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Does oxidized zirconium make a difference?  
Midterm cohort survivorship of symmetric 
posterior condyle posterior-stabilized total knee 
arthroplasty

Background: A novel symmetric posterior condylar design and option of a femoral 
component with an outer zirconium oxide layer were introduced to a successful asym-
metric condylar total knee arthroplasty system in 2005. Given the paucity of informa-
tion on this modified design, we performed a study to determine its early to midterm 
survivorship and performance.

Methods: Patients who received the Genesis II Symmetric Posterior Condyle or 
Legion Primary total knee (cobalt–chromium [CoCr] or oxidized zirconium–niobium 
[OxZr]) (Smith & Nephew) implanted at the study centre between March 2007 and 
December 2013 were enrolled into a prospective database. We retrospectively 
reviewed the database and performed survival analysis using Kaplan–Meier techniques.

Results: There were 2178 patients (1359 women [62.4%]; mean age 64.6 yr; mean 
body mass index 35.0) with 2815 knee replacements available for analysis. Survival 
rates were 98.2% (95% confidence interval [CI] 97.6%–98.7%) for failure for any rea-
son at 2 years and 96.8% (95% CI 96.0%–97.7%) at 5 years. Age (hazard ratio [HR] 
0.97, 95% CI 0.94–0.997) and female sex (HR 0.45, 95% CI 0.27–0.75) were protec-
tive, whereas body mass index (HR 1.02, 95% CI 0.99–1.05) and OxZr implant (HR 
1.11, 95% CI 0.57–2.18) did not influence survivorship. Oxford Knee Score values 
improved from a mean of 40.2 to 21.8 by 2  years (p  < 0.001), with no difference 
between the CoCr and OxZr groups.

Conclusion: The symmetric posterior condylar posterior-stabilized knee offers 
excellent midterm survivorship. Implant bearing surface did not have an influence on 
survivorship to 5 years, and, thus, use of OxZr implants may not be justified.

Contexte : Un nouveau modèle à condyles postérieurs symétriques et l’option d’un 
élément fémoral pourvu d’une couche d’oxyde de zirconium ont été introduits avec 
succès dans un système de prothèse totale du genou à condyles asymétriques en 2005. 
Compte tenu du manque de renseignements concernant ce modèle modifié, nous 
avons procédé à une étude pour en déterminer la survie et le rendement à court et à 
moyen terme.

Méthodes  : Les patients ayant reçu la prothèse à condyles postérieurs symétriques 
Genesis II ou une prothèse totale primaire Legion (au cobalt–chrome [CoCr] ou au 
zirconium–niobium oxydé [OxZr]) (Smith & Nephew) au centre de recherche entre 
mars 2007 et décembre 2013 ont été inscrits dans une base de données prospective. 
Nous avons procédé à une revue rétrospective de la base de données et effectué une 
analyse de survie à l’aide de techniques de Kaplan–Meier.

Résultats  : On a dénombré 2178 patients (dont 1359 femmes [62,4 %]; âge moyen 
64,6  ans; indice de masse corporelle moyen 35,0) totalisant 2815  arthroplasties du 
genou pour analyse. Les taux de survie ont été de 98,2 % (intervalle de confiance [IC]
à 95 % 97,6 %–98,7 %) pour le paramètre défaillance de toutes causes à 2 ans et de 
96,8 % (IC à 95 % 96,0 %–97,7 %) à 5 ans. L’âge (risque relatif [RR] 0,97, IC à 95 % 
0,94–0,997) et le fait d’être de sexe féminin (RR 0,45, IC à 95 % 0,27–0,75) ont con-
féré un effet protecteur, tandis que l’indice de masse corporelle (RR 1,02, IC à 95 % 
0,99–1,05) et l’implant OxZr (RR 1,11, IC à 95 % 0,57–2,18) n’ont eu aucune influ-
ence sur la survie. Les scores Oxford d’évaluation du genou se sont améliorés, passant 
d’une moyenne de 40,2 à 21,8 en l’espace de 2 ans (p < 0,001), sans différence entre les 
groupes CoCr et OxZr.
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T he Genesis II (Smith & Nephew) total knee 
implant system was released to the general market 
in 1996 and since its release has experienced good 

overall performance. Case series from the design sur-
geons1,2 as well as registry data3,4 have shown excellent sur-
vivorship and functional results in patients undergoing 
primary total knee replacement with this system.5 The 
original system uses built-in external rotation of the femo-
ral component in an attempt to optimize patellofemoral 
tracking, minimize the risk of femoral notching and pre-
vent tibiofemoral shear forces in extension and flexion.1 
Design variations were introduced into the system in 2005 
to accommodate a condylar-constrained polyethylene 
insert requiring a symmetric posterior condyle design. 
This variant was initially branded as the Symmetric Poste-
rior Condyle and later as the Legion Primary. In an effort 
to reduce wear, the components were made available in 
both standard cobalt–chromium (CoCr) bearing as well as 
an oxidized zirconium–niobium (OxZr) gradient ceramic 
bearing surface. The OxZr implants are predominantly 
zirconium–niobium metal with a 4- to 6-mm gradient 
layer of zirconium oxide on the articulating surface.6 Pro-
posed benefits of the more expensive oxidized zirconium 
surface are increased wettability,7 decreased peak rough-
ness,8 decreased adhesive and abrasive wear,7 and its appli-
cability in patients with known metal sensitivities given 
the absence of nickel in the base alloy.9–11 The tibial com-
ponent of this device is a titanium–aluminum–vanadium 
alloy that does not have the issue of nickel as seen in CoCr 
alloy femoral components.

There have been reports of seemingly minor changes in 
implant design having effects on overall survivorship and 
revision rates in both hip and knee arthroplasty.12,13 These 
occurrences show the need to critically evaluate the effect of 
minor design changes on implant function and survivorship.

Given the paucity of information regarding the survi-
vorship of this iteration of these modifications to a success-
ful design, we performed a study to determine the early to 
midterm survivorship of the Symmetric Posterior Condyle 
total knee arthroplasty components at a single institution. 
Additional goals were to assess for differences in revision 
risk between the OxZr and CoCr implants and to evaluate 
the impact of age, sex and body mass index on revision risk 
and assess the functional scores in patients in whom the 
prosthesis has been used.

Methods

The institution’s ethics review board approved the study. 
All patients received the Genesis II Symmetric Posterior 

Condyle or Legion Primary total knee implanted at the 
study centre between March 2007 and December 2013. 
All implants in the study were cemented and used a poste-
rior stabilized design. Selection of OxZr versus CoCr was 
left to surgeon preference in discussion with the patient; 
however, selection of OxZr was restricted to patients aged 
less than 60 years with expected higher activity levels and a 
history of metal sensitivity, based on regional guidelines. 
Preoperatively, patients provided informed consent and 
were enrolled into a prospective research database. The 
database documents patient demographic characteristics, 
diagnosis, procedure details and outcome scores.

All procedures performed by the 4  participating 
fellowship-trained arthroplasty surgeons were eligible for 
inclusion in the study. Patients were followed at 6 weeks, 
6 months, 1 year, 2 years and every 2 years thereafter for 
routine monitoring and surveillance. Follow-up data were 
captured from March 2007 until August 2014. Age at time 
of surgery, height and weight were documented, and body 
mass index was calculated. The bearing surface of the fem-
oral component was also documented. In addition, we ana-
lyzed the preoperative, 1-year postoperative and 2-year 
postoperative Oxford Knee Score values (best possible 
score 12, worst possible score 60). This instrument has 
proven to be reliable, valid and responsive to clinical 
change.14–16

Statistical analysis

We performed survival analysis using Kaplan–Meier tech-
niques for the entire population and then separately for the 
CoCr and OxZr implants. We compared survivorship of 
the CoCr and OxZr version using the Cox proportional 
hazards method to control for the possible confounding 
effects of age,17,18 sex17–19 and body mass index19,20 on revi-
sion risk. We compared demographic characteristics and 
functional score using t tests for continuous data and the χ2 
test for dichotomous data.

Results

A total of 2178  patients with 2815  primary total knee 
replacements were identified in the database. The demo-
graphic data can be found in Table 1. The mean age of the 
patients at the time of surgery was 64.7 (standard deviation 
[SD] 10.7) years, and the patients were predominantly 
female (1359 [62.4%]). The average body mass index of all 
eligible patients from the database was 35.0 (SD 8.5).

There were 2286  CoCr components and 529  OxZr 
components implanted. Patients who received the OxZr 

Conclusion : La prothèse du genou à condyles postérieurs symétriques postéro- stabilisée 
possède une excellente survie à moyen terme. La surface portant l’implant n’a pas eu 
d’influence sur la survie à 5 ans et, donc, l’utilisation d’implants OxZr ne sera peut-
être pas justifiée.
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implants were younger than those who received the 
CoCr  implants and were predominantly male (Table 2). 
There was no difference in body mass index between the 
2 implant groups.

Survivorship

Kaplan–Meier analysis of the pooled implants showed a 
2-year survival rate of 98.2% (95% CI 97.6%–98.7%) for 
failure for any reason and a 5-year survival rate of 96.8% 
(95% CI 96.0%–97.7%) (Fig. 1). There were 63 cases that 
required revision, with infection being the most common 
reason (Table 3). Cox proportional hazards analysis 
showed that both female sex and increased age lowered 
revision risk and that there was a trend toward increased 
revision risk with increased body mass index, but this did 
not reach statistical significance (Table 4). The individual 
CoCr and OxZr Kaplan–Meier survival curves are pre-
sented in Figure 2. After adjustment for age, sex and body 
mass index, we could not detect any difference in survival 
between the 2 materials.

Outcome scores

There were 1851  total knee replacements with preopera-
tive Oxford Knee Score values available for analysis. The 
mean preoperative score was 40.2 (SD 8.3). The mean 
score improved to 22.6 (SD 8.6) at 1 year postoperatively 
and 21.8 (SD  8.9) at 2  years. The improvement in the 
score at 1 year was statistically significant (95% CI 17.06–
18.09), as was the improvement at 2 years (95% CI 17.06–

18.09). No differences were found between patients who 
received OxZr implants and those who received CoCr 
implants.

discussion

We found that the overall (combined CoCr and OxZr) 
revision rate of the Legion Primary knee system was 1.8% 
at 2  years and 3.2% at 5  years. The Australian National 
Joint Replacement Registry shows a cumulative revision 
rate at 3 years of 1.8% for the posterior-stabilized CoCr 
bearing models and 3.2% for the posterior-stabilized OxZr 
models.3 Although this may reflect a difference in the per-
formance of these two materials, it may also result from 
selection bias from the OxZr products’ being used in 
patients at increased risk for failure, such as those less than 
age 55. At 5 years, the registry shows cumulative revision 
rates of 2.1% for CoCr models and 4.1% for OxZr models 
with posterior-stabilized designs.3 The findings in the cur-
rent study are consistent with the results from the Austra-
lian registry.

Our results also suggest that both age at time of surgery 
and sex have an influence on overall survivorship. 
Increased age at time of surgery decreased the revision 
rate, with a hazard ratio of 0.968, which is in keeping with 
registry data. Data from the National Joint Registry of 
England, Wales and Northern Ireland and the Isle of Man 
demonstrate decreasing cumulative revision rates at each 
incremental increase in age of 5 years.4 Similarly, the New 
Zealand Joint Registry illustrates a statistically significant 
decrease in revision rate with each successive incremental 
increase in age of 10 years.21 In our series, female sex had a 
positive influence on implant survivorship. Again, this is in 
keeping with reports from several national joint regis-
tries.3,4,21 The 2016 report from National Joint Registry of 
England, Wales and Northern Ireland and the Isle of Man 

Table 1. Patient demographic and clinical characteristics

Characteristic No. (%) of patients*

Female sex (n = 2178) 1359 (62.4)

Age, yr, mean ± SD 64.7 ± 10.7

Body mass index, mean ± SD 35.0 ± 8.5

Cobalt–chromium implant (n = 2815) 2286 (81.2)

Length of follow-up, yr, mean ± SD 3.2 ±1.9

SD = standard deviation. 
*Except where noted otherwise.

Table 2. Patient demographic characteristics by femoral 
component material

Characteristic

Material; no. (%) of implants*

p value
Cobalt–chromium 

n = 2286

Oxidized 
zirconium 
n = 529

Female sex 1483 (83.4) 296 (16.6) < 0.001

Male sex 803 (77.5) 233 (22.5)

Age, yr, mean ± SD 67.4 ± 9.4 52.3 ± 7.5  < 0.001

Body mass index, 
mean ± SD

35.0 ± 9.0 34.3 ± 8.3 0.1

SD = standard deviation. 
*Except where noted otherwise.

Fig. 1. Pooled Kaplan–Meier product-limit survival estimate of 
the Genesis II Symmetric Posterior Condyle/Legion Primary total 
knee implant (Smith & Nephew). Grey shading represents 95% 
confidence intervals.
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indicates that males are more likely to undergo revision 
than females of comparable age if they were less than 
75 years old at the time of primary surgery.4 Given that the 
predominant indication for revision in our study was infec-
tion, this may be related to the finding of Rasouli and col-
leagues22 that male sex was associated with an increased 
risk of surgical site infection, with an odds ratio of 1.79.

Femoral bearing surface did not have a statistically sig-
nificant influence on overall survivorship of the Legion 
Primary implant in our series, even when we controlled for 

the possible confounding effects of age, sex and body mass 
index. The OxZr implant is a premium implant with an 
associated increase in cost. The differential varies between 
centres based on regional contracting; however, the cost of 
the OxZr femoral component may be as much as 4 times 
that of the otherwise identical CoCr component. Tribo-
logical studies have suggested superior characteristics of 
OxZr femoral implants in comparison to the standard 
CoCr femoral implants.7,23–25 Interestingly, these superior 
characteristics have not resulted in consistent published 
reports of improvement in in vivo wear or superior clinical 
results in knee arthroplasty. This is in contrast to total hip 
arthroplasty, where data from the Australian joint registry 
suggest superiority of this bearing surface in terms of sur-
vival.3 Matched comparison retrieval studies have shown a 
decrease in femoral component damage in OxZr compo-
nents8,26,27 and a corresponding decrease in polyethylene 
damage.26 Synovial fluid analysis in patients with bilateral 
total knee replacement failed to show differences in poly-
ethylene particle number, weight, size and shape between 
the CoCr knee and the OxZr knee,28 and no clinical differ-
ences were found between groups.29 A small randomized 
controlled trial evaluating OxZr and CoCr implants in 
patients undergoing simultaneous total knee arthroplasty 
procedures failed to show significant differences in clinical, 
subjective and radiographic outcomes at 5 years.30 Vertullo 
and colleagues31 reviewed 17 577 cases from the Australian 
joint registry involving a cruciate-retaining asymmetric-
flexion knee and found no difference in implant survival in 
patients less than 75 years of age, with poorer survival of 
OxZr implants at or beyond this age. Our study supports 
these findings in a posterior-stabilized symmetric flexion 
knee by the same single manufacturer.

conclusion

Although there are theoretical advantages to using the 
OxZr implant bearing surface, we did not detect an 
improvement in early to midterm implant survivorship. 
With no apparent survival benefit to the OxZr surface in 
knees, the use of these more expensive implants may not 
be warranted to extend implant longevity until longer-
term evidence of superiority is presented. The symmetric 
posterior condylar posterior-stabilized design as a whole 
offers excellent early to midterm survivorship, with a 
cumulative revision rate of 1.8% at 2  years and 3.2% at 
5 years in the current study. The findings support the con-
tinued use of this design iteration, which is based on a pre-
vious implant with an excellent record. Both increased age 
and female sex had a positive influence on implant survi-
vorship; however, we could not detect any effect of body 
mass index on survivorship.
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Fig. 2. Kaplan–Meier product-limit survival estimates for cobalt–
chromium (CoCr) and oxidized zirconium (OxZr) femoral 
implants. Grey shading represents 95% confidence intervals.
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Table 3. Reasons for revision

Diagnosis
No. of cases 

n = 63

Infection 23

Instability 9

Stiffness 6

Extensor mechanism injury 5

Aseptic loosening 3

Patellar maltracking 7

Locking mechanism dissociation 2

Hematoma 1

Recurrent hemarthrosis 1

Pain 2

Fracture 1

Patellar clunk 1

Undocumented 2

Table 4. Risk of revision by age, sex, body mass index and 
femoral implant material

Predictor HR (95% CI)

Oxidized zirconium femur 1.110 (0.567–2.179)

Age 0.968 (0.939–0.997)

Female sex 0.450 (0.269–0.754)

Body mass index 1.023 (0.994–1.054)

CI = confidence interval; HR = hazard ratio.
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