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The Norwegian Arthroplasty Register has shown that several designs of uncemented
femoral stems give good or excellent survivorship. The overall findings for uncemented total
hip replacement however, have been disappointing because of poor results with the use of
metal-backed acetabular components. In this study, we exclusively investigated the
medium-to long-term performance of primary uncemented metal-backed acetabular
components.
A total of 9113 primary uncemented acetabular components were implanted in 7937
patients between 1987 and 2007. These were included in a prospective, population-based
observational study. All the implants were modular and metal-backed with ultra-highmolecular-weight polyethylene liners. The femoral heads were made of stainless steel,
cobalt-chrome (CoCr) alloy or alumina ceramic. In all, seven different designs of acetabular
component were evaluated by the Kaplan-Meier survivorship method and Cox regression
analysis.
Most acetabular components performed well up to seven years. When the endpoint was
revision of the acetabular component because of aseptic loosening, the survival ranged
between 87% and 100% at ten years. However, when the endpoint was revision for any
reason, the survival estimates were 81% to 92% for the same implants at ten years. Aseptic
loosening, wear, osteolysis and dislocation were the main reasons for the relatively poor
overall performance of the acetabular components. Prostheses with alumina heads
performed slightly better than those with stainless steel or CoCr alloy in subgroups.
Whereas most acetabular components performed well at seven years, the survivorship
declined with longer follow-up. Fixation was generally good. None of the metal-backed
uncemented acetabular components with ultra-high-molecular-weight polyethylene liners
in our study had satisfactory long-term results because of high rates of wear, osteolysis,
aseptic loosening and dislocation.

Earlier reports from the Norwegian Arthroplasty Register found that the results of uncemented total hip replacement (THR) have been
relatively poor,1,2 and the findings from other
national registers were similar.3,4 More recent
reports from the Norwegian Arthroplasty
Register5 and from other sources,6,7 however,
have shown that contemporary uncemented
femoral stems have, with some exceptions, performed well up to 15 years. However, metalbacked acetabular components have performed less well than cemented allpolyethylene designs in register reports.8-10 In
non-register reports, both threaded and pressfit designs of uncemented metal-backed
acetabular components have had good results
in some studies,11-13 but a poorer outcome in
others.10,14-17 Favourable results with followup longer than ten years have been reported in

only a few studies.13,18,19 Wear of polyethylene
and osteolysis have been the main problems
in the medium and long-term in metal-backed
acetabular components with standard ultrahigh-molecular-weight polyethylene (UHMWPE) inserts.20-22
In this study we evaluated the performance
of primary uncemented metal-backed acetabular components.

Patients and Methods
The Norwegian Association of Orthopaedic Surgeons founded the Norwegian Arthroplasty Register in 1987.1 Patients gave their written consent
to the collection of data, and individual data on
nearly all hip and knee joint replacements were
registered.23 By 31 December 2007, a total of
110 991 primary THRs had been registered,
of which uncemented acetabular components
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Table I. Details of the patients grouped according to the type of implant
Diagnosis (%)*

Tropic
Trilogy
Igloo
Duraloc
Reflection
Atoll
Gemini
Total

Number of Number of Mean age
hips
hospitals
(yrs)
% < 60 years

% males

OA

RA/ankylosing Sequelae after
hip fracture
DDH
spondylitis

High DDH

Perthes
only
Others†

3417
1977
414
902
645
1344
414
9113

35
39
32
42
42
39
41
38

51.0
56.0
61.0
49.0
58.0
44.0
50.0
52.0

7.6
3.6
7.5
5.2
3.6
7.6
7.7
6.2

3.0
4.0
0.0
0.6
2.0
6.8
1.7
3.3

3.7
4.9
1.2
6.0
6.7
4.7
6.5
4.6

31
26
12
20
12
21
10
56

59
57
69
54
57
55
53
58

51
60
21
73
60
64
74
57

8.4
5.1
11.8
3.8
5.6
7.7
6.0
7.0

18.3
16.7
13.0
28.6
20.2
19.4
21.3
19.2

7.2
8.9
5.1
5.4
3.7
8.6
6.3
7.2

* OA, osteoarthritis; RA, rheumatoid arthritis; DDH, sequelae of developmental dysplasia of the hip with normal hip centre; High DDH, sequelae of
developmental dysplasia of the hip with a high hip centre
† includes avascular necrosis, acute fracture of the proximal femur

Table II. Details of the acetabular components
Femoral head material
CoCr

Alumina

32/28/22/missing

Surface†

Polyethylene
sterilisation‡

Company

1988-*
1994-*
1993 to
2006
1995-*

31
26
20

1622
588
173

199
378
371

1596
1011
358

1062/2307/40/8
27/1491/453/6
70/659/172/1

Blasted, HA
PC fibre mesh
PC (Porocoat)

a) or b) (1992 to 97)
c)
a)

DePuy
Zimmer
DePuy

12

24

242

379

0/637/8/0

PC (rough coat) d)

1990 to
1999
1991 to
1995
1998-*

21

723

19

602

387/951/4/2

Blasted, HA

a) or b) (1992 to 97)

Smith and
Nephew
DePuy

10

71

343

0

0/301/111/2

PC

a) or b) (1992 to 95)

DePuy

12

5

84

325

25/382/5/2

HA

e)

Biotechni

Period
Tropic
Trilogy
Duraloc
Reflection
Atoll
Gemini
Igloo

Femoral head (mm)

Number of
hospitals
Stainless steel

* still used at the end of the study
† HA, hydroxyapatite; PC, porous coating
‡ a) gamma irradiation in air; b) beta irradiation in air; c) gamma irradiation in inert atmosphere (nitrogen); d) ethylene oxide; e) gamma irradiation in
vacuum

were used in 19 255 (17%). Of these, 14 622 (76%) were
all-uncemented THRs and 4492 (23%) were hybrids with
cemented stems. A total of 66 different acetabular designs
had been used in the study period. We included only modular metal-backed acetabular components with standard
UHMWPE and femoral heads made of either stainless steel,
CoCr alloy or alumina ceramic which had been used in 400
hips or more. These parameters identified seven different
acetabular component designs implanted in 9113 hips in
7937 patients. Their details are shown in Table I.
The acetabular components included were the Tropic
(DePuy, Warsaw, Indiana), the Trilogy (Zimmer, Warsaw,
Indiana), the Duraloc (DePuy), the Reflection (Smith and
Nephew, Memphis, Tennessee), the Atoll (Landanger,
Chaumont, France), the Igloo (Biotechni, La Ciotat,
France) and the Gemini (DePuy). All these components
were modular with the metal-backing made of titanium
alloy. The Tropic and Igloo components were threaded; the
others were hemispherical and intended for press-fit and/or
screw fixation. Other characteristics of the components,
the materials used for the femoral head, its size and the
VOL. 92-B, No. 2, FEBRUARY 2010

number of hospitals using the implants are given in Table II.
The sterilisation methods of the polyethylene liners varied
among and within the groups during the study period.
Statistical analysis. The Kaplan-Meier method24 was used
to calculate survival probabilities with the 95% confidence
interval (CI). The results were presented at seven, ten and
12 years. The survival analyses were terminated when less
than 20 patients remained at risk. The reversed KaplanMeier method was used to calculate the median follow-up.25
Cox multiple regression analyses26 were used with adjustments made for age (stratified age groups below 40, 40 to
49, 50 to 59, 60 to 69, 79 to 79, and over 80 years), gender,
diagnosis, the material and size of the femoral head. This
allowed presentation of adjusted mean survival curves for
study of covariates and the relative risk of revision among
the implants. In order to evaluate the impact of differences
in the length of follow-up, we performed Cox analyses with
follow-up stratified into zero to seven and seven or more
years. The Tropic (DePuy) acetabular implant was chosen
as the reference device in the Cox analyses since this
implant was the most frequently used. In the analyses, revi-
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Table III. Kaplan-Meier survival (yrs; 95% confidence interval (CI)) and relative risk (RR; 95% CI) of acetabular revision from Cox
analyses with adjustments for age and gender with the endpoint of aseptic loosening
Survival (yrs, 95% CI)

Tropic
Trilogy
Igloo
Duraloc
Reflection
Atoll
Gemini

Number

Number of revisions

7

3417
1977
414
902
645
1344
414

159
13
0
4
6
234
17

99
99
100
100
99
94
100

10
(99 to 99)
(99 to 100)
(99 to 100)
(98 to 100)
(93 to 96)
(98 to 100)

97
98
*
100
98
87
98

12
(96 to 98)
(98 to 99)

94
98
*
(99 to 100) 100
(95 to 100) *
(85 to 89)
81
(97 to 100) 97

RR
(93 to 95)
(98 to 99)
(99 to 100)
(79 to 83)
(95 to 99)

p-value

1 (reference component)
0.4 (0.3 to 1.0)
No estimate
0.1 (0.0 to 0.3)
0.4 (0.2 to 0.9)
3.0 (2.4 to 3.7)
0.3 (0.3 to 0.9)

0.003
< 0.001
0.03
< 0.001
0.008

* less than 20 hips at risk

Results
The patients were fairly uniform in regard to age, gender
and diagnoses (Table I), but because of the large number
of hips, some differences among the study groups were
statistically significant. This was exemplified in the Igloo
(Biotechni) group in which the mean age was greater and
there was a larger number of patients with osteoarthritis.
When evaluated in the regression analyses however, the
impact of these factors was minute.
With the endpoint for the survival analysis of aseptic
loosening, most acetabular components performed well
up to ten years with a survival of 97% to 100%. However, the grit-blasted and hydroxyapatite (HA)-coated
Atoll (Landanger) acetabular component did less well
than the others, and had a three times higher (95%
CI 2.4 to 3.7) risk of revision because of aseptic loosening than that of the Tropic (DePuy) component which is
a HA-coated, threaded implant. Among the other acetabular components there were some smaller differences
(Table III, Fig. 1).
When the endpoint was revision of the acetabular component or liner for any cause, the results were poorer (Table IV,
Fig. 2). At seven years, the overall survival of the acetabular
component was 95% (95% CI 95 to 96), but decreased to
88% (95% CI 88 to 89) at ten and 83% (95% CI 82 to 84)
at 12 years. We found differences among the acetabular
components, and the contemporary components generally
performed better than the earlier implants.

100

90
Prosthesis survival (%)

sion of the acetabular component because of aseptic
loosening and for any cause, were the primary endpoints.
Sub-analyses with different endpoints such as acetabular
revisions as a result of polyethylene-related failures and
according to the material of the femoral head were also
undertaken. The length of follow-up was from 0 to
20 years. Hips which had not been revised were censored at
the end of the study on 31 December 2007. We used the
statistical software packages SPSS Version 15.0 (SPSS Inc.,
Chicago, Illinois) and S-Plus version 7.0 (MathSoft Inc.,
Seattle, Washington). A p-value ≤ 0.05 was considered as
statistically significant.

80

70
Tropic
Trilogy
Igloo
Duraloc
Reflection
Atoll
Gemini

60

50

0

5

10
15
Years to failure

20

Fig. 1
Survival curves (Cox) adjusted for age and
gender with the endpoint as revision of the
acetabular component for aseptic loosening.

The most common reasons for revision of the acetabular components with the longest follow-up time (Tropic,
Atoll, Gemini, Duraloc) were wear of the polyethylene
and acetabular osteolysis in well-fixed metal shells. The
acetabular components with a shorter follow-up (Reflection, Trilogy, Igloo) were revised most often because of
dislocation, infection or aseptic loosening (Table IV). The
times when the various causes for revision occurred are
shown in Figure 3.
When grouping the hips according to the material of the
femoral head we found smaller yet statistically significant
differences. Adjustments were made for age, gender, diagnosis and brand of component. Alumina heads performed
better than those made of stainless steel and CoCr alloy.
The relative risks for revision of the acetabular component
THE JOURNAL OF BONE AND JOINT SURGERY

METAL-BACKED ACETABULAR COMPONENTS WITH CONVENTIONAL POLYETHYLENE

199

Table IV. Kaplan-Meier survival (years; 95% confidence interval (CI)) and relative risk (95% CI) of revision of the acetabular component from Cox analyses with adjustments for age and gender and the endpoint of revision for any reason with the frequency of the different causes of revision
Reasons for revision† (number of
revision cases)

Survival (yrs; 95% CI)
Median
Number of follow-up
Number revisions (yrs)
7
Tropic 3417
Trilogy 1977
Igloo
414
Duraloc 902
Reflec- 645
tion
Atoll
1343
Gemini 414

10
(95 to 96) 90
(95 to 97) 92
(96 to 100) *
(94 to 97) 92
(94 to 98) 93

12

Aseptic
PE‡
p-value loosening Dislocation Infection wear Osteolysis

Relative risk

452
75
6
65
31

10.0
5.6
5.6
8.9
7.5

96
96
98
96
96

(88 to 91) 84 (82 to 86)
(90 to 94) 90 (86 to 93)
*
(90 to 94) 88 (85 to 91)
(90 to 95) *

1 (ref)
0.7 (0.5 to 0.9)
0.3 (0.1 to 0.9)
0.6 (0.5 to 0.9)
0.6 (0.4 to 1.0)

159
13
0
4
6

56
27
1
16
9

22
9
2
7
3

141 48
6 3
0 1
16 10
5 1

335
111

12.6
14.7

91 (89 to 92) 81 (79 to 83) 74 (72 to 77) 1.6 (1.4 to 1.8) < 0.001 234
92 (89 to 94) 85 (82 to 89) 78 (74 to 82) 1.2 (1.0 to 1.5) 0.096 17

25
22

9
3

51 21
40 25

0.007
0.028
0.003
0.033

* less than 20 hips at risk
† more than one reason is possible for each revision
‡ PE, polyethylene

100
Failure of the acetabular component (%)

20

Prosthesis survival (%)

90

80

70
Tropic
Trilogy
Igloo
Duraloc
Reflection
Atoll
Gemini

60

50

0

5

10
15
Years to failure

Dislocation
Infection
Aseptic loosening
Polyethylene wear or
osteolysis

15

10

5

0
20

0

5

10

15

20

Years to failure

Fig. 2

Fig. 3

Survival curves (Cox) adjusted for age and
gender with the endpoint as revision of the
acetabular component or liner for any reason.

Graph showing the frequency of different reasons for revision of the acetabular component according to time.

for the latter two compared with that of alumina were 1.9
(95% CI 1.6 to 2.2) and 1.8 (95% CI 1.4 to 2.3) respectively (Fig. 4).

Discussion
We found that the fixation of most of the acetabular components investigated was good or excellent. However, revision of the acetabular component or liner for reasons other
than aseptic loosening suppressed medium-term performance. Thus, the overall performance of these uncemented
metal-backed acetabular components with UHMWPE liners was unsatisfactory. Most acetabular components perVOL. 92-B, No. 2, FEBRUARY 2010

formed well up to seven years, but the revision rate
increased afterwards. The main causes for this were wear of
polyethylene, aseptic loosening of the acetabular component and acetabular osteolysis. We hope that the current
wear-resistant articulations in use will give an improved
outcome. Highly cross-linked polyethylenes (XLPE) have
been shown to reduce the rate of penetration of the femoral
head into the polyethylene in short- and medium-term
studies and offer encouraging clinical results.27-32 The
problems of polyethylene wear encountered in our study
may be addressed by the use of XLPE inserts, which in the
presence of durable bony fixation could offer an extremely

200

G. HALLAN, E. DYBVIK, O. FURNES, L. I. HAVELIN

100

Prosthesis survival (%)

90

80

70

Steel
CoCr alloy
Alumina

60

50
0

5

10

15

20

Years to failure
Fig. 4
Survival curves (Cox) of the hips groups according to the material of the
femoral head adjusted for age, gender, diagnosis and of acetabular
component brand and with the endpoint as revision of the acetabular
component for any reason.

good reconstruction. However, the follow-up available for
modern XLPE is not yet sufficient to evaluate fully its effect
on osteolysis and long-term performance.
It is known that polyethylene wear is influenced by the
method of sterilisation.33 In our study, these differed
according to the type of component and the time of production. Irradiation in air is no longer used because of oxidation of the polyethylene which provides resistance to wear.
Contemporary sterilisation methods offer the potential for
improved survivorship of the prosthesis.
We have no quantitative data on wear rates for our
patients. Some studies indicate that the rate of polyethylene
wear is higher in metal-backed uncemented components
than in cemented implants.34,35 Several factors may contribute to this, including backside wear, the reduced thickness of the polyethylene, and higher stresses on the
polyethylene because of the stiffer construct. All these factors relate to the metal backing of the implants rather than
because they are uncemented.
Our study is a population-based prospective observational study of a large number of hips registered with the
Norwegian Arthroplasty Register which has a high level of
compliance.23 The results therefore represent a national
mean and should be achievable by the average surgeon.
Some of the implants were used in relatively large numbers, in many hospitals and in a reasonably high annual
volume, while others were used in smaller numbers and in
only a few hospitals. With an increasing number of observations, the power to detect small differences between
study groups increases. Because of the high numbers investigated in our study relatively discrete differences between
the acetabular components were statistically significant.

However, the study was not a randomised trial, but an
observational study. Therefore, small differences should be
interpreted with caution since variables other than the
implants themselves may have biased the results. Among
the possible confounders were the skill of the surgeon, the
revision threshold, the waiting time for revision and followup routines. Details of the operative technique and whether
the acetabular component was fixed by press-fit or screws
or both were not taken into account. Radiological and clinical evaluation were not performed. Accordingly, smaller
differences found in our study, although statistically significant, should not dictate clinical practice.
The acetabular components used were quite dissimilar,
and the somewhat poor results in terms of bony fixation for
a few designs should not distract from the finding that most
of the included components had excellent fixation. Moreover, the acetabular components with the poorest results
are no longer used in Norway.
Newer articulations such as metal-on-metal, ceramic-onceramic, and XLPEs were not included in our study to
avoid introducing a confounding variable and because of
the short follow-up of these articulations. These materials
will be analysed in the future.
Late loosening of the acetabular component was most
often seen with the smooth HA-coated implants (Atoll and
Tropic). Loosening was seen less often with porous-coated
implants. Our findings support the view that the metalbacked acetabular component should have a rough outer
surface to allow secure secondary bony fixation, as found
with most contemporary implants. HA may be released from
the implant surface with time. Therefore the substrate should
allow bony interlocking between the host bone and surface
of the implant. Grit-blasting alone may not be able to provide this type of interlocking.8,36 Acetabular components
with a porous-coated metal surface beneath the HA coating
have been used for some time. The primary fixation seems to
be excellent,36 but the long-term performance of this double
coating is not yet well documented. According to our survival data, porous coating alone may be adequate without
the need for the HA coating to obtain secure fixation.
A large proportion of the revisions performed in our
study were liner-exchange procedures, with or without concomitant grafting of the osteolytic lesions of the acetabulum or femur. In some studies the complication rates after
these procedures have been high,37,38 with recent data from
the register suggesting that the results after isolated liner
exchanges are worse than those after exchanges of the
whole acetabular component.39 In our opinion, a liner
exchange should be considered as a failure of the acetabular
component implant. We believe that survival analysis with
revision for any cause as the endpoint reflects more
adequately the outcome than that with revision for aseptic
loosening as the endpoint.
Polyethylene wear and wear-related osteolysis generally
appear after several years of clinical success. In our study,
the reason for revision of the components with the longest
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follow-up (Atoll, Gemini, Tropic, Duraloc) was wear or
osteolysis (without loosening) in about 30% to 40% of
cases (Table III). Those with a shorter follow-up (Reflection, Trilogy, Igloo) were more often revised because of
early complications such as infection and dislocation. The
time-dependent frequencies of the different causes of revision are shown in Figure 3. It is hoped that those designs
with the shortest follow-up will perform better than the
older implants with regard to the later complications of
wear, osteolysis and loosening.
We conclude that the metal-backed uncemented acetabular components in our study generally performed well
with regard to fixation. When the endpoint was revision of
the acetabular component for any reason the results were
poorer, primarily due to UHMWPE wear and osteolysis.
Components in current use generally performed better than
the earlier implants. Alumina femoral heads performed
slightly better than heads made of stainless steel or CoCr
alloy in subgroups. The modular metal-backed acetabular
components with UHMWPE liners performed unstatisfactorily. It is hoped that the newer bearing surfaces will perform better.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.

References
1. Havelin LI, Engesaeter LB, Espehaug B, et al. The Norwegian Arthroplasty Register: 11 years and 73,000 arthroplasties. Acta Orthop Scand 2000;71:337-53.

201

14. Kim WY, Muddu BN. Eleven-year results of the ABG I hip replacement. Int Orthop
2006;30:182-4.
15. Bojescul JA, Xenos JS, Callaghan JJ, Savory CG. Results of porous-coated anatomic total hip arthroplasty without cement at fifteen years: a concise follow-up of a
previous report. J Bone Joint Surg [Am] 2003;85-A:1079-83.
16. D’Antonio JA, Capello WN, Manley MT, Feinberg J. Hydroxyapatite coated
implants: total hip arthroplasty in the young patient and patients with avascular
necrosis. Clin Orthop 1997;344:124-38.
17. Manley MT, Capello WN, D’Antonio JA, Edidin AA, Geesink RG. Fixation of
acetabular cups without cement in total hip arthroplasty: a comparison of three different implant surfaces at a minimum duration of follow-up of five years. J Bone Joint
Surg [Am] 1998;80-A:1175-85.
18. Gwynne-Jones DP, Garneti N, Wainwright C, Matheson JA, King R. The
Morscher press fit acetabular component: a nine- to 13-year review. J Bone Joint
Surg [Br] 2009;91-B:859-64.
19. Utting MR, Raghuvanshi M, Amir Feyz R, et al. The Harris-Galante porouscoated, hemispherical, polyethylene-lined acetabular component in patients under 50
years of age: a 12- to 16-year review. J Bone Joint Surg [Br] 2008;90-B:1422-7.
20. Crowther JD, Lachiewicz PF. Survival and polyethylene wear of porous-coated
acetabular components in patients less than fifty years old: results at nine to fourteen
years. J Bone Joint Surg [Am] 2002;84-A:729-35.
21. Min B, Song KS, Kang CH, Won YY, Koo KH. Polyethylene liner failure in secondgeneration Harris-Galante acetabular components. J Arthroplasty 2005;20:717-22.
22. Engh CA, Hopper RH Jr, Engh CA Jr. Long-term porous-coated cup survivorship
using spikes, screws, and press-fitting for initial fixation. J Arthroplasty 2004;19:5460.
23. Espehaug B, Furnes O, Havelin LI, et al. Registration completeness in the Norwegian Arthroplasty. Acta Orthop Scand 2006;77:49-56.
24. Kaplan EI, Meier P. Nonparametric estimation from incomplete obervations. J Am
Stat Assoc 1958;53:457-81.
25. Schemper M, Smith TL. A note on quantifying follow-up in studies of failure time.
Control Clin Trials 1996;17:343-6.
26. Cox D. Regression models and life tables. J Roy Statist Soc 1972;32:187-220.
27. Bragdon CR, Kwon YM, Geller JA, et al. Minimum 6-year follow-up of highly
cross-linked polyethylene in THA. Clin Orthop 2007;465:122-7.

2. Furnes O, Espehaug, Lie SA, et al. Prospective studies of hip and knee prostheses:
The Norwegian Arthroplasty Register 1987-2004. Scientific Exhibition AAOS, Washington DC, 2005.

28. McCalden RW, MacDonald SJ, Rorabeck CH, et al. Wear rate of highly crosslinked polyethylene in total hip arthroplasty: a randomized controlled trial. J Bone
Joint Surg [Am] 2009;91-A:773-82.

3. Herberts P, Karrholm J, Garellick G. Annual report 2004. The Swedish national hip
arthroplasty register. 2005. Department of Orthopaedic Surgery, Sahlgrenska University Hospital, Gothenburg, Sweden. https://www.jru.orthop.gu.se (date last accessed
4 December 2009).

29. Glyn-Jones S, Isaac S, Hauptfleisch J, et al. Does highly cross-linked polyethylene wear less than coventional polyethylene in total hip arthroplasty. J Arthroplasty
2008;23:337-43.

4. Graves S, Davidson D, Ingerson L. Annual Report 2005, Australian Orthopaedic
Association National Joint Replacement Registry, 2005. https://www.aoa.org.au
(date last accessed 4 December 2009).

30. Glyn-Jones S, McLardy-Smith P, Gill HS, Murray DW. The creep and wear of
highly cross-linked polyethylene: a three-year randomised, conrolled trial using
radiostereometric analysis. J Bone Joint Surg [Br] 2008;90-B:556-61.

5. Hallan G, Lie SA, Furnes O, et al. Medium- and long-term performance of 11 516
uncemented primary femoral stems from the Norwegian arthroplasty register. J Bone
Joint Surg [Br] 2007;89-B:1574-80.

31. Triclot P, Grosjean G, EL Masri F, Courpied JP, Hamadouche M. A comparison
of the penetration rate of two polyethylene acetabular liners of different levels of
cross-linking: a prospective randomised trial. J Bone Joint Surg [Br] 2007;89-B:143945.

6. Grubl A, Chiari C, Gruber M, Kaider A, Gottsauner-Wolf F. Cementless total hip
arthroplasty with a tapered, rectangular titanium stem and a threaded cup: a minimum ten-year follow-up. J Bone Joint Surg [Am] 2002;84-A:425-31.

32. García-Rey E, García-Cimbrelo E, Cruz-Pardos A, Ortega-Chamarro J. New
polyethylenes in total hip replacement: a prospective, comparative clinical study of
two types of liver. J Bone Joint Surg [Br] 2008;90-B:149-53.

7. Parvizi J, Keisu KS, Hozack WJ, Sharkey PF, Rothman RH. Primary total hip
arthroplasty with an uncemented femoral component: a long-term study of the Taperloc stem. J Arthroplasty 2004;19:151-6.
8. Havelin LI, Espehaug B, Engesaeter LB. The performance of two hydroxyapatitecoated acetabular cups compared with Charnley cups: from the Norwegian Arthroplasty Register. J Bone Joint Surg [Br] 2002;84-B:839-45.
9. Havelin LI, Vollset SE, Engesaeter LB. Revision for aseptic loosening of uncemented cups in 4,352 primary total hip prostheses: a report from the Norwegian
Arthroplasty Register. Acta Orthop Scand 1995;66:494-500.
10. Lai KA, Shen WJ, Chen CH, et al. Failure of hydroxyapatite-coated acetabular
cups: ten-year follow-up of 85 Landos Atoll arthroplasties. J Bone Joint Surg [Br]
2002;84-B:641-6.
11. Berger RA, Quigley LR, Jacobs JJ, et al. The fate of stable cemented acetabular
components retained during revision of a femoral component of a total hip arthroplasty. J Bone Joint Surg [Am] 1999;81-A:1682-91.
12. Grobler GP, Learmonth ID, Bernstein BP, Dower BJ. Ten-year results of a pressfit, porous-coated acetabular component. J Bone Joint Surg [Br] 2005;87-B:786-9.
13. Parvizi J, Sullivan T, Duffy G, Cabanela ME. Fifteen-year clinical survivorship of
Harris-Galante total hip arthroplasty. J Arthroplasty 2004;19:672-7.
VOL. 92-B, No. 2, FEBRUARY 2010

33. Crowninshield RD, Muratoglu OK, Implant Wear Symposium 2007 Engineering Work Group. How have new sterilization techniques and new forms of polyethylene influenced wear in total joint replacement. J Am Acad Orthop Surg 2008;16
Suppl1:80-5
34. Nashed RS, Becker DA, Gustilo RB. Are cementless acetabular components the
cause of excess wear and osteolysis in total hip arthroplasty? Clin Orthop
1995;317:19-28.
35. Sychterz CJ, Moon KH, Hashimoto Y, et al. Wear of polyethylene cups in total hip
arthroplasty: a study of specimens retrieved post mortem. J Bone Joint Surg [Am]
1996;78-A:1193-200.
36. Overgaard S, Lind M, Glerup H, Bunger C, Soballe K. Porous-coated versus gritblasted surface texture of hydroxyapatite-coated implants during controlled micromotion: mechanical and histomorphometric results. J Arthroplasty 1998;13:449-58.
37. Boucher HR, Lynch C, Young AM, Engh CA Jr, Engh C Sr. Dislocation after polyethylene liner exchange in total hip arthroplasty. J Arthroplasty 2003;18:654-7.
38. Griffin WL, Fehring TK, Mason JB, et al. Early morbidity of modular exchange for
polyethylene wear and osteolysis. J Arthroplasty 2004;19(Suppl 2):61-6.
39. Lie SA, Hallan G, Furnes O, Havelin LI, Engesaeter LB. Isolated acetabular liner
exchange compared with complete acetabular component revision in revision of primary uncemented acetabular components: a study of 1649 revisions from the Norwegian Arthroplasty Register. J Bone Joint Surg [Br] 2007;89-B:591-4.

