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Abstract

Background Highly crosslinked polyethylene (HXLPE)

was introduced to reduce wear and associated osteolysis in

total knee arthroplasty (TKA). However, there is limited

clinical evidence that HXLPE is more effective than con-

ventional polyethylene (CPE) in TKA.

Questions/purposes (1) Do primary TKAs with HXLPE

tibial inserts have a lower risk of revision (all-cause,

aseptic, and septic) than TKAs with CPE tibial inserts?

(2) In NexGen TKA (Zimmer Inc, Warsaw, IN, USA)

bearings, do HXLPE tibial inserts have a lower risk of

revision (all-cause, aseptic, and septic) than CPE tibial

inserts? (3) In Press-Fit Condylar TKA (PFC or PFC

Sigma; DePuy Inc, Warsaw, IN, USA), do HXLPE tibial

inserts have a lower risk of revision (all-cause, aseptic, and

septic) than procedures performed with CPE tibial inserts?

Methods The Kaiser Permanente Total Joint Replace-

ment Registry was used to identify primary TKAs

(N = 77,084) performed during the study period (April

2001 to December 2011) with cobalt-chromium alloy on

CPE (CoCr-CPE) and CoCr-HXLPE bearings. The reg-

istry has 95% voluntary participation and less than 9%

were loss to followup during the 10-year study period. A

total of 60,841 (79%) had CoCr-CPE bearings, 11,048

(14%) had CoCr-HXLPE bearings, and 5195 (7%) were

unknown. Specific knee implant designs (NexGen, Zim-

mer and PFC-Sigma, DePuy Inc) were also evaluated.

These implants represented 41% (31,793) and 49%

(37,457), respectively, of the 77,084 TKAs of known

implant types registered during that period; implant

selection was at the discretion of the attending surgeon.

Descriptive statistics and marginal Cox regression models

with propensity score adjustments were applied to com-

pare risk of revision for CoCr-CPE versus CoCr-HXLPE

TKA bearings.
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Results At 5 years followup, cumulative incidence of

revision for CoCr-CPE and CoCr-XLPE were 2.7% and

3.1%, respectively. Adjusted risks of all-cause (hazard ratio

[HR], 1.05; 95% confidence interval [CI], 0.86–1.29;

p = 0.620), aseptic (HR, 1.01; 95% CI, 0.77–1.32;

p = 0.954), and septic revision (HR, 1.11; 95% CI, 0.81–

1.51; p = 0.519) did not differ in patients with CoCr-

XLPE bearings compared with CoCr-CPE. Within TKAs

with NexGen components, the adjusted risks of all-cause

(HR, 1.14; 95% CI, 0.86–1.51; p = 0.354), aseptic (HR,

1.14; 95% CI, 0.79–1.65; p = 0.493), and septic revision

(HR, 1.14; 95% CI, 0.76–1.73; p = 518) were similar in

patients with CoCr-XLPE compared with those with CoCr-

CPE bearings. Finally, within the TKAs with PFC com-

ponents, the adjusted risks of all-cause (HR, 0.80; 95% CI,

0.49–1.30; p = 0.369), aseptic (HR, 0.62; 95% CI, 0.62–

1.14; p = 0.123), and septic revision (HR, 0.97; 95% CI,

0.51–1.85; p = 0.929) were also similar in patients with

CoCr-XLPE compared with those with CoCr-CPE

bearings.

Conclusions In this large study, we did not find differ-

ences in risk of revision for CoCr-HXLPE compared with

CoCr-CPE bearings at 5 years followup. In selecting

HXLPE in TKA, clinicians should consider the increased

cost and lack of available evidence of performance for

greater than 10 years followup. Future studies are neces-

sary to evaluate longitudinal outcomes of CoCr-HXLPE

versus conventional TKA bearings.

Level of Evidence Level III, therapeutic study.

Introduction

Polyethylene wear and associated osteolysis are common

reasons for TKA revision. With increased demand for

TKA, especially in younger patients, prevention of wear is

an area of focus for technological advancement. Highly

crosslinked polyethylene (HXLPE) was introduced in the

1990s with the specific aim of reducing wear in total joint

arthroplasty [12]. Within total hip arthroplasty (THA),

HXLPE has demonstrated reduced radiological wear

[12, 13, 17] and decreased risk of revision versus con-

ventional polyethylene, which is defined as having been

exposed only to a standard dose of gamma radiation during

sterilization (at a dose of 25–40 kGy) [1–4, 20, 25]. For

TKAs, the evidence is less clear regarding the beneficial

effects of HXLPE over conventional polyethylene tibial

liners. In vitro TKA simulation studies suggest less wear in

HXLPE versus conventional polyethylene [15, 18, 19].

Based on these findings, it has been postulated that HXLPE

tibial liners should offer reduction in wear within TKAs.

However, differences in articulation and wear mechanisms

in TKAs versus THAs must be considered [6, 26].

In addition, few clinical studies have examined the

effect of HXLPE versus conventional polyethylene tibial

liners on TKA revision. One small (n = 100) retrospective

case series reported no difference in HXLPE versus con-

ventional polyethylene TKA revision rates at an average of

79 months followup [6]. An additional consecutive case

series (n = 202) [16] also did not find differences in con-

ventional polyethylene versus HXLPE TKAs in revision

rates, osteolyisis, Knee Society scores, range of motion, or

alignment at minimum 2 years followup. Although these

studies suggest that HXLPE may be comparable to con-

ventional polyethylene in TKA, the findings are limited as

a result of small sample sizes, short-term followup, study

attrition, and lack of generalizability as a result of single-

institutional study designs. Larger, population-based stud-

ies have reported inconsistent results in TKA. Inacio et al.

[9] did not find a difference in cobalt-chromium (CoCr)

HXLPE versus conventional polyethylene TKA bearings in

a large (n = 62,177) US sample. However, a recent report

from the Australian registry [4] found a lower risk of

revision for HXLPE versus conventional polyethylene. The

limited number of clinical studies, heterogeneity in implant

designs, and inconsistent findings suggest the need for

further investigation of the performance of HXLPE tibial

inserts in TKAs.

This study therefore attempts to answer the following

questions: (1) Do primary TKAs with HXLPE tibial

inserts have a lower risk of revision (all-cause, aseptic,

and septic) than TKAs with conventional polyethylene

tibial inserts? (2) In NexGen TKA (Zimmer Inc, War-

saw, IN, USA) bearings, do HXLPE tibial inserts have a

lower risk of revision (all-cause, aseptic, and septic) than

conventional polyethylene tibial inserts? (3) In Press-Fit

Condylar TKA (PFC or PFC Sigma; DePuy Inc, War-

saw, IN, USA), do HXLPE tibial inserts have a lower

risk of revision (all-cause, aseptic, and septic) than

procedures performed with conventional polyethylene

tibial inserts?

Patients and Methods

Study Design and Setting

A retrospective cohort study was conducted. The Kaiser

Permanente total joint replacement registry (TJRR) was

used to identify primary TKAs performed within the

study period (April 1, 2001, to December 31, 2011). Data

collection procedures, participation, and coverage of this

TJRR have been published [22, 24]. In brief, the TJRR

covers over 9 million members of an integrated healthcare

system in seven geographical regions in the United States

and enrolls over 20,000 joint arthroplasties a year.
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Participation in the registry is voluntary with a 95%

participation rate. During the study period there was

minimal loss to followup (9%, n = 7127). An additional

6% (n = 4532) died during the study period [23]. Patients

who died had on average 3.5 (SD = 2.3) years of fol-

lowup before the event and patients who were lost to

followup had 2.2 years (SD = 1.9) of followup.

Participants/Study Subjects

Inclusion criteria included elective primary TKAs, osteo-

arthritis as the primary diagnosis, patients aged 18 years or

older at the time of their procedure, CoCr alloy on HXLPE

(CoCr-HXLPE), or CoCr-conventional polyethylene knee

bearings. Patients with revision procedures, unicompart-

mental or bicompartmental knee arthroplasties, conversion

procedures, or with oxidized zirconium-conventional

polyethylene or oxidized zirconium-HXLPE bearings were

not included in the study. The study sample (N = 77,084)

included all implant designs and had a mean followup of

3.4 years (SD = 2.5); the NexGen (N = 31,793, mean

followup 3.5 years [SD = 2.6]) and PFC (N = 37,457,

mean followup 3.3 years [SD = 2.5]) subsamples together

made up approximately 90% of the overall sample. In the

overall sample, 14.3% (n = 11,048) had CoCr-HXLPE

bearings. In the NexGen group 20.4% (n = 6473) had

CoCr-HXLPE and in the PFC-Sigma it was 6.1%

(n = 2291). TKA cases from 51 medical centers and 412

surgeons were included.

Description of Treatment

The type of polyethylene tibial insert used in conjunction

with a CoCr alloy femoral bearing was the exposure of

interest in this study (CoCr-conventional polyethylene

versus CoCr-HXLPE). Information regarding tibial insert

material and femoral component material was obtained

from the TJRR.

The HXLPE formulations differ between manufacturers.

For the NexGen TKA design, the HXLPE formulation is

known as Prolong and is electron beam-crosslinked with

65 kGy, remelted, and gas plasma-sterilized. For the PFC/

PFC Sigma TKA design, the HXLPE formulation is XLK

and is gamma radiation-crosslinked with 50 kGy, remelted,

and gas plasma-sterilized [10].

Description of Followup Routine

This was an observational study; therefore, no specific

followup routine was prescribed as part of the study

protocol. Followup was performed as part of routine care in

the practices of the surgeons whose patients’ data were

captured in the registry.

Variables, Outcome Measures, and Bias

Revision procedure was the outcome of interest. All-cause

revision included procedures for any reason during which

removal and reimplantation of a component occurred at

any time after the original index procedure. Aseptic revi-

sion was defined as a revision for noninfectious reasons any

time after the original index procedure. Septic revision was

defined as revision for infection any time after the original

procedure. The TJRR prospectively monitors all registered

cases for subsequent revisions. After identification of a

possible revision case by the registry, through electronic

algorithms or surgeon reporting, the cases were reviewed

by trained clinical research experts (see Acknowledg-

ments) who adjudicated the events and confirmed the

reasons for revision.

Variables thought to be associated with both the bearing-

surface category assignment (conventional polyethylene

versus HXLPE) and survival of the TKA were used in a

model that adjusted for confounding using propensity score

weights. The variables included continuous covariates for

age, operative time, body mass index (BMI), surgeon vol-

ume, hospital volume, number of procedures performed

by the surgeon with a specific bearing combination,

and categorical covariates for sex, American Society for

Anesthesiologists (ASA) score (two categories) [21], dia-

betes diagnosis, race (five categories), implant fixation

(three categories), bilateral procedure, implant design

mobility (fixed versus rotating), stability (posterior-stabi-

lized versus cruciate-retaining versus low contact stress),

and surgeon total joint arthroplasty fellowship training sta-

tus. Additionally, final models were adjusted for high

flexion implant design (which could not be included in

propensity scores calculation as a result of imbalance

between the groups).

Statistical Analysis

Frequencies, proportions, means and SDs as well as

medians and interquartile ranges are used to describe the

overall sample and the NexGen and PFC subsamples by

the bearing surface groups. Student’s t-test and chi-

square tests were used to compare the descriptive sta-

tistics depending on data type. Crude cumulative

incidence of all-cause, aseptic, and septic revision,

revision rate/100 years of observation (revision density),

and reasons for revision were also studied for the overall
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sample and by subsamples. Overall comparisons of crude

cumulative incidence of revision were performed using

chi square tests, and revision rate/100 years of observa-

tion was compared using a Poisson regression model.

Because tibial insert material was not randomly

assigned, we addressed possible confounding using a

weighted propensity score approach [7, 8]. The objective

for using propensity scores was to remove or reduce

confounding so the magnitude of bias in the estimated

treatment effect was negligible. Propensity score methods

can minimize confounding by making the treatment

groups equal (or approximately so) on a collection of

measured variables. The fundamental theoretical property

of propensity score methods is that cases with the same

correctly estimated propensity scores will be comparable

with respect to all covariates used to calculate the pro-

pensity scores, so that it is only a matter of chance as to

whether each actually receives one treatment or the

other. In the specific approach used, the following steps

were taken: (1) the propensity score was estimated in the

conventional way by fitting a logistic regression model

and estimating the conditional probability of treatment

assignment for each record; (2) we checked that cases in

one bearing group had comparable counterparts with

respect to their covariate distribution in the other bearing

group; those that did not were excluded based on a

caliper width of 0.2 SD of the logit propensity score; (3)

we stratified the sample into six strata based on the

estimated logit propensity score; and (4) we calculated

the weight for each record based on the number of units

in a stratum multiplied by the proportion of units

assigned to the treatment group of interest in the data

and divided by the number of records assigned to the

treatment group of interest in that particular stratum.

Missing data were handled using multiple imputation.

Ten imputed data sets were created and Rubin’s rules for

aggregating parameter estimates and variances were used

[27]. Marginal multivariate Cox regression models

adjusting standard errors for surgeon clustering were fit

with propensity score weights for each imputed data set

and results were subsequently aggregated across data sets

[14]. All analyses used CoCr-conventional polyethylene

as the reference group. Hazard ratios (HRs) and 95%

confidence intervals (CIs) and Wald p values are pro-

vided. For the analysis models, individuals not

experiencing a revision, terminating membership, or

dying before experiencing a revision were censored and

survival was calculated as the time from surgery to each

of these alternative events. Data were analyzed using

SAS (Version 9.2; SAS Institute, Cary, NC, USA), and

alpha = 0.05 was used as the threshold for statistical

significance.

Demographics and Description of Study Population

The majority of the 77,084 primary TKAs included in the

study were women (n = 48,035 [62%]), white (n = 52,595

[68%]), had a BMI of 30 kg/m2 or greater (n = 42,699

[55%]), and had an ASA score of 1 or 2 (n = 45,252

[59%]) at the time of their surgery (Table 1). The average

age of the cohort was 68 years old (SD = 9), and the

prevalence of diabetes was 30% (n = 22,910). PFC com-

ponents were used in 49% (n = 37,457) of the total sample

and NexGen components were used in 41% (n = 31,793)

(Table 2).

Results

Overall TKA Revision Risk: HXLPE versus

Conventional

The cumulative incidence of revision for CoCR-

conventional polyethylene and CoCr-XLPE was 2.7%

versus 3.1% at 5 years follow-up (Fig. 1). The adjusted

risks of all-cause (HR, 1.05; 95% CI, 0.86–1.29;

p = 0.620), aseptic (HR, 1.01; 95% CI, 0.77–1.32;

p = 0.954), and septic revision (HR, 1.11; 95% CI, 0.81–

1.51; p = 0.519) were not higher in patients with CoCr-

XLPE bearings compared with CoCr-conventional poly-

ethylene (Table 3). The main reasons for revision in the

CoCr-conventional polyethylene group were infection

(41%), instability (18%), pain (19%), and aseptic loosening

(16%). The main reasons for revision in the CoCr-XLPE

group were infection (43%), instability (26%), pain (19%),

and arthrofibrosis (12%) (Table 4). No revisions resulting

from tibial insert dislodgement, fracture, fatigue failure, or

dislocation were observed.

NexGen TKA Revision Risk: HXLPE versus

Conventional Polyethylene Tibial Inserts

The cumulative incidence of revision for CoCR-

conventional polyethylene and CoCr-XLPE was 2.5%

versus 3.2% at 5 years follow-up (Fig. 2). The adjusted

risks of all-cause (HR, 1.14; 95% CI, 0.86–1.51;

p = 0.354), aseptic (HR, 1.14; 95% CI, 0.78–1.65;

p = 0.493), and septic revision (HR, 1.14; 95% CI, 0.76–

1.72; p = 0.518) were not higher in patients with CoCr-

XLPE compared with those with CoCr-conventional

polyethylene bearings (Table 3). The main reasons for

revision in the CoCr-conventional polyethylene group were

infection (42%), aseptic loosening (19%), instability

(18%), and pain (17%). The main reasons for revision in
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Table 1. Primary TKA overall sample description by bearing surface

Variables Total* HXLPE Conventional polyethylene p value

77,084 (100) 11,048 (14.3) 60,841 (78.9)

Age (years), mean (SD) 68 (9) 66 (9) 68 (9) \ 0.001

Sex Males 29,049 (37.7) 4215 (38.2) 22,767 (37.4) 0.144

Females 48,035 (62.3) 6833 (61.8) 38,074 (62.6)

ASA category 1 and 2 45,252 (58.7) 6330 (57.3) 35,798 (58.8) 0.789

C 3 29,864 (38.7) 4181 (37.8) 23,782 (39.1)

Unknown 1968 (2.6) 537 (4.9) 1261 (2.1)

BMI category (kg/m2) \ 30 33,227 (43.1) 4327 (39.2) 26,492 (43.5) \ 0.001

30–34 22,517 (29.2) 3304 (29.9) 17,690 (29.1)

C 35 20,182 (26.2) 3321 (30.1) 15,692 (25.8)

Unknown 1158 (1.5) 96 (0.9) 967 (1.6)

Race Asian 4023 (5.2) 429 (3.9) 3364 (5.5) \ 0.001

Black 5996 (7.8) 1172 (10.6) 4553 (7.5)

White 52,595 (68.2) 7624 (69) 41,172 (67.7)

Hispanic 9990 (13) 1333 (12.1) 8037 (13.2)

Other and multi 1293 (1.7) 164 (1.5) 1063 (1.7)

Unknown 3187 (4.1) 326 (3.0) 2652 (4.4)

Diabetes 22,910 (29.7) 3292 (29.8) 18,138 (29.8) 0.975

Bilateral 6466 (8.4) 738 (6.7) 5242 (8.6) \ 0.001

Fixation Uncemented 2349 (3) 235 (2.1) 1334 (2.2) \ 0.001

Hybrid 4025 (5.2) 706 (6.4) 3171 (5.2)

Cemented 66,628 (86.4) 9465 (85.7) 53,251 (87.5)

Unknown 4082 (5.3) 642 (5.8) 3085 (5.1)

Implant mobility/stability Fixed: PS 43,842 (56.9) 6037 (54.6) 37,384 (61.4) \ 0.001

Rotate: PS 5225 (6.8) 0 (0.0) 5207 (8.6)

Rotate: LCS 19 (\0.1) 0 (0.0) 0 (0.0)

Rotate: CR 962 (1.2) 0 (0.0) 960 (1.6)

Fixed: CR 21,401 (27.8) 5011 (45.4) 16,225 (26.7)

Unknown 5635 (7.3) 0 (0.0) 1065 (1.8)

High flexion design 12,082 (15.7) 5234 (47.4) 6598 (10.8) \ 0.001

Main femoral components PFC Sigma 37,457 (48.6) 2291 (20.7) 32,367 (53.2) \ 0.001

Nexgen 31,793 (41.2) 6473 (58.6) 24,188 (39.8)

Other 7834 (10.2) 2284 (20.7) 4286 (7.0)

Surgeon TJA fellowship training 28,499 (37.0) 3788 (34.3) 22,891 (37.6) \ 0.001

Surgeon volume, cases/year \ 10 1278 (1.7) 240 (2.2) 944 (1.6) \ 0.001

10–49 30,309 (39.3) 4385 (39.7) 24,133 (39.7)

C 50 45,497 (59.0) 6423 (58.1) 35,764 (58.8)

Site volume, cases/year \ 100 2060 (2.7) 788 (7.1) 1206 (2.0) \ 0.001

100–199 14,159 (18.4) 1505 (13.6) 12,042 (19.8)

C 200 60,865 (79) 8755 (79.2) 47,593 (78.2)

Number of procedures by surgeon, mean (SD) 180 (205.3) 90 (108.7) 205.5 (217.6) \ 0.001

Operative time, minutes, mean (SD) 94.6 (32.5) 95.5 (31.7) 94.7 (32.7) 0.023

* Missing tibial insert material information (N = 5195); TKA = total knee arthroplasty; HXLPE = highly crosslinked polyethylene;

ASA = American Society of Anesthesiologists score; BMI = body mass index; TJA = total joint arthroplasty; PS = posterior-stabilized;

LCS = low contact stress; CR = cruciate-retaining; PFC = Press-Fit Condylar.
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Table 2. Primary TKA sample description by main femoral component group and bearing surface

Variables Zimmer NexGen DePuy PFC-Sigma

Total* HXLPE Conventional

polyethylene

p value Total* HXLPE Conventional

polyethylene

p value

Age (years),

mean (SD)

68 (9) 66 (9) 69 (9) \ 0.001 68 (9) 68 (9) 67 (9) \ 0.001

31,793 (100) 6473 (20.4) 24,188 (76.1) 37,457 (100) 2291 (6.1) 32,367 (86.4)

Sex Males 11,933 (37.5) 2384 (36.8) 8993 (37.2) 0.605 14,061 (37.5) 930 (40.6) 12,076 (37.3) 0.002

Females 19,860 (62.5) 4089 (63.2) 15,195 (62.8) 23,396 (62.5) 1361 (59.4) 20,291 (62.7)

ASA 1 and 2 19,320 (60.8) 3926 (60.7) 14,600 (60.4) 21,778 (58.1) 1189 (51.9) 18,944 (58.5) \ 0.001

C 3 11,958 (37.6) 2327 (35.9) 9314 (38.5) 14,727 (39.3) 988 (43.1) 12,626 (39.0)

Unknown 515 (1.6) 220 (3.4) 274 (1.1) 0.012 952 (2.5) 114 (5.0) 797 (2.5)

BMI category

(kg/m2)

\ 30 13,880 (43.7) 2466 (38.1) 10,943 (45.2) 16,235 (43.3) 962 (42.0) 13,823 (42.7) 0.099

30–34 9131 (28.7) 1977 (30.5) 6816 (28.2) 10,988 (29.3) 665 (29.0) 9538 (29.5)

C 35 8297 (26.1) 1958 (30.2) 6029 (24.9) 9689 (25.9) 658 (28.7) 8524 (26.3)

Unknown 485 (1.5) 72 (1.1) 400 (1.7) \ 0.001 545 (1.5) 6 (0.3) 482 (1.5)

Race Asian 1654 (5.2) 262 (4.0) 1364 (5.6) 1999 (5.3) 88 (3.8) 1781 (5.5) \ 0.001

Black 2347 (7.4) 766 (11.8) 1536 (6.4) 2904 (7.8) 145 (6.3) 2649 (8.2)

White 23,298 (73.3) 4292 (66.3) 18,068 (74.7) 24,198 (64.6) 1778 (77.6) 20,428 (63.1)

Hispanic 3141 (9.9) 890 (13.7) 2168 (9.0) 6066 (16.2) 193 (8.4) 5459 (16.9)

Other and

multi

477 (1.5) 84 (1.3) 380 (1.6) 659 (1.8) 35 (1.5) 592 (1.8)

Unknown 876 (2.8) 179 (2.8) 672 (2.8) \ 0.001 1631 (4.4) 52 (2.3) 1458 (4.5)

Diabetes 9173 (28.9) 1905 (29.4) 6989 (28.9) 11,540 (30.8) 695 (30.3) 9972 (30.8) 0.636

Bilateral 2268 (7.1) 365 (5.6) 1793 (7.4) 3540 (9.5) 172 (7.5) 3112 (9.6) 0.001

Fixation Uncemented 1666 (5.2) 34 (0.5) 905 (3.7) 199 (0.5) 7 (0.3) 184 (0.6) 0.005

Hybrid 1682 (5.3) 467 (7.2) 1198 (5) 1571 (4.2) 126 (5.5) 1413 (4.4)

Cemented 26,468 (83.3) 5601 (86.5) 20,542 (84.9) 34,041 (90.9) 1988 (86.8) 29,406 (90.9)

Unknown 1977 (6.2) 371 (5.7) 1543 (6.4) \ 0.001 1646 (4.4) 170 (7.4) 1364 (4.2)

Implant

mobility/

stability

Fixed: PS 23,020 (72.4) 4124 (63.7) 18,725 (77.4) 19,240 (51.4) 1524 (66.5) 17,584 (54.3) \ 0.001

Rotate: PS 0 (0.0) 0 (0.0) 0 (0.0) 4665 (12.5) 0 (0.0) 4654 (14.4)

Rotate: LCS 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Rotate: CR 0 (0.0) 0 (0.0) 0 (0.0) 961 (2.6) 0 (0.0) 960 (3.0)

Fixed: CR 7867 (24.7) 2349 (36.3) 5463 (22.6) 9978 (26.6) 767 (33.5) 9169 (28.3)

Unknown 906 (2.8) 0 (0.0) 0 (0.0) \ 0.001 2613 (7) 0 (0.0) 0 (0.0)

High flexion

design

10,315 (32.4) 4335 (67.0) 5801 (24.0) 284 (0.8) 0 (0.0) 284 (0.9) \ 0.001

Surgeon TJA

fellowship

training

10,137 (31.9) 2616 (40.4) 7197 (29.8) 15,471 (41.3) 294 (12.8) 14,064 (43.5) \ 0.001

Surgeon

volume,

cases/year

\ 10 723 (2.3) 144 (2.2) 538 (2.2) \ 0.001 315 (0.8) 41 (1.8) 266 (0.8) \ 0.001

10–49 12,539 (39.4) 2034 (31.4) 10,184 (42.1) 14,344 (38.3) 1614 (70.4) 11,832 (36.6)

C 50 18,531 (58.3) 4295 (66.4) 13,466 (55.7) 22,798 (60.9) 636 (27.8) 20,269 (62.6)

Site volume,

cases/year

\ 100 163 (0.5) 75 (1.2) 74 (0.3) \ 0.001 664 (1.8) 140 (6.1) 520 (1.6) \ 0.001

100–199 8302 (26.1) 1189 (18.4) 6896 (28.5) 4101 (10.9) 113 (4.9) 3962 (12.2)

C 200 23,328 (73.4) 5209 (80.5) 17,218 (71.2) 32,692 (87.3) 2038 (89) 27,885 (86.2)

Number of

procedures

by surgeon,

mean (SD)

157.1 (160.4) 98.8 (111.2) 178.1 (168.6) \ 0.001 212.4 (239.9) 42.8 (37.4) 233.2 (249.1) \ 0.001
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the CoCr-XLPE group were infection (41%), instability

(32%), pain (19%), and arthrofibrosis (11%) (Table 4).

PFC TKA Revision Risk: HXLPE versus Conventional

Polyethylene Tibial Inserts

The cumulative incidence of revision for CoCR-

conventional polyethylene and CoCr-XLPE was 2.8% ver-

sus 2.2% at 5 years follow-up (Fig. 3). The adjusted risks of

all-cause (HR, 0.80; 95% CI, 0.49–1.31; p = 0.369), aseptic

(HR, 0.62; 95% CI, 0.62–1.14; p = 0.123), and septic

revision (HR, 0.97; 95% CI, 0.51–1.85; p = 0.929) were not

higher in patients with CoCr-XLPE compared with those

with CoCr-conventional polyethylene bearings (Table 3).

The main reasons for revision in the CoCr-conventional

polyethylene group were infection (43%), pain (19%),

instability (17%), and aseptic loosening (16%). The main

reasons for revision in the CoCr-XLPE group were infection

(56%), pain (28%), arthrofibrosis (16%), and aseptic loos-

ening (13%) (Table 4).

Discussion

The demand for revision TKA is projected to increase by

601% by 2030 [11]. Revision TKA is a higher risk pro-

cedure with increased risk of mortality and morbidity

compared with primary TKAs. Although technological

innovations provide potential opportunities to reduce TKA

revision rates, new technologies can also increase the risk

of revision. Evidence for the introduction of these new

technologies is often limited yet new implants and mate-

rials are constantly introduced into clinical practice. TKA

XLPE is an example of a new technology introduced with

little evidence of performance. Registries provide a unique

opportunity to evaluate the introduction of these technol-

ogies in a real-world setting consisting of all types of

patients, hospital settings, and surgeon skill levels. In

addition, registries can also provide larger sample sizes and

longer term followup typically not feasible in clinical trials.

Therefore, using a large US registry, we examined the

effect of HXLPE versus conventional polyethylene on risk

of revision in TKA. The large, representative sample with

high generalizability was a strength of our study, as well as

our ability to evaluate different implant brands and the

inclusion of revision as the study endpoint, which had been

reviewed and adjudicated by trained clinical content

experts. We found that the cumulative incidence of revi-

sion for CoCR-conventional polyethylene was 2.7% versus

3.1% for CoCr-XLPE at 5 years followup. The adjusted

risks of all-cause, aseptic, and septic revision did not differ

between CoCr-XLPE bearings compared with CoCr-con-

ventional polyethylene.

This study had several limitations. First, our study was

observational in nature, and therefore it is possible that

we did not address every potential confounding variable

in our analyses. We attempted to address this limitation

with the use of propensity scores. To assess performance

of HXLPE versus conventional polyethylene between

implant designs, we compared bearings within our two

highest volume brands resulting in a reduced sample size

for these brand-specific comparisons. Another perceived

Table 2. continued

Variables Zimmer NexGen DePuy PFC-Sigma

Total* HXLPE Conventional

polyethylene

p value Total* HXLPE Conventional

polyethylene

p value

Operative time,

minutes,

mean (SD)

95.8 (32.4) 93.4 (29.7) 96.6 (33) \ 0.001 93.2 (32.4) 105.8 (38.4) 92.9 (32.2) \ 0.001

* Missing tibial insert material information: Nexgen (1132), PFC-Sigma (2797); TKA = total knee arthroplasty; HXLPE = highly crosslinked

polyethylene; ASA = American Society of Anesthesiologists score; BMI = body mass index; TJA = total joint arthroplasty; PS = posterior-

stabilized; LCS = low contact stress; CR = cruciate-retaining; PFC = Press-Fit Condylar.

Fig. 1 Kaplan-Meier survival estimates and 95% CIs by insert

material for the overall cohort are displayed. CPE = conventional

polyethylene, HXLPE = highly crosslinked polyethylene.
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limitation of our study could be the lack of radiological,

functional, or patient-reported outcomes. However, revi-

sion can occur as a consequence of wear, which HXLPE

was designed to address. Each implant manufacturer uses

a unique proprietary method to crosslink polyethylene.

The results of our study pertain primarily to only two

Table 3. Propensity score weighted regression results for risk of revision (all-cause, aseptic, and septic) in CoCr-HXLPE bearings compared

with CoCr-conventional polyethylene bearings for the overall sample and by main femoral component group

Revision All cases Zimmer NexGen DePuy PFC-Sigma

Crude Adjusted Crude Adjusted Crude Adjusted

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

All-cause 1.14 (0.93–1.41) 1.05 (0.86–1.29) 1.25 (0.96–1.62) 1.14 (0.86–1.51) 0.79 (0.48–1.29) 0.80 (0.49–1.30)

Aseptic 1.19 (0.91–1.56) 1.01 (0.77–1.32) 1.38 (0.95–2.00) 1.14 (0.79–1.65) 0.58 (0.30–1.11) 0.62 (0.33–1.14)

Septic 1.08 (0.79–1.50) 1.11 (0.81–1.51) 1.08 (0.71–1.66) 1.14 (0.76–1.73) 1.00 (0.53–1.89) 0.97 (0.51–1.85)

HXLPE = highly crosslinked polyethylene; CoCr = cobalt-chromium; HR = hazard ratio; CI = confidence interval.

Table 4. Crude all-cause, aseptic, septic cumulative incidence of revision, revision rate per 100 years of followup, and reasons for revision for

the overall sample and by main femoral component group

Specific outcomes All cases Zimmer NexGen DePuy PFC-Sigma

HXLPE CPE HXLPE Conventional

polyethylene

HXLPE Conventional

polyethylene

Total years of followup 24,618 216,730 15,450 84,589 4106 117,182

All-cause revision

Crude incidence, number (%) 223 (2.0) 1418 (2.3) 140 (2.2) 515 (2.1) 32 (1.4) 781 (2.4)

Density (/100 years

observation, 95% CI)

0.91 (0.79–1.03) 0.65 (0.62–0.69) 0.91 (0.77–1.07) 0.61 (0.56–0.66) 0.78 (0.55–1.10) 0.67 (0.62–0.71)

Aseptic revision

Crude incidence, number (%) 128 (1.2) 833 (1.4) 83 (1.3) 301 (1.2) 14 (0.6) 448 (1.4)

Density (/100 years

observation, 95% CI)

0.52 (0.44–0.62) 0.38 (0.36–0.41) 0.54 (0.44–0.67) 0.36 (0.32–0.40) 0.34 (0.20–0.58) 0.38 (0.35–0.42)

Septic revision

Crude incidence, number (%) 95 (0.9) 585 (1.0) 57 (0.9) 214 (0.9) 18 (0.8) 333 (1.0)

Density (/100 years

observation, 95% CI)

0.39 (0.32–0.47) 0.27 (0.25–0.29) 0.36 (0.28–0.47) 0.25 (0.22–0.29) 0.44 (0.28–0.70) 0.28 (0.26–0.32)

Reasons for revision, number (%)

Infection 95 (42.6) 585 (41.3) 57 (40.7) 214 (41.6) 18 (56.3) 333 (42.6)

Instability 57 (25.6) 255 (18.0) 45 (32.1) 93 (18.1) 1 (3.1) 133 (17.0)

Pain 43 (19.3) 271 (19.1) 27 (19.3) 87 (16.9) 9 (28.1) 149 (19.1)

Arthrofibrosis 27 (12.1) 149 (10.5) 15 (10.7) 47 (9.1) 5 (15.6) 82 (10.5)

Aseptic loosening 18 (8.1) 233 (16.4) 8 (5.7) 97 (18.8) 4 (12.5) 123 (15.7)

Hematoma/seroma 9 (4.0) 36 (2.5) 4 (2.9) 15 (2.9) 2 (6.3) 21 (2.7)

Wound drainage 8 (3.6) 30 (2.1) 5 (3.6) 10 (1.9) 2 (6.3) 19 (2.4)

PF joint malfunction 3 (1.3) 22 (1.6) 1 (0.7) 5 (1.0) 1 (3.1) 14 (1.8)

Wound dehiscence 3 (1.3) 15 (1.1) 1 (0.7) 6 (1.2) 1 (3.1) 9 (1.2)

Failed extensor mechanism 3 (1.3) 10 (0.7) 3 (2.1) 3 (0.6) 0 (0.0) 2 (0.3)

Femoral fracture 2 (0.9) 23 (1.6) 2 (1.4) 12 (2.3) 0 (0.0) 11 (1.4)

Ingrowth failure 2 (0.9) 9 (0.6) 0 (0.0) 4 (0.8) 0 (0.0) 1 (0.1)

Polyethylene insert wear 2 (0.9) 24 (1.7) 1 (0.7) 9 (1.7) 0 (0.0) 13 (1.7)

Osteolysis 2 (0.9) 28 (2.0) 2 (1.4) 6 (1.2) 0 (0.0) 21 (2.7)

Synovial impingement 2 (0.9) 9 (0.6) 2 (1.4) 2 (0.4) 0 (0.0) 7 (0.9)

Tibial fracture 0 (0.0) 5 (0.4) 0 (0.0) 1 (0.2) 0 (0.0) 4 (0.5)

Other 17 (7.6) 80 (5.6) 13 (9.3) 22 (4.3) 3 (9.4) 44 (5.6)

HXLPE = highly crosslinked polyethylene; CI = confidence interval; PF = patellofemoral.
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HXLPE formulations used in two TKA designs, one

from Zimmer and one from DePuy; thus, the findings

may or may not apply to other HXLPE formulations of

other implant manufacturers or to other implant designs.

A final limitation of this study is our less than 10 years

followup.

In comparing our study findings with single-center

studies [6, 16], results were similar in not identifying major

differences in CoCR-conventional polyethylene versus

CoCr-HLXPE bearings. The results of our study also

confirm earlier published findings from a large population-

based study with shorter followup [9]. However, our find-

ings differ from those reported by the Australian

Orthopedic Association National Joint Replacement Reg-

istry, which reported a lower risk of revision in TKAs using

HXLPE [4]. At 5 years followup, the Australian Registry

reported a 2.5% cumulative percent revision for HXLPE

compared with 4% for those with conventional polyethyl-

ene, whereas in our study, cumulative incidence of revision

for XLPE was 3.1% versus 2.7% for conventional poly-

ethylene. The Australian Registry also reported that

revision rates were prosthesis-dependent with no difference

reported for the Triathalon implant (Stryker, Mahwah, NJ,

USA) and the posterior-stabilized NexGen (Zimmer,

Warsaw, IN, USA) but lower revision rates for HXLPE

minimally stabilized Natural Knee II (Zimmer) and Nex-

Gen implants. In our study, we did not find a prosthesis

brand effect; however, our subgroup sample sizes were

small. Differences in our findings and those of the Aus-

tralian registry are most likely related to variation in

prostheses selection, which is more diverse in Australia

than in our integrated healthcare system. Differences in

results could also be related to variation in US versus

Australian patient characteristics, surgical practices, and

hospital settings, among other factors.

In vitro, the fatigue and fracture behavior of polyethyl-

ene are negatively impacted by radiation crosslinking [5].

There is a concern that the reduction in fracture toughness

could lead to fatigue failure of tibial polyethylene inserts.

Because TKA tibial inserts are subjected to higher contact

stresses than THA liners, they are, in theory, more sus-

ceptible to delamination, fatigue wear, and pitting.

Potentially vulnerable regions of tibial liners include areas

with reduced thickness to permit locking of the inserts

within the metal tibial trays and the tibial post in posterior-

stabilized implants. In the current study, there were no

observed failures of the HXLPE tibial inserts from either

dissociation or from component fracture, suggesting this

may not be an issue. However, longer followup is neces-

sary to adequately evaluate this theoretical concern.

In summary, our study did not find differences in risk of

revision for HXLPE compared with conventional poly-

ethylene tibial inserts. Clinicians should consider the

increased cost and lack of available evidence of perfor-

mance beyond 10 years in selecting HXLPE for TKA.

Continuous monitoring of this new technology is neces-

sary, both to determine the longer-term outcomes of these

bearings in TKA and their interactions with the wide range

of implant brands where they could be used.
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