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Abstract The primary goals of this critical literature review
were to determine whether revision rates of primary total hip
arthroplasty in patients with osteonecrosis differ based on
the underlying associated risk factors and diagnoses, whether
the outcomes of this procedure have improved over the past
two decades, and to compare outcomes based on study level
of evidence. A systematic literature review yielded 67 reports
representing 3,277 hips in 2,593 patients who had a total hip
arthroplasty for osteonecrosis of the femoral head. Stratifi-
cation of outcomes by associated risk factors or diagnoses
revealed significantly lower revision rates in patients with
idiopathic disease, systemic lupus erythematosus, and after
heart transplant, and significantly higher rates in patients
with sickle cell disease, Gaucher disease, or after renal
failure and/or transplant. There was a significant decrease
in revision rates between patients operated upon before 1990
versus those in 1990 or later, with rates of 17% and 3%,
respectively. The results for arthroplasties performed in 1990
or later were similar to those for all hips in publicly reported
national joint registries. Certain risk factors were associated
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with higher revision rates in patients with osteonecrosis who
were treated by total hip arthroplasty. However, most patients
(82%) do not have these associated negative risk factors.
Overall, this critical literature review provides evidence that
osteonecrosis itself, or when associated with the most
common risk factors and/or diagnoses, is not associated with
poor outcomes in total hip arthroplasty.

Introduction

Total hip arthroplasty is often the only available treatment
to reduce pain and restore mobility in patients with post-
collapse osteonecrosis of the femoral head. There have been
a number of reports studying the outcomes of total hip
arthroplasty for this disease, with a wide range of results.
Historically, several authors described failure rates as high
as 39% to 53% with first generation hip arthroplasty
implant designs and techniques [15, 20, 82]. Some recent
studies, reflecting third generation designs and techniques,
have reported much lower revision rates [5, 42, 65, 79].
Patients with osteonecrosis are often grouped by associ-
ated risk factors and/or diseases. Some of the most common
and well-described risk factors associated with this condition
include corticosteroid use, excessive alcohol consumption,
and smoking [63]. More recently, human immunodeficiency
virus infection [47, 61] and organ transplantation, specifical-
ly heart, liver, and kidney transplants [8, 37, 58], have been
found to be associated with osteonecrosis. Some risk factors
might portend a better or worse outcome for total hip ar-
throplasty, and a few studies have reported increased failure
rates with certain sub-populations (e.g. patients with sickle
cell disease) [1, 7, 17, 54, 66, 68, 80, 88]. Other factors
unique to osteonecrosis may further have contributed to the
worse outcomes historically reported in the literature. The
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disorder is associated with altered bone remodelling, which
may adversely affect the quality of the bone available for
fixation of the implant [87]. In addition, osteonecrosis tends
to affect younger individuals who commonly have a higher
activity level as compared to older patients, potentially
placing additional stress on the implant [24, 81]. Finally, in
some patients, such as those exposed to high dose cortico-
steroids, the necrotic lesion may extend into the calcar, with
the resultant dead bone providing inadequate support to
prevent subsidence of the femoral component [62].

The primary purpose of this literature review was to pool
the reported results of total hip arthroplasty for osteonecrosis
to assess the overall revision rates to help us determine
whether the disease itself is an independent risk factor for
revision. Specific questions addressed were: (1) whether
revision rates differ based on associated risk factors and/or
diseases for osteonecrosis; (2) whether revision rates have
changed over time, based on the year of index procedure; and
(3) whether reported outcomes differ based on the level of
evidence of the study. Where appropriate, an attempt was
made to analyse whether there were differences in gender
distribution, types of fixation, and length of follow-up that
may have contributed to any differences in the results between
these groups. An additional purpose was to compare the revi-
sion rates of more recently performed total hip arthroplasties
for osteonecrosis (in 1990 or later) to the results for a variety of
diagnoses reported in the larger national joint registries.

Materials and methods

A comprehensive search was performed of the MEDLINE
and EMBASE online databases for articles published up to
December 31, 2007, using combinations of the initial terms
'total hip', 'arthroplasty', 'replacement’, 'osteonecrosis', and
'avascular necrosis', and potentially relevant articles were
identified. A review of the reference lists was made of
the identified articles for any additional relevant studies.
Three of the authors of our study (H.R.J., M.G.Z., M.A.M.)
screened all the reports following our inclusion and ex-
clusion criteria using the following guidelines: (1) inclusion
of reports of patients treated with primary total hip
arthroplasty for osteonecrosis using any combination of
cemented, cementless, or hybrid component fixation, with
outcomes measured by revision rates; (2) exclusion of any
reports studying revision cases, those that contained
previously published cases, or those surveying hemi-
arthroplasty, bipolar arthroplasty, resurfacing, and/or thrust
plate prostheses; (3) exclusion of studies that contained less
than ten patients; (4) only studies with a reported follow-up
were included, and (5) only the most recent study was
included when the same patient cohort was reported in
multiple follow-up articles.
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Two of the authors of this study (H.RJ., M.G.Z.)
extracted demographic data, types of fixation, associated
risk factors and/or diagnoses, outcome data, study level of
evidence, and years of index surgery into an electronic form
using Microsoft Excel software (2003 version; Microsoft
Corporation, Redmond, Washington), which was then
combined into a single spreadsheet using the same soft-
ware. The accuracy of the collected data was independently
verified by three of the authors (D.R.M., M.A.M., M.S.M.).
The specific demographic data collected included: number
of patients, number of hips, age, gender, and follow-up
period. The number of implants with cemented, cementless,
hybrid, or reverse hybrid fixation was recorded for each
report. Additional data included the presence or absence of
any of the identified risk factors and/or associated diseases
for osteonecrosis listed in Table 1. Outcome parameters
included the number and percentage of hips that underwent
revision surgery for any reason, that were scheduled for
revision surgery, or that were recommended for revision
surgery. Overall demographic, associated risk factor, and
outcome data were averaged by weighting for the number
of hips reported in each study, thereby preventing any
one study from disproportionately influencing the overall
results.

Sixty-seven studies were identified that reported on total
hip arthroplasty for osteonecrosis of the femoral head that
met our inclusion and exclusion criteria [1-3, 7, 9, 12-23,
25,28-32,34-36, 3841, 43, 45, 46, 48-57, 59, 60, 64—66,
68-71, 73-80, 84, 86, 88-92], encompassing 3,277 hips in
2,593 patients. These reports were published between 1985
and 2007, with index arthroplasties performed between
1962 and 2006. The patients included in these reports had a
mean age at index procedure of 44 years (range, 15-90
years), and were followed for a mean of eight years (range,
1-28 years). Men represented 60% of the patients and
women 40%. Cemented fixation was used in 41% of the
hips, cementless fixation in 51% of the hips, hybrid fixation

Table 1 Prevalence of associated risk factors and diseases for secondary
osteonecrosis

Risk factor and/or diagnosis Prevalence (%)

Corticosteroids 22
Excessive alcohol consumption 19
Post-traumatic 11
Idiopathic 21
Systemic lupus erythematosus 5
Sickle cell disease 4
Other 3
Renal failure and/or transplant 13
Heart transplant 1
Gaucher disease 1
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in 7% of the hips, and reverse hybrid fixation in less than
1% of the hips (12 out of 3,277 hips). The most commonly
reported associated risk factors and diseases were cortico-
steroid use for any reason (41%), steroid use for reasons
other than organ transplant/failure or systemic lupus
erythematosus (22%), and excessive alcohol use (19%).
Twenty-one percent of patients had no identifiable risk
factor and/or disease, and were classified as having
idiopathic disease. The prevalence of various associated
risk factors can be found in Table 1.

Thirty studies representing 1,273 hips (963 patients)
contained sufficient information to stratify outcomes by
associated risk factor [1-3, 7, 9, 15, 17, 18, 20, 21, 23, 25,
31, 36, 39, 41, 43, 45, 54, 56, 57, 66, 68, 70, 71, 73, 74, 76,
77, 80, 88], with index arthroplasties performed between
1970 and 2006. The demographic profile of the patients in
these studies was similar to the overall patient population,
with a mean age of 44 years (range, 16-90 years), and a
mean follow-up of eight years (range, 1-26 years). Men
represented 51% of the patients, and women 49%.
Cemented fixation was used in 64% of the hips, cementless
fixation in 33%, hybrid fixation in 3%, and reverse hybrid
fixation in the remaining 1% of the hips. Insufficient
information was available to make a statistical comparison
between mean ages, gender distribution, and lengths of
follow-up between subgroups of stratified patients and the
whole population. Two corticosteroid groups were used in
our analysis: one group included all patients with a history
of corticosteroid use, including those with a history of
organ failure and/or transplant or systemic lupus erythema-
tosus; the second group included only those patients with a
history of corticosteroid use for reasons other than the

above co-morbidities. A comparison between these two
groups was used to analyse whether risk for failure in
patients with a history of corticosteroid use differed based
on the underlying condition. A full description of revision
rates stratified by risk factors can be found in Table 2.

All studies that met our inclusion and exclusion criteria
were grouped into those with index arthroplasties per-
formed before 1990, and those performed in 1990 and later.
Studies were stratified in this manner, because in the 1980s
there were important changes in surgical techniques and
prosthesis design for total hip arthroplasty. Specifically,
second-generation cementing techniques were adopted and
reported by a number of investigators during this decade,
and circumferentially proximally-coated cementless stems
were made available. Both of these advances were reported
to substantially reduce the incidence of femoral component
loosening or revision [4, 6, 67, 85]. Most investigators had
adopted these innovations into their surgical practice by
the year 1990. Stratifying studies around this year was
designed to allow us to evaluate the influence of modern
techniques and designs on the outcomes of total hip arthro-
plasty for osteonecrosis. Some reports included patients
operated upon both before and after 1990. In these reports,
we determined when each patient’s procedure was per-
formed, assigning them to the appropriate group. When this
was not possible, the report was excluded from our
temporal review of hip revision rates. Four reports did not
contain sufficient information for stratification [22, 51, 52,
91]; these studies were included in our overall review, but
were excluded from the analyses of differences before and
in or after 1990. Twenty-eight studies included index
arthroplasty dates prior to 1990 [1, 3, 7, 9, 15, 17, 19, 20,

Table 2 Revision rates stratified by associated risk factors and/or diagnoses, and comparison to revision rate in all studies

Population parameters Total hips  Revised  Revision percentage  p-value

Total study population (all hips with osteonecrosis from all 67 reviewed studies) 3,258 413 13

Number of hips with sufficient detail provided to establish failure based 1,301 223 17

on risk factor

All corticosteroids 697 120 17 0.997
Corticosteroids (excl. organ failure/transplant or SLE) 238 40 17 0.952
Renal failure and/or transplant 354 77 22 0.003*
Heart Transplant 24 0 0 0.023*
Systemic lupus erythematosus 81 3 4 0.002*

Excessive alcohol consumption 102 18 18 0.997

Post-traumatic 128 15 12 0.146

Idiopathic 232 21 9 <0.001*

Sickle cell disease 90 29 32 0.001*

Gaucher disease 30 10 33 0.022*

Twenty-two hips, of which ten failed, had associated risk factors and/or diagnoses other than those specific above. They were included in the total

stratified population

* Values considered significant
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28,31, 32, 34, 36, 39, 43, 45, 50, 53, 57, 59, 60, 66, 68, 71,
73, 74, 76, 77], representing 1,209 hips in 944 patients. The
patients in this group had a mean age of 45 years (range,
16-90 years), with men representing 49% of the patients
and women 51%. Cemented fixation was used in 71% of
the hips, cementless fixation in 28%, and reverse hybrid
fixation in the remaining 1% of the hips. Nine studies
included index arthroplasty dates in 1990 or later [13, 40,
48, 55, 56, 64, 65, 70, 79], representing 458 hips in 395
patients. The patients in this group had a mean age of 45
years (range, 15-77 years). Men represented 71% of the
patients and women 29%. Cementless fixation was used in
89% of the hips, and hybrid fixation in the remaining 9% of
the hips. No patients were treated with fully cemented
prostheses. Some variability was seen in the prevalence of
various risk factors and/or diseases between the two groups.
The most commonly reported associated factors in patients
operated in 1990 or later were idiopathic disease (35%),
ethanol abuse (26%), and corticosteroid use (20%). In
comparison, in patients operated prior to 1990, these factors
had a prevalence of 19%, 11%, and 19%, respectively. A
complete description of demographic findings can be found
in Table 3.

Studies were grouped by level of evidence. High level of
evidence studies (levels I and II) are widely accepted as
providing higher-quality evidence for the outcomes of
treatments and/or interventions while minimising bias,
owing to their prospective, randomised, and controlled
design. In contrast, lower level studies (levels of evidence
III and IV) are either retrospective in design or do not
include a comparison or control group, and are generally
accepted to be more susceptible to bias and error. Grouping
studies by level of evidence was made to allow the authors
to (1) evaluate whether differences existed in reported out-
comes based on study design, and (2) assess the overall
quality of the evidence for the outcomes of primary total hip
arthroplasty in patients who had osteonecrosis as reported in

the orthopaedic literature. Thirty-four studies encompassing
1,599 hips had a level of evidence of IV, 32 studies
encompassing 1,647 hips had a level of evidence of III,
one study encompassing 31 hips had a level of evidence of
11, and no studies had a level of evidence of I. This precluded
a comparison of prospective randomised trials to case series
reports, but allowed comparison of reports with levels of
evidence IIl and IV. The demographic profiles showed
similar weighted mean ages and gender distribution in both
level III and level IV study groups.

The most recent reports of the Canadian [10], English
and Welsh [26], Norwegian [27], Danish [72], Swedish
[44], Australian [33], and New Zealand [11] joint registries
were reviewed to determine the six-year and ten-year
survival of primary hip arthroplasties. Only the Danish,
Swedish, Australian, and New Zealand reports contained
sufficient data and/or follow-up time to extract this
information. Data was extracted for all primary total hip
arthroplasties, and those performed in patients who had
osteoarthritis only. None of the reports presented separate
outcomes for patients who had a diagnosis of osteonecrosis.
The outcomes were then compared to the results of our
review of the nine studies encompassing patients operated
in 1990 or later. A comparison of reported registry results
was not made to the total osteonecrosis patient population
of all 67 reviewed studies because, although this group had
a mean follow-up of eight years, the range of follow-ups
had a large variation (between one and 26 years), making a
meaningful comparison impossible.

To answer the specific questions posed in this study, a
review of the collected data was performed to determine
the overall demographic profile of the combined patient
cohort, the incidence of the previously defined associated
risk factors and diseases, and the overall rate of revisions.
Stratification of patients based on age or gender was not
possible. However, to minimise any possible study bias, a
review was performed concerning whether these factors

Table 3 Demographic profiles
of overall patient population,
and study groups stratified by

year of index surgery

Demographic All patients Surgery before Surgery in 1990
1990 or later

Number of studies 67 28 9

Total number of patients 2,574 944 395

Total number of hips 3,258 1,209 458

Gender distribution (male:female)  1,564:1,027 437:452 281:114

Weighted mean age (years)

Weighted mean follow-up (years)

Fixation (cemented, cementless,
hybrid, reverse hybrid)

Revision rate

Revision rate per 100 observed
implant years

Years of index surgery

44 (range, 16-86)
8 (range, 0.7-28)
39%, 53%, 8%, <1%

13% (range, 0-50%)
1.5

1962-2006

45 (range, 16-90)
9 (range, 1-28)
71%, 28%, 0%, 1%

17% (range, 0-50%)
1.9

1962-1989

45 (range, 15-77)
6 (range, 1-11)
0%, 89%, 11%, 0%

3% (range, 0-7%)
0.5

1991-2006
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differed significantly between: (1) the overall patient pop-
ulation and the subset that had outcome data stratified by
associated risk factors and/or diagnoses shown in Table 1;
(2) patients who were operated upon pre or post-1990; and
(3) studies with differing levels of evidence. In addition, a
review of whether significant differences existed in the
types of fixation used in the groups described above was
performed. Stratification of the reports by these groups was
performed, with a separate review made of all of the
variables (demographic data, revision rates, associated risk
factors and diagnoses, and follow-up times) to search for
any significant differences in these population character-
istics that might influence the results.

Statistical methods

Averaging, weighting, and comparative analyses was per-
formed using SigmaStat statistical software (version 3.00;
SPSS Inc., Chicago, Illinois) and the Microsoft Excel
spreadsheet program (2003 version; Microsoft Corporation,
Redmond, Washington) using chi-square, Student’s #-test,
and logistical regression analyses where appropriate.

Results

Total hip arthroplasties performed after 1990 revealed a
survival rate of 97% at a mean follow-up time of six years.
This is in contrast to a survival rate of 83% at a mean
follow-up of nine years for total hip arthroplasties per-
formed before 1990. Overall, the survival rate for all the
primary hip arthroplasties included in this analysis was
87%, with revision surgery performed or indicated in 13%
of hips (range in reports, 0-50%).

Stratification of revision rates in all reviewed patients
with osteonecrosis by associated risk factors and/or diseases
revealed revision rates significantly higher than the overall
rate in patients with sickle cell disease (»p<0.001), renal
failure and/or transplant (p=0.002) and Gaucher disease
(»p=0.013). The total number of osteonecrosis patients with
risk factors and/or diseases who had revision rates
significantly higher than the overall rate represented 18%
of the total number of patients who were treated by primary
total hip arthroplasty for osteonecrosis. Therefore, over
80% of patients with osteonecrosis did not have a higher
risk of failure as compared to the overall mean rate.
Revision rates were significantly lower than the overall
mean rate for three risk factors: systemic lupus erythema-
tosus (p<0.001), idiopathic disease (p=0.005), and heart
transplant (p=0.027). Revision rates for all patients with a
history of corticosteroid use were similar to the overall
population (p=0.997), but those with a diagnosis of
systemic lupus erythematosus or after organ failure and/or

transplant had significant differences in revision rates as
compared to the overall group, while the patients who had a
history of corticosteroid use for other indications did not
(»=0.952).

A significant difference was found in total hip arthro-
plasty revision rates over time (p<0.0001), with an odds
ratio of 5.7 for studies with index arthroplasty performed
prior to 1990 as compared to those performed in 1990 or
later. Normalisation of rates revealed revisions per 100
observed implant years of 1.9 and 0.5 (odds ratio=3.8) for
patients with index surgery prior to and after 1990,
respectively. The overall total hip arthroplasty survival rate
for index procedure performed in 1990 or later was 97%,
with revision surgery performed or indicated in 3% of hips
(range in studies, 0-7%); whereas the overall total hip
arthroplasty survival rate in patients with osteonecrosis and
index procedures performed prior to 1990 was 83% at final
follow-up, with revision surgery performed or indicated
in 17% of hips (range in studies, 0-50%). Insufficient
information was available to make a statistical comparison
between the mean age and length of follow-up of the two
groups, but significant differences were found in gender
distribution (p<0.001) and type of fixation (p<0.001), with
a higher proportion of men and more frequent use of
cementless fixation seen in osteonecrosis patients operated
upon in 1990 or later.

In studies with levels of evidence of III and IV, the
revision rates were 13% for both, at mean follow-ups of nine
years and seven years, respectively. There was a significant
difference in type of fixation (»p<0.001), with more hybrid
and less cementless fixation in level IV studies. Only one
study with a level of evidence of I or II was identified [55].

A review of national joint replacement registries revealed
six-year survivorship of between 95% and 97% for all
primary total hip arthroplasties for a variety of diagnoses
combined, and between 97% and 98% for arthroplasties
performed in patients who had osteoarthritis. These findings
are similar to the 97% survival at a mean follow-up of six
years found in our analysis for arthroplasties performed for
osteonecrosis in 1990 or later. The results are summarised in
Table 4.

Discussion

While total hip arthroplasty has been the definitive treat-
ment for end-stage osteonecrosis of the hip, marked by
collapse of the femoral head, published outcomes of this
treatment have varied greatly. Some reports have noted high
failure rates, while others have reported more optimistic
outcomes. Because of this large variation in results, we
decided to pool the published results of primary total hip
arthroplasty for osteonecrosis to ascertain overall outcomes
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Table 4 Comparison of total hip arthroplasty revision rates to selected national joint registries

Report or registry Total number Six-year Six-year Eight-year Six-year Eight-year Years of
of primary survivorship survivorship survivorship survivorship survivorship index
total hip for for all for all for for arthroplasty
arthroplasties osteonecrosis diagnoses diagnoses osteoarthritis osteoarthritis
Post-1990 studies 458 97%" 19902007
in our report
(all osteonecrosis)
Swedish Hip 184,020 97% 95% 98%° 97%"¢ 1992-2007
Registry®
Danish Hip 77,408 95% 94% NR NR 1995-2007
Registry
New Zealand Hip 49,374 97% 96% NR NR 1999-2007
Registry
Australian Hip 125,004 NR NR 97% NR 1999-2007
Registry

# Survival at a mean follow-up of six years

° Only results for hips operated between 1992 and 2007 were included
¢ Includes revision for aseptic loosening only

NR not reported

for this procedure, finding an overall revision rate of 13%
over 3,277 hips at a weighted mean follow-up of eight
years (range, 1-28 years). Fortunately, a significant
reduction in the rate of revisions in patients operated upon
in 1990 or later, as compared to those operated prior to that
year, was found. This may be a reflection of the fact that
only 458 hips were operated after 1990 and 89% of them
underwent cemented fixation of the femoral component.
One of the limitations of this report is that failures
examined were based on component revision rates, but not
on an assessment of clinically poor results or radiographic
failures. However, because clinical or radiographic failures
that are sufficiently severe will often result in recommended
component revision, the authors believe that revision rates
allow an excellent comparison of the relative success of
total hip arthroplasty in the groups compared in this report.
Secondly, there were other differences that were found for
certain demographic and surgical factors such as age, type
of implant fixation, and length of follow-up between patient
sub-populations that were compared in this report, and it is
possible that these differences influenced the revision rates
in the comparison groups. Furthermore, the prevalence of
negative risk factors (sickle cell disease, renal failure and/or
transplant, and Gaucher disease) was significantly higher in
patients with index arthroplasties prior to 1990 compared
to those in 1990 or later (31% versus 1%, respectively;
p<0.001), which may be responsible for some of the
differences in revision rates found between these two
groups. However, when all the patients with negative risk
factors were excluded, the revision rates in patients
operated upon prior to 1990 was 12%, which remains
considerably higher compared to the 3% rate in all patients
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with index arthroplasties in 1990 or later. There was a lack
of prospective, randomised studies which made it impossi-
ble to analyse any of the factors evaluated in this report
using traditional meta-analysis methodology and to perform
a rigorous statistical evaluation of the outcomes of this
procedure. However, the authors believe that this synthesis
nevertheless confirms suspicions about the improving
outcomes of the use of total hip arthroplasty for the
treatment of osteonecrosis of the femoral head. It is hoped
that this study will highlight the paucity of high-quality
evidence studies regarding this treatment modality, and
encourage the orthopaedic community to evaluate this con-
dition more thoroughly.

The last few decades have been marked by advances in
the understanding of osteonecrosis, and consequently by
improvements in treatments designed to address the specific
pathological elements of this disorder. For total hip
arthroplasty, the past two decades have been marked by
the widespread implementation of second and third-
generation implant designs, with some authors demonstrat-
ing their positive influence on survivorship of total hip
implants in patients with osteonecrosis [75]. For example,
Steinberg et al. recently reviewed the outcomes for total hip
arthroplasties performed in patients with osteonecrosis (203
hips) and degenerative joint disease (300 hips), and found a
higher overall failure rate in patients who had osteonecrosis
(10% versus 4%) at a mean follow-up of 14 years (range,
12—15 years) [83]. However, when the authors limited their
analysis to patients who were treated with a newer-
generation uncemented acetabular cup, they found only
one revision in 111 hips with osteonecrosis, and no failures
in 124 hips with degenerative joint disease. When stratified
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by year of surgery, our study had similar findings to those
described by Steinberg et al., with a revision rate of 3% in
patients who had their index primary total hip arthroplasty
performed in 1990 and later (representing primarily second-
generation cementless components), compared with a
revision rate of 17% in hips operated upon before 1990.

Although osteonecrosis is not an inherent predictor of
less favourable outcomes for primary total hip arthroplasty,
certain risk factors are associated with higher or lower
revision rates. It appears that patients with sickle cell
disease, renal failure and/or transplant, and Gaucher disease
have significantly higher revision rates when compared to
the overall population of patients treated with primary
total hip arthroplasty for osteonecrosis. However, 82% of
patients in this analysis did not have any of these diagnoses,
suggesting that for the majority of patients, their associated
risk factors and/or diagnoses do not predict poorer out-
comes after total hip arthroplasty.

Although patients who had renal failure and/or trans-
plant, heart transplant, and systemic lupus erythematosus all
had a history of corticosteroid use, there were significant
differences in failure rates between these groups. It is
possible that the somewhat shorter mean follow-up time
of the heart transplant patients (three years), as well as
the typically lower activity level of this population, was
responsible for the lower failure rates seen in our study.
Renal transplant patients are typically treated with much
higher doses of corticosteroids compared to other popula-
tions, and this might have a greater adverse impact on bone
metabolism, contributing to the higher failure rates seen for
this group. However, this is based on conjecture only, and
an analysis of the underlying causes of variations in failure
rates is beyond the scope of this study.

Overall, this literature review provides evidence that the
failure rates of primary total hip arthroplasties in patients
with osteonecrosis were similar to the overall rates found in
the general population treated with these implants. Certain
risk factors appear to portend worse outcomes for patients
with osteonecrosis (such as renal failure and/or transplant
and sickle cell disease), but these were found in a minority
of patients. In contrast, over 80% of patients did not have
any associated risk factors and/or diagnoses which put them
at significantly higher risk for revision. In summary, it
appears that osteonecrosis per se may not a predictor of
poor outcomes for total hip arthroplasty.
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