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Abstract: Background:  To determine unicompartmental (UKR) and total knee replacement
(TKR) revision rates, compare UKR revision rates with what they would have been had
they received TKR instead, subsequent re-revision and 90-day mortality rates.
Methods:  Using National Joint Registry data, we estimated UKR and TKR revision and
mortality rates. Flexible Parametric Survival modelling (FPM) was used to model failure
in TKR and make estimates for UKR. Kaplan-Meier estimates were used to compare
cumulative re-revision for revised UKRs and TKRs.
Results:  10-year UKR revision rates were 2.5-times higher than expected from TKR,
equivalent to 70 excess revisions/1,000 cases within 10-years (5,861 excess revisions
in this cohort). Revision rates were 2.5 times higher for the highest quartile volume
UKR surgeons compared to the same quartile for TKR, and 3.9 times higher for the
lowest quartiles respectively. Re-revision rates of revised TKRs (10-years=17.5%;
95%CI=16.4,18.7) were similar to revised UKRs (15.2%; 95%CI=13.4,17.1) and higher
than revision rates following primary TKR (3.3%, 95%CI=3.1,3.5). 90-day mortality
rates were lower after UKR compared with TKR (0.08% vs. 0.33%) and lower than
predicted had UKR patients received a TKR (0.18%), equivalent to 1 fewer death per
1,000 cases.
Conclusions:  UKR revision rates were substantially higher than TKR even when
demographics and caseload differences were accounted for, however fewer deaths
occur after UKR. This should be considered when forming treatment guidelines and
commissioning services. Re-revision rates were similar between revised UKRs and
TKRs, but considerably higher than for primary TKR, therefore UKR cannot be
considered an intermediate procedure.
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Patients Receiving A Primary Unicompartmental Knee Replacement Have A 1 

Higher Risk Of Revision But A Lower Risk Of Mortality Than Predicted Had 2 

They Received A Total Knee Replacement: Data From The National Joint 3 

Registry for England, Wales, Northern Ireland and the Isle of Man 4 

 5 

Abstract 6 

Background: To determine unicompartmental (UKR) and total knee replacement (TKR) 7 

revision rates, compare UKR revision rates with what they would have been had they 8 

received TKR instead, subsequent re-revision and 90-day mortality rates. 9 

 10 

Methods: Using National Joint Registry data, we estimated UKR and TKR revision and 11 

mortality rates. Flexible Parametric Survival modelling (FPM) was used to model failure in 12 

TKR and make estimates for UKR. Kaplan-Meier estimates were used to compare cumulative 13 

re-revision for revised UKRs and TKRs. 14 

 15 

Results: 10-year UKR revision rates were 2.5-times higher than expected from TKR, 16 

equivalent to 70 excess revisions/1,000 cases within 10-years (5,861 excess revisions in this 17 

cohort). Revision rates were 2.5 times higher for the highest quartile volume UKR surgeons 18 

compared to the same quartile for TKR, and 3.9 times higher for the lowest quartiles 19 

respectively. Re-revision rates of revised TKRs (10-years=17.5%; 95%CI=16.4,18.7) were 20 

similar to revised UKRs (15.2%; 95%CI=13.4,17.1) and higher than revision rates following 21 

primary TKR (3.3%, 95%CI=3.1,3.5). 90-day mortality rates were lower after UKR compared 22 

with TKR (0.08% vs. 0.33%) and lower than predicted had UKR patients received a TKR 23 

(0.18%), equivalent to 1 fewer death per 1,000 cases. 24 
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 25 

Conclusions: UKR revision rates were substantially higher than TKR even when 26 

demographics and caseload differences were accounted for, however fewer deaths occur 27 

after UKR. This should be considered when forming treatment guidelines and 28 

commissioning services. Re-revision rates were similar between revised UKRs and TKRs, but 29 

considerably higher than for primary TKR, therefore UKR cannot be considered an 30 

intermediate procedure. 31 

 32 

Key words:  33 

outcomes; mortality; revision rates; total knee replacement; unicompartmental knee   34 
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INTRODUCTION 35 

Knee replacement is a clinically effective intervention for end-stage knee osteoarthritis. 36 

Unicompartmental knee replacement (UKR) is an alternative to total (TKR); up to 50% of 37 

patients may be considered eligible.1 Although not all patients eligible for TKR would be for 38 

UKR, all patients who are suitable for UKR could receive TKR. 39 

 40 

Earlier randomised controlled trials (RCTs) suggested UKR provided better postoperative 41 

function with fewer complications, but was associated with more revisions up to five years, 42 

but no difference in the longer-term.2,3 The largest recent RCT concluded that interventions 43 

have similar clinical outcomes at 5-years.4 Observational studies have shown an increased 44 

risk of revision for UKR,5,6 lower risk of mortality,7,8 with either slightly improved9 or 45 

equivalent10,11 patient reported outcomes. Little is known about the comparative risk of re-46 

revision.12 47 

 48 

The study aims were to: (1) determine comparative revision rates, (2) estimate what the 49 

revision rates would have been for UKR patients had they received a TKR, estimating any 50 

excess revisions, (3) determine the re-revision rates for failed primary UKR and TKR and (4) 51 

determine the 90-day mortality rates. To facilitate aim (2), we sought a prediction model for 52 

outcome in TKRs, from predictors related to outcome (e.g. age and gender) that were 53 

distributed differently in UKRs, and used the derived model to predict outcome in UKR.  54 
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PATIENTS AND METHODS 55 

Data Source and Population 56 

We analysed prospectively collected observational data from the National Joint Registry on 57 

all primary knee replacements. Data entered between 1st April 2003 and 31st December 58 

2016 was considered (n=975,739).5 Unique patient identifiers were used to link primary to 59 

revision procedure (implant added, removed or exchanged) and date of death where 60 

relevant (Personal Demographics Service).  61 

 62 

Exclusions were uncertain knee type (n=45), indication other than osteoarthritis (n=37,388), 63 

and patellofemoral replacement (n=11,764). For age or gender analyses, those with 64 

missing/non-verifiable values were excluded. American Society of Anaesthesiologists (ASA) 65 

grade was known for all cases. Later analyses involving body mass index (BMI) excluded 66 

those with BMI <10 or >60kg/m2, regarded as probably inaccurate.7 67 

 68 

The primary exposure was UKR or TKR and the primary outcome was revision surgery of the 69 

primary. Secondary outcomes were mortality, estimates of the number of excess revisions, 70 

and re-revision rates. 71 

 72 

Statistical Methods 73 

A 90% random sample of primary TKRs was identified as a ‘training set’ and used to derive a 74 

prediction model for the cumulative risk of revision, based on age, gender, ASA grade and 75 

year of primary (see below).13 The model was used to make predictions for the UKRs and 76 

validated with the remaining 10% (‘test set’) of TKRs. 77 
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 78 

We used survival analysis to derive a prediction model in the training set for the time to first 79 

revision, censoring at 31st December 2016, or death. We used Flexible Parametric Survival 80 

Models (FPMs),14,15 as implemented in Stata.16 These can accommodate predictor variable 81 

time-varying effects, assessed using likelihood ratio tests and examination of the Akaike and 82 

Bayesian information criteria. Predictor variables were: (a) male gender, (b) age at primary, 83 

(c) ASA grade [P1; P2; P3; P4-5], (d) year of primary and, where available (e) BMI class 84 

[‘underweight’ <19kg/m2; ‘normal’ 19-25kg/m2; ‘overweight’ 26-30kg/m2; 85 

‘obese’ >30kg/m2].  86 

 87 

For mortality, FPM was used to model time to death, censoring at 90 days or 31st December 88 

2016, excluding bilateral simultaneous procedures. The same predictors were used, and 89 

exploratory analyses conducted including quintiles of area deprivation (IMD for recipients 90 

with linkable HES records),17 as close as possible to the date of the primary, and BMI class.  91 
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RESULTS 92 

 93 

After exclusions, there were 926,542 cases; 83,746 (9.0%) were primary UKRs and 842,796 94 

(91.0%) primary TKRs. The 90% ‘training set’ included 758,516 TKRs, and the ‘test set’ 95 

84,280 TKRs. 96 

 97 

Six of the 926,542 cases had missing age, 164 unverifiable age and 2 uncertain gender. 98 

These were excluded from age and gender analyses respectively. BMI was known/in range 99 

for 542,630 (59%; 0.5% of BMIs were ‘out of range’). BMI was not recorded in the early 100 

years of registry but became progressively more complete with time. 101 

 102 

Patients undergoing UKR tended to be younger, a higher proportion were male (Table 1), 103 

and were less likely to be obese; factors shown to influence the risk of revision.18,19 104 

Cemented TKR implants were more common amongst older patients and slightly more 105 

common in females (Table 2). Of the UKRs, 32.7% (n=27,403) were fixed bearing designs and 106 

66.3% (n=55,480) were mobile bearings, bearing mobility was not known in 1.0% of UKRs. 107 

 108 

Univariable analysis revealed clear relationships with ASA grade (Supplementary Figure i), 109 

BMI (Supplementary Figure ii) and year of implantation (Supplementary Figure iii) as 110 

expected. Higher risk of revision was seen in lower ASA grades (reflecting increased life 111 

expectancy in these groups and the healthy patient selection effect) and higher BMI classes. 112 

The cumulative risk of revision increased until 2008 and then declined. 113 

 114 

Predictive model for cumulative risk of revision 115 
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A prediction model for cumulative revision risk was developed in the 90% ‘training sample’ 116 

of TKRs using gender, age, ASA and year of the primary (n=758,376 with complete 117 

information); details of modelling steps are given in the “Supplementary Information” 118 

section. The model was used to make out-of-sample predictions for the ‘test’ set of TKRs, 119 

UKRs and the predictions were compared to the respective, observed cumulative revision 120 

rates (Kaplan-Meier estimates, with pointwise 95% confidence intervals (CIs))  (Figure 1, 121 

Table 3).   122 

 123 

If the patients who received UKR had instead received a TKR, we would have expected their 124 

cumulative revision risk to be higher than for the cases that received a TKR, reflecting their 125 

younger age and higher proportion of males. The ‘dashed’ lines (predicted results) illustrate 126 

this. The ‘solid lines’ in Figure 1 are the observed rates, which for the TKR ‘test’ set were 127 

close to the predicted rates, thus validating the model. For the UKRs, however, the observed 128 

rates were substantially higher than  predicted had they received a TKR instead (at 10-years: 129 

11.4% vs. 4.4%, Table 3). For every 100 UKRs performed, we estimated 7 extra revisions 130 

within 10 years compared to what would have occurred if they had received a TKR, equating 131 

to 5,861 excess revisions in our cohort. 132 

 133 

A sensitivity analysis performed with the inclusion of available BMI class as a predictor in the 134 

training set (n=441,991) did not significantly change the results of the analysis 135 

(Supplementary Figure vi, vii, Supplementary Table i). 136 

 137 

Effect of caseload 138 
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Different surgeon caseloads for TKRs and UKRs may impact outcome. To compare caseload 139 

between TKR and UKR we divided each group into quartiles based on the number of primary 140 

knee replacements of that type that the consultant surgeon in charge had performed during 141 

the previous 12-months.  142 

 143 

Within both the TKR and UKR groups, revision rates were significantly lower with higher 144 

caseload (Table 4; logrank tests: P<0.001 for both). Within corresponding quartiles, however, 145 

the revision rates were always higher with UKR than with TKR, ranging from 2.5 times higher 146 

revision rates for UKR compared to TKR in the highest caseload volume quartiles, to 3.9 147 

times higher in the lowest caseload volume quartiles. The 10-year revision rate for the 148 

highest volume UKR surgeons (performing 100 to 440 UKRs annually) was 2.1 times higher 149 

than the lowest volume TKR surgeons (performing up to 36 TKRs annually) (7.6% vs. 3.6%). 150 

Furthermore, returning to our prediction model, the UKRs performed by the highest volume 151 

surgeons (100-440) still did worse than would have been predicted from the training set of 152 

(all) TKRs (7.6% compared with 4.1% predicted).  153 

 154 

Risk of re-revision following revision of primary TKR or UKR 155 

The number of re-revisions following revision of a primary TKR (n=842,796) and UKR 156 

(n=83,746) were explored. There were 16,782 TKR revisions, with 1,701 re-revised and 157 

5,383 UKR revisions, with 476 re-revised. 158 

 159 

We analysed the rates of revision in the ‘test’ set (n=84,280) TKRs, described above, 160 

compared to the rates of re-revision for revised TKRs and UKRs. The prediction model for 161 

(first) revision derived from the TKR training set using age, gender and year of (primary) 162 
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operation (n=758,376 with complete information) was reapplied to the ‘test’ set (84,267 163 

cases with complete information) and then applied to both revised TKRs and revised UKRs 164 

to estimate what the re-revision rates would have been had the processes been the same. 165 

Updated values of age, ASA grade and year of operation were used for the ‘prediction’.   166 

The predicted revision rates were compared to those actually observed (Kaplan-Meier) 167 

(Figure 2 and Table 5). The rates of re-revision for the revised cases were higher than they 168 

were for the primary TKR cases. Re-revision rates of revised TKRs (17.5% at 10-years; 169 

95%CI=16.4,18.7) were similar to revised UKRs (15.2%; 95%CI=13.4,17.1). Both were much 170 

higher compared with revision rates following primary TKR (3.3%, 95%CI=3.1,3.5). Sensitivity 171 

analysis were performed with the addition of BMI class to the model (Supplementary Figure 172 

vii) and restricting to single stage revisions (results not shown), neither changed the results. 173 

 174 

Mortality 175 

This analysis excluded bilateral procedures (14,038 or 1.7% TKRs; 5,047 or 6.0% UKRs). 176 

Univariate analysis of the remainder confirmed lower cumulative mortality up to 90 days for 177 

the 78,699 UKRs than the 828,758 TKRs  (Figure 3;  logrank, P<0.001).   178 

 179 

A prediction model developed from the TKR training set (n=745,803) using gender, age, ASA 180 

and year of primary (“Supplementary Information” section) predicted 90-day mortality well 181 

in the remaining 82,805 ‘test set’ of TKRs (actual rate of 0.33% (95%CI=0.29,0.37) vs. 0.32% 182 

predicted) whereas that predicted for the 78,681 UKRs was much higher (actual 0.08% 183 

(95%CI=0.06,0.11) vs. 0.18% predicted had they received a TKR). Thus if the 78,681 UKRs 184 

had had a TKR instead and selection is fully accounted for,17 we might have expected 78 185 
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excess 90-day deaths (142 rather than the observed 64). Results were similar with area of 186 

deprivation and BMI class added to the model (results not shown).  187 
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DISCUSSION 188 

Revision rates for UKR patients were substantially higher than predicted if patients had 189 

undergone TKR, equating to 70 excess revisions per 1,000 cases by 10-years, despite 190 

consideration of different patient demographics and surgeon caseload, however fewer 191 

deaths occurred after UKR, equating to 1 fewer death per 1,000 cases. Rates of re-revision 192 

were similar for revised UKRs and revised TKRs, both of which were much higher than the 193 

risk of revision following primary TKR. 194 

 195 

UKR and TKR are widely used contemporary alternatives for treating knee osteoarthritis. 196 

Whilst not every patient that receives a TKR would be suitable for a UKR, every patient 197 

receiving a UKR could have undergone TKR instead. Our results support observational data 198 

that the revision rate is between two- and three-times higher for UKR than TKR.5,8,20 There 199 

are differences between patients receiving UKR and TKR that influence the risk of revision 200 

(e.g. age and gender),18 hence crude comparison of revision rates is not justified. When 201 

these variables were accounted for, the increased risk of revision for UKR (by 2.5-times) 202 

persisted. Our data suggest that if all patients had received TKR instead of UKR, 203 

approximately 5,861 excess revisions could have been avoided. This represents a substantial 204 

healthcare burden given revisions are costly (£15,900/case),21 technically challenging, with a 205 

substantial risk of morbidity and less predictable PROMs.22 The recently reported TOPKAT 206 

trial found similar revision rates for UKR and TKR at 5-years, around 4%,4 which is higher 207 

than the 10-year revision rates observed for TKR in even the lowest volume quartile 208 

surgeons in our analysis. This may be due to the TOPKAT trial not being powered to detect a 209 

difference in revision rates, the expertise based selection of surgeons to the trial or it may 210 

be that patients with isolated medial compartment OA that undergo TKR are at higher risk 211 
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of revision than those with more widespread disease, although we do not have a biologically 212 

plausible explanation for this. 213 

 214 

Previous work shows that increasing caseload is associated with lower revision rates 215 

following primary UKR, and to a lesser degree following primary TKR,23 leading to 216 

recommendations that surgeons should increase UKR caseload to improve outcomes.24 Our 217 

findings also show increasing caseload was associated with lower revision rates following 218 

both primary UKR and primary TKR, however, the revision rate was always significantly 219 

higher with UKR compared with TKR for the respective quartile of caseload; ranging from 220 

3.9 times higher with UKR in the lowest quartile, to 2.5 times higher in the highest quartile. 221 

The 10-year revision rate for the highest volume UKR surgeons was more than twice that of 222 

the lowest volume TKR surgeons. The effect of an individual surgeon changing their 223 

caseload is unknown, therefore we have concerns with encouraging surgeons to increase 224 

their UKR caseload, when for most surgeons their UKR revision rate is likely to be higher 225 

than for TKRs. 226 

 227 

There are proposed potential benefits for UKR; the procedure is quicker, is less invasive, the 228 

inpatient stay is shorter,8,25 the mortality is lower7,8 and it is proposed that PROMs may be 229 

better,10 associated health costs lower26 and that a UKR can be revised to a TKR that will 230 

then perform the same as a primary TKR,27 hence UKR having a potential role as an 231 

intermediate procedure. We did observe lower short-term mortality rates with UKR 232 

compared with TKR, which agrees with previous observations.7,8 The observed mortality for 233 

patients receiving a UKR, being lower than that predicted had they received a TKR, may 234 
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suggest unaccounted selection bias for these procedures, with a different baseline mortality 235 

risk profile.17 236 

 237 

Differences in PROMs between UKR and TKR are not consistent in the literature. Evidence 238 

synthesis has shown small, non-significant, differences in PROMs,3 with analysis of NJR 239 

PROMs data showing statistically significant differences in outcomes that are below the 240 

minimal clinically important difference (MCID).10 Early RCT data showed improved short-241 

term PROMs in UKR,9 but the largest and best designed RCT (TOPKAT) recently observed no 242 

difference in 5-year PROMs.4 243 

 244 

There is variance in reported re-revision outcomes. Some suggest the UKR re-revision rate is 245 

consistent with the revision rate of primary TKR,27 however a recent study of the Danish 246 

Registry showed similar re-revision for revised UKRs and TKRs but a three-fold higher risk of 247 

revision for a UKR converted to TKR compared to a primary TKR.12 Evidence synthesis shows 248 

that revision of UKR compared to primary TKR has longer operation times, involves more 249 

complex operations, higher revision rates and worse clinical outcomes.28 Our outcomes are 250 

generally consistent with these observations. The data generated by a combination of 251 

evidence synthesis and large comprehensive registry analysis is subject to less bias than 252 

single-centre case series, therefore revision of UKR should be considered to be similar to 253 

revision of TKR, and not primary TKR. 254 

 255 

9% of the cases in our analysis were UKRs, consistent with the current rates reported in the 256 

NJR.5 Our patients are similar in age, diagnosis, BMI and gender to most registries and the 257 

implants used are similar, our results are thus likely to be generalizable. Comparing crude 258 
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UKR and TKR failure rates would not be valid due to variation in age and gender, which are 259 

on the causal pathway of failure of knee replacement. The NJR represents the largest joint 260 

registry in the world and provides contemporary, real world evidence of outcomes following 261 

joint replacement. Data capture rates are over 95%.5 Other strengths of this study include 262 

long-term follow-up and the utilization of advanced modelling that can address the variation 263 

between groups. Our model is validated by its accurate prediction of the actual failure in the 264 

TKR test set and thus the UKR predictions are likely to be correct. 265 

 266 

Using observational data means causality cannot be determined. Revision rates can be 267 

underestimated in the NJR, although there is no reason to suspect any underreporting 268 

would differ between the groups. PROMs were not assessed, nor were non-revision 269 

procedures (i.e. wound washouts and fracture fixation), or complications not requiring 270 

further surgery (i.e. conservatively treated fractures or infections), which are all important 271 

to consider when comparing results between treatments. 272 

 273 

In conclusion UKR revision rates were substantially higher than TKR irrespective of patient 274 

demographics and surgical caseload, although UKRs had a lower mortality. Re-revision rates 275 

were similar between revised UKRs and TKRs, and considerably higher than primary TKR 276 

revision rates, we therefore recommend that UKR cannot be considered an intermediate 277 

procedure. The risk of both revision and re-revision following a UKR, as well as the potential 278 

advantages of UKR, need to be fully considered when clinical decisions are made by patients 279 

and surgeons, when clinical guidelines are produced, and when commissioning decisions are 280 

made. 281 

  282 
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Figure legends 374 

 375 

Figure 1: Comparison between actual (Kaplan-Meier, with pointwise 95%CIs) and model 376 

predicted cumulative % revision for the ‘test’ set of TKRs (n=84,267) and UKRs (n=83,727). 377 

 378 

Figure 2: Comparison between actual (Kaplan-Meier, with pointwise 95%CIs) and model 379 

predicted cumulative revision for the ‘test’ set of primary TKRs (n=84,267) compared to 380 

revised TKRs (n=16,782) and revised UKRs (n=5,383). 381 

 382 

Figure 3: Cumulative % mortality up to 90 days for unilateral primary TKRs (n=828,758) and  383 

UKRs (n=78,699)  384 
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Supplementary figure legends 385 

Supplementary Figure i: Estimated cumulative percentage probability of revision (Kaplan-386 

Meier) by ASA grade for primary TKR plus UKR 387 

 388 

Supplementary Figure ii: Estimated cumulative percentage probability of revision (Kaplan-389 

Meier) by BMI class for primary TKR plus UKR 390 

 391 

Supplementary Figure iii: Estimated cumulative percentage probability of revision (Kaplan-392 

Meier) by year of primary operation for primary TKR plus UKR 393 

 394 

Supplementary Figure iv: Smoothed estimates of the hazard rates of revision by time from 395 

primary TKR operation (years) for males and females aged <55, 55-64, 65-74, 75+ years at 396 

primary operation (note: estimates at the right hand side of these curves are less likely to 397 

reliable as fewer patients remained at risk). 398 

A. Males 399 

B. Females 400 

 401 

Supplementary Figure v: Fit of the FPM using gender and age in the ‘training’ set of total 402 

knee replacements 403 

A. Model estimated hazard rates (left hand side) and cumulative revision (right hand 404 

side) for males and females aged 60, 70 and 80 years at primary 405 

B. Comparison between the model estimated survival and observed survival (Kaplan-406 

Meier estimates) for males and females aged <55, 55-64, 65-74, 75+ years at primary. 407 
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Model estimated values are shown as respective black lines (short dashed, medium 408 

dashed, long dashed and solid lines) 409 

 410 

Supplementary Figure vi: Sensitivity analysis of model-predicted cumulative percentage 411 

revision for the ‘test’ set of TKRs (n=48,922) and UKRs (n=51,605) where age, gender and 412 

BMI group at primary operation is known. 413 

 414 

Supplementary Figure vii: Sensitivity analysis of comparison between actual and model 415 

predicted cumulative percentage revision for the ‘test’ set of TKRs (n=48,922) and UKRs 416 

(n=51,605) where age, gender and BMI group at primary operation is known. 417 
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Table 1: Age, gender, ASA grade and BMI class of primary TKR and UKR patients 

 All Training set Test set 

Total number 

Total knee replacement 842,796 758,516 84,280 

Unicompartmental knee 

replacement 

83,746   

Median age (IQR) 

[n] 

Total knee replacement 
70 (64-76) 

[842,644] 

70 (64-76) 

[758,377] 

70 (64-76) 

[84,267] 

Unicompartmental knee 

replacement 

64 (57-70) 

[83,728] 

  

Male gender % 

[n] 

Total knee replacement 
42.9% 

[842,795] 

42.9% 

[758,515] 

42.8% 

[84,280] 

Unicompartmental knee 

replacement 

53.0% 

[83,745] 

  

ASA grade % [n] 

Total knee 

replacement 

P1 

P2 

P3 

P4/5 

11.4% [95,982] 

72.7% [612,476] 

15.6% [131,449] 

0.3% [2,889] 

11.4% [86,831] 

72.7% [551,223] 

15.6% [118,296] 

0.3% [2,616] 

11.4% [9,601] 

72.7% [61,253] 

15.6% [13,153] 

0.3% [273] 

Unicompartmental 

knee replacement 

P1 

P2 

P3 

P4/5 

22.9% [19,138] 

69.1% [57,871] 

7.9% [6,628] 

0.1% [109] 

  

BMI %a [n] 

Available data 

Total knee 

replacement 

Normal 

Underweight 

Overweight 

Obese 

15.2% [74,386] 

0.3% [1,228] 

37.2% [182,520] 

47.4% [232,876] 

15.2% [67,017] 

0.3% [1,109] 

37.2% [164,302] 

47.4% [209,652] 

15.1% [7,369] 

0.2% [119] 

37.2% [18,218] 

47.5% [23,224] 

Availableb 58.3% [491,010] 58.3% [442,080] 58.1% [48,930] 

Unicompartmental 

knee replacement 

Normal 

Underweight 

Overweight 

Obese 

17.1% [8,818] 

0.2% [89] 

41.2% [21,260] 

41.6% [21,453] 

  

Availableb 61.6% [51,620]   
a Percentages based on the total number in the subgroup for whom BMI available/between 10-

60kg/m2 

b Number of cases and percentage of the total for which BMI available/between 10-60kg/m2 

  

Tables 1-5
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Table 2: Fixation of TKRs by gender and grouped age at the time of the primary procedure 

 

 

  

Age  

(years) 

at 

primary 

Male Female 

 

n 

Fixation  

n 

Fixation 

% 

cemented 

% 

uncemented 

% 

hybrid 

% 

cemented 

% 

uncemented 

% 

hybrid 

<55 19,442 91.1% 7.3% 1.5% 26,777 93.1% 5.5% 1.3% 

55-64 85,053 92.7% 6.2% 1.1% 104,644 94.0% 4.9% 1.1% 

65-74 147,620  93.9% 5.1% 1.0% 184,812 95.0% 4.1% 0.9% 

75+ 109,359 94.6% 4.4% 1.0% 164,936 95.3% 3.8% 0.9% 



 

3 
 

Table 3: Actual cumulative revision rates for primary TKRs and UKRs compared to predicted rates 

if patients had received a primary TKR. 

 Actual cumulative % revision (Kaplan-Meier, with 95%CI) compared with  
estimated cumulative % revision derived from the ‘training’ set of 758,376* total knee 

replacements  
by years since primary 

1y 3y 5y 7y 10y 

Total knee 
replacement 

(‘test’ set; 
n=84,267*) 

0.4 (0.4,0.5) 
0.4 

1.6 (1.5,1.7) 
1.5 

2.2 (2.1,2.3) 
2.1 

 

2.6 (2.5,2.7) 
2.6 

 

3.3 (3.1,3.5) 
3.2 

 

Unicondylar 
knee 

replacement 
   (n=83,727*) 

1.1 (1.0,1.2) 
0.4 
 

4.1 (4.0,4.3) 
1.9 

6.2 (6.0,6.4) 
2.7 

 

8.2 (7.9,8.4) 
3.4 

 

11.4 (11.1,11.8) 
4.4 

 

 
* Number of cases available with complete information on the predictors   
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Table 4: Cumulative revision rates for primary TKRs and UKRs in relation to consultant caseload 

during the previous year (see text). 

 

  

TKR UKR  

 

Fold 

increase in 

10-year 

revision rate 

using UKR 

instead of 

TKR  

Number 

of TKRs 

in 

previous 

year 

Number 

of 

primary 

TKRs 

included 

Cumulative % 

revised  

at 10 years 

(Kaplan-Meier, 

95%CI)  

 

 

 Number 

 of UKRs 

in 

previous 

year 

Number of 

primary 

UKRs 

included 

Cumulative % 

revised  

at 10 years 

(Kaplan-Meier, 

95%CI)  

 

 

0-36 216,494 3.6 

(3.5,3.7) 

 0-8 22,991 14.2  

(13.6,14.8) 
3.9 fold 

37-63 208,143 3.4  

(3.3,3.5) 

 9-19 19,792 12.0  

(11.3,12.8) 
3.5 fold 

64-99 211,080 3.2  

(3.1,3.4) 

 20-41 20,406 9.7  

(9.0,10.4) 
3.0 fold 

100-440 207,079 3.1  

(3.0,3.3) 

 42-239 20,557 7.6  

(6.8,8.5) 
2.5 fold 
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Table 5:  Actual cumulative revision rates for primary TKRs, revised TKRs and revised UKRs 

compared to predicted rates if patients had received a primary TKR. 

 Actual cumulative % revision/re-revision (Kaplan-Meier, with 95%CI) compared with  
estimated cumulative % revision using the model derived from the ‘training’ set of 758,376* total 

knee replacements  
by years since operation 

1y 3y 5y 7y 10y 

Total knee replacement  
(‘test’ set; n=84,267*) 

0.4 (0.4,0.5) 
0.4 

1.6 (1.5,1.7) 
1.5 

2.2 (2.1,2.3) 
2.1 

2.6 (2.5,2.7) 
2.6 

3.3 (3.1,3.5) 
3.2 

Revised total knee 
replacements (n=16,782*) 

3.8 (3.6,4.2) 
0.4 

9.8 (9.3,10.3) 
1.6 

13.0 (12.4,13.6) 
2.2 

15.2 (14.5,16.0) 
2.8 

17.5 (16.4,18.7) 
3.5 

Revised unicondylar 
replacement (n=5,383*) 

2.7 (2.3,3.2) 
0.4 

8.0 (7.3,8.9) 
1.9 

10.9 (9.9,11.9) 
2.7 

12.7 (11.6,13.9) 
3.3 

15.2 (13.4,17.1) 
4.3 

 
* Number of cases available with complete information on the predictors 
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Appendix Table 1: Sensitivity analysis of actual cumulative revision rates compared to predicted 
rates if patients had received a primary TKR where age, gender and BMI group at primary 
operation is known. 
 

 Actual cumulative % revision (Kaplan-Meier, with 95%CI) for implants where BMI is 
known at primary operation compared with  

estimated cumulative % revision derived from the ‘training’ set of 441,991* total 
knee replacements 

by years since primary 

1y 3y 5y 7y 10y 

Total knee 
replacement 

(‘test’ set; 
n=48,922*) 

0·4 (0·4-0·5) 
0·4 

1·6 (1·5-1·8) 
1·5 

2·3 (2·1-2·4) 
2·1 

 

2·7 (2·5-2·9) 
2·5 

 

3·3 (3·0-3·7) 
3·0 

 

Unicondylar 
knee 

replacement 
(n=51,605*) 

1·0 (0·9-1·1) 
0·5 
 

3·8 (3·6-4·0) 
1·9 

5·6 (5·3-5·8) 
2·6 

 

7·3 (7·0-7·6) 
3·3 

 

10·2 (9·6-10·9) 
4·1 
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Development of a prediction model for cumulative revision from the 90% ‘training set’ of 

TKRs 

Plots of the smoothed, observed hazard rates suggested peak revision risks 1-2 years post-

primary, that declined, with a possible subsequent increase in younger patients although 

there was sparse data in these groups (Supplementary Figure iv). The peaks were higher and 

slightly later in younger patients, and slightly higher in men.  FPM could accommodate the 

above in developing a predictive model for cumulative revision.  

 

A series of exploratory analysis (not shown), using gender and age, suggested that a FPM 

model with 5 degrees of freedom (df), i.e. 4 ‘knots’, for the baseline hazard together with 

time-varying effects of male gender and age (each with df=5) gave the best fit 

(Supplementary Figure v). Increased ASA grade (modelled as 2 indicator variables) was 

significantly associated with increased revision risk, over and above gender and age 

(n=758,376); the effects were time varying and could be modelled with df=1.  

 

Year of primary was added to the model as a categorical ‘fixed’ effect. The coefficients for 

the year of primary (not shown) suggested revision rates increased from 2003 to 2008 and 

then decreased, confirming the univariate analysis pattern (Supplementary Figure iii) 

persisted amongst the TKRs, even allowing for temporal changes in gender, age and ASA 

grade (p<0.001 for differences between the years).  
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Adding BMI significantly improved the model (p=0.001) for the 441,991 ‘training set’ cases 

for which it was available. A time-varying effect was suggested but it was not statistically 

significant (p=0.056) and did not affect the results shown in the paper. 

 

Development of a prediction model for 90-day mortality from the 90% ‘training set’ of 

TKRs 

The prediction model developed from the TKR training set (n=745,803 unilateral TKRs) used 

df=4 for the baseline hazard and ‘fixed’ predictors of gender, age, ASA and year of primary. 

 


