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Abstract

Background: Prosthetic hip implants have many combinations of bearing surface materials, sizes, and fixation
techniques, which can determine the quality of life of patients after primary total hip replacement (THR) and the
likelihood of needing revision surgery. When an implant fails, patients require revision THR, which is distressing to
the patient and expensive for the health care payer. Primary THR is one of the most common elective procedures
performed worldwide, with over 300,000 performed annually in the USA and over 80,000 in England and Wales. It is
important to review all available randomised controlled trial (RCT) evidence to determine which implant bearing
surface materials, size, and fixation technique are most effective for patients.

Methods/Design: This is a protocol for a systematic review and meta-analysis of RCTs comparing outcomes of hip
implant bearing surfaces, size, and fixation techniques used in THR. Implant combinations compared in the literature
include four bearing surface combinations (metal-on-polyethylene, metal-on-metal, ceramic-on-polyethylene, and
ceramic-on-ceramic); two femoral head sizes (large vs small heads); and four fixation techniques (uncemented,
cemented, hybrid, and reverse hybrids). The primary outcome will be revision surgery. We will also collect data on
patient characteristics, mortality, quality of life, and other outcomes. In network meta-analysis, we will estimate the
relative effectiveness of every implant bearing surface, head size (large vs small), and fixation permutation, using
evidence where implants have been compared directly in an RCT and indirectly through common comparators in
different RCTs.

Discussion: There has been much debate about materials used for prosthetic implants in THR. Different combinations
of prosthetic materials, sizes, and fixation, can vary widely in cost and fail at different rates for different patient groups.
Given the number of THRs performed yearly, and the increasing use of expensive implants, it is important to review
evidence to inform surgeons, patients, and health care providers of optimal implant bearing combinations for given
patient characteristics. This review will inform a cost-effectiveness model that will include evidence from other sources,
to determine the most effective and cost-effective implant bearing combination for patients.

Systematic review registration: PROSPERO CRD42015019435
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Background
Total hip replacement (THR) is one of the most common
elective procedures performed worldwide. In the USA in
2010, the estimated numbers of hospital discharges after
THR procedures were 332,000 [1]. In England, Wales, and
Northern Ireland, 98,279 THR operations were performed
in 2014 [2, 3]. The main indications for elective hip
replacement are pain and functional limitations due to
osteoarthritis [4, 5].
In a primary THR, both the acetabulum and the fem-

oral head are replaced: a metal stem is inserted into the
femur with a modular head, made of metal or ceramic,
and articulates with an artificial cup, the acetabular
component. The acetabular component can either be a
monobloc polyethylene component or a modular com-
ponent consisting of a metal outer shell with an inner
liner made of polyethylene, ceramic, or metal. The
femoral stem and the acetabular component are attached
to host bone with or without cement. In a resurfacing
hip replacement, the femoral head is not removed but is
instead trimmed and capped with a smooth metal
covering. The acetabulum is removed and replaced with
an all-metal monobloc acetabular component.
Implants have four main combinations of head and

acetabular materials: metal-on-polyethylene, metal-on-
metal, ceramic-on-ceramic, and ceramic-on-polyethylene.
Ceramic-on-metal combinations also exist but are ex-
tremely rare. Head sizes vary, ranging from 22.225 mm to
50 mm in diameter. Heads are broadly categorised as
“large” if 36 mm in diameter and over and “small” if less
than 36 mm. As both the femoral and acetabular compo-
nents can be implanted with or without cement, the pos-
sible combinations of fixation are cemented (when both
components are cemented), uncemented (when neither
prosthesis is cemented), hybrid (when the femoral com-
ponent but not the acetabular component is cemented) or
reverse hybrid (when the acetabular but not femoral com-
ponent is cemented).
Recent NICE guidance advises the use of prostheses

that have rates (or projected rates) of revision of 5 % or
less at 10 years [6]. For hip surgeons, implant choice is
driven mainly by survival: the implant should outlast the
remaining lifetime of the patient and should be easy to
revise if it fails. When an implant fails, for example due
to infection, dislocation or loosening, patients may en-
dure severe pain and require a revision hip replacement.
In England, Wales, and Northern Ireland, in 2014, 10 %
(9516) of the THR procedures performed were revision
hip replacements [2, 3].

Why it is important to do this review
There has been much debate about materials used for
prosthetic implants in THR. Metal-on-polyethylene
cemented implants were developed in the 1950s. They

have a long track record of use and are still the cheapest
and most prevalent type of hip implant. However, the
polyethylene component wears with increased physical
activity and load [7, 8]. This results in loosening and
bone loss over time, which is of particular significance in
younger more active patients. Alternative materials, head
sizes, and fixation techniques have subsequently been
developed to improve long-term survival and patient
outcomes. Metal-on-metal and ceramic-on-ceramic bea-
rings have lower wear rates and larger heads should be
more difficult to dislocate but may have higher volumet-
ric wear.
In a study of observational data, metal-on-metal im-

plants failed more often than traditional metal-on-plastic
implants [9, 10], which caused much concern to patients
and clinicians [11]. Some studies (mainly cohort studies
and a few small trials) suggest that newer ceramic-on-
ceramic prostheses perform better in younger and active
patients [12], and their use is increasing in the UK [13].
However, they can cost up to four times more than
metal-on-polyethylene implants. More recently, a sys-
tematic review on implants for total and resurfacing hip
replacement was published [14]. However, this review
was truncated to recent and large studies, focused on
functional outcomes, and did not inform the subsequent
cost-effectiveness model [15].
We aim to conduct a systematic review of all pub-

lished randomised controlled trials (RCTs) comparing
outcomes of bearing surface combinations, head sizes,
and fixation techniques used in THR. We will use net-
work meta-analyses to combine direct and indirect evi-
dence from the RCTs to obtain relative treatment effect
estimates of revision rates for bearing surface, head size,
and fixation technique permutations available in the
literature. Data collected in this systematic review and
meta-analyses will inform a future cost-effectiveness de-
cision analytic model to compare the cost-effectiveness
of all different implant combinations in current clinical
practice.

Methods/design
Criteria for considering studies for this review
Types of studies
Randomised controlled trials (RCTs).

Types of participants
Patients aged 18 years and older receiving primary THR.
Populations in trials should have a diagnosis of osteo-
arthritis in a majority of patients.

Types of interventions and comparators
We will include comparisons among all the THR im-
plant combinations listed in Table 1. Although this lists
up to 33 different implant combinations, some are rare
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(e.g. reverse hybrids) and not all implant combinations
will be reported in the literature. Eligible studies will
make comparisons of any combination of different
bearing material combinations, different head sizes (large
[≥36 mm] or small [<36 mm]), different fixation tech-
niques (uncemented, cemented, hybrids, or reverse hy-
brids), or comparisons of any combination of these three
aspects with resurfacing.
Although some materials (e.g. metal-on-metal implants)

are now recommended less often in clinical practice, and
resurfacing hip replacements are not THR surgeries, they
will be included in this review when compared to THR in
an RCT, as they may provide important common com-
parator interventions in the network of studies, facilitating
relevant indirect comparisons.

Types of outcomes
Implants fail for a myriad of reasons (e.g. dislocation, pain,
loosening, infection) [3], and decision to revise a failed im-
plant is always multifactorial. Without one clear reason
for implant failure, revision rate and timing of revision is a
key proxy measure for effectiveness of implants. Studies
which do not report revision, time to revision, or person-
years at risk will not be included in the meta-analysis of
primary outcome but will be included in the narrative
review and analysis of secondary outcomes.

Primary outcomes
The primary outcome will be the revision rate for the
primary THR surgery at any time after surgery.

Secondary outcomes
Secondary outcome data collection will include the
following:

� Number of revisions at all follow-up times reported,
and Kaplan-Meier curves, to facilitate fitting survival
models;

� Mortality and time to death;
� Complications (e.g. infections);
� Generic quality of life scores, such as the EuroQol

questionnaire and other preference based utility
scores [16];

� Other patient-reported scores. These include, the
Oxford Hip Score [17] and Western Ontario and
McMaster Universities Arthritis Index [18];

� Surgeon completed scores such as the Harris Hip
Score [19];

Exclusion criteria
We will exclude studies on revision THR; emergency sur-
gery, studies where the majority of patients (n > 50 %) are
receiving THR for less common causes (e.g. osteonecrosis);
and comparison of single components (e.g. stems, cups,
shells) when they do not produce a different bearing
surface combination on their own. We will also exclude
studies that only report outcomes gained from revised im-
plants or autopsies, and laboratory and animal studies.

Search methods for identification of studies
Our literature search will target studies comparing
different bearing surface materials and different head
sizes. The literature on fixation technique is extensive,
and a systematic review was published in 2013 [20]. We
will extract data from the RCTs included in their review
and update their search to identify more recent RCTs.

Electronic searches
The following electronic databases will be searched,
without language restrictions:

� MEDLINE;
� Embase;
� Cochrane Library (including reviews, trials,

technology assessments, economic evaluations, and
Cochrane groups);

� Trials databases— clinicaltrials.gov, World Health
Organization International Clinical Trials Registry
Platform, EU Clinical Trials Register.

The search strategies are based on those commonly used
in Cochrane reviews, developed by the authors in collabor-
ation with three orthopaedic surgeons and an information
specialist. Search strategies are customised for each data-
base. A generic search strategy is shown in Table 2.

Table 1 All hip prosthetic implant combinations to be
compared, if available

Materials Head size Fixation technique

Ceramic-on-ceramic Large ≥36 mm With cement

Small <36 mm Without cement

Hybrid

Reverse hybrid

Metal-on-metal Large ≥36 mm With cement

Small <36 mm Without cement

Hybrid

Reverse hybrid

Metal-on-polyethylene Large ≥36 mm With cement

Small <36 mm Without cement

Hybrid cement

Reverse hybrid

Ceramic-on-polyethylene Large ≥36 mm With cement

Small <36 mm Without cement

Hybrid cement

Reverse hybrid

Resurfacings
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Searching other resources
We will inspect reference lists of published papers and
citations of key articles using Web of Science citation
tracking, to identify further studies. Websites of ortho-
paedic conferences since January 2012 will be examined
to identify studies which have been presented but not
yet fully published. Potentially eligible references identi-
fied will be retrieved.

Data collection
Selection of studies
All titles and abstracts will be screened independently by
two reviewers. Both reviewers will independently decide on
whether to obtain the full papers for further assessment or
exclude the study. Full text papers will be obtained for all
potentially relevant studies and independently examined by

Table 2 Search strategy for Embase

1. hip prosthesis.mp. or exp hip prosthesis/

2. hip prosthesis/ or total hip prosthesis/ or exp hip arthroplasty/
or total hip.mp.

3. exp hip surgery/ or hip/

4. hip replacement.mp

5. (THR or THA).tw.

6. (hip adj3 (arthropl$ or pros$ or surg$ or replac$)).ti,ab.

7. Hip joint.mp

8. Or/1-7

9. randomised controlled trial/

10. “randomised controlled trial (topic)”/

11. controlled clinical trial/

12. randomi#ed.ab.

13. randomly.ab,ti

14. random.ti

15. random*.tw

16. “clinical trial (topic)”/

17. trial.ab,ti

18. meta-analys:.mp

19. Systematic review.tw.

20. Search:.tw

21. Review.pt.

22. Or/9-21

23. ceramic.mp. or Ceramics/

24. Zirconium.mp. or Zirconium/

25. alumina.mp. or Aluminum Oxide/

26. oxinium.tw

27. cerasul.tw.

28. CoM.tw.

29. CoC.tw.

30. CoP.tw.

31. polyethylene.mp. or Polyethylene/

32. plastic.mp. or Plastic/

33. UHMWPE.mp. or ultra high molecular weight polyethylene/

34. XLPE.mp.

35. X3.mp.

36. Metal on metal joint prosthesis/ or metal.mp. or metal/
or metal implant/

37. MoM.mp.

38. cobalt.mp. or Cobalt/

39. chrome.mp or chromium/

40. metallic.mp.

41. metasul.tw.

42. MoP.mp.

43. hard on hard.mp.

44. Hard-on-soft.mp.

Table 2 Search strategy for Embase (Continued)

45. alloy.mp. or alloy/

46. bearing.mp

47. (resurf$ or re-surf$).mp. [mp = ti, ab, rw, sh]

48. 22 mm.tw or 22 mm.tw

49. 24 mm.tw or 24 mm.tw

50. 26 mm.tw or 26 mm.tw

51. 28 mm.tw or 28 mm.tw

52. 30 mm.tw or 30 mm.tw

53. 32 mm.tw or 32 mm.tw

54. 34 mm.tw or 34 mm.tw

55. 36 mm.tw or 36 mm.tw

56. 38 mm.tw or 38 mm.tw

57. 40 mm.tw or 40 mm.tw

58. 42 mm.tw or 42 mm.tw

59. 44 mm.tw or 44 mm.tw

60. 46 mm.tw or 46 mm.tw

61. 48 mm.tw or 48 mm.tw

62. 50 mm.tw or 50 mm.tw

63. 52 mm.tw or 52 mm.tw

64. 54 mm.tw or 54 mm.tw

65. 56 mm.tw or 56 mm.tw

66. 58 mm.tw or 58 mm.tw

67. 60 mm.tw or 60 mm.tw

68. (BHR or Conserve Plus or Durom or Cormet or ASR or ReCap).ti,ab

69. head size.mp.

70. femoral adj2 size

71. large adj2 head

72. femoral adj2 head

73. or/23-72

74. 8 and 22 and 73
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both reviewers to assess final inclusion or exclusion. At
both stages, disagreements will be resolved by consensus,
with input from other team members if necessary.
Where possible, studies will be identified by trial regis-

try numbers to flag multiple publications from the same
RCT. Where trial registry numbers are not available, we
will identify multiple publications from RCTs by examin-
ing information on authors, region or centre, participant
numbers, calendar years of recruitment, interventions
compared, study title, or by contacting the authors.
Data from multiple publications on the same RCT will

be combined into a single data entry.

Data extraction and management
Data extraction will be carried out by one reviewer and
checked by the other for accuracy. We will extract data
on the following:

� Participant details, such as eligibility criteria,
proportion of patients with osteoarthritis (if available),
number of participants, age, and gender;

� Details on the intervention, such as components,
materials, fixation technique, head size, and
manufacturer;

� Number of revision surgeries and outcomes defined
above;

� Trial details, such as country of origin, authors,
study year, and years of patient recruitment;

� Surgical details, such as surgical approach;
� Resource use data (if available), such as operation

time, length of hospital stay, and follow-up visits.

We will collect number of events (e.g. number of
revisions) and dichotomous outcomes and means, me-
dians, and measures of variance (i.e. standard deviations,
confidence intervals, interquartile ranges, and ranges)
for continuous outcomes.
Data will be entered into an Access Database designed

for this study.

Assessment of risk of bias in included studies
We will use the Cochrane Collaboration risk of bias tool
to assess selection, performance, detection, attrition, and
reporting bias [21]. An attempt will be made to detect
selective outcome reporting by comparing registered
protocols to published outcomes. We will report sum-
mary assessments of risk of bias (high, low, or unclear)
for each outcome in each trial.

Measures of treatment effect
Where possible, we will extract data according to the
intervention patients were randomised to, in line with
intention to treat principles. The measure of treatment
effect for revision surgery, the primary outcome, will be

the hazard ratio. For secondary outcomes, such as
patient-reported outcome scales, will use mean differ-
ences or standardised mean differences as measures of
treatment effect, depending on whether the same scale is
used or not.

Unit of analysis issues
The unit of analysis will be the patient hip, with a single
measurement for each outcome from each patient hip.
Patients who have bilateral THR will be analysed as a
single measurement of time to first revision.

Dealing with missing data
We will contact authors for additional information when
necessary. This may include missing data, loss to follow-
up, and unpublished outcomes, as well as study charac-
teristics and issues relating to risk of bias. We will also
contact authors of registered trials that have not pub-
lished their results. A maximum of three attempts will
be made to contact authors, by e-mail initially, and/or
telephone later.

Assessment of reporting biases
If 10 or more studies are included in the pairwise meta-
analyses, we will also produce funnel plots. If asymmetry
is found, we will investigate potential causes. Hetero-
geneity between studies can lead to asymmetry, without
reporting bias present [22]. We will look at the spread of
across studies in the analysis (e.g. size, setting) and study
characteristics (e.g. differences in implants compared, pop-
ulations, baseline characteristics) to determine whether
asymmetry may be due to publication bias or genuine dif-
ferences between studies. Inspection of trial registries will
identify trials with delayed reporting.
This protocol follows the PRISMA-P 2015 guide-

lines [23].

Data synthesis
Descriptive analyses
We will summarise key findings and the report of other
outcomes descriptively.
The validity of the data synthesis will depend on the

assumption that included studies do not differ in im-
portant effect modifiers [24–26]. Clinicians identified
patient age and surgical approach as important effect
modifiers. We will further explore whether other patient
characteristics (e.g. baseline descriptive variables such as
gender, weight) are balanced across trials and the net-
work of studies and seek clinical advice to assess the
plausibility of this assumption. Imbalances in these char-
acteristics may explain potential heterogeneity or incon-
sistencies across trials. If enough data are available, we
will control for effect modifiers using meta-regression.
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For the primary outcome, we will use hazard ratios to
compare revision rates for different interventions. In the
main analysis, we will assume constant hazards with an
adjustment for early revisions (due to causes including
infection or surgical errors) and use the longest available
follow-up period. In a second analysis, we will assume
piecewise constant hazards considering three follow-up
points (an “early stage” of 1 or 2 years after primary
surgery, a “medium stage” possibly 5 years, and a “late
stage” ideally at 10 years), which allows for time-varying
deviations from the proportional hazards assumption.
For both analyses, we will estimate person-years at risk
from the mean follow-up times reported in the studies,
or use median follow-up or fixed follow-up if the former
is not available.

Pairwise meta-analysis
Statistical integration will start with standard meta-
analysis for each pairwise comparison of prosthesis com-
bination and year of outcome reported. We will explore
heterogeneity including risk of bias and other potential
effect modifiers (more information in heterogeneity assess-
ment section). We will report both fixed-effect and
random-effects meta-analysis results and quantify between-
study heterogeneity using the between-study variance (τ2)
and the I2 statistic [27].

Network meta-analysis (NMA)
We will construct a network of studies comparing im-
plant combinations. NMA allows the synthesis of results
from trials of interventions that form a connected net-
work of intervention comparisons, so that direct (head-
to-head) and indirect (through common comparators in
different RCTs) evidence can be statistically combined
[24, 28, 29]. NMA also enables the ranking of treatments
according to the probability that each is the best, second
best, and so on, for a given outcome.
NMA assumes consistency between direct and indirect

evidence for a given contrast [30]. NMA can only be
conducted on evidence networks that are connected.
The primary analysis will be the most disaggregate level
of implant combinations that data allow. In the most
aggregate case, we will compare implants by bearing
surface combination only. For a more refined analysis,
we will expand the network to include implant combina-
tions by head size and fixation technique. This will mean
more implant combinations or “nodes” being compared
in the network. The network will also include studies
that compare primary THR with resurfacing hip replace-
ment to provide further indirect evidence. All analyses
will be performed within a Bayesian framework, evalu-
ated using Monte Carlo Markov chain simulation com-
puted in WinBUGS.

NMA methods have been extended to estimate
treatment effects with multiple follow-up times given as-
sumptions about the underlying time-course of the treat-
ment effects [31, 32]. We will fit survival curves with
hazard ratios that may vary with time (e.g. piecewise
constant). This information will define a distribution of
effects across time and inform the extrapolation of long-
term outcomes from other data sources to inform the
future economic model.

Assessment of statistical inconsistency
The statistical agreement (often called consistency or co-
herence) between the various sources of evidence in the
networks of interventions will be evaluated. In NMA, we
require that the relative effects on an appropriate scale
(log-hazard here) “add-up”, in the sense that the log-
hazard ratio for the comparison of implants A vs C is
the sum of the log-hazard ratio for implants A vs B and
B vs C. We will implement both a local approach for
comparisons involved in a closed loop of evidence (using
node splitting [25, 30]) and a global approach to exam-
ine evidence of inconsistency in the network as a whole.
Results will be presented separately for direct compari-
sons, indirect comparisons, and network meta-analyses.
This statistical assessment of consistency complements
our clinically focussed evaluation of the plausibility of
consistency through the assessment of clinical homo-
geneity of patient characteristics in the included studies.

Subgroup and sensitivity analyses
These will examine the extent to which study character-
istics explain between-study heterogeneity [33]. If data
allow, we will investigate whether revision rates vary
according to key participant and trial characteristics, in-
cluding age and surgical approach, in meta-regression
analyses.
If a majority of studies (>50 %) are assessed as being at

low or unclear risk of bias and these form a connected
network of all evaluated implant combinations, our pri-
mary analysis will include only these RCTs, with the full
network of studies results as secondary analysis. In sen-
sitivity analysis, we will then re-estimate the results also
including studies with potential high risk of bias. We
will perform sensitivity analysis to the model assump-
tions, particularly to the model for the survival curve
and hazard ratio (i.e. assuming increasing hazards, con-
stant hazards, etc.)

Secondary analyses
If data allows for meta-analysis of secondary continuous
outcomes, such as patient-reported outcome scales, we
will use mean differences, or standardised mean differ-
ences, depending on whether the same scale is used or
not, to measure similar outcomes across studies.
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Discussion
There has been much debate about materials used for
prosthetic implants in THR. Different combinations of
prosthetic materials, sizes, and fixation can vary widely
in cost and fail at different rates for different patient
groups. Given the number of THR surgeries performed
yearly, and the increasing use of expensive implants, it is
important to review all available evidence to inform
surgeons, patients, and health care providers of optimal
implant combinations for given patient characteristics.
A recent health technology assessment report reviewed

the clinical effectiveness and cost-effectiveness of hip re-
surfacing and THR [14]. However, the outcomes reported
focused on surgeon and patient function scores, and only
large studies (with sample size larger than 100 patients)
published between the years of 2008 and 2013 were
included. The subsequent economic model included only
five types of commonly used prosthesis, did not take into
consideration head size, and the model parameters were
not populated by the systematic review evidence.
This review will compare the evidence on implant bear-

ing surfaces, head sizes, and fixation techniques that are
used in primary THR. This review will synthesize all direct
and indirect evidence available in the literature to deter-
mine the most effective implant type for a patient group
of given characteristics. Our analyses will be intended to
inform health care decisions in the long term, which may
entail extrapolation of results from studies where only
short-term follow-up periods were considered. The poten-
tial problems of such extrapolations have been highlighted
before in the field of total hip replacement [34], and there-
fore, we will interpret these results cautiously. The results
of this review will be combined with other data sources to
inform a cost-effectiveness model to determine the most
cost-effective implant combination for each patient group.

Abbreviations
NICE: National Institute for Health and Care Excellence; NMA: network
meta-analysis; PRISMA-P 2015: Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols 2015 statement; RCTs: randomised
controlled trials; THR: total hip replacement; WinBUGS: Windows-based
version of the Bayesian inference Using Gibbs Sampling software.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
EM, AWB, ADB, NJW, WH, JPTH, and LH designed the study. RH is the first
reviewer, and ADB is the second reviewer. EM and ADB drafted the initial
manuscript and all authors critically revised and contributed to writing. EM is the
guarantor for the review. All authors read and approved the final manuscript.

Funding source
This is the protocol for the evidence synthesis part of the project “The choice
between hip prosthetic bearing surfaces in total hip replacement: evidence
synthesis, statistical analysis and decision modelling to evaluate the
effectiveness and cost-effectiveness of prosthetic implants for the NHS”, funded
by the National Institute for Health Research’s Research for Patient Benefit
Programme (PB-PG-0613-31032). The funder had no role in the study design,
data collection, data analysis, data interpretation, or writing of this article.

We would like to thank Alison Richards of the Collaboration for Applied
Health Research and Care CLAHRC-West for his support in developing the
search strategy. We would like to thank Ms Amanda Burston for liaising with
patients and surgeons, who informed the design of this study. We would like
to thank Dr Philippa Davies for the collaboration to obtain funding to carry
out this review.

Author details
1School of Social and Community Medicine, University of Bristol Canynge
Hall, 39 Whatley Road, Bristol BS8 2PS, UK. 2Musculoskeletal Research Unit,
School of Clinical Sciences, University of Bristol Learning & Research Building
(Level 1), Southmead Hospital, Bristol BS10 5NB, UK.

Received: 4 December 2015 Accepted: 13 January 2016

References
1. CDC/NCHS National Hospital Discharge Survey. Number of all-listed procedures

for discharges from short-stay hospitals, by procedure category and age: United
States, 2010. Atlanta, GA: Centers for Disease Control and Prevention; 2012.

2. National Joint Registry for England W, Northern Ireland and the Isle of Man.
Hips—all procedures—activity: procedure details by type of provider.
UK. 2015. http://www.njrreports.org.uk/hips-all-procedures-activity/
H01v2NJR?reportid=06011166-BAC8-4202-8161-F42B58C34CD7&defaults=
JYS__Filter__Calendar_Year__From__To=%22max-max%22,H__Filter__
Joint=%22Hip%22. Accessed date 28 Jan 2016.

3. National Joint Registry. England, Wales, Northern Ireland and the Isle of
Man: 12th annual report. Hemel Hempstead: NJR Centre; 2015.

4. Dreinhofer KE, Dieppe P, Sturmer T, Grober-Gratz D, Floren M, Gunther KP,
et al. Indications for total hip replacement: comparison of assessments
of orthopaedic surgeons and referring physicians. Ann Rheum Dis.
2006;65(10):1346–50.

5. Crawford RW, Murray DW. Total hip replacement: indications for surgery
and risk factors for failure. Ann Rheum Dis. 1997;56(8):455–7.

6. National Institute for Health and Clinical Excellence. Total hip replacement
and resurfacing arthroplasty for end-stage arthritis of the hip (review of
technology appraisal guidance 2 and 44). NICE technology appraisal
guidance [TA304]. 2014. Available from: https://www.nice.org.uk/guidance/
ta304

7. Clarke IC, Good V, Williams P, Schroeder D, Anissian L, Stark A, et al.
Ultra-low wear rates for rigid-on-rigid bearings in total hip replacements.
Proc Inst Mech Eng H. 2000;214(4):331–47.

8. Santavirta S, Bohler M, Harris WH, Konttinen YT, Lappalainen R, Muratoglu O,
et al. Alternative materials to improve total hip replacement tribology.
Acta Orthop Scand. 2003;74(4):380–8.

9. Smith AJ, Dieppe P, Howard PW, Blom AW. Failure rates of metal-on-metal
hip resurfacings: analysis of data from the National Joint Registry for
England and Wales. Lancet. 2012;380(9855):1759–66.

10. Smith AJ, Dieppe P, Vernon K, Porter M, Blom AW. Failure rates of stemmed
metal-on-metal hip replacements: analysis of data from the National Joint
Registry of England and Wales. Lancet. 2012;379(9822):1199–204.

11. Arthritis Research UK. Metal-on-metal hip replacement Q&A. 2012. http://
www.arthritisresearchuk.org/arthritis-information/surgery/mom-hip-q-and-a.
aspx. (Archived by WebCite® at http://www.webcitation.org/6DlJDODhw).
Accessed date 28 Jan 2016.

12. Aldrian S, Nau T, Gillesberger F, Petras N, Ehall R. Medium-term analysis of
modern ceramic-on-ceramic bearing in THA. Hip Int. 2009;19(1):36–40.

13. Stafford GH, Islam Su F, Witt JD. Early to mid-term results of ceramic-on-
ceramic total hip replacement: analysis of bearing-surface-related
complications. J Bone Joint Surg Br. 2011;93(8):1017–20. 0301-620X (Print).

14. Clarke A, Pulikottil-Jacob R, Grove A, Freeman K, Mistry H, Tsertsvadze A, et al.
Total hip replacement and surface replacement for the treatment of pain and
disability resulting from end-stage arthritis of the hip (review of technology
appraisal guidance 2 and 44): systematic review and economic evaluation.
HTA (Winchester, England). 2015;19(10):1–668. doi:10.3310/hta19100. vii-viii.

15. Kandala N-B, Connock M, Pulikottil-Jacob R, Sutcliffe P, Crowther MJ, Grove A
et al. Setting benchmark revision rates for total hip replacement: analysis of
registry evidence. BMJ. 2015;350. doi:10.1136/bmj.h756.

16. Williams A, Kind P. The present state of play about QALYs. In: Hopkins A,
editor. Measure of the quality of life: the uses to which they may be put.
London: RCP Publications; 1992.

Marques et al. Systematic Reviews  (2016) 5:19 Page 7 of 8

http://www.njrreports.org.uk/hips-all-procedures-activity/H01v2NJR?reportid=06011166-BAC8-4202-8161-F42B58C34CD7&defaults=JYS__Filter__Calendar_Year__From__To=%22max-max%22,H__Filter__Joint=%22Hip%22
http://www.njrreports.org.uk/hips-all-procedures-activity/H01v2NJR?reportid=06011166-BAC8-4202-8161-F42B58C34CD7&defaults=JYS__Filter__Calendar_Year__From__To=%22max-max%22,H__Filter__Joint=%22Hip%22
http://www.njrreports.org.uk/hips-all-procedures-activity/H01v2NJR?reportid=06011166-BAC8-4202-8161-F42B58C34CD7&defaults=JYS__Filter__Calendar_Year__From__To=%22max-max%22,H__Filter__Joint=%22Hip%22
http://www.njrreports.org.uk/hips-all-procedures-activity/H01v2NJR?reportid=06011166-BAC8-4202-8161-F42B58C34CD7&defaults=JYS__Filter__Calendar_Year__From__To=%22max-max%22,H__Filter__Joint=%22Hip%22
https://www.nice.org.uk/guidance/ta304
https://www.nice.org.uk/guidance/ta304
http://www.arthritisresearchuk.org/arthritis-information/surgery/mom-hip-q-and-a.aspx
http://www.arthritisresearchuk.org/arthritis-information/surgery/mom-hip-q-and-a.aspx
http://www.arthritisresearchuk.org/arthritis-information/surgery/mom-hip-q-and-a.aspx
http://www.webcitation.org/6DlJDODhw
http://dx.doi.org/10.3310/hta19100
http://dx.doi.org/10.1136/bmj.h756


17. Dawson J, Fitzpatrick R, Carr A, Murray D. Questionnaire on the perceptions of
patients about total hip replacement. J Bone Joint Surg Br. 1996;78(2):185–90.

18. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study
of WOMAC: a health status instrument for measuring clinically important
patient relevant outcomes to antirheumatic drug therapy in patients with
osteoarthritis of the hip or knee. J Rheumatol. 1988;15:1833–40.

19. Harris WH. Traumatic arthritis of the hip after dislocation and acetabular
fractures: treatment by mold arthroplasty. An end-result study using a new
method of result evaluation. J Bone Joint Surg Am. 1969;51(4):737–55.

20. Abdulkarim A, Ellanti P, Motterlini N, Fahey T, O'Byrne JM. Cemented versus
uncemented fixation in total hip replacement: a systematic review and
meta-analysis of randomized controlled trials. Orthopedic Reviews.
2013;5(1):e8. doi:10.4081/or.2013.e8.

21. Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0 [Updated March 2011]. The Cochrane
Collaboration; 2011. Available from www.cochrane-handbook.org.

22. Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau J, et al.
Recommendations for examining and interpreting funnel plot asymmetry in
meta-analyses of randomised controlled trials. BMJ (Clinical research ed).
2011;343:d4002. doi:10.1136/bmj.d4002.

23. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015: elaboration and explanation. BMJ (Clinical research ed).
2015;349. doi:10.1136/bmj.g7647.

24. Lu G, Ades AE. Combination of direct and indirect evidence in mixed
treatment comparisons. Stat Med. 2004;23(20):3105–24. doi:10.1002/sim.1875.

25. Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consistency in mixed
treatment comparison meta-analysis. Stat Med. 2010;29(7–8):932–44.
doi:10.1002/sim.3767.

26. Salanti G, Higgins JP, Ades AE, Ioannidis JP. Evaluation of networks
of randomized trials. Stat Methods Med Res. 2008;17(3):279–301.
doi:10.1177/0962280207080643.

27. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency
in meta-analyses. BMJ (Clinical research ed). 2003;327(7414):557–60.
doi:10.1136/bmj.327.7414.557.

28. Dias S, Sutton AJ, Ades AE, Welton NJ. A generalized linear modeling
framework for pairwise and network meta-analysis of randomized
controlled trials. Med Decis Making. 2012. doi:10.1177/0272989X12458724.

29. Caldwell DM, Ades AE, Higgins JP. Simultaneous comparison of multiple
treatments: combining direct and indirect evidence. BMJ (Clinical research
ed). 2005;331(7521):897–900.

30. Dias S, Welton NJ, Sutton AJ, Caldwell DM, Lu G, Ades AE. Evidence synthesis
for decision making 4: inconsistency in networks of evidence based on
randomized controlled trials. Med Decis Making. 2013;33(5):641–56.
doi:10.1177/0272989x12455847.

31. Lu G, Ades AE, Sutton AJ, Cooper NJ, Briggs AH, Caldwell DM. Meta-analysis
of mixed treatment comparisons at multiple follow-up times. Stat Med.
2007;26(20):3681–99. doi:10.1002/sim.2831.

32. Madan J, Chen Y-F, Aveyard P, Wang D, Yahaya I, Munafo M et al. Synthesis
of evidence on heterogeneous interventions with multiple outcomes
recorded over multiple follow-up times reported inconsistently: a smoking
cessation case study. JRSSA doi:10.1111/rssa.12018.

33. Berkey CS, Hoaglin DC, Mosteller F, Colditz GA. A random-effects regression
model for meta-analysis. Stat Med. 1995;14(4):395–411.

34. Davies C, Briggs A, Lorgelly P, Garellick G, Malchau H. The “hazards” of
extrapolating survival curves. Med Decis Making. 2013;33(3):369–80.
doi:10.1177/0272989x12475091.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Marques et al. Systematic Reviews  (2016) 5:19 Page 8 of 8

http://dx.doi.org/10.4081/or.2013.e8
http://dx.doi.org/10.1136/bmj.d4002
http://dx.doi.org/10.1136/bmj.g7647
http://dx.doi.org/10.1002/sim.1875
http://dx.doi.org/10.1002/sim.3767
http://dx.doi.org/10.1177/0962280207080643
http://dx.doi.org/10.1136/bmj.327.7414.557
http://dx.doi.org/10.1177/0272989X12458724
http://dx.doi.org/10.1177/0272989x12455847
http://dx.doi.org/10.1002/sim.2831
http://dx.doi.org/10.1111/rssa.12018
http://dx.doi.org/10.1177/0272989x12475091

	Abstract
	Background
	Methods/Design
	Discussion
	Systematic review registration

	Background
	Why it is important to do this review

	Methods/design
	Criteria for considering studies for this review
	Types of studies
	Types of participants
	Types of interventions and comparators
	Types of outcomes
	Primary outcomes
	Secondary outcomes

	Exclusion criteria
	Search methods for identification of studies
	Electronic searches
	Searching other resources

	Data collection
	Selection of studies
	Data extraction and management
	Assessment of risk of bias in included studies
	Measures of treatment effect
	Unit of analysis issues
	Dealing with missing data
	Assessment of reporting biases

	Data synthesis
	Descriptive analyses
	Pairwise meta-analysis
	Network meta-analysis (NMA)
	Assessment of statistical inconsistency
	Subgroup and sensitivity analyses
	Secondary analyses


	Discussion
	Abbreviations
	Competing interests
	Authors’ contributions
	Funding source
	Author details
	References



