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Abstract Primary total hip arthroplasties have reported
success rates of greater than 95% in many series with a
longer than 10-year follow-up. Revision total hip arthro-
plasty due to such factors as increased high-activity levels,
younger patients undergoing the procedure and increasing
life expectancy has become more prevalent. An under-
standing of the mechanisms and timing of total hip
arthroplasty failure can direct efforts aimed at reducing
revision rates. This study was conducted to evaluate the
indications for revision hip arthroplasty and relate these to
the time after the index primary hip arthroplasty. A review
of all revision hip arthroplasties at two centres over a 6-year
time period identified 225 patients who underwent 237
revisions. The overall mean time to revision was 83 months

(range: 0–360 months). The cause of failure was aseptic
loosening in 123 hips (51.9%), instability in 40 hips
(16.9%) and infection in 37 hips (5.5%). When stratified
into two groups (less than 5 years, more than 5 years after
the index primary hip arthroplasty), 118 of 237 (50%)
revisions occurred in less than 5 years, with 33% due to
instability and 24% resulting from infection. The majority
of the causes of failure within 5 years in these early
revisions were instability and deep infection. The success of
hip arthroplasty is likely to be compromized if technical
aspects of the surgery for appropriate component position-
ing and critical protocols to minimise complications such as
infection are not given the proper attention.

Résumé A dix ans de recul moyen les prothèses totales de
hanches ont un taux de 95% de réussite dans la plupart des
séries. Les facteurs ayant entraînés une réintervention, de
type révision dépendent du niveau d’activité des sujets, de
leurs jeunes âges, et de l’augmentation de la durée de vie.
La compréhension des mécanismes d’échecs des prothèses
totales de hanche devrait permettre de réduire le taux de
révision. Cette étude a pour but d’évaluer les indications de
révisions des prothèses totales de hanche. Pour cela, ont été
revus, dans deux centres, avec six ans de recul moyen 225
patients qui ont bénéficié de 237 révisions. Le temps moyen
pour la révision a été de 83 mois (0 à 360 mois). La cause
de l’échec a été le descellement aseptique 123 hanches
(51.9%), instabilité sur 40 hanches (16.9%) et infection sur
37 hanches (5.5%). Si l’on reclasse ces patients en deux
groupes à moins et plus de 5 ans, 118 des 237 révisions
(50%) surviennent dans une période de moins de 5 ans,
33% sont dues à l’instabilité, 24% à l’infection. Les causes
d’échecs majeures avant 5 ans avec révisions, sont donc
l’instabilité de la hanche et les infections profondes. Le
succès d’une arthroplastie totale de hanche passe donc par
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le bon positionnement des implants et le respect du
protocole de façon à éviter les complications infectieuses.

Introduction

Primary total hip arthroplasty is often described as one of
the greatest advances in healthcare of the 20th century [1–
3]. At present, the success rates of total hip arthroplasty at
10 years or longer exceeds 95% survivorship in patients
older than 75 years [2, 4, 5]. Increasingly more patients are
undergoing total hip arthroplasty, and they are generally
expected to maintain a higher level of activity. In addition,
life expectancy has increased, which has placed an
increasing demand on these arthroplasties [6–9]. For these
reasons, even though this is a highly successful operation,
the number of revision procedures is expected to increase in
the near future.

Revision hip arthroplasty, which constitutes close to one
quarter of all arthroplasties performed in the USA, places
immense financial burden on healthcare and has a less
favourable outcome than primary total hip arthroplasty [1].
Potential reasons for hip revisions can be stratified into
three groups: patient-related factors, implant-related factors
and failures related to inadequate surgical technique [3, 10,
11]. Osteolysis and aseptic loosening, resulting from the
failure of bearing surfaces, are considered to be the most
common reasons for revision hip arthroplasty [3, 4]. These
are failures that occur relatively long after the primary
implantation. Other causes of failure which occur at earlier
times include implant-related problems, such as peripros-
thetic fractures [12, 13], delamination of the porous coating
[11], or other manufacturing problems. Patient-related
factors leading to the failure of total hip arthroplasty
include co-morbidities such as sickle cell anaemia [14],
poor bone quality [15], or other variables that may
predispose the patient to infections or dislocation. Surgical
technique may also affect the outcome of total hip
arthroplasty. This technical influence may be greater than
previously believed as many revisions are required because
of recurrent dislocation, malpositioning of components, or
other technical problems [16–18]. Various other factors,
such as high body mass index, use of non-steroidal anti-
inflammatory drugs (NSAIDs) and smoking, are still
subject to controversy in terms of being potential causes
of prosthetic failure [19–23].

A stratification of the different modes of failure in large
populations of patients undergoing revision as related to the
timing of the failure has rarely been described. The purpose
of this study was to examine the causes of failure of total
hip arthroplasties and to analyse these and other demo-
graphic parameters in relation to the time of the revision
after the primary procedure.

Materials and methods

All patients who underwent revision total hip arthroplasty
between January 1, 1996 and December 31, 2004 at two
institutions were analysed. Patients were identified using a
prospectively collected computerised database at each
centre. Patients undergoing a revision of a bipolar implant
or conversion of a fracture fixation to a hip arthroplasty and
those undergoing a second or further revision were
excluded. Sixteen hips were excluded because they fol-
lowed a failure of bipolar arthroplasties or hemi-resurfacing
arthroplasties.

Detailed demographic data for each patient were
collected, including age at index hip arthroplasty, gender,
primary diagnosis and time from index primary total hip
arthroplasty to failure as well as the exact reason(s) for
failure of arthroplasty. The data sources reviewed included
peri-operative charts, operative notes, discharge summaries
and relevant radiographs. The primary diagnosis was
grouped into the following categories: osteoarthritis, in-
flammatory arthritis (including rheumatoid arthritis and
ankylosing spondylitis), osteonecrosis, hip dysplasia, post-
traumatic arthritis and a miscellaneous group of other
causes (hip tumours, pigmented villonodular synovitis).
For each hip, the reason for failure was classified into one
of the following six categories: aseptic loosening, infection,
instability, component failure, peri-prosthetic fracture, or
pain. In 14 cases in which there were multiple reasons for
the failure, the primary reason for failure was selected by a
joint decision by three of the co-authors (MAM, IT, DB)
and recorded.

The demographic data collected was subject to various
stratifications. Age at time of the primary procedure and at
time of revision arthroplasty was stratified into one of four
categories: under 30 years, 30–50 years, 50–70, or 70 years
or older. For further analysis, the patients were stratified
into a group of patients under 50 of age or a group of
patients 50 years or older.

Patient data was stratified on the basis of the time to
failure, which was defined as the interval, in months, from
the primary procedure to the revision. This was stratified
initially into four groups: less than 2 years, 2–5 years, 5–
10 years and more than 10 years. This was later stratified
into two separate groups, less than 5 years and more than
5 years (which was the mean for the study).

All data were entered onto a spreadsheet to allow
comparison between groups and the determination of the
relationships between the different variables. A tabulation
of the overall results for the five independent variables (age,
diagnosis, gender, time to failure and reason for failure) was
performed. These tabulated results were then stratified by
analysing each variable in relation to the other four. Direct
comparisons were made of data for the different age
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categories in terms of time to failure and reason for failure.
The relationships between primary diagnoses, time to
failure and reason for failure were also established.

Survivorship analysis was performed using Kaplan-
Meier curves to determine the survival of the implant for
each diagnosis. The starting point was the date of the index
surgery (primary total hip arthroplasty) and the end point
was the date of the revision surgery. Kaplan-Meier curves
were used to determine the relationship between gender and
failure, and between age at the time of index surgery and
failure. The authors also used Kaplan-Meier curves strati-
fied by indication for revision to determine whether they
correlated with shorter or longer revision-free intervals.

The Breslow test and log rank test were used to analyse
data. The Breslow test weights early events more heavily
than later events, whereas the log rank test weights all
failures equally, regardless of time of occurrence. Median,
mean values and the probability of significance (p<0.05)
were determined with use of the SPSS statistical software
package (SPSS, Chicago, Ill.).

Results

There were 225 patients (237 hips) in the study, 108 of
whom were men (111 hips) and 117 women (126 hips). The
mean age of the study group was 59 years (range: 24–
89 years). The overall mean time to revision surgery was
83 months (range: 0–360 months). One hundred and
twenty-three hips (51.9%) were revised because of aseptic
loosening, 40 (16.9%) were revised due to instability and
37 (15.6%) were revised because of infection. Nineteen
revisions (8%) were performed because of pain, 13 (5.5%)
because of peri-prosthetic fracture and five (2.1%) because
of component failure.

The mean time to failure for hips was the shortest – a
mean of 64 months (range: 3–360 months) – in patients
with a primary diagnosis of osteonecrosis and the longest –
a mean of 148 months (range: 24–312 months) – for

patients with inflammatory arthritis. Patients with a diag-
nosis of hip dysplasia, post-traumatic arthritis and primary
osteoarthritis had intermediate mean times to failure of
83 months (range: 8–204 months), 73 months (range: 3–
312 months) and 82 months (range: 0–300 months),
respectively. The percentage of patients at each interval of
time whose hips had failed is shown in Table 1. The table
shows an increase in the incidence of aseptic loosening as a
cause of failure as time progresses. For example, aseptic
loosening was the cause of approximately 18% of revisions
at less than 2 years; this increased to over 90% in hips that
failed after 10 years. It is also evident that most of the
failures occurring within the first 2 years can be attributed
to joint instability and infection (57% of this group). These
factors were less important in patients who underwent
revision after 10 years (5.8%).

When the data on timing and mode of failure were
further stratified into two groups with a mean time to failure
of less than 5 years versus 5 years or longer, approximately
one-half of the hips (118 of 237) that were revised had
survived less than 5 years. Differences were also noted
between the causes of failure for the two groups (Table 1).
The major cause of failure after 5 years was aseptic
loosening.

The relationship between primary diagnosis and mech-
anism of failure is shown in Table 2. This analysis
illustrated higher rates of failure by aseptic loosening in
the inflammatory arthritis (75%) and hip dysplasia (60%)
groups versus the osteonecrosis (41.9%) and osteoarthritis
groups (50.5%). The results reflect the longer mean time to
failure in these groups. There was a markedly higher rate of
failure by instability in the osteonecrosis group, which
paralleled the higher incidence of early revisions in this
group.

The relationship between time of revision and diagnosis
is shown in Table 3. The highest proportion of early
revisions occurred in the post-traumatic arthritis (57.1%)
and osteonecrosis groups (53.2%). The lowest proportion of
early revisions (10%) and the largest proportion of late

Table 1 Relationship between cause of failurea and time to failure (time interval to revision)

Time interval to
revision

Number of hips
requiring revision

Aseptic
loosening (%)

Infection
(%)

Instability
(%)

Component
failure (%)

Periprosthetic
fracture (%)

Pain
(%)

<2 years 79 17.70 24 33 3.80 6.30 15.20
2–5 years 39 46.20 10.30 25.60 0.00 5.10 12.80
5–10 years 49 67.30 14.30 10.30 0.00 2 6.10
>10 years 70 90 5.80 0.00 0.00 2.80 1.40
<5 years 118 27.10 19.60 30.5 2.50 5.90 14.40
>5 years 119 80.70 9.20 4.20 0.00 2.50 3.40
Total 237 51.90 15.60 16.90 2.10 5.50 8

aCause of failure is given in the table as the percentage of the group
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revisions occur in the inflammatory arthritis group (55%).
While the revision of osteoarthritic hips is represented
evenly throughout the time interval, revision of hips
replaced for inflammatory arthritis is concentrated after
10 years.

There was an increase in the mean time to failure as the
age of the patient increased. The mean time to failure for
patients under 30 years of age at the time of revision was
25 months; for patients between 30 and 50 years of age, the
mean time to failure was 65 months, and for patients aged
50–70 years, the mean time was 82 months. In the oldest
group (patients over 70 years), the mean time to failure was
99 months.

Kaplan-Meier survival curves were compared for several
grouping factors. Survival curves based on gender were not
statistically significantly different (Breslow statistic=0.70,
p=0.40). Survival curves based on age at index surgery
between the younger (less than 50 years old) and older
(more than 50 years old) groups were significantly different
(Breslow statistic=8.26, p=0.0040; log rank statistic=8.61,
p=0.0033). The younger group had earlier failure that
required revision surgery. The mean survival time to failure
in the younger group was 63 months [95% confidence
interval (CI): 49–77 months], whereas mean survival time

for failure in the older group was 91 months (95% CI: 79–
103 months) (Fig. 1).

Survival curves based on diagnosis at the index surgery
in terms of osteoarthritis and osteonecrosis are shown in
Fig. 2. The differences between these two diagnoses are
significantly different (Breslow statistic=8.76, p=0.0031),
with patients with osteonecrosis requiring earlier revision
surgery. The mean survival time for failure in the
osteonecrosis group was 66 months (95% CI: 44–
87 months), whereas, the mean survival time for failure in
the osteoarthritis group was 81 months (95% CI: 69–
92 months). Age at the time of index surgery may be one
explanation for these results: mean age of the osteonecrosis
group was 48 years (SE=1.53, SD=12.02), while the mean
age of the osteoarthritis group was 67 years (SE=1.049,
SD=11.10). When the osteonecrosis and hip dysplasia
groups were analysed together as a similar group (because
of the younger age at the time of primary total hip
replacement) and compared to the osteoarthritis group
(who were older when they underwent primary total hip
arthroplasty), the survival curves (Fig. 3) were significantly
different (Breslow statistic=5.57, p=0.0182)., with the
patients with a diagnosis of osteonecrosis or hip dysplasia
at index surgery having earlier revisions. The Mean

Table 2 Relationship between cause of failurea and primary diagnosis

Diagnosis Number of hips
requiring revision

Causes of failure

Aseptic
loosening (%)

Infection
(%)

Instability
(%)

Component
failure (%)

Peri-prosthetic
fracture (%)

Pain (%)

Osteoarthritis 111 56 (50.5) 24 (21.6) 17 (15.3) 2 (1.8) 9 (8.1) 4 (3.6)
Inflammatory arthritis 20 15 (70) 2 (10) 1 (5) 0 (0.0) 2 (10) 0 (0.0)
Osteonecrosis 62 26 (41.9) 6 (9.7) 13 (21) 2 (3.2) 1 (1.6) 14 (22.6)
Dysplasia 25 15 (60) 1 (4) 6 (24) 1 (4) 1 (4) 1 (4)
Post-traumatic arthritis 14 6 (42.9) 6 (42) 4 (28.6) 0 (0.0) 0 (0.0) 0 (0.0)
Other 5 5 (100) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

aCause of failure is given in the table as the number of hips, with the percentage given in parentheses

Table 3 Relationship between primary diagnosis and timing of revisiona

Diagnosis Number of hips requiring revision Timing of revision

<2 years (%) 2–5 years (%) 5–10 years (%) >10 years (%)

Osteoarthritis 111 27 (24.3) 27 (24.3) 24 (21.6) 33 (29.8)
Inflammatory arthritis 20 2 (10) 0 (0.00) 7 (35) 11 (55)
Osteonecrosis 62 33 (53.2) 9 (14.5) 8 (12.9) 12 (19.4)
Dysplasia 25 9 (36) 2 (8) 7 (28) 7 (28)
Post-traumatic arthritis 14 8 (57.1) 0 (0.00) 2 (14.3) 4 (28.6)
Other 5 0 (0.00) 1 (20) 1 (20) 3 (60)
Total 237 79 (33.3) 39 (16.5) 49 (20.7) 70 (29.5)

aCause of failure is given in the table as the number of hips, with the percentage given in parentheses
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survival time in this combined osteonecrosis and hip
dysplasia group was 70 months (95% CI: 53–87 months),
and the mean survival time in the osteoarthritis group was
81 months (95% CI: 69–92 months). Age at the time of the
index surgery may be one explanation for these results.

Aseptic loosening was the most common cause of total
hip arthroplasty failure in our study. A comparison of the
survival curves based on the cause of failure at revision
surgery in terms of aseptic loosening and other groups
revealed a significant difference (Breslow statistic=67.10,
p=0.00; log rank statistic=39.14, p=0.00. This is shown in
Fig. 4. Other causes of failure, such as instability and
infection, led to revision surgery earlier than aseptic
loosening. The mean survival time for failure due to aseptic
loosening was 112 months (95% CI: 100–125 months),
whereas mean survival time to failure due to other causes
was 50 months (95% CI: 38–62 months).

No significant correlation between the initial diagnosis at
index surgery and causes of failure was found. In addition,
no significant correlation between age at primary surgery
(younger than 50 years and older than 50 years) and cause
of failure was found. The older group was most likely to
fail because of aseptic loosening, while the younger group
failed due to a variety of other causes.

Discussion

This study revealed that half of the hips were revised within
less than 5 years of the primary index total hip arthroplasty.
The mode of failure of the implanted hips was dependent
on the length of the time interval following the index

Fig. 2 Results of the Kaplan-Meier survivorship analysis for the
osteonecrosis (=AVN, avascular necrosis ) and osteoarthritis (OA)
groups

Fig. 1 Results of the Kaplan-Meier survivorship analysis for the
patients younger and older than 50 years of age, respectively

Fig. 4 Results of the Kaplan-Meier survivorship analysis for aseptic
loosening (AL) and other causes of failure

Fig. 3 Results of the Kaplan-Meier survivorship analysis for
osteonecrosis (AVN) in relation to the development of disorders of
the hip (DDH) and osteoarthritis (OS)
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surgery – more or less than 5 years. In the late group, the
primary reason for revision was aseptic loosening, whereas
for the early failures, instability and deep infection proved
to be the most important causes. These early failures were
often directly related to errors in surgical technique, such as
component malposition, soft tissue laxity, or operative field
inoculation with bacteria.

Aseptic loosening continues to represent the predomi-
nant mode of failure of hip arthroplasty, with 52% of the
revision cases being performed for this reason alone. This
result was expected and to an extent justifies the large
research effort which is currently being expended to reduce
this problem. Aseptic loosening of modern cementless
prosthetic designs has been associated with the use of
NSAIDs and excessive smoking [23, 24]. Malik et al. [20]
reported on the effects of both NSAID usage and smoking
on early aseptic loosening and found no statistical signif-

icance between these variables. However, when assessed in
the context of the relatively small number of total hip
arthroplasties that fail early by aseptic loosening, the
importance of other causes of failure must be recognised.
In particular, this study again emphasizes the importance of
meticulous surgical technique to minimise the technical
errors which can cause early failure. It is likely that a joint
that fails early – after only a few months – may be much
more devastating to the patient than one which eventually
succumbs after 15 or more years of excellent clinical
service. A hip which fails due to sepsis often creates a
greater operative challenge for the revision surgeon than a
joint which has failed because of aseptic loosening.

A review of the recent literature revealed several papers
which have discussed reasons for revision total hip surgery.
A summary of selected studies published since 2000 in
which more than 50 hip revisions are discussed is shown in

Table 4 Hip revision arthroplasty studies since 2000

Author Year Number of hips Findings related to revision in total hip arthroplasty

Current study 2007 237a,b • 51.9% (123) aseptic loosening
• 16.9% (40) instability
• 15.6% (37) infection
• 8% (19) pain
• 5.5% (13) periprosthetic fracture
• 2.1% (5) component failure

Lachiewicz et al. [30] 2005 100a • 38% (15%)c loosening components
• Loosening acetabular cup 22% {24%}
• Loose hemiarthroplasty 13% (6%)
• Infection 10% (7%)
• Loosening femoral comp 8% (22%)
• Periprosthetic fracture 2% (3%)
• recurrent dislocation 2% (16%)
• osteolysis poly wear 1% (7%)

Clohisy et al. [32] 2004 439a • 7% infection
• 5% for periprosthetic fracture

Weeden et al. [28] 2002 188a • 82% aseptic loosening
• 8% infection
• 5% periprosthetic fracture
• 14% instability

Lind et al. [27] 2002 87b • 83 aseptic loosening
• 4 infection

Ullmak et al. [29] 2002 57b • 59 aseptic loosening
• 3 infection

Bohm et al. [13] 2001 129b • 97 aseptic loosening
• 16 infection
• 13 periprosthetic fracture

Templeton et al. [26] 2001 61b • 56 aseptic loosening
• 2 instability
• 3 periprosthetic fracture

Crawford et al. [25] 2000 74b • 4 instability
• 3 component failure

aReasons for failure; given as a percentage of the group
bReason for failure; given as the number of patients
c Percentage of patients 10 years apart is given in parentheses
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Table 4 [13, 25–32]. Most of these reports have focused on
technical aspects of the revision or longevity, or outcome of
the revision procedure. The time interval from the index
arthroplasty to revision arthroplasty was not documented in
these studies or most other reports of revision hip
arthroplasty in the literature. This study has demonstrated
the relationships that exist between the reasons for failure
of hip replacements, the time to failure, the primary
diagnosis and patient age.

In their recent Insall Award paper, Sharkey et al. [33]
analyse the causes of failure after total knee replacement.
They report that 55.6% of 212 total knee revision
arthroplasties were performed within 2 years of the index
procedure, with many of these early failures being related
to technical errors which gave rise to instability. This
finding correlates closely with the results of our study in
which 50% of the failures occurred within 5 years of the
index procedure. Both these sets of results may demon-
strate that many of the factors that cause early failure are
surgeon-related.

It is recognised that there are limitations to this study.
First, clinical outcomes were reviewed retrospectively.
Next, the two centres in this study are tertiary referral
centres that receive large numbers of patients specifically
for revision surgery. Therefore, the proportion of early
failure might be higher than expected in a general practice.
Nevertheless, the reasons and times of these failures have
been accurately tabulated. In addition, the authors did not
further analyse the effect of various risk factors such as
body mass index, smoking and the use of NSAIDS.

In conclusion, although total hip arthroplasty has
become an extremely successful operation, a proportion of
failures are inevitable. As the procedure has evolved,
significant resources have been deployed to reduce the rate
of failure attributable to implant design or manufacturing
technique. It is the contention of these authors that surgeons
must remain focused on the technical aspects of the
procedure and vigilant for errors in surgical technique
which can give rise to early failure.
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