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Abstract

Aims

Our aim in this study was to describe a continuing review of 11 total hip arthroplasties using

22.225 mm Alumina ceramic femoral heads on a Charnley flanged femoral component,

articulating against a silane cross-linked polyethylene.

Patients and Methods

Nine patients (11 THAs) were reviewed at a mean of 27.5 years (26 to 28) post-operatively.

Outcome was assessed using the d’Aubigne and Postel, and Charnley scores and penetration

was recorded on radiographs. In addition, the oxidation of a 29-year-old shelf aged acetabular

component was analysed.

Results

The mean clinical outcome scores remained excellent at final follow-up. The mean total

penetration remained 0.41 mm (0.40 to 0.41). There was no radiographic evidence of

acetabular or femoral loosening or osteolysis. There was negligible oxidation in the shelf

aged sample despite gamma irradiation and storage in air.

Conclusion

These results highlight the long-term stability and durability of this type of cross-linked,

antioxidant containing polyethylene when used in combination with a small diameter alumina

ceramic femoral head.

Take home message:

- We report the results of our continued review of 11 total hip arthroplasties using 22.225 mm

Alumina ceramic heads on a Charnley flanged stem, articulating against a silane cross-linked

polyethylene. In addition, oxidation analysis was carried out on a 29-year-old shelf aged

acetabular component.

- The mean total penetration remains 0.41mm at a mean follow up of 27.5 years (range 26-28

years). Latest radiographs show no acetabular or femoral loosening or osteolysis. Negligible

oxidation was detected in the shelf aged sample despite gamma irradiation and storage in air.

The results highlight the long-term stability and durability of this type of cross-linked,

antioxidant containing, polyethylene when used in combination with a small diameter

alumina ceramic head.



Introduction

Cross-linked polyethylene (XLPE) is commonly used in total hip arthroplasty (THA). Long-

term results however, are still awaited and there remain potential concerns about its use.

These include impaired mechanical properties, the biological activity of the wear debris,

increased sensitivity to roughened countersurfaces and its long-term oxidative stabilityin

vivo.[[1,2]]

We therefore present a follow-up report of a previously published prospective study

of an alumina ceramic on XLPE Charnley low friction arthroplasty (LFA).[[3]] Retrieved

Charnley prostheses have shown damage to the surface finish of the femoral head and this

has been linked to increasing wear.[[4,5]] An alumina femoral head was introduced to

enhance scratch resistance. The initial rationale behind the use of XLPE was to allow the

inclusion of an injection moulding manufacturing process to minimise material waste.

Chemical cross-linking with silane was a required step in this process. Secondary machining

was still however needed to achieve the required tolerances.

This was the first clinical application of a ceramic on XPLE bearing in THA. The

mean follow-up of 27.5 years (26 to 28) is significantly longer than other published studies

involving XLPE.[[6-8]]

Patients	and	Methods

This prospective study was initiated in 1986. The femoral components were all Charnley

flanged design, manufactured from high-nitrogen-content, cold-formed stainless steel with a

parallel neck rather than a tapered design (Depuy, Leeds, United Kingdom). A 0.2 mm Ultra

High Molecular Weight Polyethylene (UHMWPE) sleeve was applied to the neck to act as a

cushion between the metal neck and alumina ceramic head. This was assembled at the time of

manufacture.



Acetabular components were all of standard, long-posterior-wall, flanged, Charnley

design, manufactured with XLPE using an injection moulding process with secondary

machining. The XPLE was manufactured from 100 000 molecular weight polyethylene which

was chemically cross-linked using a silane grafting and thermal cross-linking process. As part

of the manufacturing process, Irganox 1076 (Ciba Specialty Chemicals, Basel, Switzerland),

a hindered phenol antioxidant similar to vitamin E, was added prior to injection moulding.

The components were terminally sterilised using gamma irradiation in air using a 25 kilogray

dose.

The study included 19 hips in 17 patients (13 men and four women). Two patients had

a bilateral procedure. All operations were carried out in a Charnley clean air enclosure in

combination with full body exhaust suits, through a trans-trochanteric approach, using

Palacos cement (Heraeus, Wehrheim, Germany) and femoral canal occlusion with an

autologous bone plug.[[9]] Seven patients have died. One single stage revision was

undertaken for deep infection following bladder surgery 17 years after the initial operation.

There have been no other revisions.

Nine patients (11 THAs), remain and continue to be reviewed regularly. The outcome

was assessed using the modified d’Aubigne and Postel, and Charnley scores. Wear was

measured at each follow-up by a single observer (PDS), using a manual uniradiographic

method with standardised radiographs, corrected for magnification.[[10,11]]

An analysis of oxidation was carried out on an unimplanted acetabular component

with a shelf-age of 29 years. This was packaged in an air permeable packet inside an opaque

box, stored at room temperature. Cross sections (200 microns thick) were prepared using a

microtome and a standard test method (ASTM F2102-13) was followed allowing

measurement of the oxidation in the section.[[12]] Surface oxidation was taken as a mean of



three traces of 20 points to a depth of 3 mm. The bulk oxidation index was taken as a mean of

three traces of five points centred on the bulk of the sample.

RESULTS

The mean age of the nine remaining patients at the time of the initial surgery was 46.6 years

(26.4 to 58.4). The mean follow-up is now 27.5 years (26 to 28). The mean d’Aubigne and

Postel, and Charnley scores remain excellent with a mean score of 5.9 (5-6) for pain, 5.6 (3-

6) for function and 5.6 (4-6) for movement.

The mean total penetration was 0.41 mm (0.4 to 0.41), with a mean rate of penetration

of 0.0147 mm/yr (0.014 to 0.016). The mean rate of penetration was 0.13 mm/year (0 to 0.32,

one year post-operatively, 0.034 mm/year (0 to 0.098) between one and four years post-

operatively and 0.007 mm/year (0 to 0.016) at the latest follow-up (Fig. 1). One patient had a

contralateral Charnley metal on UHMWPE THA with a total penetration of 6.1 mm at 27

years, compared with 0.41 mm at 28 years in the XLPE and alumina ceramic combination

(Fig. 2).

[[Fig 1]]

[[FigCap]]Maximum penetration 0.41mm (0.4 to 0.41). Mean rate of penetration

0.0147mm/year (95% confidence interval 0.0142 to 0.0152).

[[Fig 2]]

[[FigCap]]A pelvic radiograph of a patient with a conventional Charnley low friction

arthroplasty, metal on non-crosslinked polyethylene bearing, and an alumina-on-cross-linked

polyethylene bearing on the contralateral side. There was significantly greater wear in the

conventional bearing.

The latest radiographs have shown no evidence of osteolysis or loosening. Early

demarcation around the acetabular component one year post-operatively was noted in one

patient but this has remained static and asymptomatic.[[13]] The mean surface oxidation



index of the shelf aged XLPE component was 0.148 (0.131 to 0.190) and the mean bulk

oxidation index was 0.132 (0.122 to 0.141).

DISCUSSION

The latest clinical and radiographic results of this prospective study remain excellent.

Following the bedding in period, no further measurable wear has been noted. The mean rate

of wear of 0.0147 mm/year represents a six-fold reduction compared with a conventional

Charnley LFA using metal on non-crosslinked UHMWPE.[[14]] This bearing couple was not

used after this study of 20 patients, as the bedding in period during the first year was thought

to represent accelerated wear. It was later appreciated that most of the initial penetration was

likely to be due to creep and the long-term results have been excellent. Manufacture of this

injection moulded acetabular component was also a challenge. Injection moulding had been

introduced to try and reduce material wastage and simplify manufacture. However, the

components still required machining to achieve the desired tolerances. This paradoxically

increased the complexity and cost of manufacture.

Contemporary XPLE has shown even greater reductions in rates of wear, albeit with

larger diameter femoral heads. Mean rates of wear using radiostereometric analysis (RSA)

ranging from 0.003 to 0.005 mm/year have been reported in randomised controlled trials, a

ten-fold reduction compared with conventional UHMWPE.[[6,15]] Direct comparisons with

this study are difficult due to the greater linear penetration of the small femoral heads which

were used compared with the larger heads used in more recent reports [6, 15]. Studies of

contemporary XPLE, however, only report mid-term outcomes[6, 15]; long-term results are

awaited. Results to date are encouraging but there are concerns regarding impaired

mechanical properties and increased sensitivity to adverse conditions such as roughened

counterfaces.[[1]] These conditions become more prevalent with the passage of time and

maintaining a smooth articulating surface is critical. Good initial surgical technique and the



use of a ceramic head which provides a smoother, harder articulating surface with a better

scratch profile can help maintain the performance of XLPE bearing surfaces.

The use of a small femoral head has also contributed to the longevity of this bearing

couple by reducing volumetric wear.[[11]] Wear simulator data suggest that the volumetric

wear of XPLE does not increase with increasing the size of the head.[[16]] This, however, is

not borne outin vivo.[[7,17]] Using a small head reduces frictional torque which reduces the

rate of acetabular loosening.[[18]] This is especially relevant to XLPE, which has a greater

friction factor compared with conventional UHMWPE.[[19]]

Despite gamma irradiation in the air, 29-year-old shelf-aged samples have shown

negligible oxidation and no deterioration in wear properties when testedin vitro at 15 years

post shelving.[[20,21]] This is in contrast with non-antioxidant laden UHMWPE gamma

irradiated in the air, which has shown oxidation indices above the critical level of one after

only six years of shelf aging.[[22-24]]

Recent retrieval analysis of contemporary remelted XLPE has shown unexpected

levels of oxidation despite there being no detectable free radicals at the time of implantation,

at a mean of two years post-operatively.[[2]] The oxidised retrieved components also had no

detectable free radical content, suggesting an alternativein vivo oxidative process.[[25]]

These levels are currently below the critical thresholds needed to impair mechanical

properties.In vivo oxidation, however, demonstrates an exponential pattern and therefore

may reach critical levels in the second post-operative decade.[[23]] XPLE appears to have a

greater susceptibility to oxidation compared with conventional UHMWPE due to the greater

number of tertiary carbon atoms present within their structure. The carbon-carbon bonds of a

tertiary carbon are more susceptible to oxidative scission compared with secondary carbon

atoms in a non-cross-linked structure.[[26]] The anti-oxidant used in the manufacture of the

XPLE used in this study may therefore have imparted a resistance toin vivo processes such as



lipid mediated oxidation, also contributing to its overall longevity and the maintenance of

wear properties.[[25]] Second generation vitamin E laden contemporary XLPE has shown

resistance to oxidationin vivo compared with conventional XLPE and therefore may help to

improve the long-term results of XLPE.

The limitations of this study include the uni-radiographic technique of wear

measurement used. However, it has been validated by comparing radiographic measurements

against direct measurements from retrieved implants, with a maximum intra-observer error of

0.1 mm.[[11,27]] It does, however, lack the accuracy and precision of modern techniques of

measuring wear such as RSA, and is also only a two-dimensional method. This is, however,

offset by the length of follow-up in this study. This series also lacks a comparative group and

therefore other historical studies had to be used to make comparisons of the rate of wear.

In conclusion, the clinical and radiological results in these patients remain excellent.

There remains no evidence of aseptic loosening. There was an initial bedding in period, after

which there was an extremely low rate of wear. The results highlight the long-term stability

and durability of this type of XLPE when used in combination with a small diameter alumina

ceramic femoral head.

References	

1. Rajpura A, Kendoff D, Board TN. The current state of bearing surfaces in total hip

replacement.Bone Joint J [Br] 2014;96-B:147-156.

2. Currier BH, Van Citters DW, Currier JH, Collier JP.  In vivo oxidation in remelted

highly cross-linked retrievals.J Bone Joint Surg [Am] 2010;92-A:2409-2418.

3. Wroblewski BM, Siney PD, Dowson D, Collins SN. Prospective clinical and joint

simulator studies of a new total hip arthroplasty using alumina ceramic heads and cross-

linked polyethylene cups.J Bone Joint Surg [Br] 1996;78-B:280-285.



4. Isaac GH, Wroblewski BM, Atkinson JR, Dowson D. A tribological study of retrieved

hip prostheses.Clin Orthop Relat Res 1992;276:115-125.

5. Dowson D, Taheri S, Wallbridge NC. The role of counterface imperfections in the wear

of polyethylene.Wear 1987;119:277-293.

6. Glyn-Jones S, Thomas GE, Garfjeld-Roberts P, et al. The John Charnley Award:

Highly crosslinked polyethylene in total hip arthroplasty decreases long-term wear: a double-

blind randomized trial.Clin Orthop Relat Res 2015;473:432-438.

7. Bragdon CR, Doerner M, Martell J, et al; Multicenter Study Group. The 2012 John

Charnley Award: clinical multicenter studies of the wear performance of highly crosslinked

remelted polyethylene in THA.Clin Orthop Relat Res 2013;471:393-402.

8. Röhrl SM, Nivbrant B, Nilsson KG. No adverse effects of submelt-annealed highly

crosslinked polyethylene in cemented cups: an RSA study of 8 patients 10 years after

surgery.Acta Orthop 2012;83:148-152.

9. Wroblewski BM, van der Rijt A.  Intramedullary cancellous bone block to improve

femoral stem fixation in Charnley low-friction arthroplasty.J Bone Joint Surg [Br] 1984;66-

B:639-644.

10.Griffith MJ, Seidenstein MK, Williams D, Charnley J.  The classic: socket wear in

Charnley low friction arthroplasty of the hip.Clin Orthop Relat Res 2006;448:3-9.

11.Livermore J, Ilstrup D, Morrey B.  Effect of femoral head size on wear of the

polyethylene acetabular component.J Bone Joint Surg [Am] 1990;72-A:518-528.

12.ASTM. ASTM F2102-13, Standard Guide for Evaluating the Extent of Oxidation in

Polyethylene Fabricated Forms Intended for Surgical Implants. ASTM International, 2013.

13.Hodgkinson JP, Shelley P, Wroblewski BM. The correlation between the

roentgenographic appearance and operative findings at the bone-cement junction of the

socket in Charnley low friction arthroplasties.Clin Orthop Relat Res 1988;228:105-109.



14.Wroblewski BM.  15-21-year results of the Charnley low-friction arthroplasty.Clin

Orthop Relat Res 1986;211:30-35.

15.Johanson PE, Digas G, Herberts P, Thanner J, Kärrholm J. Highly crosslinked

polyethylene does not reduce aseptic loosening in cemented THA 10-year findings of a

randomized study.Clin Orthop Relat Res 2012;470:3083-3093.

16.Muratoglu OK, Bragdon CR, O'Connor D, et al. Larger diameter femoral heads used

in conjunction with a highly cross-linked ultra-high molecular weight polyethylene: a new

concept.J Arthroplasty 2001;16(suppl 1):24-30.

17.Lachiewicz PF, Heckman DS, Soileau ES, Mangla J, Martell JM. Femoral head size

and wear of highly cross-linked polyethylene at 5 to 8 years.Clin Orthop Relat Res

2009;467:3290-3296.

18.Wroblewski BM, Siney PD, Fleming PA. The principle of low frictional torque in the

Charnley total hip replacement.J Bone Joint Surg [Br] 2009;91-B:855-858.

19.Burroughs BR, Muratoglu OK, Bragdon CR, et al. In vitro comparison of frictional

torque and torsional resistance of aged conventional gamma-in-nitrogen sterilized

polyethylene versus aged highly crosslinked polyethylene articulating against head sizes

larger than 32 mm.Acta Orthop 2006;77:710-718.

20.Sakoda H, Voice AM, McEwen HM, et al. A comparison of the wear and physical

properties of silane cross-linked polyethylene and ultra-high molecular weight polyethylene.

J Arthroplasty 2001;16:1018-1023.

21.Voice AM, Vale MC, Fisher J.A depth profile of oxidation and gel fraction in gamma-

irradiated silane crosslinked and ultra high molecular weight polyethylenes.Biomed Mater

Eng 2001;11:37-41.

22.Bargmann LS, Bargmann BC, Collier JP, Currier BH, Mayor MB.  Current

sterilization and packaging methods for polyethylene.Clin Orthop Relat Res1999;369:49-58.



23.Berry DJ, Currier BH, Mayor MB, Collier JP.  Gamma-irradiation sterilization in an

inert environment: a partial solution.Clin Orthop Relat Res 2012;470:1805-1813.

24.Currier BH, Currier JH, Mayor MB, et al.  In vivo oxidation of gamma-barrier-

sterilized ultra-high-molecular-weight polyethylene bearings.J Arthroplasty 2007;22:721-

731.

25.Oral E, Ghali BW, Neils A, Muratoglu OK.  A new mechanism of oxidation in

ultrahigh molecular weight polyethylene caused by squalene absorption.J Biomed Mater Res

B Appl Biomater 2012;100:742-751.

26.Shen FW, McKellop HA. Interaction of oxidation and crosslinking in gamma-irradiated

ultrahigh molecular-weight polyethylene.J Biomed Mater Res 2002;61:430-439.

27.Wroblewski BM.  Direction and rate of socket wear in Charnley low-friction arthroplasty.

J Bone Joint Surg [Br] 1985;67-B:757-761.


