an outlier. The Australian Orthopaedic 330 

Association National Joint Replacement Registry found that surgeons who use a range of implants rather 331 

than relying on a small number of implants for most of their primary operations have a higher risk of 332 

early revision.9 A possible explanation for this is that there is a learning-curve associated with changing 333 

implants, although evidence to support this is contradictory.16,17 If the earlier joint replacement 334 

operations performed after switching to a different implant are at increased risk of revision, then 335 

surgeons who frequently switch implants will be in the ‘learning phase’ for a greater proportion of their 336 

procedures and expose more patients to higher revision risks. 337 

The finding from our descriptive and unadjusted regression models of a positive association between 338 

surgeon volume and revision outlier status implies higher volume surgeons may be ‘worse’ than lower 339 

volume surgeons. However, this finding may also be an expected characteristic of outlier status 340 

identified through funnel plots. Previous research reported a lower risk of revision for primary joint 341 



 

 

replacements performed by higher volume surgeons,7,18 although recent research contests this finding.19 342 

The outcome we used in our study, potential revision outlier status from control limits applied to funnel 343 

plots, is a composite measure which incorporates revision rate, surgeon volume and case-mix 344 

adjustment. Seaton and Manktelow20 estimated the probability of detecting hospitals with true poor 345 

performance using funnel plots depending on their expected number of events. They found that 346 

hospitals with a low expected number of events (either a rare outcome or low-volume hospital) have a 347 

lower probability of being identified as a true poor performer compared with hospitals performing 348 

similarly and with similar case-mix but with a higher volume of cases. Furthermore, a high-volume 349 

compared with low-volume hospital is more likely to be identified as poorly performing for a relatively 350 

minor divergence. Our positive association between surgeon volume and being a revision outlier likely 351 

reflects this volume-related characteristic of funnel plots and control limits, and low volume surgeons 352 

may be ‘protected’ from becoming a revision outlier as a result. 353 

We found that consultant surgeons in charge who perform a higher proportion of privately funded 354 

operations may be at increased odds of being a revision outlier, but this was not consistent between 355 

THR and KR outliers. We used source of funding to indicate the socioeconomic mix of patients treated by 356 

surgeons. With this interpretation, our finding suggests that revision outliers may have a case-mix 357 

favouring higher socioeconomic status. Studies in countries with universal health cover found no 358 

association between patient-level socioeconomic status and risk of revision.21,22 Alternatively, source of 359 

funding may indicate an operation being performed in a private or NHS unit, subject to misclassification 360 

since some NHS funded operations are undertaken in private units. However, NHS units treat patients 361 

with more comorbidities23 who may be expected to have a higher risk of revision24 than private units. 362 

Consequently, surgeons working solely in the NHS should be at higher not lower risk of being a revision 363 

outlier. The inconsistency between this finding and previous research supports further research to 364 

explore source of funding as either a patient-level or unit-level risk factor. 365 

Risk of revision is known to differ between total, unicompartmental and patellofemoral KRs.1 Our finding 366 

that outlier surgeons conduct a higher proportion of unicompartmental KRs is therefore expected. The 367 

association between number of KR implants used and being an outlier persisted after inclusion of type 368 

of KR in the analyses. This may be because surgeons who perform two or all of these operations will use 369 

at least two or three different implants, and some of these operations have a higher revision risk. 370 

However, the validity of the association between number of implants used and being an outlier is 371 

reinforced by being found in both THRs and KRs. 372 



 

 

Future research could build on this study in several ways. A study to explore whether primary joint 373 

replacements performed by surgeons who use a wider range of implants have a higher revision risk 374 

would build on the main finding of this study. In addition, it would also be useful to explore whether 375 

there is an upper limit for the number of implants used by a surgeon beyond which the risk of revision is 376 

higher. This could form the basis of surgeon feedback as part of routine performance monitoring but 377 

would need to account for the use of a wider range of implants for surgeons performing different types 378 

of KRs. This could be extended to consider the optimal time frame over which surgical practice should 379 

be characterised or whether stability/instability in surgical practice is more important than ‘average’ 380 

practice. Exploring unit-level factors associated with revision risk would help to direct guidance on 381 

surgical practice to the most appropriate source. Finally, there are other outcomes, particularly patient 382 

reported outcomes, which may also benefit from similar research. 383 

 384 

  385 
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Table 1:  A description of the variables used to describe surgeons’ practice 

 Variable Definition Details 

1. Surgical 
workload 

a. Volume of 
THR/KR 

The total number of THR/KR 
performed in the time-period 

Continuous variable 

 b. Proportion 
of THRs/KRs 
to other 
joints 

The proportion of all joint 
replacement operations 
performed by the consultant 
surgeon which were THR/KR 

Median centred, 
continuous variable 
 

 

2. Choice of 
implant 

a. Number of 
implants 
used 

The number of different 
combinations of femoral and 
acetabular components (for 
THR)25 or implant component 
brands (for KR)26 used 

Continuous variable 

 b. Proportion 
of new 
hip/knee 
implants 

The proportion of implants used 
with a first recorded use in the 
NJR in the previous five years 

1. <10% <5 yrs 
old 

2. ≥10% <5 yrs 
old 

3. Patient 
characteristics 

a. BMI The proportion of patients who 
were obese class II/III27 at the 
time of the operation 

Median centred, 
continuous variable 

 

 b. ASA grade The proportion of people who 
had an ASA grade III-V at the 
time of their operation 

Median centred, 
continuous variable 

 

 c. Reason for 
primary 
operation 

The proportion of operations 
performed on people with a non-
osteoarthritis indication 

Median centred, 
continuous variable 

 d. Age The proportion of operations 
performed on patients <55 years 
old 

Median centred, 
continuous variable 

 e. Gender The proportion of patients who 
were female 

Median centred, 
continuous variable 

 

4. Funding for 
operation 

a. Source of 
funding 

The proportion of operations 
privately funded 

Median centred, 
continuous variable 

 

  



 

 

Table 2:  A description of the surgical practice over 12 months of never (controls) and ever (cases) revision outliers for total hip 

replacements, and results from multivariable adjusted conditional logistic regression models of being a revision outlier 

 

 Control1  Case  OR2 (95% CI) p 

 N=2,438  n=83     

Volume of THRs (median + IQR) 17 4-44 59 38-103 1.03 1.00-1.06 0.036 

Proportion of THRs to other joints 48.6% 33.3%-63.6% 57.2% 46.8%-73.2% 1.10 1.02-1.17 0.006 

Number of hip implants used (median + IQR) 3 1.5-4 5 4-9 1.12 1.06-1.18 <0.001 

Proportion of new hip implants        

<10% <5 yrs old (ref) 1,665 68.3% 34 41.0% 1 - - 

≥10% <5 yrs old 773 31.7% 49 59.0% 1.39 0.80-2.43 0.242 

Proportion obese class II/III 9.1% 0.0%-14.3% 11.1% 7.0%-16.4% 0.96 0.86-1.07 0.455 

Proportion ASA grade ≥III 14.7% 5.6%-23.3% 15.4% 7.7%-19.7% 0.96 0.88-1.04 0.286 

Proportion of primary operations for 

other indications (median centered) 4 

7.1% 0.0%-16.1% 6.7% 2.3%-15.0% 0.80 0.66-0.96 0.017 

Proportion of THRs on people <55 years 

old? 

4.2% 0.0%-9.7% 10.7% 6.4%-14.3% 1.22 1.09-1.35 <0.001 

Proportion of female patients 61.5% 56.8%-66.7% 62.2% 56.4%-70.0% 1.16 1.05-1.28 0.004 

Proportion of primary operations 

privately funded (median centered) 4 

0.0% 0.0%-8.6% 11.6% 1.7%-23.0% 0.99 0.93-1.06 0.779 

1 – Since controls may contribute to >1 outlier period the descriptive statistics for controls have been averaged over all eligible outlier periods 

2 – Odds ratios, 95% confidence intervals and p-values are from conditional logistic regression models adjusted for all exposure variables 



 

 

3 – Odds ratios per additional 10 patients 

4 – Odds ratios per additional 10 percent 

 

 

  



 

 

Table 3:  A description of the surgical practice over 12 months of never (controls) and ever (cases) revision outliers for knee replacements, 

and results from multivariable adjusted conditional logistic regression models of being a revision outlier 

 

 Control1  Case  OR2 (95% CI) p 

 N=2,505  n=83     

Volume of KRs (median + IQR) 24 7-52 47 28-92 1.02 0.97-1.07 0.401 

Proportion of KRs to other joints 54.4% 41.1%-75.0% 58.5% 46.2%-90.7% 1.01 0.94-1.09 0.733 

Number of knee implants used (median + IQR) 2 1-3 3 2-5 1.35 1.17-1.55 <0.001 

Proportion of new knee implants        

<10% <5 yrs old (ref) 2,266 90.5% 68 81.9% 1 - - 

≥10% <5 yrs old 239 9.5% 15 18.1% 1.28 0.64-2.58 0.484 

Proportion obese class II/III 20.2% 12.1%-26.9% 21.7% 12.5%-30.8% 1.05 0.96-1.15 0.255 

Proportion ASA grade ≥III 14.8% 7.1%-22.1% 15.6% 9.1%-21.4% 1.03 0.93-1.13 0.625 

Proportion of primary operations for 

other indications (median centered) 4 

0.0% 0.0%-3.3% 1.9% 0.0%-4.0% 1.00 0.69-1.45 1.000 

Proportion of KRs on people <55 years 

old? 

3.6% 0.0%-7.6% 6.7% 2.9%-12.0% 0.93 0.75-1.16 0.523 

Proportion of female patients 56.9% 52.1%-62.3% 56.7% 50.0%-63.0% 0.96 0.87-1.07 0.503 

Proportion of primary operations 

privately funded (median centered) 4 

0.0% 0.0%-6.9% 9.8% 0.0%-30.0% 1.19 1.10-1.30 <0.001 

 

1 – Since controls may contribute to >1 outlier period the descriptive statistics for controls have been averaged over all eligible outlier periods 



 

 

2 – Odds ratios, 95% confidence intervals and p-values are from conditional logistic regression models adjusted for all exposure variables 

3 – Odds ratios per additional 10 patients 

4 – Odds ratios per additional 10 percent 
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Figure S1: STROBE Flow diagram for the selection of cases and controls: Total hip replacement  
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Figure S2: STROBE Flow diagram for the selection of cases and controls: Knee replacement  
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Table S1 Variance Inflation Factors (VIFs) from regression models of THR and KR outlier status 

Variable THRs KRs 

Volume of THRs/KRs 1.70 1.38 

Proportion of THRs/KRs to other 
joints 

1.22 1.09 

Number of hip/knee implants 
used 

1.72 1.43 

Proportion of new hip/knee 
implants 

1.15 1.04 

Proportion obese class II/III 1.02 1.05 

Proportion ASA grade ≥III 1.08 1.06 

Proportion of primary 
operations for other indications  

1.11 1.03 

Proportion of THRs/KRs on 
people <55 years old? 

1.11 1.09 

Proportion of female patients 1.03 1.02 

Proportion of primary 
operations privately funded 

1.04 1.06 

  



 

 

Table S2: Results from unadjusted conditional logistic regression models of being a total hip 

replacement revision outlier 

 OR2 (95% CI) p 

    

Volume of THRs (median + IQR) 1.08 1.06-1.09 <0.001 

Proportion of THRs to other joints 1.20 1.12-1.28 <0.001 

Number of hip implants used (median + IQR) 1.18 1.14-1.22 <0.001 

Proportion of new hip implants    

<10% <5 yrs old (ref) 1 - - 

≥10% <5 yrs old 2.19 1.29-3.71 0.004 

Proportion obese class II/III 0.96 0.89-1.04 0.337 

Proportion ASA grade ≥III 0.90 0.85-0.96 0.001 

Proportion of primary operations for other 

indications (median centered) 4 

0.89 0.79-1.00 0.053 

Proportion of THRs on people <55 years old? 0.22 1.14-1.31 <0.001 

Proportion of female patients 1.07 1.01-1.14 0.024 

Proportion of primary operations privately funded 

(median centered) 4 

1.06 1.01-1.12 0.023 

1 – Odds ratios, 95% confidence intervals and p-values are from unadjusted conditional logistic 

regression models 

2 – Odds ratios per additional 10 patients 

3 – Odds ratios per additional 10 percent 

 

 

 

  



 

 

Table S3: Results from unadjusted conditional logistic regression models of being a knee 

replacement revision outlier 

 OR2 (95% CI) p 

    

Volume of KRs (median + IQR) 1.07 1.04-1.11 <0.001 

Proportion of KRs to other joints 1.10 1.01-1.19 0.021 

Number of knee implants used (median + IQR) 1.40 1.26-1.56 <0.001 

Proportion of new knee implants    

<10% <5 yrs old (ref) 1 - - 

≥10% <5 yrs old 2.16 1.04-4.48 0.038 

Proportion obese class II/III 1.01 0.94-1.09 0.838 

Proportion ASA grade ≥III 0.95 0.85-1.06 0.343 

Proportion of primary operations for 

other indications (median centered) 4 

1.03 0.81-1.30 0.836 

Proportion of KRs on people <55 years 

old? 

1.13 1.01-1.27 0.033 

Proportion of female patients 0.97 0.90-1.05 0.530 

Proportion of primary operations 

privately funded (median centered) 4 

1.18 1.09-1.27 <0.001 

 

1 – Odds ratios, 95% confidence intervals and p-values are from unadjusted conditional logistic 

regression models 

2 – Odds ratios per additional 10 patients 

3 – Odds ratios per additional 10 percent 



 

 

Table S4: Sensitivity analysis 1A: A description of the surgical practice over 24 months of never (controls) and ever (cases) revision outliers 

for total hip replacements, and results from multivariable adjusted conditional logistic regression models of being a revision outlier 

 Control1  Case  OR2 (95% CI) p 

 N=2,485  n=90     

Volume of THRs (median + IQR) 31 6-81 115 64-194 1.01 0.99-1.03 0.179 

Proportion of THRs to other joints 48.0% 32.8%-62.6% 57.1% 47.6%-71.4% 1.14 1.02-1.26 0.021 

Number of hip implants used (median + IQR) 3 2-6 8 5-11 1.09 1.04-1.13 <0.001 

Proportion of new hip implants        

<10% <5 yrs old (ref) 1,529 61.5% 29 32.2% 1 - - 

≥10% <5 yrs old 956 38.5% 61 67.8% 1.66 0.99-2.78 0.055 

Proportion obese class II/III 10.0% 0.0%-14.8% 11.3% 7.7%-16.7% 1.05 0.90-1.23 0.528 

Proportion ASA grade ≥III 15.4% 7.4%-23.6% 14.8% 7.4%-23.4% 0.91 0.75-1.11 0.364 

Proportion of primary operations for 

other indications (median centered) 4 

7.8% 1.7%-16.7% 7.9% 3.5%-13.6% 0.84 0.66-1.05 0.122 

Proportion of THRs on people <55 years 

old? 

5.0% 0.0%-10.0% 9.1% 6.6%-12.6% 1.08 0.87-1.34 0.475 

Proportion of female patients 61.4% 57.0%-66.7% 62.1% 56.7%-65.7% 0.99 0.84-1.17 0.879 

Proportion of primary operations 

privately funded (median centered) 4 

0.0% 0.0%-9.2% 11.7% 2.8%-25.0% 1.01 0.91-1.12 0.865 

 

1 – Since controls may contribute to >1 outlier period the descriptive statistics for controls have been averaged over all eligible outlier periods 

2 – Odds ratios, 95% confidence intervals and p-values are from conditional logistic regression models adjusted for all exposure variables 



 

 

3 – Odds ratios per additional 10 patients 

4 – Odds ratios per additional 10 percent 

  



 

 

Table S5: Sensitivity analysis 1B: A description of the surgical practice over 24 months of never (controls) and ever (cases) revision outliers 

for knee replacements, and results from multivariable adjusted conditional logistic regression models of being a revision outlier 

 Control1  Case  OR2 (95% CI) p 

 N=2,554  n=90     

Volume of KRs (median + IQR) 44 12-99 98 49-163 1.01 0.99-1.04 0.182 

Proportion of KRs to other joints 53.6% 40.6%-72.7% 58.8% 45.6%-83.3% 1.03 0.95-1.12 0.517 

Number of knee implants used (median + IQR) 2 1-3 4 2-6 1.23 1.11-1.37 <0.001 

Proportion of new knee implants        

<10% <5 yrs old (ref) 2,237 87.6% 62 68.9% 1 - - 

≥10% <5 yrs old 317 12.4% 28 31.1% 1.41 0.79-2.52 0.241 

Proportion obese class II/III 20.6% 13.1%-27.6% 21.2% 14.4%-27.8% 0.98 0.88-1.09 0.722 

Proportion ASA grade ≥III 15.4% 8.3%-22.3% 16.5% 8.38%-21.1% 1.10 0.94-1.30 0.225 

Proportion of primary operations for 

other indications (median centered) 4 

1.5% 0.0%-3.8% 2.1% 0.4%-4.3% 0.88 0.63-1.24 0.463 

Proportion of KRs on people <55 years 

old? 

4.1% 0.0%-7.7% 8.6% 4.4%-12.3% 1.09 0.97-1.22 0.152 

Proportion of female patients 56.9% 52.3%-62.2% 56.4% 52.4%-60.4% 0.94 0.82-1.08 0.418 

Proportion of primary operations 

privately funded (median centered) 4 

0.0% 0.0%-7.2% 7.9% 0.8%-26.8% 1.16 1.08-1.25 <0.001 

 

1 – Since controls may contribute to >1 outlier period the descriptive statistics for controls have been averaged over all eligible outlier periods 

2 – Odds ratios, 95% confidence intervals and p-values are from conditional logistic regression models adjusted for all exposure variables 



 

 

3 – Odds ratios per additional 10 patients 

 4 – Odds ratios per additional 10 percent 

  



 

 

Table S6: Sensitivity analysis 1C: A description of the surgical practice over 60 months of never (controls) and ever (cases) revision outliers 

for total hip replacements, and results from multivariable adjusted conditional logistic regression models of being a revision outlier 

 Control1  Case  OR2 (95% CI) p 

 N=2524  N=99     

Volume of THRs (median + IQR) 57 12-161 224 126-403 1.00 0.99-1.01 0.606 

Proportion of THRs to other joints 47.4% 32.4%-60.4% 56.3% 46.5%-71.3% 1.14 1.01-1.28 0.029 

Number of hip implants used (median + IQR) 5 2-9 12 8-18 1.08 1.06-1.10 <0.001 

Proportion of new hip implants        

<10% <5 yrs old (ref) 1,147 45.4% 13 13.1% 1 - - 

≥10% <5 yrs old 1,377 54.6% 86 86.9% 2.13 1.30-3.46 0.002 

Proportion obese class II/III 10.4% 0.0%-15.3% 11.7% 7.7%-16.6% 1.04 0.96-1.13 0.335 

Proportion ASA grade ≥III 15.7% 8.5%-23.8% 14.2% 8.5%-20.8% 1.00 0.83-1.22 0.961 

Proportion of primary operations for 

other indications (median centered) 4 

8.3% 3.0%-16.7% 7.5% 4.0%-12.8% 0.79 0.64-0.98 0.032 

Proportion of THRs on people <55 years 

old? 

5.3% 0.0%-10.1% 9.0% 5.2%-12.0% 1.16 1.01-1.32 0.033 

Proportion of female patients 61.5% 57.3%-66.7% 62.0% 57.4%-64.5% 0.87 0.77-0.98 0.024 

Proportion of primary operations 

privately funded (median centered) 4 

0.0% 0.0%-10.3% 12.6% 2.3%-24.8% 1.00 0.94-1.06 0.960 

 

1 – Since controls may contribute to >1 outlier period the descriptive statistics for controls have been averaged over all eligible outlier periods 

2 – Odds ratios, 95% confidence intervals and p-values are from conditional logistic regression models adjusted for all exposure variables 



 

 

3 – Odds ratios per additional 10 patients 

4 – Odds ratios per additional 10 percent 

  



 

 

Table S7: Sensitivity analysis 1D: A description of the surgical practice over 60 months of never (controls) and ever (cases) revision outliers 

for knee replacements, and results from multivariable adjusted conditional logistic regression models of being a revision outlier 

 Control1  Case  OR2 (95% CI) p 

 N=2,600  n=105     

Volume of KRs (median + IQR) 84 22-206 213 109-369 1.01 1.00-1.02 0.144 

Proportion of KRs to other joints 52.9% 40.7%-68.9% 56.9% 46.1%-86.1% 1.03 0.96-1.10 0.482 

Number of knee implants used (median + IQR) 3 2-5 5 3-8 1.18 1.11-1.26 <0.001 

Proportion of new knee implants        

<10% <5 yrs old (ref) 1,932 74.3% 53 40.5% 1 - - 

≥10% <5 yrs old 668 25.7% 52 49.5% 1.65 0.98-2.77 0.058 

Proportion obese class II/III 20.8% 13.7%-27.3% 20.8% 15.7%-26.4% 1.04 0.91-1.20 0.537 

Proportion ASA grade ≥III 15.4% 9.0%-22.3% 14.4% 9.3%-19.8% 1.05 0.88-1.25 0.593 

Proportion of primary operations for 

other indications (median centered) 4 

2.0% 0.0%-4.4% 2.0% 0.9%-4.4% 0.71 0.33-1.51 0.370 

Proportion of KRs on people <55 years 

old? 

4.5% 0.8%-7.9% 7.9% 4.5%-11.7% 1.13 0.93-1.38 0.230 

Proportion of female patients 56.9% 52.6%-61.8% 56.8% 53.1%-60.6% 0.93 0.77-1.14 0.489 

Proportion of primary operations 

privately funded (median centered) 4 

0.8% 0.0%-8.0% 7.8% 0.5%-21.7% 1.10 1.00-1.20 0.043 

1 – Since controls may contribute to >1 outlier period the descriptive statistics for controls have been averaged over all eligible outlier periods 

2 – Odds ratios, 95% confidence intervals and p-values are from conditional logistic regression models adjusted for all exposure variables 

3 – Odds ratios per additional 10 patients 



 

 

 4 – Odds ratios per additional 10 percent 

 

 

 

  



 

 

Table S8: Sensitivity analysis 2: A description of the surgical practice over 12 months of never (controls) and ever (cases) revision outliers 

for knee replacements including indicators for performing partial knee replacements, and results from multivariable adjusted conditional logistic 

regression models of being a revision outlier 

 Control1  Case  OR2 (95% CI) p 

 N=2,505  n=83     

Proportion of Unicompartmental KRs 0.0% 0.0%-2.8% 4.1% 0.0%-20.0% 1.20 1.12-1.29 <0.001 

Proportion of Patellofemoral KRs 0.0% 0.0%-0.0% 0.0% 0.0%-1.5% 1.26 0.75-2.11 0.392 

Volume of KRs (median + IQR) 24 7-52 47 28-92 1.03 0.98-1.08 0.316 

Proportion of KRs to other joints 54.4% 41.1%-75.0% 58.5% 46.2%-90.7% 1.00 0.92-1.08 0.903 

Number of knee implants used (median + IQR) 2 1-3 3 2-5 1.30 1.11-1.51 0.001 

Proportion of new knee implants        

<10% <5 yrs old (ref) 2,266 90.5% 68 81.9% 1 - - 

≥10% <5 yrs old 239 9.5% 15 18.1% 1.35 0.68-2.67 0.392 

Proportion obese class II/III 20.2% 12.1%-26.9% 21.7% 12.5%-30.8% 1.06 0.67-1.15 0.221 

Proportion ASA grade ≥III 14.8% 7.1%-22.1% 15.6% 9.1%-21.4% 1.03 0.93-1.14 0.264 

Proportion of primary operations for 

other indications (median centered) 4 

0.0% 0.0%-3.3% 1.9% 0.0%-4.0% 1.00 0.69-1.47 0.980 

Proportion of KRs on people <55 years 

old? 

3.6% 0.0%-7.6% 6.7% 2.9%-12.0% 0.85 0.69-1.06 0.156 

Proportion of female patients 56.9% 52.1%-62.3% 56.7% 50.0%-63.0% 0.99 0.89-1.09 0.779 

Proportion of primary operations 

privately funded (median centered) 4 

0.0% 0.0%-6.9% 9.8% 0.0%-30.0% 1.16 1.06-1.27 0.001 



 

 

1 – Since controls may contribute to >1 outlier period the descriptive statistics for controls have been averaged over all eligible outlier periods 

2 – Odds ratios, 95% confidence intervals and p-values are from conditional logistic regression models adjusted for all exposure variables 

3 – Odds ratios per additional 10 patients 

 4 – Odds ratios per additional 10 percent 



 

 

Table S9: Sensitivity analysis 3A – exclusion of low volume cases: Results from multivariable 

adjusted conditional logistic regression models of being a total hip replacement revision outlier 

 OR2 (95% CI) p 

    

Volume of THRs (median + IQR) 1.02 0.99-1.06 0.187 

Proportion of THRs to other joints 1.08 0.98-1.19 0.102 

Number of hip implants used (median + IQR) 1.10 1.04-1.16 0.002 

Proportion of new hip implants    

<10% <5 yrs old (ref) 1 - - 

≥10% <5 yrs old 1.30 0.75-2.27 0.348 

Proportion obese class II/III 0.96 0.81-1.13 0.593 

Proportion ASA grade ≥III 0.99 0.86-1.14 0.876 

Proportion of primary operations for other 

indications (median centered) 4 

0.73 0.54-0.99 0.041 

Proportion of THRs on people <55 years old? 1.41 1.14-1.75 0.002 

Proportion of female patients 1.30 1.06-1.59 0.011 

Proportion of primary operations privately funded 

(median centered) 4 

0.99 0.92-1.06 0.748 

 

  



 

 

Table S10: Sensitivity analysis 3B – exclusion of low volume cases: Results from multivariable 

adjusted conditional logistic regression models of being a knee replacement revision outlier 

 OR2 (95% CI) p 

    

Volume of KRs (median + IQR) 1.01 0.96-1.06 0.714 

Proportion of KRs to other joints 0.99 0.90-1.10 0.905 

Number of knee implants used (median + IQR) 1.31 1.13-1.52 <0.001 

Proportion of new knee implants    

<10% <5 yrs old (ref) 1 - - 

≥10% <5 yrs old 1.30 0.67-2.52 0.446 

Proportion obese class II/III 1.05 0.93-1.19 0.407 

Proportion ASA grade ≥III 1.04 0.89-1.22 0.589 

Proportion of primary operations for 

other indications (median centered) 4 

0.64 0.25-1.66 0.360 

Proportion of KRs on people <55 years 

old? 

1.13 0.78-1.63 0.532 

Proportion of female patients 0.90 0.68-1.20 0.477 

Proportion of primary operations 

privately funded (median centered) 4 

1.20 1.08-1.33 0.001 

 

  



 

 

Table S11: Sensitivity analysis 4A – outlier periods 2011 onwards: A description of the surgical 

practice over 12 months of never (controls) and ever (cases) revision outliers for total hip replacements, 

and results from multivariable adjusted conditional logistic regression models of being a revision outlier 

 OR2 (95% CI) p 

    

Volume of THRs (median + IQR) 1.01 0.95-1.06 0.839 

Proportion of THRs to other joints 1.12 0.98-1.28 0.105 

Number of hip implants used (median + IQR) 1.13 1.04-1.22 0.003 

Proportion of new hip implants    

<10% <5 yrs old (ref) 1 - - 

≥10% <5 yrs old 1.90 1.05-3.44 0.034 

Proportion obese class II/III 0.97 0.77-1.21 0.765 

Proportion ASA grade ≥III 0.95 0.75-1.19 0.641 

Proportion of primary operations for 

other indications (median centered) 4 

0.71 0.52-0.97 0.034 

Proportion of THRs on people <55 years 

old? 

1.18 0.96-1.46 0.110 

Proportion of female patients 1.14 0.93-1.39 0.211 

Proportion of primary operations 

privately funded (median centered) 4 

0.98 0.85-1.12 0.767 

 

1 – Since controls may contribute to >1 outlier period the descriptive statistics for controls have been 

averaged over all eligible outlier periods 

2 – Odds ratios, 95% confidence intervals and p-values are from conditional logistic regression models 

adjusted for all exposure variables 

3 – Odds ratios per additional 10 patients 

4 – Odds ratios per additional 10 percent 

  



 

 

Table S12: Sensitivity analysis 4B – outlier periods 2011 onwards: A description of the surgical 

practice over 12 months of never (controls) and ever (cases) revision outliers for knee replacements, and 

results from multivariable adjusted conditional logistic regression models of being a revision outlier 

 OR2 (95% CI) p 

    

Volume of KRs (median + IQR) 1.02 0.96-1.09 0.460 

Proportion of KRs to other joints 0.99 0.90-1.08 0.821 

Number of knee implants used (median + IQR) 1.36 1.12-1.64 0.001 

Proportion of new knee implants    

<10% <5 yrs old (ref) 1 - - 

≥10% <5 yrs old 1.55 0.65-3.66 0.320 

Proportion obese class II/III 1.04 0.90-1.19 0.629 

Proportion ASA grade ≥III 1.09 1.00-1.19 0.061 

Proportion of primary operations for 

other indications (median centered) 4 

0.94 0.57-1.53 0.794 

Proportion of KRs on people <55 years 

old? 

0.82 0.54-1.25 0.357 

Proportion of female patients 1.01 0.86-1.18 0.944 

Proportion of primary operations 

privately funded (median centered) 4 

1.10 0.97-1.24 0.125 

1 – Since controls may contribute to >1 outlier period the descriptive statistics for controls have been 

averaged over all eligible outlier periods 

2 – Odds ratios, 95% confidence intervals and p-values are from conditional logistic regression models 

adjusted for all exposure variables 

3 – Odds ratios per additional 10 patients 

 4 – Odds ratios per additional 10 percent 

 

  



 

 

Table S13: Sensitivity analysis 5A – intermediate adjustment: A description of the surgical practice 

over 12 months of never (controls) and ever (cases) revision outliers for total hip replacements, and 

results from multivariable adjusted conditional logistic regression models of being a revision outlier 

 OR2 (95% CI) p 

    

Proportion of THRs to other joints 1.13 1.05-1.20 <0.001 

Number of hip implants used (median + IQR) 1.14 1.10-1.18 <0.001 

Proportion of new hip implants    

<10% <5 yrs old (ref) 1 - - 

≥10% <5 yrs old 1.35 0.76-2.39 0.306 

Proportion obese class II/III 0.96 0.87-1.07 0.501 

Proportion of primary operations 

privately funded (median centered) 4 

1.02 0.96-1.08 0.583 

 

1 – Since controls may contribute to >1 outlier period the descriptive statistics for controls have been 

averaged over all eligible outlier periods 

2 – Odds ratios, 95% confidence intervals and p-values are from conditional logistic regression models 

adjusted for all exposure variables 

3 – Odds ratios per additional 10 patients 

4 – Odds ratios per additional 10 percent 

  



 

 

Table S14: Sensitivity analysis 5B – intermediate adjustment: A description of the surgical practice 

over 12 months of never (controls) and ever (cases) revision outliers for knee replacements, and results 

from multivariable adjusted conditional logistic regression models of being a revision outlier 

 OR2 (95% CI) p 

    

Proportion of KRs to other joints 1.02 0.94-1.10 0.653 

Number of hip implants used (median + IQR) 1.37 1.22-1.55 <0.001 

Proportion of new hip implants    

<10% <5 yrs old (ref) 1 - - 

≥10% <5 yrs old 1.26 0.63-2.50 0.517 

Proportion obese class II/III 1.05 0.97-1.14 0.256 

Proportion of primary operations 

privately funded (median centered) 4 

1.18 1.08-1.29 <0.001 

 

1 – Since controls may contribute to >1 outlier period the descriptive statistics for controls have been 

averaged over all eligible outlier periods 

2 – Odds ratios, 95% confidence intervals and p-values are from conditional logistic regression models 

adjusted for all exposure variables 

3 – Odds ratios per additional 10 patients 

 4 – Odds ratios per additional 10 percent 

 

 


