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SUMMARY

Background  /  Problem First-generation  highly  cross-linked  polyethylene  (XLPE)  has  demonstrated

excellent  long-term  survivorship  in  total  hip  arthroplasty  (THR)  by  significantly  reducing  wear  and

subsequent  osteolysis  compared to  conventional  polyethylene.  As this  material  technology continues to

evolve, a comprehensive understanding of recent advancements and their clinical implications is necessary

for the practicing surgeon. 

Objective of the Article This review synthesizes recent and original publications on the ongoing progress

of XLPE. It examines new applications in monoblock and dual mobility components, the performance of

second-generation  antioxidant-stabilized  materials,  emerging  manufacturing  processes,  and  the

translation of this technology to total knee arthroplasty (TKR). 

Key Points / Core Message Third-generation vitamin E-stabilized XLPE used in uncemented monoblock

cups shows promising mid-term results,  with low wear rates comparable to modular designs. For dual

mobility  constructs,  second-generation  XLPE  (sequentially  annealed  or  vitamin  E-infused)  may  be

biomechanically superior due to better preservation of mechanical properties. At 10-year follow-up, vitamin

E-stabilized XLPE liners in THR demonstrate significantly lower radiographic wear than first-generation

XLPE, although this  has not  yet  translated to a  lower revision rate.  Driven by a  shortage of  cobalt-60,

chemical  cross-linking  with  antioxidants  is  emerging  as  a  viable  alternative  to  gamma  irradiation.  In

contrast to THR, current evidence from meta-analyses does not support the routine superiority of XLPE

over  conventional  polyethylene  in  TKR.  Rare  XLPE  failures  underscore  the  importance  of  analyzing

explants and maintaining meticulous surgical technique. 

Conclusion / Implications for Practice While progress in polyethylene technology is encouraging, each

formulation must be evaluated individually based on long-term data.  XLPE is  the standard of  care for

primary THR, but its routine use in primary TKR is not yet supported by robust evidence. Surgeons must

remain vigilant regarding implant design and positioning, as technical precision is critical to success even

with advanced biomaterials.
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INTRODUCTION

In 1998, the first highly cross-linked polyethylene (XLPE) implant was fitted in a total hip replacement (THR)

patient with the goal of reducing wear, and subsequently osteolysis and loosening. Today, almost all THR and over

70% of total knee replacements (TKR) use one of the forms of XLPE. Cohort studies, which now have over 20 years

of follow-up  [1],[2], and data from national registries  [3] unequivocally demonstrate a marked reduction in the

rates of revisions for implants using XLPE compared to those using conventional PE (CPE). Aggregations of these

many results, multiple meta-analyses  [4] and literature reviews (also including younger patients  [5]) have been

widely  published showing excellent  long-term results  for  first  generation XLPE implants.  We decided not  to

revisit these findings in detail, as they are now well-known. Instead, this article will review selected recent and

original publications concerning this material and its ongoing progress.

XLPE IN MONOBLOCK UNCEMENTED CUPS

The concept of the monoblock uncemented cup was first introduced in 1983 [6]. The rationale was to enable the

use of a thicker polyethylene liner to prevent backside wear. Furthermore, the cup's elastic modulus, similar to

that of  bone,  was intended to improve the load transfer to the surrounding hip socket bone,  reducing stress

shielding in the long term [7],[8],[9]. This was made from conventional polyethylene coated with titanium particles

for primary bone fixation and two pegs to improve stability in rotation (Fig. 1a). These implants had an excellent

survival rate of 94.4 %, with aseptic loosening used as the assessment criterion [10].

Second  generation  monoblock  uncemented  cups  were  introduced  in  2002  (Fig.  1b).  Once  again  made  from

conventional  PE,  the  difference  was  that  the  two  pegs  were  no  longer  used.  The  longevity  of  the  first  two

generations of monoblock cups was limited by wear and oxidation of the polyethylene [11].

Figure 1: RM Classic cup (Fig. 1a), RM Pressfit (Fig. 1b), and RM Vitamys (Fig. 1c), Mathys, Switzerland.

From Afghanyar Y, et al. BMC Musculoskelet Disord. 2021 Jan 23;22(1):107
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The third generation was released to market in 2009 (Fig. 1c), and these used highly cross-linked polyethylene

with  vitamin  E  added  to  improve  mechanical  and  tribological  properties  [12].  Early  results  from  centres  of

expertise [13] were promising and a number of other publications went on to confirm these hopes in the medium

term [14],[15]. Afghanyar et al. [16] reported on the data from a group of 81 vitamin E-stabilised XLPE monoblock

uncemented cups with 6.6 years of follow-up (4.3–8.5 years) looking at survival and radiological wear using the

EBRA method (for 42 cups). In this time frame, there was no recorded case of revision due to loss of fixation, no

osteolysis and an annual rate of wear measured at 0.06mm (0.0–0.17).  These results for the third generation

monoblock uncemented cups were also evaluated against those of two other comparators:

Firstly, Rochcongar et al.  [17] and Massier et al.  [18] compared them to those for the second generation

monoblock  uncemented  PE  cup:  the  rates  of  wear  reported  after  3  and  6  years  respectively  were

significantly lower for the additive vitamin E group.

Then, in 2023, Afghanyar et al. [19] compared them to those of a modular titanium uncemented cup used

with a first generation remelted XLPE liner.  After an average of 6.1 years of follow-up, no radiological

difference  was  noted  at  the  acetabulum,  no  revisions  had  been  performed,  and  the  wear  rates  were

equivalent (0.06mm/year for the monoblock group and 0.07mm/year for the modular group, p=0.243). The

equivalent wear rate after this time frame confirmed the results from previous generations, compiled in a

review by Halma et al. [20].

In conclusion, while short- and medium-term results for these uncemented monoblock cups are promising, and

data from Australian and Swedish registries confirm that use of these implants is growing, the majority of these

publications still come from centres of expertise, and follow-up periods remain insufficient to detect potential

failures due to the material.

XLPE AND DUAL MOBILITY COMPONENTS

The use of dual mobility cups has been growing over the past few years in the prevention or management of

instability in primary and revision THR [21]. The concept of PE is demanding for the mobile cup design because it

needs to combine the “standard” resistance to wear with enough elasticity for the initial movement of the head

travelling into the retention area, without causing permanent damage. These concerns have led to specific ex vivo

testing [22], which showed that the snap-fit of the femoral head did not produce more cracks in the retention area

with remelted or annealed XLPE than conventional PE. The second important conclusion was that the remelted

XLPE group showed significantly lower femoral head extraction force when cracks were present than the CPE or

annealed XLPE groups. The clinical significance of this finding has not yet been determined.

Epinette et al.  [23] assessed the medium-term performance of a dual mobility cup using XLPE that had been

sequentially irradiated and annealed. This prospective multicentre study included 321 young patients (mean age

48 years). The authors did not report any true or instraprosthetic dislocation. Two cups underwent revision due to

impingement between the neck and cup. The all-cause survival rates were 97.5 % after five years. No radiological

data concerning wear were reported.

Based on data on 33 explanted dual mobility cups with XLPE (sequentially irradiated and annealed) that were

revised  in  the  short-term  due  to  non-mechanical  failures,  D’Apuzzo  et  al.  [24] confirmed  that  although  the

movements were produced at the two articulations (large and small), those from the small articulation seemed to

dominate. In addition, the retentive mechanism remained intact in these short follow-up periods, irrespective of

cup size. DM liner retentivity was tested on the explanted components through extraction of the ball from the DM

• 

• 
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cup (equivalent of an intraprosthetic dislocation). The results showed no relationship between the duration of

implantation (mean of 6 months, range 0.06–26) and the extraction force required.

In conclusion, while the long-term data for the latest generations of XLPE liner are not yet available, theories

based on ex vivo testing suggest that second generation XLPE, whether sequentially annealed or infused with

vitamin  E,  is  likely  to  constitute  a  more  appropriate  material  for  dual  mobility  components  in  view  of  the

preservation of its mechanical properties.

XLPE WITH ANTIOXIDANT ADDITIVES: MEDIUM-TERM RESULTS

A PE is characterised through a balance between its different properties, especially resistance to wear, resistance

to oxidation and mechanical properties. Irradiation cross-linking as used in first generation XLPE means that

wear can be reduced, but the process creates free radicals, which trigger a risk of secondary oxidation. For this

reason, irradiation is followed by a thermal treatment. There are various types of thermal treatment, none of

which will completely eradicate the residual free radicals, and additionally they are thought to lead to reduced

resistance to fatigue, which is already compromised by cross-linking. One alternative to thermal treatment that

can still stabilise the free radicals produced by cross-linking is to use an antioxidant, such as vitamin E (alpha-

tocopherol)  [25]. The physiological role of vitamin E is to react with the free radicals of the cell membrane and

protect  polyunsaturated fatty  acids from oxidation degradation.  The same mechanism is  thought  to  apply to

oxidation  reactions  within  the  PE,  which  contains  aliphatic  saturated  very  long  chains.  In  practice,  the

manufacturing process of PE may involve variations in terms of the type of PE resin, the type of antioxidant and

its concentration, the ways in which antioxidants are incorporated into the PE (“blended” before consolidation of

the PE or “infused” afterwards), and the cross-linking and sterilisation of the XLPE.

Preclinical investigations have shown, apart from the “expected” strong performance (perfectly biocompatible,

prevents  oxidation  and  resists  wear  while  preserving  satisfactory  mechanical  properties),  that  the  biological

properties of XLPE with antioxidant additives give rise to a number of questions (such as whether it has an anti-

inflammatory or antibacterial role) [26]. Information about how this material behaves in vivo has been obtained

from studies on explanted components. Rowell et al. looked at 15 explanted vitamin E-stabilised PE components,

with a limited follow-up period ranging from 3 days to 3 years, and showed that the number of free radicals fell

over time and that oxidative phenomena appeared to be inhibited as a consequence [27].

Vitamin E-stabilised XLPE components were introduced clinically in 2008. Spece et al. [28] brought together the

results from 41 studies (35 cohorts, four case reports, and two analyses of explanted components), with follow-up

periods ranging from 2 to 11 years (median of 5 years). Taking all the studies that reported penetration of the

femoral head on radiography, the wear rates ranged from 0.01 to 0.14mm/year for vitamin E-stabilised XLPE

groups  and  0.01  to  0.21mm/year  for  control  groups.  Although  extremely  thorough,  this  review  could  not

determine any discernible difference between the two methods of incorporating vitamin E into PE. Another recent

meta-analysis  by  Wyatt  et  al.  [29] included  five  studies  with  medium-term  follow-up,  and  this  showed  that

penetration of  the femoral  head was significantly lower in vitamin E-stabilised XLPE groups.  Although these

results may seem promising there was no statistically significant difference in terms of the rate of revision. 

To our knowledge, the study into this material with the longest follow-up period published to date was by El-

Sahoury et al. [30]. Out of 116 randomised patients (vitamin E-infused XLPE versus mechanically annealed 5Mrad

XLPE), 82 were reviewed (mean ages from 61 to 65 years) after a minimum of 10 years of follow-up: total mean

penetration (RSA) was significantly lower for the vitamin E group (p=0.001), with no difference in terms of cup
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migration (Fig. 2). No cases of loosening or implant failure were reported. Moreover, this study did not note head

size (32 versus 36mm) to have any significant impact on wear. Similar results, showing a significant difference in

radiological wear with a mean of 7 years of follow-up but no repercussion on revision rates, were also reported by

Collins et al.  [31]. In an original study, Mutsuoka et al.  [32] carried out a comparative analysis looking at results

from two groups of identical types of PE with additive vitamin E that differed in terms of the thickness of the PE

(liner in an uncemented cup with a 28mm chrome-cobalt ball): 6.8mm versus 8.9mm. After 7 years of follow-up,

the authors were unable to demonstrate any significant difference in wear with consistent use between the two

groups. These results confirm the findings of Fransen et al. [33], indicating after a mean of 13 years of follow-up

that the thickness of a first generation XLPE component (9 Mrads, irradiated then remelted) had no influence on

survivorship. These data could be used to justify fitting large diameter femoral heads.

Figure 2: Comparative wear assessed on the basis of mean femoral head penetration in an XLPE group

and a vitamin E group (statistically significant differences after 7 years, p=0.003, and after 10 years, p=

0.001). From El-Sahoury JAN, et al. Bone Joint J. 2023 Oct 1;105-B(10):1052-1059

Taken together, the results for XLPE with additive vitamin E are encouraging given that these studies document

the behaviour of these materials in the long term (over 15 years), showing in particular a reduction in revisions

due to aseptic loosening.

CHEMICAL PROCESSES FOR XLPE CROSS-LINKING

At present, almost all XLPE is produced by ionising irradiation, mainly using gamma rays, to break the chains and

release the free radicals needed for the cross-linking process. However, in view of a worldwide shortage in the
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supply of cobalt-60, a worrying fall in the availability of gamma radiation is likely to be imminent. For the growing

industry of medical device sterilisation, regulatory pressure already tends to favour the alternative method of

ethylene oxide (EtO) sterilisation. Technologies that do not rely on gamma radiation will also need to be developed

and validated for cross-linking, as this will be crucial for XLPE to remain available. One promising method is to

use peroxide as a chemical cross-linking agent. 

Peroxide cross-linking has been proven to be effective in terms of increasing resistance to wear [34], but it does

entail  reduced  oxidative  stability,  which  has  been  controlled  effectively  by  adding  an  antioxidant  [35].  The

biocompatibility of the product has also been tested in an animal model [36].

More recently, Muratoglu et al. [37] studied a new vitamin E–UHMWPE blend with a more stable peroxide that is

easy to use. The biological, tribological and mechanical results were positive, paving the way for FDA approval in

January 2023, allowing this material to be used in tibial liners in TKR. Another team [38] recently showed that a

combination of antioxidants (vitamin E + D-Sorbitol) could offer an ideal solution in preparing XLPE through

chemical cross-linking.

WHAT CAN WE LEARN FROM THE RARE XLPE IMPLANT FAILURES?

The rare cases of XLPE implant failures have until recently always been reported to be related to implantation

errors (excessive tilt, poor anteversion), traumas, dislocation or prosthesis impingements, or even use of a PE

liner that is too thin (<5mm). The two cases of fractured XLPE described below occurred in the absence of these

errors.

Wahl et al.  [39] reported on a case of early pain (6 months after THR in a 49-year-old female, with implants

oriented and integrated correctly) that led to multiple investigations, which did not find any infection or psoas

impingement, but ultimately a strong macrophage activation against polyethylene particles in the micron size

range. There was no three-body abrasive wear noted, and in view of the very short time scale of this wear that was

thought to be from the liner, material-specific failure was diagnosed, followed by component explantation and

thorough testing. Tests on the explanted component identified insufficient irradiation of the polyethylene as being

the most probable cause of the failure, based on the transvinylene index. However, the gel content, crystallinity,

fusion temperature and oxidation index all remained within expected ranges. This case highlights the importance

of histological assessment, even in aseptic revision, as well as a detailed analysis of the explanted component in

unexplained failures.

In contrast to two earlier cases reporting failures of vitamin E-infused XLPE liners [40],[41], attributed either to

insufficient thickness, a positioning error or a trauma, Kim et al. [42] presented an unusual case of a fracture of

the superior  rim of  a  vitamin E-infused XLPE component,  close  to  an area of  excessive  wear at  the  locking

mechanism. This  is  an interesting case because this  early failure of  a  PE liner 18 months after  it  was fitted

occurred without repeated stresses or trauma (only sitting down and getting up), and the liner was relatively thick

(5.8 mm at the periphery) and fitted correctly (46° of tilt and 18° of anteversion). It is therefore worth underlining

the importance of perfectly mastering the snap-fit of the liner in a metal cup, and subsequently looking out for

any unusual symptoms that patients may describe (such as an “explosion” in one case), and finally to remember

that if there is any doubt, radiography or CT imaging should be performed to check for eccentration of the femoral

head (Fig. 3).
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Figure 3: AP pelvic radiograph performed 1.5 years after left THR showing superior eccentration of the

femoral head in the cup, suggesting failure of the PE component.

CAN THE BENEFITS OF XLPE IN HIP IMPLANTS BE APPLIED TO THE
KNEE?

The biomechanics of the knee differ from those of the hip, meaning that the clinical successes with XLPE in THR

have  not  been  possible  to  reproduce  directly  in  TKR.  This  can  be  explained  by  the  fact  that  in  TKR  the

polyethylene liner is submitted to a very different kind of force from in THR. The rolling, sliding and rotation

mechanisms of the knee carry a higher risk of the components separating or fracture due to fatigue, and this is

increased with PE ageing and oxidation, in contrast to the more consistent force in the hip [43].

This means that usage of XLPE in TKR remains open to question. A number of studies of explanted components

over  the  course  of  the  past  15  years  have  reported  equivalent  results  in  terms  of  the  patterns  of  wear  of

conventional PE and XLPE [44]. It is likely that no difference was found in this study because the early revision

was not caused by PE wear. Yu et al.  [45] looked at six studies in a meta-analysis that compared CPE and XLPE

over  a  period  of  2  to  6  years,  evaluating  the  revision  rate  for  all  causes,  whether  loosening,  osteolysis  or

mechanical  failure.  They  found no  statistically  significant  difference.  These  results  were  confirmed by  other

authors  [46],[47], and in a more recent meta-analysis of 10 studies covering 963,467 patients  [48]. Kendall et al.

have also added to the questions over the value of XLPE in TKR [49], although a response from McKellop [50] drew

attention to various methodological weaknesses in the analysis of Kendall et al., with one point being that in view

of the multiple factors that can influence loss of fixation in a TKR, the PE liner alone cannot be incriminated in a

retrospective analysis that is not particularly rigorous and mixes different types of XLPE.

Only a few studies have looked at in vivo use of vitamin E-stabilised XLPE liners in TKR. Spece et al. [51] compiled

the clinical data from 13 studies (five of which were cohort studies with follow-up periods ranging from 2 to 7
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years).  In these short  time frames,  no mechanical  failures were reported,  with equivalent  survival  rates and

identical  radiological  parameters  (wear,  periprosthetic  radiolucency,  osteolysis).  Analyses  of  explanted

components confirmed the protection from oxidation.

CONCLUSION

There is steady and encouraging progress in the development of polyethylene types amid a climate of pressing

economic  considerations  (reducing  healthcare  costs)  and  geopolitical  setbacks  (lack  of  available  cobalt-60).

Although the in vitro or short-term results are broadly positive compared to those of previous generations, we

should remain cautious on certain points:

Each  PE  is  a  product  of  a  specific  manufacturing  process  (irradiation  and  sterilisation  methods,

antioxidants or other additives) and should be evaluated individually. Simplifying analyses by grouping

into “generations” may be a dangerous short cut;

At present, it is reasonable to warn against using conventional PE for primary THR; however, in primary

TKR there is no reliable data on the basis of which we can routinely recommend using XLPE, irrespective

of the manufacturing process;

Caution must prevail when using PE liners, even second generation components, concerning in particular

the  design  (elastic  retention  area,  insufficient  thickness  at  the  periphery  or  the  snap-fit  site)  and  the

positioning (tilt, anteversion) of implants;

As performance standards for THR have reached an extremely high level, any change must be backed up by

solid  evidence  (including  long-term  results  from  research  teams  that  are  not  the  designers)  before

generalisations can be made.

• 

• 

• 

• 
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