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Which Implant Should We Use for Primary
Total Hip Replacement?
A Systematic Review and Meta-Analysis

J. Christiaan Keurentjes, MD, Bart G. Pijls, MD, PhD, Floris R. Van Tol, MSc, Jill F. Mentink, MD,
Stephanie D. Mes, MD, Jan W. Schoones, MSc, Marta Fiocco, PhD,

Art Sedrakyan, MD, PhD, and Rob G. Nelissen, MD, PhD

Investigation performed at the Department of Orthopaedic Surgery, Leiden University Medical Center, Leiden, the Netherlands

Background: Many total hip implants are currently available on the market worldwide. We aimed to estimate the
probability of revision surgery at ten years for each individual total hip implant and to compare these estimates with the
National Institute for Health and Care Excellence (NICE) benchmark.

Methods: We performed a meta-analysis of cohort studies. The methodological quality was assessed with use of the
Assessment of Quality in Lower Limb Arthroplasty (AQUILA) checklist. We searched PubMed, Embase, Web of Science,
and the Cochrane Library. Additionally, national joint registries that were full members of the International Society of
Arthroplasty Registers (ISAR) were hand searched. Studies in which the authors reported the survival probability for either
the acetabular or the femoral component of primary total hip replacements with use of revision for any reason or for
aseptic loosening at ten years as the end point, with at least 100 implants at baseline, and in which at least 60% of the
patients had primary osteoarthritis were eligible for inclusion.

Results: The search strategy revealed 5513 papers describing survival probabilities for thirty-four types of acetabular
components and thirty-two types of femoral components. Eight types of acetabular cups and fifteen types of femoral stems
performed better than the NICE benchmark.

Conclusions: We recommend that surgeons performing a primary total hip replacement use an implant that outperforms
the NICE benchmarks.

T
otal hip replacement is an effective surgical intervention
to alleviate pain, restore functionality of the hip, and
improve the quality of life of patients with end-stage

degeneration of the hip joint1-4. Currently, a wide variety of
total hip implants is available to orthopaedic surgeons world-
wide5. Many factors, such as the cost of the implant, familiarity
with the design and instruments, and ease of use, influence the
surgeon’s choice of a particular total hip implant. Arguably,
from both a patient and a societal perspective, the most im-
portant factor is the clinical performance of the total hip im-
plant and the probability of revision surgery during a given
period of time. Revision hip arthroplasty is technically chal-
lenging with a higher complication rate, a longer hospital stay,

and a higher cost than primary total hip replacement and can
lead to disability and death6-10. Clearly, choosing a total hip
implant that is associated with the lowest rate of revision sur-
gery can prevent harm and reduce long-term health-care costs.
Recently, the National Institute for Health and Care Excellence
(NICE) suggested a ten-year revision rate of £10% as an ac-
ceptable benchmark performance of a primary total hip im-
plant, which was loosely based on an earlier report by Murray
et al.5,11.

The objective of our study was to systematically search
and appraise the literature to estimate the probability of revi-
sion surgery at ten years for each individual type of total hip
implant. Additionally, we sought to compare the estimates of

Disclosure: None of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in support of
any aspect of this work. None of the authors, or their institution(s), have had any financial relationship, in the thirty-six months prior to submission of this
work, with any entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. Also, no
author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what
is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the online version of the
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TABLE I Characteristics of Studies Describing Survival Probabilities of Acetabular Cups with Revision for Any Reason as the End Point

Cup Ref. Manufacturer Country of Study Origin No. at Baseline

ABG I 23 Howmedica, East Rutherford, NJ Finland 108

ABG I 22 Howmedica Wales 100

ABG II HA 21 Not specified Sweden 213

ACS Triloc1 24 DePuy, Warsaw, IN U.S. 394

Arthopor 24 Joint Medical Products,
Stamford, CT

U.S. 433

ATLAS II 25 Not specified France 171

ATLAS III 25 Not specified France 126

Charnley 26 Thackray, Leeds, U.K. U.S. 238

Charnley 21 Not specified Sweden 23,272

Charnley Elite 21 Not specified Sweden 9456

CLS Spotorno 21 Not specified Sweden 1169

Conserve Plus 27 Wright Medical Technology,
Arlington, TN

U.S. 100

Exeter All-Polyethylene 28 Stryker U.K. 263

Exeter Duration 21 Not specified Sweden 11,712

Fitmore 29 Sulzer/Zimmer Orthopaedics U.K. 119

Harris Design-2 30 Howmedica, Rutherford, NJ Sweden 126

Harris-Galante I 31 Zimmer Denmark 324

Harris-Galante II 23 Zimmer Finland 277

Hofer-Imhof 32 Not specified Austria 678

JRI Threaded Cup 33 Joint Replacement Instrumentation,
London, U.K.

U.K. 112

Lubinus 21 Not specified Sweden 76,047

Lubinus Eccentric 34 Waldemar-Link Finland 444

Mallory-Head Cementless 23 Biomet, Warsaw, IN Finland 110

Mallory-Head Cementless 35 Biomet Canada 307

Miami Orthopaedic Surgical Clinic:
All Polyethylene

26 Biomet U.S. 100

Miami Orthopaedic Surgical Clinic:
Metal Backed

26 Biomet U.S. 134

Morscher Press Fit 37 Zimmer Switzerland 124

Morscher Press Fit 36 Sulzer Orthopedics/Zimmer,
Winterthur, Switzerland

New Zealand 125

Mueller 26 DePuy International, Leeds, U.K. U.S. 141

Novae 38 SERF, 85 Chemin des Bruyères,
F-69150 Decines

France 135

PCA Pegged 23 Howmedica, East Rutherford, NJ Finland 122

Plasmacup 39 B Braun, Sheffield, U.K. U.K. 318

RM 40 Mathys, Bettlach, Switzerland Netherlands 630

Romanus 23 Biomet Finland 114

T-28 26 Zimmer U.S. 559

T-28 41 Zimmer U.S. 132

Trilogy HA 21 Not specified Sweden 1196

Universal 23 Biomet Finland 898

Universal 42 Biomet U.S. 114

Zweymüller-Alloclassic Screw Cup 44 Sulzer Orthopedics/Zimmer,
Winterthur, Switzerland

Germany 320

Zweymüller-Alloclassic Screw Cup 43 Sulzer Orthopedics/Zimmer,
Winterthur, Switzerland

Germany 139
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TABLE II Characteristics of Studies Describing Survival Probabilities of Femoral Stems with Revision for Any Reason as the End Point

Stem Ref. Manufacturer Country of Study Origin No. at Baseline

ABG I 23 Stryker Finland 390

ABG I 22 Howmedica, East Rutherford, NJ U.K. 100

ABG I 21 Not specified Sweden 370

Anatomic Mesh 23 Zimmer, Warsaw, IN Finland 135

Bicontact 45 B.Braun-Aesculap, Tuttlingen, Germany Germany 250

Bi-Metric 46 Biomet Sweden 115

Bi-Metric 23 Biomet Finland 1982

Bi-Metric 47 Biomet U.S. 129

Charnley 48 Johnson & Johnson U.S. 160

Charnley 21 Not specified Sweden 23,272

CLS Spotorno 23 Sulzer-medica, Winterthur, Switzerland Finland 108

CLS Spotorno 21 Not specified Sweden 1169

Conserve Plus 27 Wright Medical Technology,
Arlington, TN

U.S. 100

Corail 49 DePuy, France France 120

Exeter Polished 21 Not specified Sweden 11,712

Exeter Universal 50 Howmedica, East Rutherford, NJ U.K. 230

Freeman Cementless 51 Finsbury Instruments, Leatherhead, U.K. U.K. 100

Furlong 33 Joint Replacement Instrumentation,
London, U.K.

U.K. 134

Harvard Femoral Stem 52 Harvard Health Care, Wakefield,
West Yorkshire, U.K.

U.K. 269

Heritage 53 Zimmer, Warsaw, IN U.S. 283

Iowa polished 53 Zimmer, Warsaw, IN U.S. 120

Lord Madreporique 23 Benoist Girard, Bagneux, France Finland 286

Lord Madreporique 54 Benoist Girard, Bagneux, France Norway 116

Lubinus IP 55 Waldemar Link, Hamburg, Germany Finland 280

Lubinus IP 34 Waldemar Link, Hamburg, Germany Finland 257

Lubinus SP 55 Waldemar Link, Hamburg, Germany Finland 263

Lubinus SP 34 Waldemar Link, Hamburg, Germany Finland 185

Lubinus SP II 21 Not specified Sweden 76,047

Mallory-Head Cemented 56 Biomet U.S. 102

Mallory-Head Cementless 57 Biomet, Warsaw, IN U.S. 2000

Mallory-Head Cementless 35 Biomet Canada 307

MS-30 37 Zimmer, Warsaw, IN Switzerland 124

Omnifit Cemented 48 Osteonics, Allendale, NJ U.S. 305

Osteonics Cementless 58 Stryker U.S. 226

PCA 23 Howmedica, East Rutherford, NJ Finland 111

Profile Porous 23 DePuy International, Leeds, U.K. Finland 115

R-B Interlok 48 Biomet U.S. 235

SBG 59 Plus Orthopaedics, Rotkreuz,
Switzerland

Austria 230

Stanmore Custom Made 60 DePuy International, Leeds, U.K. Italy 129

Taperloc 61 Biomet U.S. 129

Triumph 53 Zimmer, Warsaw, IN U.S. 148

Zweymüller SL 44 Zimmer, Winterthur, Switzerland Germany 320
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TABLE III Characteristics of Studies Describing Survival Probabilities of Acetabular Cups with Revision for Aseptic Loosening as the End Point

Cup Ref. Manufacturer
Country of

Study Origin No. at Baseline

ABG I 23 Howmedica, East Rutherford, NJ Finland 108

ACS Triloc1 24 DePuy, Warsaw, IN U.S. 394

Arthopor 24 Joint Medical Products, Stamford, CT U.S. 433

Brunswik 62 Not specified Sweden 151

Charnley 63 DePuy, Leeds, U.K. Norway 9186

Charnley 62 Not specified Sweden 204

Charnley 64 Not specified Norway 14,842

Charnley 26 Thackrey, Leeds, U.K. U.S. 238

Charnley All-Polyethylene 65 Zimmer U.S. 193

Conserve Plus 27 Wright Medical Technology, Arlington, TN U.S. 100

Elite Ogee 50 DePuy International, Leeds, U.K. U.K. 218

Exeter 64 Not specified Norway 3934

Exeter All-Polyethylene 28 Stryker U.K. 263

Fitmore 29 Sulzer/Zimmer Orthopaedics U.K. 119

Harris Design-2 All-Polyethylene 66 Howmedica, East Rutherford, NJ Canada 195

Harris-Galante II 23 Zimmer Finland 277

Hofer-Imhof 67 Smith and Nephew, Rotkreuz,
Switzerland

Austria 100

Hofer-Imhof 32 Not specified Austria 678

JRI Threaded Cup 33 Joint Replacement Instrumentation,
London, U.K.

U.K. 134

Link 64 Not specified Norway 413

Lord Threaded 54 Benoist Girard Norway 116

Mallory-Head Cementless 23 Biomet, Warsaw, IN Finland 110

Miami Orthopaedic Surgical Clinic:
All Polyethylene

26 Biomet U.S. 100

Miami Orthopaedic Surgical Clinic:
Metal Backed

26 Biomet U.S. 134

Morscher Press Fit 37 Zimmer Switzerland 124

Morscher Press Fit 36 Sulzer Orthopedics/Zimmer,
Winterthur, Switzerland

New Zealand 125

Mueller 26 DePuy International, Leeds, U.K. U.S. 141

PCA Pegged 23 Howmedica, East Rutherford, NJ Finland 122

Romanus 23 Biomet Finland 114

Spectron 64 Not specified Norway 2019

T-28 41 Zimmer U.S. 132

T-28 26 Zimmer U.S. 559

Titan 64 Not specified Norway 3205

Trabecular Metal Monoblock Acetabular
Component System

68 Zimmer Greece 156

Universal 23 Biomet Finland 898

Universal 42 Biomet U.S. 123

Weber Hemispheric 69 Hoechst, Germany Netherlands 315

Zweymüller-Alloclassic Screw Cup 71 Zimmer, formerly Sulzer-medica,
Winterthur, Switzerland

Netherlands 135

Zweymüller-Alloclassic Screw Cup 70 Sulzer Orthopedics/Zimmer,
Winterthur, Switzerland

France 200
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TABLE IV Characteristics of Studies Describing Survival Probabilities of Femoral Stems with Revision for Aseptic Loosening as the End Point

Stem Ref. Manufacturer Country of Study Origin No. at Baseline

ABG I 23 Stryker Finland 390

ABG I 22 Howmedica, East Rutherford, NJ U.K. 100

Anatomic Mesh 23 Zimmer, Warsaw, IN Finland 135

Bi-Metric 46 Biomet Sweden 104

Bi-Metric 23 Biomet Finland 1982

Bi-Metric 47 Biomet U.S. 105

Charnley 72 Thackray, DePuy, Leeds, U.K. Japan 405

Charnley 64 Not specified Norway 14,842

Charnley 48 Johnson & Johnson U.S. 160

Charnley Elite-Plus 74 DePuy/Johnson & Johnson, Warsaw, IN Sweden 114

Charnley Elite-Plus 73 Johnson & Johnson Finland 885

Charnley Flat-back 73 Johnson & Johnson Finland 925

CLS Spotorno 23 Sulzer-medica, Winterthur, Switzerland Finland 108

Corail 49 DePuy, France France 120

Exeter 64 Not specified Norway 3934

Exeter Matt 73 Stryker Finland 876

Exeter Universal 73 Stryker Finland 10,620

Exeter Universal 50 Howmedica, East Rutherford, NJ U.K. 230

Exeter Universal 75 Howmedica, East Rutherford, NJ U.K. 142

Freeman Cemented 77 Finsbury Instruments, Leatherhead, U.K. U.K. 92

Freeman Cemented 77 Finsbury Instruments, Leatherhead, U.K. U.K. 97

Freeman Cemented 76 Finsbury Instruments, Leatherhead, U.K. Australia 202

Freeman Cementless 78 Finsbury Instruments, Leatherhead, U.K. U.K. 100

Freeman Cementless 51 Finsbury Instruments, Leatherhead, U.K. U.K. 100

Furlong 33 Joint Replacement Instrumentation,
London, U.K.

U.K. 134

Harris Design-2 66 Howmedica, East Rutherford, NJ Canada 195

Harvard Femoral Stem 52 Harvard Health Care, Wakefield,
West Yorkshire, U.K.

U.K. 269

Interlok 73 Biomet, Warsaw, IN Finland 581

ITH 64 Not specified Norway 2019

Lord Madreporique 23 Benoist Girard, Bagneux, France Finland 286

Lord Madreporique 54 Benoist Girard, Bagneux, France Norway 116

Lubinus IP 73 Link, Hamburg, Germany Finland 5790

Lubinus SP II 73 Link, Hamburg, Germany Finland 10,634

Mallory-Head Cementless 57 Biomet, Warsaw, IN U.S. 2000

Mallory-Head Cementless 35 Biomet Canada 307

MS-30 37 Zimmer, Warsaw, IN Switzerland 124

Müller Straight Protasul-10
Cobalt-Nickel-Chromium

73 Zimmer, Warsaw, IN Finland 2309

Müller Straight Protasul-10
Cobalt-Nickel-Chromium

79 Protek, Berne, Switzerland Switzerland 112

Müller Straight Protasul-10
Cobalt-Nickel-Chromium

80 Not specified Switzerland 161

Müller Style Titanium 81 Protek, Freiburg, Germany Germany 203

Müller Style Titanium 82 Lima, Udine, Italy Slovenia 170

continued
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the probability of revision surgery for each total hip implant
with the NICE benchmark.

Materials and Methods

Protocol and registration: This systematic review and meta-analysis was performed
from March 2011 to February 2013, with use of the guidelines of the PRISMA

(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) Statement for
development of the study protocol and reporting of the results of our study

12
.

Eligibility criteria: The NICE Technology Appraisal Guidance states: ‘‘The
evidence used in support of any prosthesis. . .should relate to data on 10 or more
years follow up from a number of centres, obtained via adequately sized, well
conducted observational studies (preferably with consecutive patients from non-
selected populations) or randomised controlled trials. Such evidence should have
been published or be available for peer review.’’

11
. Studies in which the authors

reported the survival probability (i.e., the Kaplan-Meier estimate) for either the
acetabular or the femoral component of a primary total hip replacement with use
of revision for any reason or for aseptic loosening at ten years as the end point were
eligible for inclusion. We considered studies to be of adequate size when there were
at least 100 implants at baseline, and we defined a study population as represen-
tative of the general population at large when at least 60% of the patients had
primary osteoarthritis. Studies with fewer than 100 implants at baseline and
in which <60% of the patients had primary osteoarthritis were excluded.
Studies were also excluded when the authors described the outcomes of
multiple (sub)types of implants without reporting the outcomes for each
(sub)type separately. Articles written in any language other than English,
Dutch, German, French, Spanish, or Italian were not eligible for inclusion. In
order to limit the extent of publication bias, no publication status restrictions
were imposed.

Information sources: On March 22, 2011, an experienced independent
information specialist (J.W.S.) searched four electronic databases: PubMed,
Embase, Web of Science, and the Cochrane Library. We also performed
implant-specific PubMed searches for all primary total hip replacement im-
plants registered in the first annual report of the Dutch Arthroplasty Register
(Landelijke Registratie Orthopedische Implantaten [LROI])

13
. Finally, na-

tional joint registries that were full members of the International Society of
Arthroplasty Registers (ISAR; www.isarhome.org) were hand searched.

Search strategy: The following search terms were applied to PubMed and
adapted for all other databases: (tha[tw] OR ‘‘total hip’’ OR ‘‘total hips’’ OR
((‘‘total joint’’ OR ‘‘total joints’’) AND (hips OR hip)) OR (total hip AND
(prosthesis OR prosthetic OR endoprosthesis OR endoprostheses OR endo-
prosthetic OR arthroplasty OR arthroplasties OR replacement [tiab])) OR (Hip

Replacement Arthroplasty AND total [tiab]) OR Hip Replacement Arthroplasty
OR hip arthroplasty OR hip replacement OR Hip Prosthesis) AND (Osteoar-
thritis OR Osteoarthritides OR osteoarthriti* OR Osteoarthrosis[tiab] OR
Osteoarthroses OR arthrosis[tw] OR arthroses OR ‘‘Degenerative Arthritis’’)
NOT (early[tw] OR initial[tw] OR preliminary[tw] OR ‘‘short follow-up’’[tw]
OR ‘‘Letter’’[Publication type] OR ‘‘Case Reports’’[Publication Type]).

Study selection: Two authors (J.F.M. and S.D.M.) independently screened
the titles and abstracts of the search results using prespecified eligibility criteria, as
stated above. Two other authors (J.C.K. and F.R.V.T.) screened the full text of the
remaining articles using the same eligibility criteria. Disagreements between au-
thors were resolved by consensus.

Data collection process and data items: Data collection was performed
by two authors (J.C.K. and F.R.V.T.) independently using predefined data
extraction sheets. Inconsistencies between the two authors were resolved by
consensus. When data were not reported numerically but were presented
graphically in Kaplan-Meier curves, the estimated observations of both authors
were averaged. The brand name and manufacturer of the implant, the Kaplan-
Meier estimate at ten years, and its standard error and 95% confidence interval
were extracted from each included study.

Risk of bias in individual studies: The methodological quality of all
included studies was assessed with use of the Assessment of Quality in Lower
Limb Arthroplasty (AQUILA) checklist, a tool specifically designed to ap-
praise the quality of observational studies concerning total hip replacement
and total knee replacement

14
. Two authors (J.C.K. and F.R.V.T.) indepen-

dently assessed the quality of all included studies using predefined data-
extraction sheets. Inconsistencies between the two authors were resolved by
consensus.

Summary measures and synthesis of results: The principal summary
measure was the survival probability for each implant at ten years with use of
revision for any reason as the end point. The secondary summary measure was
the survival probability for each implant at ten years with use of revision for
aseptic loosening as the end point. Estimates of the survival probabilities in
different studies on the same implant were pooled with use of inverse variance
weighting. When no estimate of the variance or standard error of the survival
probability at ten years was presented, we deduced the missing standard error
from the confidence interval of the survival probability. When the study did not
provide an estimate of the variance or standard error, or a confidence interval,
we imputed the missing standard error from the mean standard error of all
other studies

15,16
. When >50% of all standard errors were missing, we imputed

the missing standard errors with single imputation on the basis of the survival
estimate and the numbers of implants at baseline. We chose this approach
instead of a more elaborate modeling approach

17-19
for two reasons. First, we

TABLE IV (continued)

Stem Ref. Manufacturer Country of Study Origin No. at Baseline

Omnifit Cemented 48 Osteonics, Allendale, NJ U.S. 305

Osteonics Cemented 83 Osteonics, Allendale, NJ U.S. 215

Osteonics Cementless 58 Stryker U.S. 262

PCA 23 Howmedica, East Rutherford, NJ Finland 111

Profile Porous 23 DePuy International, Leeds, U.K. Finland 115

R-B Interlok 48 Biomet U.S. 235

SBG 59 Plus Orthopaedics, Rotkreuz, Switzerland Austria 230

Stanmore Custom Made 60 DePuy International, Leeds, U.K. Italy 129

Taperloc 42 Biomet U.S. 123

Taperloc 61 Biomet U.S. 129

Titan 64 Not specified Norway 3205

Zweymüller-Alloclassic 70 Sulzer-medica, Winterthur, Switzerland France 200
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TABLE V Methodological Quality of Studies Describing Survival Probabilities of Acetabular Cups with Revision for Any Reason
as the End Point

Cup Ref.
Primary Research
Question Stated

Cohort
Construction

Adequacy of
Follow-up

Follow-up
Performed

No. at Risk
at Follow-up

Worst-Case or
Competing-Risk

Analysis?

ABG I 23 Yes Non-consecutive Unknown Unknown ‡20 No

ABG I 22 Yes Unknown Complete Predefined <20 Yes

ABG II HA 21 Yes Non-consecutive Unknown Predefined ‡20 No

ACS Triloc1 24 Yes Non-consecutive Unknown Unknown ‡20 No

Arthopor 24 Yes Non-consecutive Unknown Unknown ‡20 No

ATLAS II 25 Yes Non-consecutive >5% lost Unknown Unknown No

ATLAS III 25 Yes Non-consecutive >5% lost Unknown Unknown No

Charnley 26 Yes Non-consecutive Unknown Unknown ‡20 No

Charnley 21 Yes Non-consecutive Unknown Predefined ‡20 No

Charnley Elite 21 Yes Non-consecutive Unknown Predefined ‡20 No

CLS Spotorno 21 Yes Non-consecutive Unknown Predefined ‡20 No

Conserve Plus 27 No Non-consecutive 5% lost Predefined ‡20 No

Exeter All-Polyethylene 28 Yes Unknown £5% lost Predefined ‡20 Yes

Exeter Duration 21 Yes Non-consecutive Unknown Predefined ‡20 No

Fitmore 29 Yes Non-consecutive £5% lost Not predefined ‡20 No

Harris Design-2 30 Yes Consecutive >5% lost Predefined ‡20 No

Harris-Galante I 31 Yes Non-consecutive £5% lost Unknown ‡20 No

Harris-Galante II 23 Yes Non-consecutive Unknown Unknown ‡20 No

Hofer-Imhof 32 Yes Unknown >5% lost Predefined ‡20 No

JRI Threaded Cup 33 Yes Consecutive >5% lost Predefined ‡20 Yes

Lubinus 21 Yes Non-consecutive Unknown Predefined ‡20 No

Lubinus Eccentric 34 Yes Unknown Complete Not predefined ‡20 No

Mallory-Head Cementless 23 Yes Non-consecutive Unknown Unknown ‡20 No

Mallory-Head Cementless 35 Yes Non-consecutive £5% lost Predefined ‡20 No

Miami Orthopaedic
Surgical Clinic: All
Polyethylene

26 Yes Non-consecutive Unknown Unknown ‡20 No

Miami Orthopaedic
Surgical Clinic:
Metal Backed

26 Yes Non-consecutive Unknown Unknown ‡20 No

Morscher Press Fit 37 No Non-consecutive Complete Predefined ‡20 No

Morscher Press Fit 36 Yes Non-consecutive £5% lost Predefined ‡20 No

Mueller 26 Yes Non-consecutive Unknown Unknown ‡20 No

Novae 38 Yes Non-consecutive £5% lost Unknown ‡20 No

PCA Pegged 23 Yes Non-consecutive Unknown Unknown ‡20 No

Plasmacup 39 Yes Non-consecutive >5% lost Not predefined ‡20 No

RM 40 Yes Unknown £5% lost Unknown Unknown Yes

Romanus 23 Yes Non-consecutive Unknown Unknown ‡20 No

T-28 26 Yes Non-consecutive Unknown Unknown ‡20 No

T-28 41 Yes Non-consecutive £5% lost Predefined ‡20 No

Trilogy HA 21 Yes Non-consecutive Unknown Predefined ‡20 No

Universal 23 Yes Non-consecutive Unknown Unknown ‡20 No

Universal 42 Yes Non-consecutive £5% lost Predefined ‡20 No

Zweymüller-Alloclassic
Screw Cup

44 Yes Non-consecutive >5% lost Not predefined ‡20 No

Zweymüller-Alloclassic
Screw Cup

43 No Unknown £5% lost Unknown ‡20 No
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TABLE VI Methodological Quality of Studies Describing Survival Probabilities of Femoral Stems with Revision for Any Reason
as the End Point

Cup Ref.
Primary Research
Question Stated

Cohort
Construction

Adequacy of
Follow-up

Follow-up
Performed

No. at Risk at
Follow-up

Worst-Case or
Competing-Risk

Analysis?

ABG I 23 Yes Non-consecutive Unknown Not predefined ‡20 No

ABG I 22 Yes Unknown Complete Predefined <20 Yes

ABG I 21 Yes Non-consecutive Unknown Predefined ‡20 No

Anatomic Mesh 23 Yes Non-consecutive Unknown Not predefined ‡20 No

Bicontact 45 Yes Unknown £5% lost Not predefined ‡20 No

Bi-Metric 46 Yes Unknown £5% lost Not predefined ‡20 No

Bi-Metric 23 Yes Non-consecutive Unknown Not predefined ‡20 No

Bi-Metric 47 Yes Unknown £5% lost Predefined ‡20 Yes

Charnley 48 Yes Consecutive >5% lost Not predefined ‡20 Yes

Charnley 21 Yes Non-consecutive Unknown Predefined ‡20 No

CLS Spotorno 23 Yes Non-consecutive Unknown Not predefined ‡20 No

CLS Spotorno 21 Yes Non-consecutive Unknown Predefined ‡20 No

Conserve Plus 27 Yes Non-consecutive £5% lost Predefined ‡20 No

Corail 49 Yes Unknown £5% lost Not predefined ‡20 No

Exeter Polished 21 Yes Non-consecutive Unknown Predefined ‡20 No

Exeter Universal 50 Yes Unknown £5% lost Predefined ‡20 Yes

Freeman Cementless 51 Yes Unknown >5% lost Predefined ‡20 Yes

Furlong 33 Yes Consecutive £5% lost Predefined ‡20 Yes

Harvard Femoral
Stem

52 Yes Unknown £5% lost Not predefined ‡20 No

Heritage 53 Yes Non-consecutive Unknown Predefined ‡20 No

Iowa polished 53 Yes Non-consecutive Unknown Predefined ‡20 No

Lord Madreporique 23 Yes Non-consecutive Unknown Not predefined ‡20 No

Lord Madreporique 54 Yes Consecutive £5% lost Not predefined ‡20 No

Lubinus IP 55 Yes Non-consecutive £5% lost Predefined ‡20 No

Lubinus IP 34 Yes Non-consecutive Complete Not predefined ‡20 No

Lubinus SP 55 Yes Non-consecutive >5% lost Predefined ‡20 No

Lubinus SP 34 Yes Non-consecutive Complete Not predefined ‡20 No

Lubinus SP II 21 Yes Non-consecutive Unknown Predefined ‡20 No

Mallory-Head
Cemented

56 Yes Non-consecutive £5% lost Not predefined ‡20 No

Mallory-Head
Cementless

57 Yes Unknown >5% lost Not predefined ‡20 No

Mallory-Head
Cementless

35 Yes Non-consecutive £5% lost Predefined ‡20 No

MS-30 37 Yes Unknown Complete Predefined ‡20 No

Omnifit Cemented 48 Yes Non-consecutive >5% lost Not predefined ‡20 Yes

Osteonics Cementless 58 Yes Unknown Unknown Not predefined ‡20 No

PCA 23 Yes Non-consecutive Unknown Not predefined ‡20 No

Profile Porous 23 Yes Non-consecutive Unknown Not predefined ‡20 No

R-B Interlok 48 Yes Non-consecutive >5% lost Not predefined ‡20 Yes

SBG 59 Yes Unknown >5% lost Not predefined ‡20 No

Stanmore Custom
Made

60 Yes Non-consecutive Complete Predefined ‡20 No

Taperloc 61 Yes Unknown £5% lost Predefined ‡20 Yes

Triumph 53 Yes Non-consecutive Unknown Predefined ‡20 No

Zweymüller SL 44 Yes Non-consecutive >5% lost Not predefined ‡20 No
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TABLE VII Methodological Quality of Studies Describing Survival Probabilities of Acetabular Cups with Revision for Aseptic Loosening
as the End Point

Cup Ref.
Primary Research
Question Stated

Cohort
Construction

Adequacy of
Follow-up

Follow-up
Performed

No. at Risk
at Follow-up

Worst-Case or
Competing-Risk

Analysis?

ABG I 23 Yes Non-consecutive Unknown Unknown ‡20 No

ACS Triloc1 24 Yes Non-consecutive Unknown Unknown ‡20 No

Arthopor 24 Yes Non-consecutive Unknown Unknown ‡20 No

Brunswik 62 Yes Non-consecutive Complete Not predefined ‡20 No

Charnley 63 No Consecutive £5% lost Not predefined ‡20 No

Charnley 62 Yes Non-consecutive Complete Not predefined ‡20 No

Charnley 64 Yes Non-consecutive £5% lost Not predefined ‡20 No

Charnley 26 Yes Non-consecutive Unknown Unknown ‡20 No

Charnley All-Polyethylene 65 No Non-consecutive >5% lost Unknown ‡20 No

Conserve Plus 27 No Non-consecutive £5% lost Predefined ‡20 No

Elite Ogee 50 No Non-consecutive £5% lost Unknown Unknown Yes

Exeter 64 Yes Non-consecutive £5% lost Not predefined ‡20 No

Exeter All-Polyethylene 28 Yes Unknown £5% lost Predefined ‡20 Yes

Fitmore 29 Yes Non-consecutive £5% lost Not predefined ‡20 No

Harris Design-2
All-Polyethylene

66 Yes Unknown £5% lost Predefined ‡20 No

Harris-Galante II 23 Yes Non-consecutive Unknown Unknown ‡20 No

Hofer-Imhof 67 Yes Non-consecutive Complete Predefined ‡20 No

Hofer-Imhof 32 Yes Unknown >5% lost Predefined ‡20 No

JRI Threaded Cup 33 Yes Consecutive >5% lost Predefined ‡20 Yes

Link 64 Yes Non-consecutive £5% lost Not predefined ‡20 No

Lord Threaded 54 Yes Consecutive Unknown Predefined ‡20 Yes

Mallory-Head Cementless 23 Yes Non-consecutive Unknown Unknown ‡20 No

Miami Orthopaedic
Surgical Clinic: All
Polyethylene

26 Yes Non-consecutive Unknown Unknown ‡20 No

Miami Orthopaedic
Surgical Clinic: Metal
Backed

26 Yes Non-consecutive Unknown Unknown ‡20 No

Morscher Press Fit 37 No Non-consecutive Complete Predefined ‡20 No

Morscher Press Fit 36 Yes Non-consecutive £5% lost Predefined ‡20 No

Mueller 26 Yes Non-consecutive Unknown Unknown ‡20 No

PCA Pegged 23 Yes Non-consecutive Unknown Unknown ‡20 No

Romanus 23 Yes Non-consecutive Unknown Unknown ‡20 No

Spectron 64 Yes Non-consecutive £5% lost Not predefined ‡20 No

T-28 41 Yes Non-consecutive £5% lost Predefined ‡20 No

T-28 26 Yes Non-consecutive Unknown Unknown ‡20 No

Titan 64 Yes Non-consecutive £5% lost Not predefined ‡20 No

Trabecular Metal
Monoblock Acetabular
Component System

68 Yes Non-consecutive Complete Not predefined ‡20 No

Universal 23 Yes Non-consecutive Unknown Unknown ‡20 No

Universal 42 Yes Non-consecutive £5% lost Predefined ‡20 No

Weber Hemispheric 69 Yes Unknown >5% lost Unknown ‡20 Yes

Zweymüller-Alloclassic
Screw Cup

71 Yes Unknown £5% lost Predefined ‡20 Yes

Zweymüller-Alloclassic
Screw Cup

70 Yes Non-consecutive Unknown Predefined ‡20 Yes
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TABLE VIII Methodological Quality of Studies Describing Survival Probabilities of Femoral Stems with Revision for Aseptic Loosening
as the End Point

Cup Ref.
Primary Research
Question Stated

Cohort
Construction

Adequacy
of Follow-up

Follow-up
Performed

No. at Risk
at Follow-up

Worst-Case or
Competing-Risk

Analysis?

ABG I 23 Yes Non-consecutive Unknown Not predefined ‡20 No

ABG I 22 Yes Unknown Complete Predefined <20 Yes

Anatomic Mesh 23 Yes Non-consecutive Unknown Not predefined ‡20 No

Bi-Metric 46 Yes Unknown £5% lost Not predefined ‡20 No

Bi-Metric 23 Yes Non-consecutive Unknown Not predefined ‡20 No

Bi-Metric 47 Yes Unknown £5% lost Predefined ‡20 Yes

Charnley 72 No Unknown Unknown Not predefined ‡20 No

Charnley 64 Yes Non-consecutive Unknown Predefined ‡20 No

Charnley 48 Yes Consecutive >5% lost Not predefined ‡20 No

Charnley Elite-Plus 74 Yes Non-consecutive Unknown Predefined ‡20 No

Charnley Elite-Plus 73 Yes Non-consecutive Unknown Not predefined ‡20 No

Charnley Flat-back 73 Yes Non-consecutive Unknown Not predefined ‡20 No

CLS Spotorno 23 Yes Non-consecutive Unknown Not predefined ‡20 No

Corail 49 Yes Unknown £5% lost Not predefined ‡20 No

Exeter 64 Yes Non-consecutive Unknown Predefined ‡20 No

Exeter Matt 73 Yes Non-consecutive Unknown Not predefined ‡20 No

Exeter Universal 73 Yes Non-consecutive Unknown Not predefined ‡20 No

Exeter Universal 50 Yes Unknown £5% lost Predefined ‡20 Yes

Exeter Universal 75 Yes Unknown Complete Not predefined ‡20 No

Freeman Cemented 77 No Unknown £5% lost Predefined ‡20 No

Freeman Cemented 77 No Unknown £5% lost Predefined ‡20 No

Freeman Cemented 76 Yes Unknown £5% lost Not predefined <20 No

Freeman Cementless 78 Yes Unknown £5% lost Predefined ‡20 Yes

Freeman Cementless 51 Yes Unknown >5% lost Predefined ‡20 Yes

Furlong 33 Yes Consecutive £5% lost Predefined ‡20 No

Harris Design-2 66 Yes Unknown £5% lost Predefined ‡20 No

Harvard Femoral Stem 52 Yes Unknown £5% lost Not predefined ‡20 No

Interlok 73 Yes Non-consecutive Unknown Not predefined ‡20 No

ITH 64 Yes Non-consecutive Unknown Predefined ‡20 No

Lord Madreporique 23 Yes Non-consecutive Unknown Not predefined ‡20 No

Lord Madreporique 54 Yes Consecutive £5% lost Not predefined ‡20 No

Lubinus IP 73 Yes Non-consecutive Unknown Not predefined ‡20 No

Lubinus SP II 73 Yes Non-consecutive Unknown Not predefined ‡20 No

Mallory-Head Cementless 57 Yes Unknown >5% lost Not predefined ‡20 No

Mallory-Head Cementless 35 Yes Non-consecutive £5% lost Predefined ‡20 No

MS-30 37 Yes Unknown Complete Predefined ‡20 No

Müller Straight
Protasul-10 Cobalt-Nickel-
Chromium

73 Yes Non-consecutive Unknown Not predefined ‡20 No

Müller Straight
Protasul-10 Cobalt-Nickel-
Chromium

79 Yes Non-consecutive £5% lost Not predefined ‡20 No

Müller Straight
Protasul-10 Cobalt-Nickel-
Chromium

80 Yes Unknown £5% lost Predefined ‡20 No

Müller Style Titanium 81 Yes Non-consecutive >5% lost Not predefined ‡20 No

Müller Style Titanium 82 Yes Non-consecutive £5% lost Predefined ‡20 No

continued
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were interested in the survival probability at only one specific point in time.
Second, the majority of studies that did not provide the standard error also did
not give enough information to allow modeling of the survival probability. In
order to test whether each implant performed better than the NICE bench-
mark, we calculated the confidence interval for each implant survival estimate.
The ten-year revision rate of 10% for a total hip implant corresponds with a
survival probability of 90% for a total hip implant. Therefore, the survival
probability of a cup or stem should exceed 90%. Assuming independence of the
survival probability for either the cup or the stem, we can summarize the
minimal survival probability with the formula: pcup * pstem ‡ 0.9. When it is
assumed that pcup = pstem, then the minimal survival probability for the cup is

pcup
2 = 0.9, leading to a minimal cup survival probability of O0.9, which is

rounded to 95%. Therefore, the survival probability of either the cup or the
stem should exceed 95%. When both the survival estimate and the lower limit
of the confidence interval were >95%, we concluded that that particular im-
plant performed significantly better than the NICE benchmark. When both the
survival estimate and the upper limit of the confidence interval were <95%, we
concluded that that particular implant performed significantly worse than the
NICE benchmark. In all other cases, we concluded that there was insufficient
evidence to suggest that the particular implant performed better or worse than
the NICE benchmark.

All analyses were performed with use of R version 2.15.2
20

.

Fig. 1

Flow-chart of study inclusion.

TABLE VIII (continued)

Cup Ref.
Primary Research
Question Stated

Cohort
Construction

Adequacy
of Follow-up

Follow-up
Performed

No. at Risk
at Follow-up

Worst-Case or
Competing-Risk

Analysis?

Omnifit Cemented 48 Yes Consecutive >5% lost Not predefined ‡20 No

Osteonics Cemented 83 Yes Consecutive >5% lost Not predefined ‡20 No

Osteonics Cementless 58 Yes Unknown Unknown Not predefined ‡20 No

PCA 23 Yes Non-consecutive Unknown Not predefined ‡20 No

Profile Porous 23 Yes Non-consecutive Unknown Not predefined ‡20 No

R-B Interlok 48 Yes Consecutive >5% lost Not predefined ‡20 No

SBG 59 Yes Unknown >5% lost Not predefined ‡20 No

Stanmore Custom Made 60 Yes Non-consecutive Complete Predefined ‡20 No

Taperloc 42 Yes Non-consecutive £5% lost Predefined ‡20 No

Taperloc 61 Yes Unknown £5% lost Predefined ‡20 Yes

Titan 64 Yes Non-consecutive Unknown Predefined ‡20 No

Zweymüller-Alloclassic 70 Yes Non-consecutive Unknown Predefined ‡20 Yes
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Source of funding: This study was funded by a grant from the Dutch
Arthritis Association (Grant number LLP-13), which had no role in the
study design, data collection, data analysis, data interpretation, or writing of

the report. The corresponding author had full access to all of the data in
the study. All authors had final responsibility for the decision to submit for
publication.

Fig. 2

Cumulativesurvival (and95%confidence interval [CI]) of acetabular cupsat ten yearswithuseof revision for any reasonas theendpoint. Thevertical line indicates

the NICE benchmark. The color of the text indicates whether an implant performs significantly better (green) or worse (red) than the NICE benchmark or whether

there was insufficient evidence to make this determination (yellow). The size of the points indicates the sample size on which the estimates are based.
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Results

Study selection: Our search strategy revealed 8731 hits: the main
search strategy yielded 7773 hits, and the implant-specific search

yielded an additional 958 hits (Fig. 1). After removal of duplicate
entries, 5513 unique papers remained, and their titles and abstracts
were screened; 4970 papers were excluded, leaving 543 papers eli-
gible for inclusion. Further assessment of eligibility based on the
full-text papers led to the exclusion of 481 papers: 259 papers did
not report the survival probability of a cup or stem at ten years, and
222 papers did not provide separate results for cups or stems. This

left sixty-three papers for further analysis. Of all national joint
registries that were full members of ISAR, only the Swedish Hip
Arthroplasty Register reported separate results for cups and stems at
ten years with revision for any reason as the end point21.

Study characteristics and risk of bias: Tables I and II pro-
vide an overview of the characteristics of all included studies in
which the end point was revision for any reason, and Tables III
and IV provide such an overview for the studies in which the
end point was revision for aseptic loosening. The methodological
quality of the studies in which revision for any reason was the end

Fig. 3

Cumulative survival (and 95% confidence interval [CI]) of femoral stems at ten years with use of revision for any reason as the end point. The vertical line

indicates the NICE benchmark. The color of the text indicates whether an implant performs significantly better (green) or worse (red) than the NICE

benchmark or whether there was insufficient evidence to make this determination (yellow). The size of the points indicates the sample size on which the

estimates are based.
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point is shown in Tables V and VI, and the methodological
quality of the studies in which the end point was revision for
aseptic loosening is shown in Tables VII and VIII.

We found forty-one cohorts for which the ten-year sur-
vival probability of an acetabular cup was described with re-
vision for any reason as the end point. These studies included a
total of thirty-four different acetabular implants: ABG I22,23,
ABG II HA21, ACS Triloc124, Arthopor24, ATLAS II25, ATLAS
III25, Charnley21,26, Charnley Elite21, CLS Spotorno21, Conserve
Plus27, Exeter All-Polyethylene28, Exeter Duration21, Fitmore29,
Harris Design-230, Harris-Galante I31, Harris-Galante II23,

Hofer-Imhof32, JRI Threaded Cup33, Lubinus21, Lubinus Ec-
centric34, Mallory-Head Cementless23,35, Miami Orthopaedic
Surgical Clinic: All Polyethylene26, Miami Orthopaedic Surgical
Clinic: Metal Backed26, Morscher Press Fit36,37, Mueller26, No-
vae38, PCA Pegged23, Plasmacup39, RM40, Romanus23, T-2826,41,
Trilogy HA21, Universal23,42, and Zweymüller-Alloclassic Screw
Cup43,44.

Forty-two papers described the ten-year survival prob-
ability of thirty-two different femoral stem implants with re-
vision for any reason as the end point: ABG I21-23, Anatomic
Mesh23, Bicontact45, Bi-Metric23,46,47, Charnley21,48, CLS Spotorno21,23,

Fig. 4

Cumulative survival (and 95% confidence interval [CI]) of acetabular cups at ten years with use of revision for aseptic loosening as the end point. The vertical

line indicates the NICE benchmark. The color of the text indicates whether an implant performs significantly better (green) or worse (red) than the NICE benchmark or

whether there was insufficient evidence to make this determination (yellow). The size of the points indicates the sample size on which the estimates are based.
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Conserve Plus27, Corail49, Exeter Polished21, Exeter Universal50,
Freeman Cementless51, Furlong33, Harvard Femoral Stem52,
Heritage53, Iowa polished53, Lord Madreporique23,54, Lubinus
IP34,55, Lubinus SP34,55, Lubinus SP II21, Mallory-Head Ce-
mented56, Mallory-Head Cementless35,57, MS-3037, Omnifit
Cemented48, Osteonics Cementless58, PCA23, Profile Porous23,
R-B Interlok48, SBG59, Stanmore Custom Made60, Taperloc61,
Triumph53, and Zweymüller SL44.

Thirty-nine papers described the ten-year survival
probability of thirty-one different acetabular cup implants with

revision for aseptic loosening as the end point: ABG I23, ACS
Triloc124, Arthopor24, Brunswik62, Charnley26,62-64, Charnley
All-Polyethylene65, Conserve Plus27, Elite Ogee50, Exeter64, Exeter
All-Polyethylene28, Fitmore29, Harris Design-2 All-Polyethylene66,
Harris-Galante II23, Hofer-Imhof32,67, JRI Threaded Cup33,
Link64, Lord Threaded54, Mallory-Head Cementless23, Miami
Orthopaedic Surgical Clinic: All Polyethylene26, Miami Or-
thopaedic Surgical Clinic: Metal Backed26, Morscher Press
Fit36,37, Mueller26, PCA Pegged23, Romanus23, Spectron64, T-2826,41,
Titan64, Trabecular Metal Monoblock Acetabular Component

Fig. 5

Cumulative survival (and 95% confidence interval [CI]) of femoral stems at ten years with use of revision for aseptic loosening as the end point. The vertical

line indicates the NICE benchmark. The color of the text indicates whether an implant performs significantly better (green) or worse (red) than the

NICE benchmark or whether there was insufficient evidence to make this determination (yellow). The size of the points indicates the sample size on

which the estimates are based.
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System68, Universal23,42, Weber Hemispheric69, and Zweymüller-
Alloclassic Screw Cup70,71.

Finally, we found fifty-two cohorts in which the ten-year
survival probability of thirty-seven different femoral stem
implants was assessed with revision for aseptic loosening as the
end point: ABG I22,23, Anatomic Mesh23, Bi-Metric23,46,47,
Charnley48,64,72, Charnley Elite-Plus73,74, Charnley Flat-back73,
CLS Spotorno23, Corail49, Exeter64, Exeter Matt73, Exeter Uni-
versal50,73,75, Freeman Cemented76,77, Freeman Cementless51,78,
Furlong33, Harris Design-266, Harvard Femoral Stem52, Inter-
lok73, ITH64, Lord Madreporique23,54, Lubinus IP73, Lubinus SP
II73, Mallory-Head Cementless35,57, MS-3037, Müller Straight
Protasul-10 Cobalt-Nickel-Chromium73,79,80, Müller Straight
Protasul-100 Titanium81, Müller Style Titanium82, Omnifit
Cemented48, Osteonics Cemented83, Osteonics Cementless58,
PCA23, Profile Porous23, R-B Interlok48, SBG59, Stanmore Custom
Made60, Taperloc42,61, Titan64, and Zweymüller-Alloclassic70.

Synthesis of results: An overview of the survival probabil-
ities for the different implants is presented in Figures 2 through
5. With use of revision for any reason as the end point, the
following acetabular cups performed better than the NICE
benchmark: JRI Threaded Cup, Conserve Plus, Zweymüller-
Alloclassic Screw Cup, Charnley Elite, Lubinus, Exeter Duration,
Charnley, and T-28 (Fig. 2). With use of revision for any reason
as the end point, the following femoral stems performed better
than the NICE benchmark: Stanmore Custom Made, MS-30,
Iowa polished, Ranawat-Burstein (R-B) Interlok, Taperloc,
Corail, Furlong, SBG, Zweymüller SL, CLS Spotorno, Mallory-
Head Cementless, Osteonics Cementless, Lubinus SP II, ABG I,
and Exeter Polished (Fig. 3). With use of revision for aseptic
loosening as the end point, the following acetabular cups per-
formed better than the NICE benchmark: Weber Hemispheric,
Trabecular Metal Monoblock Acetabular Component System,
JRI Threaded Cup, Fitmore, Conserve Plus, Morscher Press Fit,
Zweymüller-Alloclassic Screw Cup, Arthopor, ACS Triloc1,
Charnley, Titan, Spectron, Charnley All-Polyethylene, and Exe-
ter (Fig. 4). With use of revision for aseptic loosening as the end
point, the following femoral stems performed better than the
NICE benchmark: ABG I, Osteonics Cementless, R-B Interlok,
Zweymüller-Alloclassic, Freeman Cementless, Stanmore Cus-
tom Made, MS-30, Corail, Profile Porous, Bi-Metric, Mallory-
Head Cementless, Taperloc, Omnifit Cemented, Furlong, CLS
Spotorno, Harris Design-2, Exeter, Exeter Universal, Titan, Os-
teonics Cemented, Freeman Cemented, Charnley, and Müller
Straight Protasul-10 Cobalt-Nickle-Chromium (Fig. 5).

Discussion

In this systematic review and meta-analysis, we estimated the
probability of revision surgery at ten years for thirty-four

types of acetabular cups and thirty-two types of femoral stems
that were available on the market with published results. Of
these implants, eight acetabular cups and fifteen femoral stems
performed better than the NICE benchmark. Most studies were
of low methodological quality: the majority of studies consisted
of non-consecutive cohorts, with more than 5% of the hips lost
to follow-up and no worst-case analysis.

In the past decades, numerous efforts have been made to
improve the survival probability of primary total hip implants.
Some efforts, such as the addition of antibiotics to bone cement84,
have led to an improvement in survival probability. Others, such
as the introduction of Boneloc cement or the 3M Capital Hip
System, have led to unprecedented failures, which could have
been prevented by phased introduction of new implants and
techniques85,86. Despite subsequent calls for stricter regulation of
new total hip implants5,87, few actions were taken, facilitating the
recent disaster with the ASR hip prosthesis88. In providing an
overview of all implants that perform better or worse than the
NICE benchmark, we aid practicing orthopaedic surgeons in
choosing safe, time-proven implants for primary total hip re-
placement. Additionally, our study documents that an astonish-
ingly limited number of publications are currently available.

There are a number of limitations to this study. The
description of the type of implant used in a specific total hip
replacement cohort was often limited to the specific brand
name. Some studies, such as the well-described one by Franklin
et al.89, included the results of multiple subtypes of implants,
which had undergone major changes in design, summarized in
one survival estimate at ten years. We excluded studies that did
not specify separate survival estimates for subtypes with sub-
stantial changes in design. In all other papers, we assumed that
a single subtype of implant was used for all patients.

Additionally, the NICE benchmarks were poorly defined,
leaving much room for interpretation11. The recommendation to
use a ten-year revision rate of 10% as a threshold does not specify
any particular end point—e.g., aseptic loosening or revision for
any reason. Additionally, it is unclear whether this revision rate
should include the acetabular or femoral component or both
implants. Furthermore, no guidance is given regarding the statis-
tical methods to use for outlier detection. Finally, the guidelines do
not define ‘‘adequately sized’’ or ‘‘well conducted’’ studies. In order
to err on the side of caution, we chose revision for any reason
instead of revision for aseptic loosening as the primary outcome
measure. Aseptic loosening is considered the principal mechanism
of failure of total hip replacement at the time of long-term follow-
up, and it is slowly progressive and causes disabling pain90. Espe-
cially in the case of focal osteolysis, an implant might appear solidly
fixed at revision surgery, despite moving up to 1 mm relative to the
surrounding bone91. In order to minimize the risk of misclassifi-
cation bias (e.g., misclassifying cases of aseptic loosening as cases
revised for persistent pain after joint replacement), we chose to use
revision for any reason as the principal outcome measure92. On the
basis of our clinical judgment, we defined the revision rate of 10%
as referring to the combination of both implants and defined
‘‘adequately sized’’ as a minimum of 100 implants at baseline.

No competing-risk analyses were performed in any of the
included cohorts. It is highly unlikely that no competing events,
such as the death of a patient, have taken place within ten years
after primary total hip replacement. Disregarding these com-
peting events leads to an underestimation of the survival prob-
ability93. Therefore, some implants might outperform the NICE
benchmark in reality but not appear to do so on the basis of their
survival estimates because of unrealistic statistical assumptions.
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In our analyses, we assumed that the case mix of all
studies was similar. Regarding one of the most important
characteristics—namely, the indication for joint replacement—this
was certainly the case, as this was one of the inclusion criteria.
Other characteristics, such as age, sex, physical activity, and
number of comorbidities were not recorded and might have
differed among the cohorts. Some patient characteristics, such
as age and sex, are easily identified in most studies. Others, such
as physical activity and number of comorbidities, are not uni-
formly measured if they are measured at all. Because there is no
current consensus on relevant case-mix variables14, we decided
to omit these variables from this systematic review.

Finally, the majority of the survival estimates were based
on a single study performed in a single center. This raises the
question of whether the survival rates presented in this meta-
analysis represent the actual survival rates of these implants. In
the unlikely case of extreme publication bias, an implant might
appear to outperform the NICE benchmark in the only pub-
lished study while performing worse in the unpublished reality.
Extreme negative publication bias is also theoretically possible.
Surgeons who notice poor results using a certain prosthesis
might be more inclined to report their results, as a general
warning, than are surgeons who notice acceptable results. In
the case of extreme negative publication bias, an implant might
appear to perform worse than the NICE in the only published
study while performing better in the unpublished reality. It is
difficult to study the effect of publication bias in this meta-
analysis. Conventional methods such as funnel plots would fail in
this case, as it would be pointless to make a funnel plot for an
implant for which there was only one estimate and therefore only
one point. A sensible approach is to interpret estimates based on
the experience at a single center with more caution, especially if
those centers were involved in the design of the implant94.

A wide variety of implants is available to orthopaedic
surgeons worldwide, but there is a very limited amount of
evidence for some of these implants. In the European Union,
there is a single organization for the approval of drugs—the
European Medicines Agency, which demands evidence of
safety and efficacy in controlled trials. In contrast, for medical
devices such as an orthopaedic implant, it is only necessary to
obtain a European Conformity (Conformité Européene [CE])
mark, which requires limited or no evidence of clinical effi-
cacy95. Since the introduction of Charnley’s total hip replace-
ment in the late 1950s, new successful total hip replacement
implants have been designed, lowering the probability of re-
vision surgery. However, recent problems with several hip
prostheses have illustrated that patient safety can be at risk

when new total hip replacement implants are developed96,97.
We encourage the development of new implants but not at the
cost of patient safety98. Therefore, the development of new
implants should take place in the setting of comparative
clinical studies. Ideally, results of experimental implants should
be compared with results of implants that outperform the
NICE benchmark. To provide access to innovative treatments
while ensuring that evidence is collected, health-care funders
need to implement a payment-with-evidence-development
approach99.

The use of optimally performing total hip implants is
possible despite older and more recent disasters with certain
hip implants. It is the surgeon who has to decide which implant
will provide the best quality for his or her specific patient. The
current study underscores that there is evidence in the litera-
ture, but that evidence has to be used. n
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