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Abstract 

Background: Aseptic loosening (AL) is among the major reasons for revision of failed 

primary unicompartmental knee arthroplasty (UKA). There is an ongoing temporal increase 

in the use of UKA with a resultant increase in the revision burden. We aimed to evaluate the 

incidence of, temporal trends and risk factors for AL.  



Methods: Longitudinal studies reporting the incidence of AL following primary UKA were 

sought from MEDLINE, Embase, Web of Science and Cochrane Library up to 6th April 2020. 

Incidence and relative risks (RR) (with 95% confidence intervals) were calculated. 

Results: We identified 62 studies for inclusion. Overall, 96,294 primary UKA procedures 

accounting for 1,752 AL cases were included. AL incidence ranged from 0.00% to 22.70% 

over a 7.7 year weighted mean follow-up. The pooled random effects incidence (95% CI) was 

1.77% (1.34-2.25) in the same follow-up period. The annual rate of AL was 0.10% (0.02-

0.22). AL incidence increased with length of follow-up, but there was a temporal decrease 

from the 1970s onwards. Tibial loosening was more common than femoral component 

loosening: incidence (95% CI) of 1.63% (0.96-2.44) and 0.58% (0.20-1.09) respectively over 

a weighted follow-up of 6.6 years. Fixed bearing implant design and cemented fixation were 

both associated with increased AL risk, whereas robotic-assisted surgery was associated with 

decreased risk. 

Conclusion: The overall incidence of AL following primary UKA is primarily driven by 

tibial component loosening and there is a temporal decline in rates. The use of mobile 

bearing, uncemented implants inserted with robotic assisted surgery may reduce the risk of 

AL. 
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primary unicompartmental knee arthroplasty (UKA). There is an ongoing temporal increase 

in the use of UKA with a resultant increase in the revision burden. We aimed to evaluate the 

incidence of, temporal trends and risk factors for AL.  

Methods: Longitudinal studies reporting the incidence of AL following primary UKA were 

sought from MEDLINE, Embase, Web of Science and Cochrane Library up to 6th April 2020. 

Incidence and relative risks (RR) (with 95% confidence intervals) were calculated. 

Results: We identified 62 studies for inclusion. Overall, 96,294 primary UKA procedures 

accounting for 1,752 AL cases were included. AL incidence ranged from 0.00% to 22.70% 

over a 7.7 year weighted mean follow-up. The pooled random effects incidence (95% CI) 

was 1.77% (1.34-2.25) in the same follow-up period. The annual rate of AL was 0.10% 

(0.02-0.22). AL incidence increased with length of follow-up, but there was a temporal 

decrease from the 1970s onwards. Tibial loosening was more common than femoral 

component loosening: incidence (95% CI) of 1.63% (0.96-2.44) and 0.58% (0.20-1.09) 

respectively over a weighted follow-up of 6.6 years. Fixed bearing implant design and 

cemented fixation were both associated with increased AL risk, whereas robotic-assisted 

surgery was associated with decreased risk. 

Conclusion: The overall incidence of AL following primary UKA is primarily driven by 

tibial component loosening and there is a temporal decline in rates. The use of mobile 

bearing, uncemented implants inserted with robotic assisted surgery may reduce the risk of 

AL. 
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1. Introduction 

Unicompartmental knee arthroplasty (UKA) is an effective means to treat degenerative knee 

conditions. It is an alternative to total knee arthroplasty (TKA) for select circumstances 

where disease processes are restricted to a single compartment of the tibiofemoral joint. 

Though there has been a general increase in the use of UKA as a result of recent innovations 

in implant design and minimally invasive surgical techniques,(1-3) some select countries 

including Australia and Sweden have reported a declining trend in the use of UKA compared 

to TKA. (4, 5)  

 

Despite the growing utility of UKA in treating limited degenerative disorders of the knee, 

national joint registry data of England, Australia and New Zealand continue to highlight 

concerns with respect to high rates of failure, necessitating revision UKA or conversion to 

TKR (1, 10, 11). In a recent analysis, Hansen et al. demonstrated survivorship of 80.9% vs. 

95.7% for UKA vs. TKA respectively, at 7 years of follow-up (8). Aseptic loosening (AL) is 

one of the main causes of UKA failure (12, 13). AL is also cited as the commonest cause of 

failure following TKA. The resulting economic impact on health systems has resulted in 

significant efforts to understand the pathogenesis of AL (14). However, there is currently 

limited evidence on the risk factors for AL in the population of patients undergoing UKA.  

 

To date, no systematic reviews and/or meta-analyses have attempted to evaluate the temporal 

incidence of AL in UKA. With a temporal increase in the use of UKA internationally, and a 

projected increase in revision procedures consequent thereof, a better understanding of the 
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incidence and temporal trends of AL following primary UKA would be valuable to patients, 

clinicians and policy makers. A number of host, surgical and implant-related factors are 

known to influence the risk of developing AL, but the nature and magnitude of their 

associations with AL are not well described. Previous studies have not been able to 

adequately quantify the magnitude of the associations because of their small sample sizes. A 

greater understanding of the risk factors could aid in stratifying those at greater risk of AL-

mediated UKA failure and inform both decision making on choice of implant class and 

preventive strategies. In this context, we aimed to utilize a systematic meta-analytic approach 

to aggregate the existing literature to describe the incidence of AL following primary UKA 

and the temporal trends thereof, and quantify the nature and magnitude of the associations of 

host, surgical and implant-related factors with the risk of AL. 

 

2. Methods 

2.1 Data Sources and Search Strategy 

This review was conducted in accordance with PRISMA and MOOSE guidelines (15, 16), 

(Supplementary Materials 1-2) using a pre-defined protocol which was registered with the 

prospective register of systematic reviews, PROSPERO (CRD42019150836). We 

systematically searched MEDLINE, EMBASE, Web of Science and Cochrane databases for 

studies reporting on AL following primary UKA. The search strategy included MeSH search 

terms to describe the target population (e.g. “unicompartmental knee replacement”, 

“unicondylar knee arthroplasty”, “partial knee replacement”), in combination with search 

terms related to outcome (“aseptic loosening”, “polyethylene wear”, “mechanical wear”). The 

search was not limited to the English language and included those published from inception 

of each database to 6th April 2020. Full details of the search strategy can be found in 

Supplementary Material 3. Titles and abstracts of all potentially relevant studies were 
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initially screened. Full-text articles were acquired for relevant studies to determine whether 

they fulfilled our eligibility criteria. In an attempt to identify any studies that were not 

identified by our original search, reference lists of the full-text articles were manually 

assessed.  

 

2.2 Eligibility Criteria 

Our eligibility criteria were agreed by all authors prior to performing the search. Eligible 

study designs were longitudinal studies (prospective or retrospective cohort, case-cohort, 

nested-case control, or clinical trials) that reported the incidence of AL following primary 

UKA. There were no restrictions on the follow-up duration. We excluded studies which: (i) 

were only restricted to patients with prevalent diseases (e.g. diabetes, renal disease, etc.) 

without a control group; (ii) involved surgical interventions other than primary UKA, such as 

in the setting of fracture fixation, infection, revision arthroplasty, or patellofemoral 

replacement arthroplasty; or, in the context of identifying AL risk factors (iii) failed to report 

AL risk in a non-exposed control group. Controversy on whether a study should be included 

were discussed by two reviewers before approaching a third reviewer for consensus. 

 

2.3 Data extraction and Quality Assessment 

Three independent authors performed data extraction and quality assessments, using a pre-

designed, standardized, data collection spreadsheet. Where available, data was extracted for 

study design, publication date, geographical location, mean age, percentage of males, 

duration of follow-up, sample size, type of prosthesis, number of AL cases, potential risk 

factors, risk estimates (relative risks or hazard ratios for cohort studies and odds ratios for 

case-control studies) and degree of adjustment for potential confounders (univariate or 

multivariate). In the scenario where the same cohort had been described in multiple 
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publications, the study with the most up-to-date or comprehensive information was included. 

The quality of each study was assessed using the nine-star Newcastle-Ottawa Scale (NOS), a 

validated tool for assessing the quality of non-randomised studies included in systematic or 

meta-analytic reviews. NOS measures the quality of evidence from a score of zero to nine, 

based on three pre-defined domains including: (i) selection of participants; (ii) comparability; 

and (iii) ascertainment of outcomes of interest (17). 

 

2.4 Data synthesis and analyses 

The incidence of AL with 95% confidence intervals (CIs) was estimated from the number of 

cases of revision due to AL within period of follow-up/total number of participants or 

procedures as reported. Given that the data was binary with low rates, the Freeman-Tukey 

variance stabilising double arcsine transformation (18) was used in calculating the rates as 

done in previous reports (19-21). On the assumption that AL can occur anytime following 

surgery, annual rates of AL were derived using the length of follow-up of each study. 

Temporal trends in incidence were evaluated using the median year of data 

collection/surgery, as previously reported (22-24). The measures of association were 

presented as RRs with 95% CIs. No studies reported multivariable-adjusted risk estimates, 

hence crude RRs were calculated from the raw counts provided. Random-effects models by 

DerSimonian and Laird which takes into account heterogeneity, both within and between 

studies, were used to combine RRs and account for the effect of heterogeneity (25). In the 

absence of substantial heterogeneity, fixed-effect models were employed.  We estimated 95% 

prediction intervals to determine the degree of heterogeneity, as they provide a range in 

which the underlying true effects of future studies will lie with 95% certainty (26, 27). All 

statistical analyses were conducted using STATA MP 16 (Stata Corp, College Station, Texas, 

USA).   
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3. Results 

3.1 Study identification and selection 

The study selection process is summarised in Figure 1. A total of 1,785 potential citations 

were identified by the literature search and manual screening of relevant articles. Of these, 

100 satisfied the review inclusion criteria based on titles and abstracts. Following detailed 

evaluation of full texts, 51 citations were excluded due to the following reasons: (i) 

population was not relevant (n=16); (ii) duplicate of another study included in review (n=1); 

(iii) the outcome was not relevant (n=18); (iv) study design was not relevant (n=6); and (v) 

full text not accessible (n=11). An additional 12 studies were identified and included after 

review of the reference lists of eligible studies. The remaining 62 articles which comprised of 

63 unique studies were found to be eligible (Figure 1; Supplementary Material 4).  

 

3.2 Study characteristics and study quality 

Table 1 is a summary table of relevant study characteristics for the 62 studies. Publication 

dates of included studies ranged from 1993 to 2020. Table 2 provides details of the key 

characteristics and quality assessment scores of the individual studies. Studies were all 

observational cohort studies. Overall, there were 96,294 primary UKRs and 1,752 cases of 

AL. Twenty-six studies provided data on whether AL was tibial (n=16,019) or femoral (n= 

16,019). Patient populations were recruited from Europe (Belgium, Denmark, Finland, 

France, Germany, Italy, Norway, Poland, Sweden, Switzerland and UK); North America 

(Canada and USA); Asia (China and Korea); the Pacific (Australia) and Africa (Egypt). The 

weighted mean age and mean follow-up duration was 66.0 and 7.7 years respectively. 

Methodological quality of all included studies ranged from 5 to 9.   

 

3.3 Incidence of aseptic loosening following primary UKR 
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Across 62 studies with relevant data, the incidence of AL over a weighted mean follow-up 

duration of 7.7 years ranged from 0.00% to 22.70%. The pooled random effects incidence 

(95% CI) over this follow-up duration was 1.77% (1.34-2.25) (Figure 2). The 95% prediction 

interval for the summary incidence was 0.01 to 5.40%, suggesting that the true incidence for 

any single new study will usually fall within this range. The annual rate of AL was 0.10% 

(0.02-0.22) (Supplementary Material 5). In pooled analysis of 26 studies comprising of 

32,038 primary UKRs, the pooled incidence of tibial loosening and femoral loosening over a 

weighted mean follow-up duration of 6.6 years was 1.63% (0.96-2.44) and 0.58% (0.20-1.09) 

respectively (Supplementary Materials 6-7). The pooled incidence of AL for fixed and 

mobile bearings over a weighted mean follow-up duration of 5.9 years was 2.76% (1.63-4.12) 

and 1.15% (0.61-1.82) respectively (Supplementary Material 8).  

 

The pooled incidence of AL at specific average follow-up periods reported by studies was 

1.30% (1.03-1.59) at 2 years, 1.69% (0.82-2.82) at 3 years, 1.64% (0.69-2.88) at 5 years, 

2.80% (1.84-3.94) at 10 years, and 2.90% (1.41-4.78) at 15 years (Figure 3). Based on the 

median year of data collection/surgery, the pooled incidence of AL was 4.57% (2.67-6.89) in 

1970-1980s, 1.51% (0.73-2.50) in the 1990s, 1.55% (0.97-2.24) in 2000-2009 and 1.05% 

(0.39-1.96) in 2010 and beyond (Figure 4A). In meta-regression analysis, there was a 

significant association between incidence of AL and median year of data collection/surgery 

(p=0.022) and therefore independent of length of follow-up (Figure 4B). 

 

3.4 Potential risk factors for aseptic loosening following primary UKR 

A total of 11 of the included studies reported data that could be used in estimating the 

associations of potential risk factors with the risk of AL. The results are summarised in 

Supplementary Materials 9. Comparing males with females in pooled analysis of six 

studies (n=138), the RR (95% CI) for AL was 1.68 (0.85-3.32). Comparing a medial with a 
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lateral UKR in pooled analysis of three studies (n=47,759), there was no significant evidence 

of an association with AL RR (95% CI) of 1.18 (0.91-1.52). Results of single reports showed 

bearing type (fixed vs. mobile; n=32,847)(28), implant fixation (cemented vs. non-cemented; 

n=14,814)(29) and non-robotically-assisted surgery (non-robotic vs. robotic-assisted; 

n=7,091)(30),  to be associated with an increased risk of AL. 

 

4. Discussion 

4.1 Key findings 

UKA involves the replacement of the articular surfaces in the affected compartment, with 

preservation of the cruciate ligaments and other compartments. The less invasive nature of 

this technique and retention of more normal knee kinematics have been shown to result in 

faster recovery, improved PROMs and reduced rates of infection, morbidity and mortality 

when compared to TKA. (6-9) Given limited data on incidence trends of AL and its potential 

risk factors, we carried out a systematic review and meta-analysis to evaluate the existing 

evidence. Over a weighted average follow-up period of about 8 years, the incidence of AL 

following primary UKA ranged from 0.00 to 22.70% across individual studies and averaged 

approximately 1.77% in pooled analysis. The incidence of tibial loosening was higher than 

that of femoral loosening. AL incidence increased with increasing follow-up during the post-

operative period and reached a peak 10 years post-operatively. There was a temporal decline 

in incidence of AL from the 1970s to 2010 and beyond. Our analysis of potential risk factors 

for AL after primary UKA found no statistically significant association with sex (male vs. 

female), laterality (right vs. left), or affected compartment (medial vs. lateral). Results of 

single reports found an increased risk of AL associated with fixed-implant design and 

cemented implant fixation, whereas robotic-assisted UKA was associated with decreased risk 

of AL. 
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4.2 Comparison with previous work 

Although several other meta-analyses identify AL as the chief cause of revision following 

UKA (31, 32), we did not identify any previous reviews that have attempted to summarise 

evidence on the incidence trends of AL following primary UKA. Furthermore, no other meta-

analyses have attempted to comprehensively evaluate multiple risk factors in this setting. Our 

findings are in keeping with several other reviews that report AL incidence rates, restricted to 

specific groups. The largest was of Mohammad et al. (33). Their assessment of long-term 

outcomes of 8,658 medial Oxford phase III knees, aggregated from 15 studies, reported an 

AL incidence of 1.25%. Ernstbrunner et al. (31) reported 74 cases of AL in a meta-analysis 

of 4,573 patients, equating to an incidence of 1.62%; only lateral UKAs were included. Yoon 

et al. (34) reported an AL incidence of 0.94% (6 out of 637 UKAs) when comparing UKAs 

performed due to underlying spontaneous osteonecrosis of the knee vs. medial osteoarthritis. 

Other than being restricted to specific subpopulations, a major limitation in these previous 

approaches was that incidence rates were estimated from the number of AL cases divided by 

the total number of UKA procedures and expressed as a percentage; hence, such findings do 

not account for time. By employing relevant statistical approaches and taking into account 

the period of follow-up (weighted means), our review represents the first attempt at 

evaluating and synthesising AL incidence and its temporal trends in more detail than ever 

before.  

 

Furthermore, as our secondary outcome measure, this is the first aggregate analysis to 

evaluate the associations of patient- and surgery-related factors with AL risk following UKA. 

We have identified no association with sex, laterality or specific tibio-femoral compartment, 

and only individual reports show an association of fixed implant design and cemented 
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implant fixation with an increased risk of AL. Our results are in contrast to a recent meta-

analysis by Huang et al. (35) which found no significant differences in the rate of AL 

between fixed and mobile bearing UKA. Their report included eight studies totaling 1,996 

knees; far less than the 32,847 knees included in the single study captured in our search 

strategy, suggesting a lack of statistical power to measure this association. 

 

4.3 Possible explanation for findings 

AL following UKA has been reported in the literature to be influenced by a number of intra-

operative factors, including component malalignment, under-correction of the pre-

degeneration deformity, deficiency of the anterior cruciate ligament and excessive tibial slope 

(3). In our study, AL more commonly affected the tibial component; other studies have 

varied on whether tibial or femoral components are more susceptible (36-38). Tibial 

loosening tends to be associated with component malalignment. Chatellard et al. 

demonstrated that a difference of >2 mm between medial and lateral joint spaces was 

associated with tibial AL (39). Femoral loosening on the other hand is thought to result from 

poor fixation (40). Improvements in prosthetic design and fixation techniques over time may 

have led to less femoral loosening and hence a higher proportion of tibial loosening as 

reported in our study.  

 

We report a temporal decline in AL since the 1970s. This may reflect improvements in 

prosthetic design and surgical technique (41). Over this period all-cause revision has 

similarly declined. Although early studies of UKA reported revision rates as high as 32% 

within seven years of follow-up (42, 43), more recent studies and registry data report failure 

rates of <10% at ten years in certain prosthetic designs (1, 44). Modern designs are now 
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thought to produce better outcomes even in young, active patients, who are otherwise thought 

to be at a greater risk of early failure (45). 

 

Fixed-bearing and cemented UKAs each had an increased risk of AL compared to mobile-

bearing and non-cemented UKAs, respectively, but these were based on single reports (28, 

29). It is thought that fixed-bearing UKA results in greater contact stress on the polyethylene 

insert of the tibial component compared to mobile-bearing implants. Furthermore, the 

constraint of the bearing leads to increased transmission of force to the implant/bone 

interface. Thus, poor conformity and subsequent micro-motion in fixed implants may 

accelerate the development of AL (12). However, a recent meta-analysis by Abu Al-Rub et 

al. which compared fixed with mobile bearing unicompartmental knee replacement did not 

find any difference between implant survivorship (46). A direct comparison of AL rates in 

cemented vs. uncemented UKAs were reported by Mohammad et al (33). The group reported 

AL rates of 1.0% vs. 0.42% at a 10-year follow-up (p<0.001) for cemented vs. uncemented 

groups in 14,814 UKAs. The lower risk of AL in uncemented implants may in part by 

explained by radiographic evidence from a randomized controlled trial, demonstrating fewer 

radiolucent tibial lines surrounding uncemented implants and thus better fixation than 

cemented UKAs (47). We identified a single study through our search criteria that 

investigated AL following robotic-assisted surgery comparing the Mako Robotic-Arm 

Assisted System vs. non-robotic UKA in 7,091 patients (30). The group reported a reduced 

incidence of AL in the robotic group (10 vs. 114; p=0.001). It is of note that the authors of 

this study do acknowledge funding from a related commercial party and is thus at risk of 

reporting bias. Reliable data independent from industry funding is currently ongoing (48).  

 

4.4 Implications of our findings 
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It is pleasing that the incidence of AL following UKA is decreasing, but as UKA is becoming 

more common (49), the overall revision burden due to AL is still likely to increase. Despite 

the growing number of surgeons performing UKA for localized tibio-femoral compartment 

degenerative disease, UKAs have high rates of revision compared to total knee arthroplasty at 

16.4% by 14 years. Registry data for England, Wales and Northern Island have reported that 

the main causes of revision are coded as aseptic loosening, ‘other’ reasons (including 

progressive arthritis), instability and pain. According to their 16th Annual Report, AL 

accounted for revision rates (95%CI) of 3.32 (3.18-3.47) per 1,000 prosthesis-years following 

primary UKA (1). 

 

Our findings on the incidence and temporal trends of AL will inform decision making and 

resource planning. Our findings suggest AL is uncommon at <2% at 8 years, with a 

decreasing temporal trend. Considering this low incidence and the high failure rates in recent 

registry data, our findings also highlight the important question: what is driving UKAs to fail 

at such a high rate? It is the opinion of the authors that we should shift attention to 

appropriate decision making and patient selection, rather than implant and surgical-factors 

such as AL, as this may be driving the high burden of UKA revision.  

 

4.5 Study strength and limitations 

To our knowledge, this is the first aggregate analysis attempting to assess the temporal 

incidence trends in AL following primary UKA, combined with the evaluation of a number 

of patient-, implant- and surgery-related risk factors in a single comprehensive investigation. 

Our inclusion of 96,294 patients across many continents makes our results generalizable with 

enhanced power to assess AL associations in greater detail than previous reviews. 

Appropriate meta-analytic approaches were utilised in all analyses, which included 
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accounting for heterogeneity between studies, using meta-regression techniques, and ensuring 

that studies with zero rates were not excluded from the pooled analysis. There are some 

limitations to our analysis, such as (i) though observational study designs are valuable tools 

for assessing associations between a risk factor and outcome, they do not prove causation and 

are limited by biases such as selection bias, residual confounding, and regression dilution 

bias; (ii) the majority of studies did not adjust for confounding; (iii) temporal trends in AL 

rates were based on the reported median year of data collection, which may not accurately 

capture specific periods of surgery and follow-up; (iv) only two studies specifically reported 

the use of onlay and inlay tibial components, which precluded the estimation of the incidence 

of AL in these subgroups; (v) due to lack of data, our analyses were unable to identify the 

contribution of sociodemographic factors such as age or BMI; (vi) the annual event rate for 

AL was estimated on the assumption that AL can occur anytime following surgery; hence, 

the results may be biased and (vii) several of the association findings were based on single 

study evaluations, and hence require interpretation with caution and replication in further 

studies. 

 

5. Conclusions 

The overall incidence of AL following primary UKA is variable; the average incidence is less 

than 2% over an average follow-up period of 8 years and appears to be driven by tibial 

component loosening. There is a temporal decline in incidence. Surgical measures that reduce 

AL risk such as use of mobile-bearings, non-cemented fixations, or robotic-assisted surgery 

may be employed by surgeons when performing primary UKA. 
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