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Abstract 58 

Background: Unicompartmental knee replacement (UKR) prostheses can use fixed (FB) or mobile bearing 59 

(MB) constructs. We compared survivorship and failure modes of both designs. 60 

Methods: The inclusion criteria were studies published between 2005-2020 with minimum average follow-up 61 

of 5 years reporting the survival and/or number of revisions of specific designs in medial and lateral UKR. 62 

Pooled rate of revision per 100 patient years (PTIR) was estimated using a random effects model. 63 

Results: 70 cohorts of 17 405 UKRs with weighted mean follow-up of 7.3 years (0.1-29.4 years) were included. 64 

A total of 170 923 UKRs were identified in registry reports at a weighted mean implant survival time of 15.4 65 

years. PTIR in MB UKR versus FB UKR was similar [1.45 Vs 1.40, (p = 0.8)].  66 

In cohort studies, the overall PTIR for MB was also similar to FB [1.03 Vs 0.78, (p= 0.1)]. For medial UKR, the 67 

PTIR for MB was marginally greater but not significantly different to FB [0.96 Vs 0.81, (p= 0.3)], whilst for 68 

lateral UKR, the PTIR for MB was significantly worse than for FB [(2.20 Vs 0.72, (p<0.01)]. Polyethylene wear 69 

is more common in FB implants, whilst MB implants are revised more often for bearing dislocation.  70 

Conclusion:  Overall implant survival in mid- to long-term studies is similar for MB versus FB medial UKR. 71 

MB have a four-fold higher risk of revision in comparison to FB when used for lateral UKR. 72 

 73 

Keywords: Unicompartmental knee; Revision; Survivorship; Mobile; Fixed; Arthroplasty  74 
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1. Introduction 75 

Unicompartmental knee replacement (UKR) is deemed to be appropriate for about one in four osteoarthritic 76 

knees needing replacement [1]. UKR is associated with faster recovery, better function and lower morbidity and 77 

mortality [2–4]. However, the UKR usage has not exceeded 5 to 10% [5]. Many surgeons are reluctant to 78 

perform UKR where indications allow because of higher revision rates than total knee replacement [5].   79 

 80 

A UKR can be performed with either a mobile bearing (MB) or a fixed (FB). Proponents of the MB construct 81 

claim a reduction in polyethylene wear in comparison to FB constructs. MB UKR can be more technically 82 

challenging with suboptimal outcomes, and higher rate of complications like bearing dislocation [6]. Implants 83 

which reduce the technical demands on surgeons may reduce poor outcomes and encourage surgeons to implant 84 

UKRs when appropriate. FB UKR utilisation has increased from 30% in 2010, to 49% in 2018 [5]. Adoption of 85 

FB designs may be due to a perceived reduction in technical difficulty, reduced bearing dislocation and 86 

improved wear of modern polyethylene [7]. 87 

 88 

Outcomes and survivorship of both FB and MB constructs are excellent but there are significant differences in 89 

the revision rates between cohort studies and in registry data [5,8–10]. Over the past decade, systematic reviews 90 

and meta-analyses attempted to address the debate of superiority between the two constructs. Three reviews 91 

included RCTs and non-randomised comparative studies analysed 5,10, and 15 studies, respectively [11–13]. 92 

Other reviews focused on either medial or lateral only UKRs with limited study inclusion potentially limiting 93 

the usefulness of their findings [14–19]. Therefore, the aim of this study was to address the issue of limited 94 

inclusion of studies and registries in previous reviews and complement their findings through a comprehensive 95 

systematic review and meta-analysis of the implant survival in mobile versus fixed bearing UKR for medial as 96 

well as lateral constructs, using all available cohort studies with long-term follow up and registry data  with 97 

minimal restriction from the past 15 years. 98 

 99 

2. Material and methods 100 

2.1 Data sources 101 

This analysis was performed in two parts. Firstly, a systematic review and meta-analysis of cohort studies 102 

reporting revisions for any cause for MB or FB UKR in either the medial of lateral tibiofemoral joint, over an 103 
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average follow up of at least five years was performed. Secondly, a meta-analysis of registry data was 104 

performed for UKRs where survival was reported separately for either FB or MB UKRs at or beyond least five 105 

years.  106 

 107 

2.2 Systematic review and meta-analysis of cohort studies 108 

The study methodology was peer reviewed and registered on the PROSPERO (id: CRD42020167444). The 109 

literature search was conducted using the online databases Medline and EMBASE. Articles were identified 110 

using a combination of keyword searches describing unicompartmental knee replacement, survival and revision. 111 

Results were combined with searches for Mesh terms (Appendix 1). Citation searching was performed for all 112 

full text manuscripts to identify manuscripts which were not found in initial searches. 113 

 114 

Inclusion criteria for cohort studies included: Articles written in English language, available in full text, 115 

published between 2005 and 2020, human studies, with greater or equal to 5 years of average follow-up and 116 

reporting the survival and/or number of joints revised of specific UKR (mobile or fixed for either medial or 117 

lateral unicompartmental replacement). Revision was defined as revision of any part of the UKR construct. We 118 

excluded conference abstracts, manuscripts which reported on the same cohort twice, systematic reviews and 119 

registry studies to prevent duplication of observation.  120 

Abstracts and the full texts were screened by two authors (JL and ZA) independently and disagreements at each 121 

stage were settled by consensus. Risk of bias/quality of studies was assessed using criteria developed by Wylde 122 

et al. independently by two authors (JL and ZA) [20]. Where available extracted data included: Title, authors, 123 

year of publication, prostheses used (brand and model), reconstructed tibiofemoral joint (medial or lateral), 124 

number of female patients, average age of cohort, indication for UKR (osteoarthritis (OA), spontaneous 125 

osteonecrosis of the knee (SONK), post traumatic osteoarthritis and other), number of UKRs, number of 126 

revisions, survival of cohort (with confidence intervals), revision indications and loss to follow up. Data was 127 

extracted by one author (ZA) and a random selection of 10% of screened records were double checked by a 128 

second reviewer (JL).  129 

 130 

2.3 Mata-analysis of registry reported data 131 

Registry data was obtained through manual searching of all publicly accessible arthroplasty registers. Survival 132 

rates for MB and FB UKR were separately reported by four arthroplasty registries and data collected included: 133 
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Date of report, country of report, prostheses used (brand and model), number of female patients, average age of 134 

cohort, number of UKRs, number of revisions, estimated proportion of cohort surviving and time point of 135 

survival estimate. 136 

 137 

2.4 Statistical analysis 138 

The primary exposure was the UKR construct, and the primary outcome measure was all-cause revision of any 139 

part of the construct. Study and patient level statistics were estimated using mean values weighted by number of 140 

cases. Patient time (PT) was approximated using the product of number of cases in follow-up and average 141 

follow-up time in centuries. Patient time incidence rate of revision per 100 years (PTIR) was estimated by 142 

dividing the patient time by the number of revisions. For registry reported data, PTIR was derived from the 143 

Kaplan-Meier estimates of survival for mobile and fixed bearing UKRs separately. PT was estimated using the 144 

product of number of UKRs and the survival time in centuries. PTIR was estimated by dividing PT by the 145 

product of the number of UKRs and the proportion revised. PTIR estimates were pooled using a random effects 146 

model with a comparison of subgroups based on bearing fixation (FB versus MB UKRs). The random effects 147 

method used an inverse-variance method, DerSimonian-Laird estimator for tau2, Jackson method for confidence 148 

interval of tau2 and tau and the results are given on a log transformed scale. All data analysis was completed 149 

using R (version 3.6.2, Vienna Austria, 2019). 150 

 151 

3. Results 152 

 153 

3.1 Cohort studies: 154 

Our search resulted in 213 references from database and citation searches. After title and abstract screening, 99 155 

records were excluded and 114 manuscripts underwent full text review (figure 1).  156 

 157 

Full text review identified 70 cohorts (61 medial UKR and nine lateral UKR) in 64 studies which were included 158 

in further analysis. The cohorts included a total of 17 405 cases, which were comprised of 16 619 medial 159 

compartment UKR and 786 lateral compartment UKR. Weighted mean follow-up was 7.3 years and ranged 160 

from 0.1 to 29.4 years after implantation (table 1). Patient level characteristics derived from reported data are 161 

displayed in table 1. 162 
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Meta-analysis of PTIR revealed an overall rate of revision per 100 patient years (95% CI) was 0.8 (0.6 to 1) for 163 

FB UKR and 1.0 (0.8 to 1.3) for MB UKR (test for sub-group differences, p= 0.1). When analysing by subgroup 164 

of constructs on the medial and lateral condyles the rate of revision per 100 patient years (95% CI) was 1 (0.8 to 165 

1.1) for medial UKR and 1.3 (0.8 to 2.1) for lateral UKR (test for sub-group differences, p = 0.2).  166 

For medial UKR the PTIR for MBs UKR was higher than that for FB UKR but the difference did not reach 167 

significance (0.96 [0.8 to 1.2] versus 0.8 [0.6 to 1.1], p= 0.3, figure 2). 168 

For lateral UKR the PTIR for MBs was significantly greater than for FBs (2.2 [1.3 to 3.6] versus 0.7 [0.4 to 1.2] 169 

p<0.01, figure 3). 170 

Revision indications were reported in 60 of 61 medial UKR cohorts and 6 of 9 lateral UKR cohorts (table 2).  171 

The quality of cohort studies was generally low with a majority of studies reporting only from a single centre 172 

without any form of adjustment for confounding factors (figure 4). 173 

 174 

3.2 Registry data 175 

Our search of public reports from national and international registries yielded results for 176 412 UKRs, 176 

comprising of 75 625 FB UKRs and 100 787 MB UKRs. Weighted mean time point for survival estimates was 177 

15.3 years.  178 

Pooled PTIR derived from survival estimates reported by registries demonstrated a marginally increased PTIR 179 

(95% CI) for revision in MB UKR versus FB UKR, (1.44 [1.2 to 1.7] versus 1.37 [1.1 to 1.7] respectively, p = 180 

0.75, Figure 5). The registry data does not differentiate between medial and lateral UKR and therefore sub-181 

group analysis could not be performed. 182 

Indications for revision in all UKRs combined were reported in all registries but subgroup analysis according to 183 

the mobility of bearing surface was only provided in the National Joint Registry of England, Wales, Northern 184 

Ireland and the Isle of Man, 16th report (table 3)[5] . 185 

  186 

4. Discussion 187 

 188 

This comprehensive review of fixed versus mobile bearings used in medial or lateral UKRs has shown a 189 

marginally better implant survival for FB UKR over MB UKR in cohort as well as registry data. These 190 

differences are more apparent in the lateral UKR (nearly four-fold worse for mobile UKR). Progression of 191 
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arthritis is the commonest cause of revision of a UKR. This study is the first to integrate large amounts of 192 

cohort and registry data to evaluate the survivorship of the two available bearing designs for UKRs in 193 

both the medial and lateral compartments. 194 

  195 

Results extracted from manuscripts and registry reports did not demonstrate a statistically significant difference 196 

between FB and MB UKR overall, which is similar to results reported from other reviews [11,12,21]. Overall, 197 

there was a small increased risk of revision associated with MB implants as compared to FB implants, although 198 

the difference is too small to make a meaningful statistical difference. Given that the numbers of lateral UKR 199 

are far less than medial UKR, the results are heavily skewed by medial UKR outcomes. It is up to the surgeon to 200 

choose a mode of bearing fixation for both medial and lateral UKR with which they can safely rebalance the 201 

reconstructed knee. 202 

 203 

There was no significant difference in the rate of revision between FB and MB for medial UKR. Cohort studies 204 

demonstrated that bearing dislocation and bearing breakage as a failure mechanism are unique in the MB group 205 

whilst bearing wear is more common in the FB group. The higher bearing wear seen in FBs is compatible with 206 

previously published literature showing a higher mean penetrative wear rate 0.15 vs 0.04 mm/year in fixed 207 

versus mobile bearing UKRs [22,23]. In anteromedial OA of the knee, patients typically bear more weight 208 

through the medial tibio-femoral joint which has greater constraint in normal walking than the lateral tibio-209 

femoral joint. This can increase the loading of the reconstructed medial UKR and increase the likelihood of 210 

bearing wear. Therefore, any potential benefit of bearing stability might be offset by the increased risk of wear 211 

with medial FB UKR, particularly where older high wear polyethylene bearings are used [24].  212 

 213 

For lateral UKR, there was an approximately four-fold risk of revision associated with the use of MB UKR 214 

versus FB UKR, which is agreement with a previous review [14]. The lateral condylar joint is less constrained 215 

which increases the underlying risk of bearing dislocation for MB UKR. Lateral UKR performed for valgus 216 

knee OA may bear a larger proportion of body weight through the lateral versus medial condylar joint. 217 

However, there were no reported cases of revision of lateral UKR (fixed or mobile) due to bearing wear [25,26]. 218 

It appears that the FB construct maintains the benefits of a stable bearing without any reciprocal increase in 219 

wear. 220 

  221 
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Analysis of revision indications provide further insight into the potential mechanism of failure for fixed or 222 

mobile constructs. By definition, bearing dislocation is only confined to mobile constructs and therefore not 223 

possible to compare the risk, whilst bearing breakage is significantly higher in the mobile cohort and may be 224 

related to the bearing thickness. In comparison, FB wear is significantly higher than MB potentially representing 225 

the price paid by the FB constructs in exchange for reduced risk of bearing dislocation and bearing breakage.  226 

 227 

Progression of arthritis is a dominant indication for revision for both FB and MB UKRs, an effect seen in the 228 

reported revision indications in cohort studies and in results reported by the NJR (National Joint Registry for 229 

England, Wales, Northern Ireland and the Isle of Man). The ability of the surgeon to correctly balance the knee 230 

and prevent overloading of the contralateral compartment is likely to be a key factor. Therefore, this skill 231 

becomes more challenging in the MB UKR when the surgeon must also carefully cut and select the appropriate 232 

bearing size for the reconstructed condyle to reduce the risk of dislocation, particularly following lateral MB 233 

UKR. As such, reduction of bearing instability and surgical complexity without excessive bearing wear may 234 

potentially be achieved by using a FB UKR construct, particularly when used in the lateral compartment or 235 

when low wear polyethylene bearings are used. 236 

 237 

There is a noticeable difference in the reported indications for revision between the registry reports and the 238 

results of this meta-analysis. For example, bearing dislocation as an indication for revision was less than half the 239 

frequency reported in cohort studies, whilst the incidence of aseptic loosening and lysis was significantly higher 240 

for registry reported UKRs. This can possibly be explained by the fact that bearing dislocation treated with 241 

bearing exchange may not be recorded consistently in registry data collection methods. Furthermore, it is more 242 

likely that revisions involving removal or exchange of tibial or femoral component, in a planned setting where 243 

data collection techniques are readily used, will be more accurately recorded. Those differences are likely to 244 

reflect the constraints of the literature and registries to accurately report the true indication for revisions and 245 

may account for those findings. 246 

 247 

There is also a prominent difference in the revision rates between different designs and different registry 248 

datasets. Those differences are likely to be multi-factorial and may be related to patient, surgical, implant 249 

and registry factors.  Patient factors may include differing levels of activity, comorbidity, weight, height 250 

and baseline grade of arthritis [27–29] . Surgical factors include surgeon’s annual caseload, patient 251 
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selection, misinterpretation of radiographs and threshold for revision [27–32]. Implant factors include 252 

variation in implant design along with variation described in bearing mobility [33]. Registry factors may 253 

include reporting method, definition of revision procedures and data completeness. 254 

4.1 Study Limitations 255 

 256 

Our meta-analysis is based on observational data subject to a majority of low study quality, large statistical 257 

heterogeneity because of their inherent biases, and design differences that meta-analysis cannot overcome. Four 258 

studies reported results from multi-centre patients, whilst the rest of studies included in this analysis were 259 

single-centre and/or single surgeon cohorts [10,27–29]. Two randomised prospective studies were identified but 260 

didn’t meet our inclusion criteria due to either short-term follow up and/or not reporting on survival of implant 261 

construct specifically [30,31]. Our inclusion criteria were set to reduce the bias of shorter follow up studies 262 

which may report early complication such as bearing dislocation. Those criteria may unintentionally reduce the 263 

number of cases from studies reporting survival of the most recently produced implants and approaches. 264 

Estimated PTIR in the study assumes that the revision rate is relatively constant over different periods of patient 265 

time, which may not accurately reflect the true risk of revision for any particular patient. PTIR estimates derived 266 

from average follow up is a useful method but may have limited precision, particularly with abnormal 267 

distributions of follow up time in the reported studies. Lateral UKR is an uncommon indication for UKR which 268 

reduced the number of cohorts available limiting our sample sizes in the pooled analysis. This is reflected in the 269 

confidence limits of our estimates. Implants used in this analysis may have used polyethylene with higher wear 270 

rates, suboptimal fixation methods, and outdated technology which is no longer commonly used. No adjustment 271 

for those limitations is possible due to the lack of detail given in the studies. As such, the results in this study 272 

may not accurately represent the benefits provided by recent or future technological advancements. Further 273 

insights into the performance of modern implants may be better understood using robust analysis of registry 274 

data or well-designed prospective trials. Joint registry data has the advantages of large sample size, usage by 275 

multiple surgeons in different settings and may be more generalisable in comparison to cohort study data. 276 

However, it does not differentiate between medial and lateral UKRs and does not take into consideration the 277 

learning curve and/or indication for primary surgery or revision surgery.  278 

 279 

5. Conclusions 280 

 281 
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This up to date and comprehensive study demonstrates a comparable incidence of all cause revision between 282 

fixed and mobile bearing UKR. Subgroup analysis demonstrated a four-fold increase in risk of all cause revision 283 

associated with mobile UKR when used for lateral condylar reconstruction in comparison to fixed bearing 284 

UKRs. Failure of prosthesis is multifactorial and may be determined by factors other than bearing stability and 285 

risk of bearing dislocation. Future well-designed randomised controlled trial with standardised patient 286 

selection criteria to assess the long-term survival of fixed versus mobile bearing would be the ideal way to 287 

verify the results of the current available literature regarding the two constructs. 288 

 289 
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Figure 1. PRISMA flow chart summarising data collection for cohorts reported in peer reviewed manuscripts. 312 

313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

 321 
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 323 

 324 

 325 

 326 

 327 

 328 

 329 

 330 
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Figure 2. Forest plot demonstrating pooled patient-time incidence rates of revision per 100 years (PTIR) using a 331 

random effects model for all medial UKR cohorts. Incidence rates for fixed and mobile bearing constructs are 332 

reported separately. Note: PT indicates Patient time in centuries, CI indicates confidence interval. 333 

 334 

 335 

 336 
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Figure 3. Forest plot demonstrating pooled patient-time incidence rates of revision per 100 years (PTIR) using a 337 

random effects model for all lateral UKR cohorts. Incidence rates for fixed and mobile bearing constructs are 338 

reported separately. Note: PT indicates Patient time in centuries, CI indicates confidence interval. 339 

 340 
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Figure 4. Plot demonstrating the quality assessment of included studies. 356 
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Figure 5. Forest plot demonstrating pooled patient-time incidence rates for revision per 100 years (PTIR) using 369 

a random effects model for all registry reported UKR cohorts. Incidence rates for fixed and mobile bearing 370 

constructs are reported separately.  371 

PT: Patient time in centuries, CI: confidence interval, NJR: National Joint Registry for England, Wales, North 372 

of Ireland and Isle of Man, FJR: Finnish Joint Registry, AJR: Australian Orthopaedic Association National Joint 373 

Replacement Registry, NZJR: New Zealand Joint Registry. 374 

 375 

 376 

 377 

 378 

 379 

 380 
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 383 
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Table 1. Summary of study and patient characteristics 

     

 

Lateral UKR Medial UKR 

  

Fixed 

bearing 

Mobile 

bearing 

Fixed 

bearing 

Mobile 

bearing 

Number of UKR 215 571 4982 11637 

Year of publication 2006-2020 2010-2013 2005-2020 2005-2020 

Patient characteristics 

    
Mean age (years) 64.0 65.8 64.9 67.1 

Female patients (%) 67.7 64.8 47.3 54.7 

Indications 

    
Osteoarthritis (%) 81.4 98.8 91.8 95.1 

SONK (%) 2.6 1.1 3.1 2.1 

Post-Traumatic OA (%) 16.0 0.0 0.9 0.3 

Other (%) 0.0 0.0 4.3 2.2 

Mean follow up 11.6 6.4 7.6 7.1 

Follow up range 1.5-24.0 2.1-9.8 1-29.4 0.1-22.0 

Note: Means weighted by number in study, where reported. UKR indicates unicompartmental knee 

replacement, SONK spontaneous osteonecrosis of the knee and OA osteoarthritis 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 

 393 

 394 
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Table 2. Summary of cases revised for each unicompartmental knee replacement construct 

 

Lateral UKR Medial UKR 

 

fixed mobile fixed mobile 

Revision indication n (%) n (%) n (%) n (%) 

Arthrofibrosis 0 (0) 1 (1.5) 1 (0.3) 4 (0.6) 

Bearing breakage 0 (0) 0 (0) 1 (0.3) 10 (1.5) 

Bearing dislocation 0 (0) 23 (33.8) 0 (0) 121 (17.6) 

Bearing wear 0 (0) 0 (0) 73 (22.1) 7 (1) 

Both or unspecified components loosening 0 (0) 6 (8.8) 39 (11.8) 37 (5.4) 

Component malposition 0 (0) 0 (0) 3 (0.9) 3 (0.4) 

Femoral component loosening 0 (0) 1 (1.5) 8 (2.4) 42 (6.1) 

Peri-prosthetic Fracture 0 (0) 4 (5.9) 5 (1.5) 16 (2.3) 

Haemarthrosis 0 (0) 3 (4.4) 0 (0) 8 (1.2) 

Impingement 0 (0) 2 (2.9) 0 (0) 6 (0.9) 

Infection 0 (0) 7 (10.3) 18 (5.4) 45 (6.6) 

Instability 0 (0) 0 (0) 4 (1.2) 12 (1.7) 

Pain 0 (0) 1 (1.5) 36 (10.9) 45 (6.6) 

Progression of OA 12 (80) 18 (26.5) 92 (27.8) 210 (30.6) 

Synovitis 0 (0) 1 (1.5) 1 (0.3) 3 (0.4) 

Tibial component loosening 1 (6.7) 1 (1.5) 41 (12.4) 86 (12.5) 

Unknown 2 (13.3) 0 (0) 9 (2.7) 31 (4.5) 

Note: Counts are displayed with percentage of all extracted reasons for revision in each column in parentheses. UKR 

indicates unicompartmental knee replacement, OA osteoarthritis 

 395 

 396 

 397 

 398 

 399 

 400 

 401 
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Table 3. Patient time incidence rate estimates (per 100 years) of revision indications for unicompartmental knee 

replacement constructs in the National Joint Registry of England, Wales, Northern Ireland and the Isle of Man, 16th 

report 

 All unicompartmental  Fixed bearing  Mobile bearing 

  PTIR % PTIR % PTIR % 

Pain  0.24 15.8 0.25 16.1 0.24 15.6 

Dislocation / subluxation  0.08 4.9 0.01 0.8 0.10 6.7 

Infection  0.05 3.4 0.06 3.8 0.05 3.2 

Aseptic loosening / lysis  0.33 21.5 0.31 20.0 0.34 22.2 

Peri-prosthetic fracture  0.03 1.8 0.02 1.5 0.03 1.8 

Implant wear  0.11 7.3 0.10 6.5 0.12 7.7 

Instability  0.10 6.4 0.07 4.7 0.11 7.1 

Malalignment  0.06 4.2 0.06 3.6 0.07 4.3 

Other indication 0.17 11.1 0.12 7.8 0.19 12.5 

Stiffness 0.02 1.4 0.03 1.6 0.02 1.2 

Progress 0.34 22.2 0.32 20.9 0.35 22.8 

Note: PTIR indicates Patient time incidence rate (per 100 patient years). Estimates are derived from different periods of 

patient time exposure and multiple indications may exist for a single revision. 

 
      

 402 
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