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Abstract  23 

Background 24 

Computer navigation and patient specific instrumentation have been in use over the past two 25 

decades for total knee replacement (TKR) however their effects on implant survival and patient 26 

reported outcomes remain under debate. We aimed to investigate their influence on implant 27 

survival, Oxford Knee Score (OKS), health-related quality of life (EQ-5D-3L), intra-operative 28 

complications, and post-operative mortality across a real-world population, compared to 29 

conventional instrumentation. 30 

Methods 31 

Using National Joint Registry (NJR) data, an observational study including adult patients who 32 

underwent primary TKR for osteoarthritis between 2003 to 2020 was performed. The primary 33 

analyses were revision for all-causes and secondary analyses were differences in OKS and EQ-34 

5D-3L at six months post-operatively, and mortality within one year post-operatively. Weights 35 

based on propensity scores were generated accounting for several covariates. A Cox 36 

proportional hazards model was used to assess revision and mortality outcomes. Generalised 37 

linear models were used to evaluate differences in OKS and EQ-5D-3L. Effective sample sizes 38 

(ESS) were computed and represent the statistical power comparable to an unweighted sample. 39 

Results 40 

Compared to conventional instrumentation, the hazard ratio (HR) across the 17-year follow-up 41 

for all-cause revision following TKR performed using computer navigation and patient specific 42 

instruments were 0.937 (95%CI 0.860–1.021, p=0.136, ESS 91,607) and 0.960 (95%CI 0.735–43 

1.252, p=0.761, ESS 13,297), respectively. No differences were observed in OKS and EQ-5D-44 

3L between conventional and computer navigated (-0.134, 95%CI -0.331 to -0.063, p=0.183, 45 

ESS 29,135, and 0.000, 95%CI -0.005 to 0.005, p=0.929, ESS 28,396 respectively) and patient 46 



3 

 

specific instrumentation TKR (0.363, 95%CI -0.104 to 0.830, p=0.127, ESS 4,412, and 0.004, 47 

95%CI -0.009 to 0.018, p=0.511, ESS 4,285 respectively). Mortality within one year post-48 

operatively was similar between conventional instrumentation and either computer navigation 49 

or patient specific instrumentation (HR 1.020, 95%CI 0.989–1.052, p=0.212, ESS 110,125).  50 

Conclusions 51 

Based on this large registry study, we conclude that computer navigated and patient specific 52 

instrumentation have no statistically or clinically meaningful effect on the risk of revision, 53 

patient reported outcomes, or mortality following primary TKR. 54 

Level of evidence: II 55 

 56 

 57 

 58 

 59 

 60 

 61 

 62 

 63 

 64 

 65 

 66 

Introduction 67 
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Total knee replacement (TKR) is a definitive treatment for patients suffering with end-stage 68 

osteoarthritis (1). Although improvements in several aspects of TKR surgery have been 69 

achieved over the years, there remain several unresolved challenges. Primary TKR survival 70 

rates are estimated to be 89.7% (95% confidence interval 87.5 to 91.5) at 20 years post-71 

operatively and up to 20% of patients are dissatisfied with the outcome of their procedure (2, 72 

3) (4). Commonly cited reasons include implant malalignment and soft tissue imbalance of the 73 

joint (5, 6).  74 

 75 

These surgical errors can be addressed using computer assisted technologies including 76 

computer navigation and patient specific instruments. These technologies can improve the 77 

accuracy and reliability of implant positioning and target alignment compared to conventional 78 

instrumentation (7-10). They also avoid the use of intramedullary alignment rods that increase 79 

blood loss and can cause embolism of bone marrow contents into the systemic circulation that 80 

may influence post-operative mortality (11, 12). However, despite these theoretical advantages, 81 

it is unclear whether their use has helped improve revision rates, patient reported outcomes, or 82 

reduce mortality at a population level. 83 

 84 

Previous studies that examined this topic using registry data did not account for confounding 85 

by indication through statistical techniques. They were also limited by small sample sizes, short 86 

follow-up periods, adjusted for few confounders, and focussed on a single implant and specific 87 

computer navigation system (13-15). Our study aimed to address these limitations. Using the 88 

National Joint Registry (NJR) and linked datasets for Patient Reported Outcome Measures 89 

(PROMs) and Mortality, we examined the effect of primary TKR performed using computer 90 

navigation and patient specific instruments compared to conventional technique on:  91 

i) the risk of revision for all-causes 92 
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ii) differences in Oxford Knee Score and Health Related Quality of Life six months post-93 

operatively  94 

iii) mortality within 12 months post-operatively  95 

iv) incidence of intra-operative complications  96 

 97 

Methods  98 

Study design and data sources 99 

We performed an observational study using data from the NJR for procedures performed in 100 

England (16), National Health Service England (NHS) PROMs programme (17), and Office 101 

for National Statistics (ONS) death data (18). The NJR is a prospective register of primary and 102 

revision arthroplasty procedures. Data is contemporaneously submitted by the surgeon using a 103 

standardised form and has been mandatory in both the independent and public sectors since 104 

2003 and 2011 respectively. Since April 2009, NHS funded patients undergoing elective 105 

primary TKR in England are asked to complete the Oxford Knee Score (OKS) and Health 106 

Related Quality of Life (EQ-5D-3L) patient-reported outcome questionnaires preoperatively 107 

and six months post-operatively (16). The OKS measures knee function and pain, while the 108 

EQ-5D-3L assesses quality of life across five dimensions (mobility, self-care, usual activities, 109 

pain/discomfort and anxiety/depression) (19, 20).  110 

 111 

The base dataset consisted of 1,294,600 procedures performed between 1st April 2003 to 31st 112 

December 2020. All adult patients (≥18 years) who underwent primary TKR for osteoarthritis 113 

only were eligible. All computer navigation and patient specific instrumentation systems were 114 

eligible for inclusion; the NJR does not record information regarding the specific brand of 115 

computer assisted technology used during the procedure. Based on a suggested reporting 116 
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framework for PROMs, we analysed pre- and post-operative questionnaires if completed by 117 

patients within 18 weeks prior to surgery and within six to twelve months after surgery, 118 

respectively (21). Patients who had died or underwent a revision procedure within twelve 119 

months of their initial procedure were excluded from the PROMs analyses, as inability to 120 

complete questionnaires or experiencing a revision procedure may confound their scores (21, 121 

22).  122 

 123 

Exposures and outcomes of interest 124 

The exposures were conventional technique, computer navigation, and patient specific 125 

instrumentation TKR. Procedures were categorised under their respective groups based on the 126 

surgeon’s selection of these available options when completing the Minimum Data Set form 127 

after each procedure. References to the term ‘computer assisted technologies’ throughout the 128 

text encompass both computer navigation and patient specific instrumentation.  129 

The primary analysis was revision for all-causes following TKR performed using computer 130 

navigation and patient specific instrumentation compared to conventional technique.  131 

Secondary analyses were conducted comparing computer navigation versus conventional 132 

technique due to the smaller sample size in the patient specific instrumentation group. These 133 

included revision for all-causes in patients aged over and under 60 years, for loosening/lysis, 134 

for prosthetic joint infection, and for causes other than loosening and prosthetic joint infection.  135 

 136 

Additional secondary analyses were differences in patient reported joint function and health-137 

related quality of life measured using OKS and EQ-5D-3L respectively at six months post-138 

operatively, as well as mortality within one year.  139 
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Approximately 30% of TKR procedures within the NJR dataset lack body mass index (BMI) 140 

data, the majority of these occur in the early years of the NJR. Given this potential confounder, 141 

we explored the effects of missing data through sensitivity analyses that also considered this 142 

covariate for the comparisons revision for all-causes and PROMs (23, 24). We excluded 143 

patients from these analyses whose BMI values were outside the range of 15 to 65, considering 144 

such values erroneous. Due to variation in implant performance profiles we also conducted a 145 

sensitivity analysis restricting to the five most commonly used combination of prosthesis 146 

brands for the comparison revision for all-causes (16). 147 

 148 

The mortality analysis involved grouping computer navigation and patient specific 149 

instrumentation TKR under one category (computer assisted technology) as both technologies 150 

avoid using intramedullary rods.  151 

The occurrence of intra-operative complications among the three patient groups was also 152 

investigated.  153 

 154 

Statistical analysis 155 

Propensity scores were estimated using a logistic regression model approach with Sturmer 156 

weight trimming to improve the accuracy and precision of estimates. For revision outcomes, 157 

the covariates were age, sex, American Society of Anaesthesiologists (ASA) classification, 158 

operation funding, hospital setting (public or private), year of surgery, approach, surgeon case 159 

volume (defined as the mean number of procedures per year; analysed as a continuous measure 160 

and capped at 200 procedures/year), fixation, and patellar resurfacing. For PROMs outcomes, 161 

the latter two variables were substituted for pre-operative EQ-5D-3L and OKS scores as they 162 

have not been shown to influence these outcomes (25-27). For post-operative mortality, the 163 

covariates included age, sex, ASA classification, year of surgery, and fixation. Propensity 164 
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score-based weights were generated for the patient groups. Standardized mean differences were 165 

examined prior to and following the construction of weights to assess for covariate imbalance 166 

between groups. These are computed by dividing the difference in the means of the variable in 167 

the two groups by an estimate of the standard deviation. Larger values indicate that the two 168 

groups are dissimilar, a commonly recommended threshold value is <0.1 (28). Kaplan-Meier 169 

estimates were used to analyse revision and post-operative mortality outcomes. The unit for 170 

survival analyses for revision and mortality outcomes was each primary procedure. For revision 171 

outcomes, cases were censored based on the date of the last follow-up (31st December 2020) 172 

or death, whichever occurred earlier. For outcome post-operative mortality, cases were also 173 

censored on the date of their revision event as reoperation may introduce confounding. A Cox 174 

proportional hazards model was used to assess for differences in revision risk and post-175 

operative mortality. Proportionality was explored using flexible parametric modelling to decide 176 

the most appropriate approach and comparisons were performed using likelihood ratio testing 177 

(29). The data was modelled using restricted cubic splines with three knots to explore the 178 

possibility of a time varying effect of surgery with computer navigation and patient specific 179 

instrumentation. This model was compared to the equivalent model with no time-varying effect 180 

and found no significant difference (p=0.848). Hence, Cox proportional hazards models were 181 

used, with fixed effects for surgical technique (computer navigation, patient specific 182 

instrumentation or conventional surgery), sex, age, year of surgery, and surgeon case volume 183 

and stratified for ASA classification, approach, patellar resurfacing, fixation, operation funding 184 

and hospital setting to account for potential non-proportional hazards in these groups. For the 185 

PROMs analyses, the NHS Digital case mix adjustment methodology (version three) was used 186 

to estimate the expected post-operative scores (17). This accounts for several additional 187 

confounders amongst the population such as ethnicity. The difference between the expected 188 

and observed PROMs change scores between patient groups were analysed using a generalised 189 
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linear model. The same statistical approaches were applied in the sensitivity analyses. Due to 190 

few events, an unadjusted analysis of intra-operative complications was performed using the 191 

Chi-squared test. Revision and mortality outcomes were expressed using hazard ratios (HR) 192 

while PROMs were expressed using their respective units. Effective sample sizes (ESS) are 193 

provided, reporting a comparable level of statistical power to an unweighted sample (30). 95% 194 

confidence intervals (CI) are presented and statistical significance was set at p<0.05. Analyses 195 

were carried out using Stata (version 16.1, StataCorp LP, College Station, Texas, USA, 1985–196 

2019).  197 

 198 

Results 199 

Patient characteristics 200 

The flow of patient data through to data analysis is shown in Figure 1. Table 1 presents the 201 

characteristics of the patient groups pre-weighting. Most procedures were performed using 202 

conventional technique (96.99% versus 3.01%). Median follow up time was longer for 203 

procedures performed using conventional instrumentation (6.34 years) and computer 204 

navigation (6.33 years) compared to patient specific instrumentation (4.52 years). The mean 205 

age and distributions of ASA and sex were similar across all patient groups. The medial 206 

parapatellar approach was used almost exclusively (93.79%) and implants were cemented for 207 

most procedures across all groups (95.84%). Patellar resurfacing was more common during 208 

procedures involving the use of patient specific instrumentation compared to computer 209 

navigation and conventional technique (46.1%, 41.1% and 38.7%, respectively).   210 

In contrast to conventional and computer navigated TKR, a greater proportion of procedures 211 

performed using patient specific instrumentation were privately funded. BMI was similar 212 

between the groups, with data available for most procedures regardless of technique. However, 213 
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availability of BMI data was relatively greater for procedures performed using patient specific 214 

instrumentation than computer navigation and conventional technique. 215 

 216 

Table 2 details patients characteristics after weighting and their standardized mean differences.  217 

 218 

Revision for all-causes 219 

 220 

There were no differences observed in the revision rate for all-causes between conventional 221 

and computer navigated TKR (HR 0.937, 95%CI 0.860–1.021, p=0.136, ESS 91,607) (Figure 222 

2). Similar results were found when comparing revision for all-causes between conventional 223 

and patient specific instrumentation TKR (HR 0.960, 95%CI 0.735–1.252, p=0.761, ESS 224 

13,297) (Figure 3). 225 

 226 

In the secondary analyses comparing conventional surgery and computer navigation, there 227 

were no differences in the revision rate for all-causes in patients aged below and over 60 years 228 

(HR 1.093, 95%CI 0.906–1.318, p=0.354, ESS 13,730, and HR 0.940, 95%CI 0.827–1.069, 229 

p=0.345, ESS 78,133, respectively) (Figures 4 and 5). 230 

 231 

 232 

Revision for loosening, prosthetic joint infection, and other indications 233 

There were no differences between conventional surgery and computer navigation when 234 

investigating revision risk for loosening/lysis (HR 0.914, 95%CI 0.771–1.084, p=0.301, ESS 235 

91,607, Figure 6), prosthetic joint infection (HR 0.906, 95%CI 0.764–1.074, p=0.254, ESS 236 

91,607, Figure 7), and for all other indications combined (HR 0.984, 95%CI 0.873–1.109, 237 

p=0.790, ESS 91,607, Figure 8). 238 
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 239 

OKS and EQ-5D 240 

Univariable regression analyses using values from the weighted and case mix adjusted groups 241 

revealed no differences in the change in OKS and EQ-5D-3L scores following TKR performed 242 

using computer guidance and patient specific instrumentation compared to conventional 243 

technique (table 3). 244 

 245 

Sensitivity analyses  246 

The sensitivity analysis for revision risk for all-causes accounting for BMI in the model 247 

demonstrated similar results to the primary analysis (HR 0.976, 95%CI 0.876–1.088, p=0.665, 248 

ESS 59,599) (supplementary figure 1). Similar results were found in the sensitivity analysis 249 

restricting to the five most commonly used combination of prosthesis brands (HR 1.00, 95%CI 250 

0.881–1.142, p=0.964, ESS 65,141) (supplementary figure 2).  251 

 252 

Results of the sensitivity analyses accounting for BMI in the models comparing OKS and EQ-253 

5D-3L between computer navigated and conventional TKR were similar to those of the primary 254 

analyses (supplementary table 1).  255 

 256 

Post-operative mortality  257 

Seven, 30, and 90-day cumulative unadjusted post-operative mortality were 0.04%, 0.05%, 258 

0.10% versus 0.12%, and 0.22% versus 0.24%, among patients who underwent TKR using 259 

computer assisted technology and conventional technique, respectively. There were also no 260 

differences in mortality between these patient groups during the first year post-operatively (HR 261 

1.020, 95%CI 0.989–1.052, p=0.212, ESS 110,125) (Figure 9). 262 
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 263 

Intra-operative complications  264 

There were no statistically significant differences in intra-operative complications between 265 

groups (p=0.162) (Table 4). There was missing data for 66,925 procedures. 266 

 267 

Discussion 268 

 269 

This pragmatic study analysed several linked registry data sets and accounted for multiple 270 

covariates using propensity scoring statistical techniques to investigate differences in revision 271 

risk, OKS, EQ-5D, and post-operative mortality following TKR performed using computer 272 

navigation and patient specific instrumentation, compared to conventional technique. There 273 

were no differences found for all these investigated outcomes in the primary, secondary, and 274 

sensitivity analyses. The occurrence of intra-operative complications was also similar between 275 

groups. Surgeons should reconsider using these technologies in TKR over conventional 276 

surgery in unselected cases if the rationale for their use is to improve any of the outcomes 277 

evaluated in this study. 278 

 279 

Our study findings are similar to those found in other countries’ national registry data (31). 280 

McAuliffe et al. analysed the Australian Orthopaedic Association National Joint Registry 281 

(AOANJR) and compared patient groups who underwent TKR using image-derived 282 

instrumentation, computer navigation, and conventional technique (32). Their main analysis 283 

also showed no difference in all-cause revision between groups at a median of around two years 284 

follow-up. Similarly, Roberts et al. analysed the single most common computer assisted 285 

surgery system and implant in the New Zealand National Joint Registry and found no 286 

differences in revision rates in TKR performed between routine users of computer assisted 287 
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surgery and conventional instrumentation at a mean 4.5 years follow up. They found 288 

comparable OKS scores between these groups at 6 months, 5 years, and 10 years post-289 

operatively (33). The same authors also found no differences in mortality at 30 days and 6 290 

months post-operatively between groups (34). In contrast, Harris et al. analysed the AOANJR 291 

dataset and found relatively higher mortality at seven, 30 and 90 days post-operatively in 292 

patients who underwent TKR using conventional technique compared to technology-assisted 293 

instrumentation (35).  294 

 295 

The strengths of our study include the use of several linked, large datasets allowing a 296 

comprehensive investigation of multiple outcomes. We accounted for a range of important 297 

known confounders and mitigated confounding by indication through propensity scoring 298 

techniques. Furthermore, due to variations in the characteristics of patients managed by 299 

surgeons in different regions, additional adjustment for relevant confounders including 300 

deprivation, ethnicity, and a range of specific comorbidities were facilitated through the NHS 301 

Digital case mix adjustment methodology for the analyses of PROMs. Although there are 302 

nuances between the many computer assisted technology systems available for use, we did not 303 

restrict our analyses to particular systems and implants to ensure strong external validity of our 304 

results. 305 

 306 

Our study has several limitations. We examined computer navigation and patient specific 307 

instrumentation in the broad sense, assessing their overall impact on outcomes at a population 308 

level. Individual technologies may differ within these groups and this may be better assessed 309 

in randomised trials. However, to understand the impact of the overall introduction of 310 

technology on a population, the registry approach gives a large volume of cases across a single 311 

large healthcare system. Despite this, revision events are rare and a post-hoc power calculation 312 
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using the effective sample size and estimating event probability from the unweighted sample 313 

indicated a power of 0.69 for detecting a hazard ratio of 0.90, assuming equal allocation. Given 314 

our groups were not equal in size and the observed hazard ratio was greater than 0.90, we 315 

consider the analyses modestly underpowered to detect any potential difference in revision 316 

between conventional and computer navigated surgery. Analyses of registry data has 317 

recognised limitations, including potential for misclassification. While some procedures may 318 

have been erroneously categorised, this likely affects only a minority of cases and random 319 

regarding group allocation (36). Other residual confounding including alignment philosophy 320 

might influence revision and PROMs outcomes (37). Due to confidentiality and data 321 

governance policies, we received pseudo-anonymized data, which prevented the ability to 322 

account for patients who received a contralateral unicompartmental knee replacement or TKR 323 

during a separate visit to the operating room within the registry’s data collection period. These 324 

factors may have affected the outcomes we investigated. In contrast, approximately 0.5% of 325 

patients underwent simultaneous bilateral TKR, making it unlikely that their effects 326 

significantly skewed the study’s findings. Also, we were unable to account for any potential 327 

effects of prior non-arthroplasty knee surgery, as it was not possible to identify this 328 

subpopulation from the analysed datasets. This was mitigated by excluding patients from the 329 

analysis if the surgeon indicated that prior knee trauma was a contributing factor for the 330 

procedure. Lastly, although we compared mortality between groups, we could not investigate 331 

outcomes relating to morbidity including blood loss and venous thromboembolism, as this 332 

information is not recorded within the datasets. 333 

 334 

Conclusions  335 

Computer navigation and patient specific instrumentation did not confer revision, functional 336 

outcomes or post-operative mortality advantage. We are unable to exclude the possibility these 337 
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technologies could benefit specific patient subpopulations and reduce revision risk at longer 338 

term endpoints. As computer assisted technology TKR is typically associated with higher costs, 339 

and based on our study findings showing absent differences, it seems unlikely that these 340 

technologies provide a cost-effective addition to practice. Future technologies, implant designs 341 

or different approaches to alignment or balancing may be required to improve outcomes, and 342 

should be accompanied by carefully planned research to ensure that the expense of introducing 343 

technologies brings tangible benefits to patients (38). 344 

 345 

 346 
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 502 

 503 

Figure legends 504 

Figure 1: Flow diagram illustrating the process of inclusion and exclusion of procedure records 505 

 506 

Figure 2: Revision for all-causes following primary TKR performed with computer navigation 507 

versus conventional technique  508 

 509 

 510 

Figure 3: Revision for all-causes following primary TKR performed using patient specific 511 

instrumentation versus conventional technique  512 

 513 

Figure 4: Revision for all-causes following primary TKR performed using computer 514 

navigation versus conventional technique in patients younger than 60 years 515 

 516 

Figure 5: Revision for all-causes following primary TKR performed using computer navigation 517 

versus conventional technique in patients older than 60 years 518 
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 519 

Figure 6: Revision for loosening/lysis following primary TKR performed using computer 520 

navigation versus conventional technique 521 

 522 

Figure 7: Revision for prosthetic joint infection following primary TKR performed using 523 

computer navigation versus conventional technique 524 

 525 

Figure 8: Revision for indications other than loosening/lysis and prosthetic joint infection 526 

following primary TKR performed using computer navigation versus conventional technique 527 

 528 

Figure 9: Mortality following primary TKR performed using computer assisted technology 529 

versus conventional technique 530 

 531 

Supplementary figure 1: Revision for all-causes following primary TKR performed using 532 

computer navigation versus conventional technique when also accounting for BMI in the model 533 

 534 

Supplementary figure 2: Revision for all-causes following primary TKR performed using 535 

computer navigation versus conventional technique when restricting to the top five most 536 

commonly used combination of prosthesis brands 537 

 538 

 539 
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 Conventional 

surgery 

(n=1,031,950) 

Computer 

navigation 

(n=27,161) 

Standardised 

Mean 

Difference 

Patient specific 

instrumentation 

(n=4,899) 

Standardised 

Mean 

Difference 

Number of 

revisions 

25,020 643  86  

Median 

Observation 

Time 

(revision or 

censoring)  

(IQR) 

6.34 years 

(3.61, 9.76) 

6.33 years 

(3.48, 

9.60) 

 4.52 years 

(2.90, 5.83) 

 

Mean age, 

years (SD) 

70.3 (9.1) 69.5 (9.4) -0.08 67.8 (9.5) -0.26 

Sex      

Female 589,684 

(57.1%) 

15,250 

(56.1%) 

0.02 2,589 (52.9%) 0.08 

Male 442,266 

(42.9%) 

11,911 

(43.9%) 

2,310 (47.1%) 

Side      

Left 

 

488,618 

(47.3%) 

12,867 

(47.4%) 

0.00 2,330 (47.6%) -0.01 

Right 543,332 

(52.7%) 

14,294 

(52.6%) 

2,569 (52.4%) 

ASA 

classification 

     

Table 1



1 104,026 

(10.1%) 

3,144 

(11.6%) 

0.01 665 (13.6%) -0.15 

2 752,156 

(72.9%) 

19,008 

(70.0%) 

3,481 (71.1%) 

 

3 172,554 

(16.7%) 

4,939 

(18.2%) 

738 (15.1%) 

4 3,143 (0.3%) 68 (0.2%) 15 (0.3%) 

5 71 (0.0%) 2 (0.0%) 0 

Approach      

Medial 

parapatellar 

967,904 

(93.8%) 

25,601 

(94.3%) 

-0.07 4,468 (91.2%) 

 

0.03 

Lateral 

parapatellar 

8,400 (0.8%) 

 

182 (0.7%) 

 

73 (1.5%) 

 

Mid-Vastus 25,986 (2.5%) 865 (3.2%) 251 (5.1%) 

Sub-Vastus 11,000 (1.1%) 227 (0.8%) 53 (1.1%) 

Other 18,660 (1.8%) 286 (1.1%) 54 (1.1%) 

Fixation      

Cemented 

 

989,363 

(95.9%) 

25,642 

(94.4%) 

0.05 4,770 (97.4%) 

 

-0.05 

Cementless 

 

36,306 (3.5%) 

 

1,437 

(5.3%) 

99 (2.0%) 

Hybrid 6,281 (0.6%) 82 (0.3%) 30 (0.6%) 



Patella 

resurfacing 

performed 

  

 

 

 

 

 

Yes 399,034 

(38.7%) 

11,173 

(41.1%) 

0.10 2,260 (46.1%) 

 

0.17 

No 632,916 

(61.3%) 

15,988 

(58.9%) 

2,639 (53.9%) 

Operation 

funding and 

hospital 

setting 

 

 

 

 

   

Public/Public 

 

663,232 

(64.3%) 

19,278 

(71.0%) 

-0.03 2,027 (41.4%) 

 

0.67 

Public/Private 

 

260,452 

(25.2%) 

4,210 

(15.5%) 

1,047 (21.4%) 

 

Private/Public 7,232 (0.7%) 322 (1.2%) 73 (1.5%) 

Private/Private 101,034 

(9.8%) 

3,351 

(12.3%) 

1,752 (35.8%) 

BMI      

Mean (SD) 30.9 (5.5) 30.9 (5.5) 0.02 30.5 (5.7) -0.07 

Complete 

responses (%) 

67.3% 65.5% 79.0% 

Mean 

Surgeon 

72.4 (43.9) 67.4 (35.4) -0.16 71.4 (39.7) -0.06 



Operations 

per year 

 

Table 1: Pre-weighting characteristics of patients undergoing TKR 

 



 Conventional 

surgery versus 

computer 

navigation 

Standardised 

Mean 

Difference 

Conventional 

surgery versus 

patient specific 

instrumentation 

 

Standardised 

Mean 

Difference 

Effective Sample 

Size 

91,607.16  13,296.78  

Mean age, years 

(SD) 

69.8 vs 69.1 

(9.1 vs 9.2) 

0.00 68.6 vs 68.6 

(9.3 vs 9.4) 

0.00 

Sex     

Female 

 

56.7% vs 

56.7% 

0.00 54.7% vs 54.7% 0.00 

Male 43.3% vs 

43.3% 

45.3% vs 45.3% 

Side     

Left 47.4% vs 

47.6% 

-0.00 47.4% vs 48.5% -0.03 

Right 52.6% vs 

52.4% 

52.6% vs 51.5% 

ASA 

classification 

    

1 9.6% vs 9.6% 0.01 8.5% vs 8.5% -0.02 

2 71.2% vs 

71.2% 

73.9% vs 73.9% 

Table 2



3 18.9% vs 

18.9% 

17.2% vs 17.2% 

4 0.3% vs 0.3% 0.4% vs 0.4% 

5 0.0% vs 0.0% 0.0% vs 0.0% 

Approach     

Medial 

parapatellar 

95.7% vs 

95.8% 

-0.03 90.4% vs 90.4% 0.01 

Lateral 

parapatellar 

0.5% vs 0.5% 1.6% vs 1.6% 

Mid-Vastus 2.5% vs 2.5% 6.1% vs 6.1% 

Sub-Vastus 0.6% vs 0.6% 1.2% vs 1.2% 

Other 0.6% vs 0.6% 0.7% vs 0.7% 

Fixation     

Cemented 

 

97.0% vs 

97.0% 

-0.01 98.2% vs 98.2% 

 

-0.01 

Cementless 2.8% vs 2.8% 1.5% vs 1.5% 

Hybrid 0.2% vs 0.2% 0.3% vs 0.3% 

Patella 

resurfacing 

performed 

 

 

 

 

 

 

 

 

 

 

Yes  41.1% vs 

41.2% 

0.06 43.2% vs 43.2% 

 

0.04 

No 58.9% vs 

58.8% 

56.8% vs 56.8% 



Operation 

funding and 

hospital setting 

 

 

 

 

 

 

 

 

Public/Public 

 

75.5% vs 

75.5% 

-0.01 55.6% vs 55.6% 

 

0.03 

Public/Private 13.8% vs 

13.8% 

28.3% vs 28.3% 

 

Private/Public 0.5% vs 0.5% 2.0% vs 2.0% 

Private/Private 10.2% vs 

10.2% 

14.2% vs 14.2% 

BMI     

Mean (SD) 

 

31.1 vs 31.0 

(5.6 vs 5.5) 

0.00 31.3 vs 30.8 

(7.2 vs 6.5) 

-0.08 

 

Complete 

responses (%) 

68.3% vs 

66.0% 

 78.4% vs 80.2%  

Mean Surgeon 

Operations per 

year 

67.9 vs 67.9 

(40.0 vs 34.8) 

-0.03 73.6 vs 73.6 

(41.5 vs 38.5) 

 

0.00 

 

Table 2: Post-weighting characteristics of the patients between the comparison groups 

 



 

 Conventional surgery versus 

computer navigation 

Conventional surgery versus 

patient specific instrumentation 

 Conventional 

surgery 

Computer 

navigation 

Conventional 

surgery 

Patient specific 

instrumentation 

EQ5D: n 

(unweighted) 

327,435 8,770 

330,775 1,395 

Weighted pre-

operative and 

post-operative 

scores (SD) 

0.415 (0.309) 

and 0.734 

(0.252) 

0.415 (0.310) 

and 0.730 

(0.252) 

 

0.462 (0.297) 

and 0.761 

(0.238) 

 

0.462 (0.295) 

and 0.761 

(0.251) 

 

Univariable#  

[ESS] 

* 0.000 (95% CI 

-0.005 to 

0.005; 

p=0.929) 

[28,396] 

* 

+0.004 (95% CI -

0.009 to 0.018; 

p=0.511) 

[4,285] 

OKS: n 

(unweighted) 

352,113 9,342 

345,915 1,447 

Weighted pre-

operative and 

19.110 (7.590) 

and 35.529 

(9.409) 

19.111 (7.673) 

and 35.045 

(9.555) 

20.275 (7.540) 

and 36.503 

(9.027) 

20.276 (7.633) 

and 36.656 

(9.011) 

Table 3



post-operative 

(SD)  

    

Univariable # 

[ESS] 

* -0.134 (95% CI 

-0.331 to -

0.063; 

p=0.183) 

[29,135] 

* 

+0.363 (95% CI -

0.104 to 0.830; 

p=0.127) 

[4,412] 

 

Table 3: Pre- and post-operative OKS and EQ-5D scores, and regression analysis comparing 

conventional surgery to computer navigation and patient specific instrumentation. # weighted 

and case mix adjusted *indicates constant term in regression model 

 



 

 

 Conventional 

surgery  

(n=966,916) 

Computer 

navigation 

(n=25,270) 

Patient specific 

instrumentation 

(n=4,899) 

None  

961,913 

(99.5%) 

 

25,115 

(99.4%) 

 

4,872 (99.5%) 

Fracture 1,435 (0.1%) 42 (0.2%) 9 (0.2%) 

Patella Tendon 

Avulsion 

351 (0.0%) 14 (0.1%) 6 (0.1%) 

Ligament 

Injury 

634 (0.1%) 18 (0.1%) 2 (0.01%) 

Other 2,674 (0.3%) 82 (0.3%) 11 (0.2%) 

 

Table 4: Intra-operative complications that occurred among the three patient groups 

 

Table 4



 Conventional surgery versus computer navigation 

 Conventional surgery Computer navigation 

 Mean (SD) or Mean 

(95% CI; p value) 

Mean (SD) or Mean 

(95% CI; p value) 

EQ5D: n 

(unweighted) 

251,960 6,331 

Pre-operative (weighted)  0.415 (0.308) 0.415 (0.308) 

Post-operative (weighted) 0.736 (0.251) 0.733 (0.252) 

Univariable (weighted and 

case mix adjusted) [ESS] 

* 0.002 (-0.005 to 0.008; 

p=0.631) 

[20,150] 

OKS: n 

(unweighted) 

270,683 6,736 

Pre-operative (weighted)  18.996 (7.479) 18.997 (7.464) 

Post-operative (weighted) 35.414 (9.435) 35.211 (9.514) 

Univariable (weighted and 

case mix adjusted) [ESS] 

* -0.023 (-0.255 to 0.210; 

p=0.848) 

[20,630] 

 

 

Supplementary table 1



Supplementary table 1: Pre- and post-operative OHS and EQ-5D-3L scores, and regression 

analysis comparing computer guidance and conventional surgery patient groups when 

accounting for BMI in the model. *indicates constant term in regression model 
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