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Background and purpose — While highly crosslinked polyethyl-
ene has shown reduced in vivo wear and lower rates of revision 
for total hip arthroplasty, there have been few long-term studies 
on its use in total knee arthroplasty (TKA). We compared the rate 
of revision of non-crosslinked polyethylene to that of crosslinked 
polyethylene in patients who underwent TKA for osteoarthritis.  

Patients and methods — We examined data from the Australian 
Orthopaedic Association National Joint Replacement Registry on 
302,214 primary TKA procedures with non-crosslinked polyeth-
ylene and 83,890 procedures with crosslinked polyethylene, all of 
which were performed for osteoarthritis. The survivorship of the 
different polyethylenes was estimated using the Kaplan-Meier 
method and was compared using proportional hazard models.

Results — The 10-year cumulative revision rate for non-cross-
linked polyethylene was 5.8% (95% CI: 5.7–6.0) and for cross-
linked polyethylene it was 3.5% (95% CI: 3.2–3.8) (> 6.5-year HR 
= 2.2 (1.5–3.1); p < 0.001). There was no effect of surgical volume 
or  method of prosthesis fixation on outcome. There were 4 differ-
ent TKA designs that had a minimum of 2,500 procedures in at 
least 1 of the polyethylene groups and a follow-up of ≥ 5 years. 2 
of these, the NexGen and the Natural Knee II, had a lower rate 
of revision for crosslinked polyethylene. The Scorpio NRG/Series 
7000 and the Triathlon Knee did not show a lower rate of revision 
for crosslinked polyethylene.

Interpretation — There is a lower rate of revision for cross-
linked polyethylene in TKA, and this appears to be prosthesis-
specific and when it occurs is most evident in patients < 65 years 
of age. The difference in revision rates was mainly due to revisions 
because of lysis and loosening.



Crosslinked polyethylene has shown reduced in vivo wear 
rates and lower revision rates in clinical studies when used 
for conventional primary total hip arthroplasty (Thomas et al. 
2011, Lee et al. 2011, Babovic and Trousdale 2013, Snir et 
al. 2014, Australian Orthopaedic Association National Joint 
Replacement Registry (AOANJRR) Annual Report 2014). 
However, it is uncertain whether the same benefit occurs with 
total knee arthroplasty (TKA). Polyethylene wear is multi-
factoral and can be influenced by prosthesis design, technical 
issues such as alignment, and patient-related factors. The bio-
mechanical environment differs in the knee, with polyethyl-
ene being subject to deformation, delamination, and potential 
crack propagation. This has led to concerns with the use of 
crosslinked polyethylene in TKA because of reduced strength 
and fatigue resistance. In vitro studies have shown a decrease 
in wear with increasing radiation dose from 50 to 100k Gy, but 
toughness decreased with the higher radiation dose (Akagi et 
al. 2006, Asano et al. 2007). Knee simulator models of wear 
have shown less wear for crosslinked polyethylene than for 
standard compression-molded polyethylene in both aged and 
unaged forms of the material. Reduced wear was also found 
in crosslinked polyethylene when subjected to diverse wear 
models with a scratched femoral component or an unbalanced 
knee (Muratoglu et al. 2002, 2004, Hermida et al. 2008). 
There have, however, only been a few reports of the clinical 
results of highly crosslinked polyethylene in TKA (Hodrick et 
al. 2008, Minoda et al. 2009, Long et al. 2012). While these 
studies have shown no difference in clinical or radiographic 
outcomes when comparing crosslinked polyethylene with 
non-crosslinked polyethylene, the longest follow-up was 7 
years. Longer-term information is lacking.
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We compared the rates of revision of non-crosslinked poly-
ethylene and crosslinked polyethylene for all patients who 
underwent TKA for osteoarthritis as reported to the Australian 
Orthopaedic Association National Joint Replacement Registry 
(AOANJRR).

Methods

The AOANJRR began data collection on September 1, 1999, 
and it includes data on over 98% of the arthroplasty proce-
dures performed in Australia since 2002. Registry data are 
validated against patient-level data provided by each of the 
state and territory health departments in Australia using a 
sequential, multilevel matching process. A matching program 
is run on a monthly basis to search for all primary and revision 
arthroplasty procedures recorded in the registry that involve 
the same side and joint of the same patient, thus enabling 
each revision to be linked to the primary procedure. Data are 
also matched biannually with the National Death Index of the 
Department of Health and Ageing to obtain information on the 
date of death. The registry records the reasons for revision and 
the type of revision of TKA, and categorizes revision surgery 
as major or minor. A major revision involves revision of either 
the tibial or the femoral component, or both. Minor revisions 
are all other revisions usually including patellar resurfacing 
and tibial insert changes. 

Crosslinked polyethylene was defined in the registry data-
base as ultra-high-molecular-weight polyethylene that has 
been irradiated with high-dose (≥ 50 kGy) gamma or electron 
beam radiation, regardless of remelting or annealing. The defi-
nition of polyethylene was confirmed with industry and cross-
checked with the Australian Prosthesis Advisory List, which 
records crosslinked polyethylene separately from conven-
tional polyethylene. Vit E crosslinked polyethylene has been 
recorded separately but included in the crosslinked polyethyl-
ene in this study, due to short-term follow-up and its use with 
1 type of prosthesis. The study population was all patients 
with primary TKAs undergone for osteoarthritis (OA). The 
registry first recorded the use of crosslinked polyethylene in 
2001. During the study period, there were 302,214 primary 
TKA procedures performed for OA reported to the registry 
that used non-crosslinked polyethylene and there were 83,890 
that used crosslinked polyethylene. There was an increase in 
the use of crosslinked polyethylene, with over 40% of all pri-
mary TKA procedures performed in 2013 using crosslinked 
polyethylene (Figure 1). Outcomes were determined for all 
procedures, comparing TKA performed with non-crosslinked 
polyethylene and crosslinked polyethylene and including the 
effect of age, sex, and reason for revision. The types of revi-
sion were also analyzed. 

In order to account for possible confounders, we also per-
formed a number of subanalyses. These included method of 
fixation, type of tibial bearing, the impact of surgical volume, 

and brand of prosthesis. The effect of the method of fixation 
(cemented, hybrid, and cementless) and tibial bearing surface 
(fixed-bearing, mobile, and rotating) with crosslinked and 
non-crosslinked polyethylene in TKA was examined. Data 
on the number of TKAs performed were analyzed. Surgeons 
were divided into 4 groups based on the average number of 
procedures per year: ≤ 10, 11–25, 26–70, and > 70 TKAs per 
year. 

A separate analysis was performed on specific prostheses 
that have both crosslinked and non-crosslinked polyethylene 
options. The criteria for inclusion were a minimum of 2,500 
procedures in at least 1 of the polyethylene groups and a fol-
low-up time of 5 or more years.

Statistics
The registry uses Kaplan-Meier estimates of survivorship to 
describe the time to the first revision of an arthroplasty, with 
censoring at the time of death or closure of the database at the 
time of analysis. The unadjusted cumulative percentage revi-
sion (CPR) after the primary arthroplasty, with an accompany-
ing 95% confidence interval (CI), was calculated using unad-
justed pointwise Greenwood estimates. Hazard ratios were 
calculated using Cox proportional-hazards models, adjusting 
for age and sex, and were used to make statistical comparisons 
of the revision rates between groups. The assumption of pro-
portional hazards was checked analytically for each model; if 
the interaction between the predictor and the log of the post-
operative time was significant in the standard Cox model, then 
a time-varying model was used. Time points were iteratively 
chosen until the assumption of proportionality was met, and 
the hazard ratios were calculated for each selected time period. 
All tests were 2-tailed at the 5% level of significance. Statisti-
cal analysis was performed using SAS software version 9.3.

Ethics
The study was approved by the Commonwealth of Australia 

Figure 1. Relative proportions of primary total knee replacements 
according to type of polyethylene bearing surface (all diagnoses).
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as a Declaration of Quality Assurance Activity under sec-
tion 124X of the Health Insurance Act, 1973.  All investiga-
tions were conducted in accordance with ethical principles of 
research (the Helsinki Declaration II).

Results

The 10-year CPR for non-crosslinked polyethylene was 5.8% 
(CI: 5.7–6.0) and for crosslinked polyethylene it was 3.5% 
(CI: 3.2–3.8) (HR after 6.5 years = 2.2 (1.5–3.1); p < 0.001) 
(Figure 2). The main reason for the difference in revision rate 
was a reduction in the rate of revision for the wear-related 
problems of loosening and lysis. The 10-year CPR for loos-
ening/lysis for non-crosslinked polyethylene was 1.9% (CI: 
1.9–2.0) and for crosslinked polyethylene it was 0.9% (CI: 
0.7–1.0) (HR = 1.8 (1.6–2.0); p < 0.001) (Figure 3). The rea-
sons for revision of TKA for both crosslinked polyethylene 
and non-crosslinked polyethylene are listed in Table 1.

The effect of crosslinked polyethylene was more pro-
nounced in the younger age groups. For patients less than 65 
years of age, the 10-year CPR for non-crosslinked polyethyl-

ene was 8.8% (CI: 8.5–9.1) and it was 4.9% (CI 4.3–5.5) for 
crosslinked polyethylene (HR after 2.5 years = 1.95 (1.7–2.3); 
p < 0.001) (Figure 4).  

The type of fixation had no effect on the outcomes when 
comparing non-crosslinked polyethylene and crosslinked 
polyethylene. For all cemented TKAs, cementless TKAs, and 
hybrid TKAs, the rate of revision was always lower for cross-
linked polyethylene. The type of tibial bearing was examined, 
but there was only 1 type of knee prosthesis that had sufficient 
numbers of fixed and mobile bearing surfaces with the 2 types 
of polyethylene for analysis. This was the NexGen Posterior 
Stabilized TKA, and at 5 years there was no significant dif-
ference in the rate of revision between the fixed-bearing knee 
and the rotating mobile knee regarding the type of polyethyl-
ene. The use of crosslinked polyethylene and non-crosslinked 
polyethylene was evenly spread over all 4 surgical volume 
groups. For the surgical volume groups 11–25, 26–70, and > 
70, there was a significant reduction in the rate of revision 
for crosslinked polyethylene (p < 0.001). There was no dif-
ference in the rate of revision in the low-volume (≤ 10) group, 
although this was probably due to the smaller numbers of pro-
cedures available for analysis.

Figure 2. Cumulative percentage revision of 
primary total knee replacements according to 
type of polyethylene bearing surface (with OA 
as primary diagnosis).

Legend to Figure 2. HR adjusted for age and 
sex. Non-crosslinked versus crosslinked

Period	 HR (95%CI)	 p-value

0–6 months	 1.2 (1.1–1.3)	  0.005
6–9 months	 1.6 (1.3–1.9)	 < 0.001
9–12 months	 1.3 (1.1–1.6)	  0.001
1–2.5 years	 1.6 (1.5–1.8)	 < 0.001
2.5–6 years	 1.9 (1.7–2.2)	 < 0.001
6–6.5 years	 8.6 (2.2–35)	  0.002
> 6.5  years	 2.2 (1.5–3.1)	 < 0.001
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Figure 3. Cumulative percentage revi-
sion of primary total knee replacements 
according to type of polyethylene bearing 
surface (revision for loosening/lysis, with 
OA as primary diagnosis). Non crosslinked 
vs crosslinked (entire period): HR = 1.80 
(1.61–2.02), p < 0.001 (HR adjusted for 
age and sex).
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Figure 4. Cumulative percentage revision of pri-
mary total knee replacements in patients aged 
< 65 years, according to type of polyethylene 
bearing surface (with OA as primary diagnosis).

Legend to Figure 4. HR adjusted for sex. Non-
crosslinked < 65 versus crosslinked < 65

Period	 HR (95%CI)	 p-value

0–1 year	 1.3 (1.1–1.5)	 < 0.001
1–1.5 years	 1.9 (1.6–2.4)	 < 0.001
1.5–2.5 years	 1.4 (1.2–1.7)	 < 0.001
> 2.5 years	 1.9 (1.7–2.3)	 < 0.001
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Prosthesis-specific analysis
4 different TKA designs fulfilled the criteria of a minimum of 
2,500 procedures in at least 1 of the polyethylene groups and a 
follow-up of 5 or more years. These were the Natural Knee II, 
the Triathlon, the NexGen, and the Scorpio (Table 2).

The Natural Knee II only includes minimally stabilized 
prostheses, as the posterior-stabilized option has seldom been 

used. The registry has 10-year follow-up for both types of 
polyethylene. Crosslinked polyethylene was used in 54% of 
the procedures, and had a lower rate of revision after 3.5 years. 
The 10-year CPR for non-crosslinked polyethylene was 7.4% 
(CI: 6.3–8.5) as compared to 3.8% (CI: 3.0–4.7)  for cross-
linked (HR after 3.5 years = 3.2 (2.1–5.0); p < 0.001). This 
difference was evident regardless of age; however, the differ-

Table 1. Revision diagnosis of primary total knee replacement according to type of polyethylene bearing 
surface (with OA as primary diagnosis)

		  Crosslinked			   Non-crosslinked
Revision diagnosis	 Number	 % Revision	 % Primary	 Number	 % Revision	 % Primary

Loosening/Lysis	 341	 23.5	 0.4	 3,545	 30.0	 1.2
Infection	 461	 31.8	 0.5	 2,463	 20.8	 0.8
Patellofemoral pain	 140	 9.7	 0.2	 1,467	 12.4	 0.5
Pain	 117	 8.1	 0.1	 1,119	 9.5	 0.4
Instability	 86	 5.9	 0.1	 720	 6.1	 0.2
Arthrofibrosis	 56	 3.9	 0.1	 425	 3.6	 0.1
Patellar erosion	 51	 3.5	 0.1	 368	 3.1	 0.1
Fracture	 37	 2.6	 0.0	 292	 2.5	 0.1
Malalignment	 34	 2.3	 0.0	 266	 2.3	 0.1
Metal-related pathology	 3	 0.2	 0.0	 236	 2.0	 0.1
Tibial wear	 16	 1.1	 0.0	 198	 1.7	 0.1
Other	 108	 7.4	 0.1	 723	 6.1	 0.2

Total number of
   revisions	 1,450	 100	 1.7	 11,822	 100	 3.9
   primaries	 83,890			   302,214		

Table 2. Cumulative percentage revision (95% confidence intervals) of primary total knee replacements according to type of polyethylene 
bearing surface and age, for specific prostheses (with OA as primary diagnosis)

Model	 Revised	 Total			   Cumulative percentage revision
 Polyethylene/ Age	 n	 n	 1 year	 3 years	 5 years	 7 years	 10 years	 13 years

Natural Knee II/Natural Knee II 
 crosslinked	 93	 3,312	 1.0 (0.7–1.4)	 2.1 (1.6–2.7)	 2.8 (2.2–3.5)	 3.1 (2.5–3.8)	 3.8 (3.0–4.7)
 non-crosslinked	 190	 2,860	 0.8 (0.5–1.2)	 2.0 (1.5–2.5)	 3.0 (2.4–3.7)	 4.3 (3.6–5.2)	 7.4 (6.3–8.5)	 9.9 (8.5–11.6)
Triathlon CR/Triathlon 
 crosslinked	 369	 25,839	 0.7 (0.6–0.9)	 2.0 (1.8–2.2)	 2.7 (2.3–3.1)
 non-crosslinked	 182	 8,060	 0.8 (0.6–1.0)	 1.9 (1.6–2.3)	 2.6 (2.2–3.0)	 3.0 (2.6–3.5)
Triathlon PS/Triathlon 
 crosslinked	 72	 3,149	 1.8 (1.4–2.4)	 2.8 (2.2–3.5)	 3.2 (2.5–4.1)
 non-crosslinked	 126	 3,182	 1.8 (1.4–2.3)	 3.7 (3.0–4.4)	 4.6 (3.8–5.5)	 5.2 (4.3–6.3)
Nexgen CR/Nexgen 
 crosslinked	 437	 27,193	 0.7 (0.6–0.8)	 1.6 (1.4–1.8)	 2.0 (1.8–2.2)	 2.2 (2.0–2.5)	 2.8 (2.5–3.2)
     age < 65	 216	 9,000	 1.0 (0.8–1.3)	 2.4 (2.1–2.8)	 3.1 (2.7–3.6)	 3.4 (2.9–3.9)	 4.3 (3.6–5.1)
     age ≥ 65	 221	 18,193	 0.6 (0.5–0.7)	 1.2 (1.0–1.4)	 1.5 (1.3–1.7)	 1.7 (1.4–1.9)	 2.1 (1.7–2.5)
 non-crosslinked	 224	 8,735	 0.5 (0.3–0.6)	 1.6 (1.3–1.9)	 2.1 (1.8–2.4)	 2.5 (2.1–2.9)	 3.2 (2.7–3.7)	 5.2 (4.2–6.5)
     age < 65	 99	 1,968	 0.6 (0.4–1.1)	 2.4 (1.7–3.2)	 3.7 (2.9–4.7)	 4.6 (3.6–5.7)	 5.8 (4.6–7.1)	 10  (7.7–14)
     age ≥ 65	 125	 6,767	 0.4 (0.3–0.6)	 1.4 (1.1–1.7)	 1.6 (1.3–2.0)	 1.8 (1.5–2.2)	 2.4 (2.0–2.9)	 3.3 (2.4–4.5)
 total 	 661	 35,928	 0.7 (0.6–0.8)	 1.6 (1.5–1.7)	 2.0 (1.9–2.2)	 2.3 (2.1–2.5)	 2.9 (2.7–3.2)	 4.9 (4.0–6.1)
Nexgen PS/Nexgen 
 crosslinked	 184	 8,364	 1.0 (0.8–1.2)	 2.5 (2.1–2.9)	 3.2 (2.7–3.8)	 3.9 (3.2–4.7)
 non-crosslinked	 681	 1,9281	 0.9 (0.8–1.0)	 2.3 (2.1–2.6)	 3.3 (3.0–3.5)	 4.1 (3.8–4.5)	 5.2 (4.8–5.7)	 6.1 (5.4–7.0)
Scorpio NRG CR/Series 7000 
 crosslinked	 35	 2,454	 0.7 (0.4–1.1)	 1.6 (1.1–2.3)	 2.0 (1.4–2.8)
 non-crosslinked	 13	 406	 0.2 (0.0–1.7)	 1.2 (0.5–3.0)	 2.1 (1.0–4.2)
Scorpio NRG PS/Series 7000 
 crosslinked	 92	 2,910	 0.9 (0.6–1.3)	 3.6 (2.9–4.5)	 4.5 (3.6–5.6)
 non-crosslinked	 15	 504	 0.6 (0.2–1.8)	 1.6 (0.8–3.2)	 3.1 (1.9–5.1)
￼￼￼￼￼
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ence was greater for those who were less than 65 years old. 
The Triathlon knee had a minimum 5-year follow-up for 

both types of polyethylene, and crosslinked polyethylene was 
used in 72% of the procedures. There was no difference in the 
rates of revision for both minimally and posterior-stabilized 
Triathlon prostheses when comparing non-crosslinked and 
crosslinked polyethylene (HR = 1.0 (0.9–1.2); p = 0.9; and 
HR = 1.3 (0.95–1.7); p = 0.1). 

The NexGen knee had 10-year follow-up for both cross-
linked and non-crosslinked polyethylene for the minimally 
stabilized prosthesis, and 7-year follow-up for the posterior-
stabilized prosthesis. Crosslinked polyethylene was used in 
76% of minimally stabilized NexGen CR and CR Flex knees, 
and had a lower rate of revision after 2.5 years. This differ-
ence, however, was only evident in those aged less than 65 
years. The 10-year CPR for patients aged < 65 with non-
crosslinked polyethylene was 5.8% (4.6–7.1), as compared to 
4.3% (3.6–5.1) for crosslinked polyethylene (HR after 1 year 
= 1.6 (1.2–2.1); p = 0.001) (Figure 5). Crosslinked polyeth-

ylene was used in 30% of posterior-stabilized NexGen LPS 
and LPS Flex knees. The rates of revision were similar when 
comparing non-crosslinked and crosslinked polyethylene in 
the posterior-stabilized group. 

The Scorpio NRG/Series 7000 knee had 5-year follow-up 
for non-crosslinked and crosslinked polyethylene, and the 
latter was used in 86% of procedures. There was no difference 
in the rates of revision with minimally and posterior-stabilized 
Scorpio NRG/Series 7000 prostheses when comparing non-
crosslinked and crosslinked polyethylene (HR = 1.3 (0.7–2.6); 
p = 0.4; and HR = 0.61 (0.34–1.1); p = 0.08).

Discussion

This is the first study to demonstrate a reduced rate of revision 
for crosslinked polyethylene in TKA in a population-based 
registry. When a new device or material has been introduced, 
post-market surveillance is important and registries are ide-
ally suited to determine outcomes—and especially to show 
whether there are any early problems associated with new 
prostheses. Concerns regarding the mechanical properties of 
crosslinked polyethylene in TKA have not been identified in 
the results reported from the registry. Polyethylene fracture 
as a reason for revision has only been recorded in 2 cases, 
suggesting that concerns regarding crosslinked polyethylene 
toughness are presently unfounded.

While there is a lower rate of revision for crosslinked poly-
ethylene than for non-crosslinked polyethylene, this reduction 
is not evident for all prostheses. While crosslinked polyethyl-
ene is used frequently in hip arthroplasty, the uptake of cross-
linked polyethylene for TKA has not been as great, although 
it accounts for 43% of all tibial polyethylene in 2013. At 10 
years, there was a reduction in loosening/lysis as a reason for 
revision in the crosslinked polyethylene TKA group.  

While TKA has a low rate of revision, there is consider-
able variation with age—with patients younger than 65 having 
a higher rate of revision (AOANJRR Annual Report 2014). 
It therefore becomes important to examine factors that may 
reduce this higher rate of revision. This study has demon-
strated that while there is an overall reduction in the rate of 
revision for all ages when crosslinked polyethylene is used, 
this is more apparent in the younger age group (< 65). This 
may become more pronounced as revision for wear-related 
issues, such as loosening and lysis, increases over time.

In primary TKA, crosslinked polyethylene was used less 
frequently than non-crosslinked polyethylene and there was 
considerable prostheses difference in its use. While the regis-
try has shown a lower rate of revision overall for crosslinked 
polyethylene, the analysis of crosslinked polyethylene may 
be confounded by well-performing prostheses with a higher 
use of crosslinked polyethylene. Consequently, any observed 
difference in revision rate may be confounded by prosthesis 
type. This study has demonstrated prosthesis variation in the 

Figure 5. Cumulative percentage revision of minimally stabilized 
Nexgen primary total knee replacements according to type of polyeth-
ylene bearing surface and age (with OA as primary diagnosis).

Legend to Figure 5. HR adjusted for gender

Period	 HR (95%CI)	 p-value

Crosslinked < 65 vs crosslinked ≥ 65
   0–6 months	 1.3 (0.88–2.0)	 0.2
   6–9 months	 2.2 (1.2–4.0)	 0.007
   9–12 months	 3.5 (2.1–5.8)	 < 0.001
 12–18 months	 1.4 (0.88–2.2)	 0.2
  > 18 months	 2.4 (1.8–3.1)	 < 0.001
Non crosslinked ≥ 65 vs crosslinked ≥ 65
 Entire	 1.1 (0.89–1.4)	 0.4
Non crosslinked < 65 vs crosslinked < 65
 0–12 months	 0.8 (0.48–1.2)	 1
  > 12 months	 1.6 (1.2–2.1)	 0.001
Non crosslinked < 65 vs noncrosslinked ≥ 65
 0–18 months	 2.0 (1.3–2.9)	 < 0.001
  > 18 months	 3.0 (2.2–4.0)	 < 0.001

Cumulative percent revision

   0

   2

   4

   6

   8

  10

  12

  14

  16

  18

  20

Years since primary procedure
0 1 2 3 4 5 6 7 8 9 10 11 12 13

Crosslinked < 65                                             
Crosslinked ≥ 65                                             
Non-crosslinked < 65                                         
Non-crosslinked ≥ 65                                         



726 Acta Orthopaedica 2015; 86 (6): 721–727

effect that crosslinked polyethylene has on the rate of revision 
following TKA. A lower rate of revision was identified when 
crosslinked polyethylene was used in conjunction with the 2 
minimally stabilized TKAs with 10-year follow-up (the Natu-
ral Knee II and NexGen) in comparison to the use of non-
crosslinked polyethylene. This difference was most evident 
in younger patients. No significant difference in revision rate 
was identified for either the minimally stabilized or posterior-
stabilized Triathlon and Scorpio NRG/Series 7000 TKAs.

One possible explanation for the variation in CPR differ-
ential between non-crosslinked and crosslinked polyethylene 
with different designs may be related to the type of cross-
linked polyethylene used. The crosslinked polyethylene used 
in Natural Knee II is manufactured by electron beam irra-
diation of the polyethylene at an elevated temperature, to 95 
kGy, followed by melting. In NexGen knees, the crosslinked 
polyethylene is made by electron beam irradiation at elevated 
temperature, to 65 kGy, followed by melting. In Triathlon and 
Scorpio knees, the crosslinked polyethylene is made by irra-
diating the polyethylene to 33 kGy in 3 consecutive steps, 
with annealing (heating to below the melting point) after 
each irradiation cycle. All 3 types of crosslinked polyethylene 
knees are packaged in air-permeable pouches and are gas-
sterilized. Thus, during shelf storage they are exposed to air 
until implantation. Radiation generates trapped free radicals, 
which are known to cause oxidation; thus, either melting or 
annealing is used after irradiation to eliminate or reduce the 
trapped free radicals. Independent reports have shown that 
the annealing results in detectable trapping of free radicals, 
increasing the potential for oxidation during shelf storage and 
use in vivo. There have also been reports showing increased 
rates of failure due to damage to the polyethylene component, 
mainly caused by oxidation. It is therefore possible that radia-
tion-crosslinked and annealed polyethylene components may 
not necessarily perform as well as radiation-crosslinked and 
melted polyethylene components in patients, in comparison 
to their non-crosslinked polyethylene counterparts, as found 
in the current study.

The first clinical study of crosslinked polyethylene was pub-
lished by Hodrick et al. (2008), and they reported a consecu-
tive series of 200 Natural Knee II systems (Zimmer), compar-
ing the first 100 cases to receive crosslinked polyethylene with 
the previous 100 cases using non-crosslinked polyethylene. 
The crosslinked polyethylene group had an average age of 
67, and was followed for a minimum of 69 months, as com-
pared to an average age of 70 and a minimum follow-up of 
82 months for the non-crosslinked group. In the crosslinked 
polyethylene group, there were no revisions for tibial wear but 
2 patients had evidence of radiolucencies. In the non-cross-
linked group, there were 20 patients who showed radiolucen-
cies and 3 patients had revisions for tibial loosening and wear. 
The authors commented on some limitations of their study, 
which included 35 patients who had been lost to follow-up 
and lack of retrieval analysis. Our study reports on over 3,000 

Natural Knee II TKA using crosslinked polyethylene with a 
10-year CPR of 3.8%.

2 other clinical studies have reported on the outcomes of 
crosslinked polyethylene using the NexGen TKA (Zimmer) 
with Prolong crosslinked polyethylene, which is electron 
beam-irradiated to 65 kGy at an elevated temperature and sub-
sequently melted. Minoda et al. (2009) reported on a consecu-
tive series of 113 CR TKAs with non-crosslinked polyethyl-
ene, and compared them to 89 CR TKAs using Prolong. At 2 
years of follow-up, the clinical outcome was similar between 
the 2 groups—with no revisions and no evidence of osteoly-
sis or polyethylene failure. Long et al. (2012) reported on a 
consecutive series of 120 TKAs using the NexGen high flex 
posterior-stabilized knee. There were 97 patients who had a 
full clinical and radiographic evaluation at an average of 52 
months. There were no cases of radiographic loosening or pro-
gressive radiolucent lines. Our study involved 35,557 NexGen 
TKAs with crosslinked polyethylene, and at 10 years the CPR 
was 2.8% for the NexGen CR TKA with crosslinked polyeth-
ylene. With a shorter follow-up of 7 years, we found no differ-
ence in the rates of revision of the NexGen PS knee for the 2 
types of polyethylene. 

This study has a number of strengths, including the large 
number of procedures, the use of population-based data, and 
the longer-term follow-up. Over 83,000 TKAs performed for 
osteoarthritis with the use of crosslinked polyethylene have 
been analyzed, making this the largest study to report on the 
outcomes of crosslinked polyethylene use in TKA. Cross-
linked polyethylene is more expensive than conventional 
polyethylene, so it is important to demonstrate some benefit. 
The reduction in the rate of revision was seen in both low-
volume and high-volume surgeons, and is therefore probably 
due to the crosslinked polyethylene and less likely to be due to 
surgeon-related factors.

A potential weakness of this study is that when cross-
linked polyethylene was introduced, for each implant studied 
the tibial trays were new. This may have led to bias, as non-
crosslinked polyethylene tibial trays may have been kept for 
a longer time period, leading to an extended shelf life before 
implantation. This could lead to a higher rate of revision. We 
therefore examined the rate of revision of non-crosslinked 
polyethylene before and after the introduction of crosslinked 
polyethylene for the NexGen and Triathlon TKA systems. 
There was no difference in the rates of revision for non-cross-
linked polyethylene before and after the introduction of cross-
linked polyethylene for these 2 knee systems.

Conclusion
A lower rate of revision has been shown for crosslinked poly-
ethylene in TKA, and this appears to be prosthesis-specific 
and confined to minimally stabilized options. When it occurs, 
the lower rate of revision is most evident in patients who are 
less than 65 years of age and there is a reduction in revision 
for loosening/lysis.
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