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Abstract

Background Patients 50 years or younger are at high risk

for wear-related complications of their total hip

arthroplasty (THA) because of their generally higher levels

of activity. Highly crosslinked polyethylene (HXLPE) is

believed to be more durable for this population than con-

ventional polyethylene because of its improved wear;

however, limited information is available on the wear of

HXLPE in this population, particularly the wear of HXLPE

when it articulates with alternative bearings like Oxinium

(Smith & Nephew, Memphis, TN, USA).

Questions/purposes The purpose of this study was to

evaluate two questions relative to this population of

patients undergoing THA. First, what was the linear and

volumetric wear rate of HXLPE in patients 50 years or

younger at a minimum followup of 9 years and was oste-

olysis observed in any of these hips? Given the potential

for damage to the Oxinium femoral head surface, was the

wear of HXLPE in the patients with this material similar to

the other bearings or was there accelerated or runaway

wear that was visible in any of the patients?

Methods From November 1999 to April 2005, 105 THAs

were performed in 95 patients 50 years of age or younger

(mean, 42 years; range, 20–50 years). The mean body mass

index was 30 kg/m2 (range, 17–51 kg/m2).The mean fol-

lowup was 12 years (range, 9–14 years). Two patients died,

five patients (one bilateral) were lost to followup, and one

hip was revised elsewhere for pain. The patients’ informa-

tion was not included in the study, which left 87 patients with

96 hips for analysis. Highly crosslinked polyethylene was

the acetabular bearing for all of the hips. We analyzed the

linear and volumetric wear of all of the hips using the Martell

method. Eighty hips had the same diameter head (28 mm)

allowing us to more accurately compare the different bearing

materials. The type of femoral head used was related to our

sequential use of materials beginning with cobalt chrome

(14), ceramic (23) followed by Oxinium (43) in the hips with

28-mm heads. Although cobalt-chrome was used early in

this study, our previous experience with ceramic on poly-

ethylene encouraged us to use it as an alternative bearing.

The Oxinium was used consecutively for the remaining hips.

Results The mean wear of the HXLPE after 1 year of

bedding-in (true linear wear)was 0.022 mm/year (95%

confidence interval [CI], 0.015–0.030 mm/year). The mean

volumetric wear of HXLPE after 1 year of bedding-in (true

volumetric wear) was 9 mm3/year (95% CI, 4–14 mm3/
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year). None of the hip radiographs had evidence of loos-

ening or osteolysis. Wear was not associated with femoral

head material (p = 0.58 for linear wear/year versus head

material and p = 0.52 for volumetric wear/year versus head

material).

Conclusions In our study of patients 50 years of age or

younger undergoing THA, the linear and volumetric wear

rates of HXLPE were very low regardless of the bearing

surface material. The laboratory concerns of Oxinium

surface damage are serious but at this time we have not

seen high wear of the HXLPE or osteolysis in this

population.

Level of Evidence Level III, therapeutic study.

Introduction

THA is one of the most successful procedures in all of

medicine [30]. One factor that challenges the long-term

success of THA is polyethylene wear and the effects of

polyethylene particulate debris leading to resorption of bone,

osteolysis, and implant loosening. The effect of polyethylene

wear has been more severe in younger patients presumably

because of their high level of activity compared with an older

population of patients [5, 7, 8, 10, 26, 32, 38, 39]. It is also

likely that this population of young patients is still employed

and has expectations for a functional hip throughout their

working years as well as their lifetime. Several studies have

shown 10-year results of THA with conventional poly-

ethylene in patients 50 years or younger that are

disappointing with osteolysis rates up to 56% and survival of

the components of only 83% at 10 years [3, 7, 9, 23, 29, 32,

34, 35].

Highly crosslinked polyethylene (HXLPE) was devel-

oped with the purpose of minimizing or eliminating wear

as a problem for THA. Since its approval by the US Federal

Drug Administration in 1997, HXLPE has been used

extensively by surgeons with documented results of low

wear, osteolysis, or implant loosening caused by the

material’s wear. The counterface or the femoral head

provides another opportunity for a material that lessens the

wear of the polyethylene. Our previous experience

demonstrated a very low wear rate using ceramic against

conventional polyethylene [40]. In our study, 64 THAs

were performed in 56 patients. At the followup interval of

17 to 21 years, only five hips had been revised. The living

patients (18) returned for clinical and radiographic evalu-

ation. The mean linear and volumetric polyethylene wear

rates in this series at 17 to 21 years were 0.034 mm/year

and 28 mm3/year, respectively. It was this experience that

led us to use an alternative material to cobalt-chrome

articulating with a HXLPE. Initially, this was ceramic but

because of the risk of fracture and the in vitro results of

Oxinium (Smith & Nephew, Memphis, TN, USA), we

transitioned to Oxinium for these patients. Recent reports

of surface damage to Oxinium and the potential for

accelerated wear of HXLPE because of the surface damage

led us to perform this investigation in our patients 50 years

or younger at a minimum 9-year followup [13, 16, 20, 27,

33]. We asked two questions. The first questions was, what

is the linear and volumetric wear of THA performed with

HXLPE in patients 50 years or younger and was osteolysis

observed in any of these patients? The second question we

asked was, does the femoral head composition, particularly

the Oxinium, affect the wear of the HXLPE and were there

any outliers with runaway wear that would suggest dam-

aged head articulation?

Patients and Methods

After institutional review board approval, we reviewed the

records of a consecutive series of patients with THA who

were 50 years or younger at the time of their THA. Between

November 1999 and April 2005, 105 THAs were performed

in 95 patients 50 years or younger who had their hips

replaced using HXLPE. Two deceased patients, five (six

hips) lost to followup, and one revised were not included in

this analysis, which left us with 87 patients (96 hips). The

medical records of all patients with a minimum followup of 9

years were included in this study. The data from the eight

patients (two deceased, five lost to followup, one revised

elsewhere for pain) were not used. The study included 40

men and 47 women with a mean age at surgery of 42 years

(range, 20–50 years). The mean body mass index was 30 kg/

m2 (range, 17–51 kg/m2). Preoperative diagnoses included

osteoarthritis (36), hip dysplasia (21), avascular necrosis

(17), inflammatory arthritis (10), posttraumatic arthrosis

(six), and other childhood hip disease including slipped

capital femoral epiphysis (three), Legg-Calvé-Perthes dis-

ease (two), and coxa vara (one). Seventy-nine of the 87

patients were employed at the time of their surgery. The

patients’ work included heavy labor (eight), light labor (37),

and desk work (30). Of the remaining patients, four worked

from home and the remaining eight patients were either

retired or disabled. The 87 patients (96 hips) agreed to either

return for followup evaluation or complete a questionnaire

and have radiographs mailed to us.

All of the surgeries were performed using a posterior

approach. The acetabular components were press-fit (1–2

mm) with one or two screws used for supplemental fixation

(Trilogy; Zimmer Warsaw, IN, USA). Electron beam-irra-

diated and melted HXLPE (Longevity; Zimmer) was the

articulating material of the acetabular component. The

acetabular component (or a previous generation) was the

same component that we had used for the previous 11

years of practice. The femoral components were a press-fit

3830 Garvin et al. Clinical Orthopaedics and Related Research1

123



tapered titanium stem (Synergy; Smith & Nephew, Mem-

phis, TN, USA) and one porous-coated nonmodular stem

(Prodigy; DePuy, Warsaw, IN, USA). This stem was

selected because of the surgeon’s (KLG) familiarity and

use of a tapered design. One porous-coated nonmodular

stem, Prodigy (DePuy), was used as well. Our favorable

experience with ceramic on polyethylene [40] and the very

low wear rates using this combination led us to select this

as an alternative bearing to cobalt-chrome. The initial

patients in this study had cobalt-chrome but we gradually

introduced ceramic. An overlap of 10 patients did occur as

we transitioned from cobalt-chrome to ceramic. The reports

of Oxinium were encouraging and obviated the risk of head

fracture associated with ceramic [18]. We subsequently

used Oxinium consecutively until the study was completed.

The femoral head size was selected to maintain a poly-

ethylene thickness of approximately 6 mm to avoid the

problems associated with thin polyethylene, particularly at

the rim of the acetabulum. We have since learned that

polyethylene less than 6 mm is safe and has not been

associated with excessive wear or fracture. The bearings of

the femoral component were cobalt-chrome (19), oxidized

zirconium (43), and ceramic (34). The bearing diameters

were 26 mm (14), 28 mm (71), or 32 mm (11). We have

reported the wear data for the patients with a 28 mm

diameter (Table 1).

The radiographs were analyzed for wear, radiolucent

lines, osteolysis, or a change in the position of the com-

ponent over time. The HXLPE was analyzed using the

Martell technique for measuring wear [28]. Radiographs

were evaluated for loosening defined as a change in

component position of greater than 5 mm or a circum-

ferential radiolucent line of 2 mm or greater [31]. The

acetabulum and femur were evaluated for evidence of

osteolysis defined as a nonlinear radiolucency greater than

5 mm of the bone adjacent to the prosthesis. The findings

were recorded for the three zones of the acetabulum de-

scribed by DeLee and Charnley [11] and of the seven

zones for the femur described by Gruen et al. [19]. The

effect of the femoral head material on HXLPE wear was

evaluated with the Kruskal-Wallis one-way analysis of

variance.

Results

The mean linear wear after bedding-in (true linear wear) of

our patients was 0.022 mm/year (95% confidence interval

[CI], 0.015–0.030 mm/year). The mean volumetric wear

after bedding-in (true volumetric wear) was 9 mm3/year

(95% CI, 4–14 mm3/year). We did not see any evidence of

osteolysis in the hips of our patients. We did see acetabular

radiolucencies that were identified around nine of the

acetabular components and one of these had a circumferen-

tial radiolucent line of approximately 1 mm 12 years after

THA (Fig. 1A–B). Radiolucent lines were identified in two

of the femurs (Zones 1 and 7) but none of these patients had a

circumferential radiolucent line or evidence of subsidence.

Furthermore, a change in component position or subsidence

was not evident in any of the acetabular or femoral compo-

nents. The linear and volumetric wear of the cobalt-chrome,

ceramic, and Oxinium was also similar (Table 1). The wear

of the polyethylene was not associated with the femoral head

material (cobalt-chrome, oxidized zirconium, or ceramic) (p

= 0.58 for linear wear/year versus head material and p = 0.52

for volumetric wear/year versus head material). None of the

patients in the Oxinium group had evidence of runaway

wear.

Discussion

THA for patients aged 50 years or younger poses a major

challenge for the patient and surgeon because of the

patient’s demand for a long-lasting hip that allows them to

be active. Previous reports on this population with con-

ventional polyethylene have been associated with

unacceptably high component loosening and osteolysis [3,

7, 9, 23, 29, 32, 34, 35]. Highly crosslinked polyethylene

has had much less wear and osteolysis, even in the younger

population [1, 21, 22, 24, 25]. Use of a counterface mate-

rial such as ceramic or Oxinium to further decrease wear is

also appealing. Based on our previous experience [40], we

began using ceramic to further lower the wear of the

HXLPE. Oxinium with its enhanced surface wear proper-

ties but without risk of fracture was subsequently used for

Table 1. Wear of HXLPE for 28-mm femoral head bearings

Wear rates Ceramic Oxinium Cobalt-chrome

Mean linear wear (mm/year)* 0.011 (CI, 0.04–0.04) 0.022 (CI, 0.015–0.033) 0.024 (CI, �0.002 to 0.04)

Mean volumetric wear (mm/year)� 2.01 (CI, 0.36–18.90) 10.2 (CI, 4.8–14.5) 9.0 (CI, 2.5–24.1)

* Kruskal-Wallis test p = 0.58 for linear/year versus head material; �Kruskal-Wallis test p = 0.52 for volume/year versus head material; HXLPE

= highly crosslinked polyethylene; CI = confidence interval.
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our patients’ femoral articulation. More recent reports have

documented damage to the Oxinium surface, which is of

concern to surgeons and patients because of the potential

for increased wear of the HXLPE [13, 16, 20, 27, 33]. The

problem is of particular importance to those patients who

sustain a prosthetic dislocation [13, 16, 20, 27]. Trauma or

hip dislocation can result in scratching of the Oxinium

surface presumably when the femoral head meets or

articulates against the metal of the acetabular component. It

is because of this risk of surface damage and potential

increase wear of HXLPE that we evaluated the linear and

volumetric wear of our patients’ hips.

Our study does have limitations. First, our study was

underpowered and would have required 160 patients in

each group (cobalt-chrome, ceramic, and Oxinium) to

show a statistically significant difference in wear of 30%

and determine if any of the materials were superior. Sec-

ond, the head sizes were also different making comparisons

difficult among all of the hips. Our rationale for selecting

the different head sizes was to allow a polyethylene

thickness of approximately 6 mm. The technique used for

evaluation of our patients’ polyethylene wear is also a

possible limitation because of alternative methods used to

measure wear [6]. The Martell technique to measure wear

uses the revised Hip Analysis Suite, Version 8.0.3.0

(University of Chicago, Chicago, IL, USA). This version

allows for accurate measurement of wear. Kraay et al.

evaluated the accuracy of the new Hip Analysis Suite,

Version 8.0.3.0, and found a mean accuracy of 0.008 mm

and a corresponding volumetric accuracy of 3.17 mm3 [28].

Kraay concluded that the results compared favorably with

radiostereometric analysis that has an acceptable accuracy

of 0.050 to 0.150 mm. Another limitation is the mixing of

components from different manufacturers. Although one

may expect a component mismatch to result in elevated

wear, we have not seen that in our practice. However, we

cannot support the practice of mixing manufacturers’

implants with any scientific data and report it as a weakness

of this study.

Our wear rate for all hips was 0.022 mm/year (linear)

and 9 mm3/year (volumetric). The wear is low and com-

pares favorably with other studies using HXLPE (Table 2).

The low rate of HXLPE wear in our study is below the

assumed wear threshold to produce particulate debris that

is sufficient to cause osteolysis, assuming the particles are

of comparable biologic activity and because of this, the

survival should be equal to or improved when compared

with conventional polyethylene. Two prospective ran-

domized studies have demonstrated less wear but have not

shown a reduction in aseptic loosening [17, 21]. The

studies include a relatively small number of patients (60,

54) randomized with one study reporting one failure of a

cemented femur in the standard polyethylene group and

two failures in the HXLPE group (p = 1.0) [21]. The other

study identified no failures in either group [17]. To our

knowledge, a prospective randomized trial of THA com-

paring conventional polyethylene with HXLPE in patients

50 years or younger has not been published. We are aware

of very few studies evaluating HXLPE in patients 50 years

or younger who have been followed for a comparable

interval (Table 2). Babovic and Trousdale reviewed 50

patients (54 hips) at a minimum followup of 10 years [1].

In that group, only one patient had a revision or dislocation

and the wear of the HXLPE was 0.02 ± 0.0047 mm/year.

The report of alumina on HXLPE has also been reported in

patients 50 years or younger with comparable 10-year

followup [22]. The two studies, one of 57 patients (67) hips

and the other 100 patients (100 hips), evaluated the wear of

the polyethylene. In each of the studies, the wear was 0.031

± 0.004 mm/year. None of the patients required revision

surgery or had evidence of osteolysis or loosening. The

remaining 10-year followup studies include patients with a

mean age greater than 50 [2, 4, 12, 14, 17, 21, 37].

Our second question was, does the femoral head com-

position, particularly Oxinium, affect the wear of HXLPE

and were there any outliers with runaway wear that would

suggest a damaged head articulation? In our cohort of

patients with a 28-mm femoral head of Oxinium articu-

lating with HXLPE, the mean linear wear rate was 0.024

mm/year and we did not see any patients with runaway

wear. The findings of comparable wear without runaway

wear are important and timely considering the recent

reports of Oxinium surface damage and its potential for

accelerated polyethylene wear. The linear and volumetric

wear of our Oxinium hips was also very low suggesting

Fig. 1A–B (A) The figure is an AP pelvis radiograph obtained 6

weeks after THA in a 47-year-old woman. (B) The figure is an AP

pelvis radiograph obtained 12 years after THA. The radiolucencies

are evident (arrows) around the acetabular component and the

proximal femoral component in Zone 1 and Zone 7.
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that scratching had not occurred or if it had, it had not

caused adverse or accelerated wear. Alternatively, because

we did not have any hips dislocate, the femoral heads did

not suffer significant surface damage. Two other studies

have reported similar findings to ours at a shorter length of

followup [15, 36]. One of these included Oxinium on

HXLPE in 54 patients (56 hips) with a mean age of 53

years followed for a mean of 2.5 years with a linear wear

rate of 0.004 mm/year. More recently Morison reported a

prospective randomized study comparing Oxinium with

cobalt-chrome in patients with HXLPE. Patients were

followed for a mean of 6.8 years and the mean linear wear

rate of the Oxinium group was 0.061 mm/year per year and

the cobalt-chromium was 0.076 mm/year.

In conclusion, this study of THA evaluating patients 50

years of age or younger has demonstrated low linear and

volumetric wear rates of HXLPE regardless of the bearing

surface material. Additionally, we could determine no

significant difference in wear when the counterface was

cobalt-chrome, ceramic, or Oxinium. Although the labo-

ratory and in vivo analyses of Oxinium surface damage are

serious and a cause for concern, we have not seen signifi-

cant wear of our HXLPE, osteolysis, and none of the hips

have been revised for problems associated with their Oxi-

nium or the other bearing materials. The results are

encouraging; however, they must be guarded because of

the demand this population will continue to place on their

implants over the next decade and beyond.
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