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Abstract: Objective: Revision total hip arthroplasty (THA) imposes physical and financial burdens on patients and
depletes limited medical resources. Causes for revision THAs can change as technology changes. Therefore, understanding contemporary causes is essential for clinical decision-making. We analyzed causes and trends associated
with revision THA in the 2010s. Methods: We retrospectively identified 803 revision cases after primary THAs were
performed at our center from January 2011 to December 2020. Causes for revision were reviewed and compared
among patients who were grouped by the date of revision and interval between primary and revision THA. Results:
The most common causes were aseptic loosening (66.6%), infection (11.0%), osteolysis (6.0%), periprosthetic fracture (5.5%), and instability (3.5%). The values for incidence of infection, fracture, and instability were higher in
the early revision group than in the late revision group (threshold, 2 years after primary surgery, all P<0.05). The
proportion of revision THAs increased by 25.6% from 2011-2015 to 2016-2020, and the time between primary and
revision THAs increased from 8.8 ± 7.0 years to 10.2 ± 6.8 years (P=0.003). In the last 5 years of the study period,
the incidence of aseptic loosening decreased and the rates of osteolysis, acetabular wear by hemiarthroplasty, and
instability increased, compared to 2011-2015 (all P<0.05). Conclusions: Aseptic loosening was the most common
cause of revision THA. Revisions due to infection, fracture, and instability occurred more frequently during the early
post-THA period after primary THA. Revisions due to osteolysis, instability, and acetabular wear have increased in
recent years.
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Introduction
Total hip arthroplasty (THA) has been performed for >100 years and stands among the
most successful orthopedic surgeries during
these decades [1]. With economic development
and an aging population, THAs continue to be
increasingly performed in developing countries
[2]. Primary THAs yield increasingly good results, and the absolute number of THAs performed has increased. Nevertheless, the number of failures and revisions have also increased
[3, 4]. THA failure imposes physical and financial burdens on patients and depletes limited
medical resources [5, 6]. Obtaining information
regarding causes of revision THA can aid surgeons to better understand reasons for failure
of primary THA, and help them prepare for revision surgery during the preoperative period [7,
8]. Investigation of major causes of primary
THA failure can assist doctors with the develop-

ment of more appropriate prosthesis, improve
surgical techniques, and avoid complications
and failures.
Studies that examined causes of revision THA
have been performed in some countries [6,
9-17]. Evaluation of causes of revision is complicated, and some previous studies used large
databases that included cases from multiple
institutions. Therefore, diagnoses of causes of
revision were often not standardized, which
could lead to study bias. In addition to the inherent limitations of studies using large databases, some studies have relatively small sample
sizes, early research dates, lack of detail in
analyses, and unclear classification. Studies
from different periods and studies using different data sources have reported varying results.
Over the last years, the volume of primary THAs
continues to increase. Surgical approaches,
prosthesis designs, understanding of diseases,
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and perioperative management continue to
change. These changes contribute to changes
in modes of failure, and causes of revision may
be different than in the past. Contemporary distributions and trends in causes of revisions
remain to be further investigated to enhance
primary THA efficacy. The present study aimed
(i) to update and analyze contemporary causes
of primary revision THA at a large center in a
developing country with a relatively large surgical volume over a 10-year period, (ii) to analyze
causes of revision THA during the early and late
post-THA period, and (iii) to analyze changes
and trends in causes of revision.
Materials and methods
Ethical approval
This study was performed in accordance with
the principles embodied in the Declaration of
Helsinki and its amendments. The study protocol was approved by the Beijing Jishuitan Hospital institutional review board (approval number, 202008-02). The informed consent requirement was waived due to the retrospective
nature of the study.
Study design
We retrospectively reviewed records of 803
revisions for primary THA (779 patients, 803
hips). According to the institution’s arthroplasty
registration center data, the revisions were performed at our center between January 2011
and December 2020. Each patient’s demographic data (e.g., age, sex, height, weight, and
body mass index), dates of primary and revision
THA, and failure mechanisms were documented. The time between primary and revision THA
was calculated, and revision procedures were
divided into two groups according to time; early
revisions were performed ≤2 years, and late
revisions were performed >2 years, after the
primary THA. We also classified the causes of
revision THA into the categories of infection,
periprosthetic fracture, aseptic loosening, osteolysis (no loosening), instability, adverse local
tissue reactions/adverse reaction to metal
debris (ALTR/ARMD), acetabular wear by hemiarthroplasty, fracture of ceramic components,
or other (e.g., implant fracture, leg length discrepancy, prosthesis impingement, unexplained pain, and soft tissue stimulation). Two experienced surgeons identified the main cause of
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the revision procedures based on clinical documents, laboratory and imaging examination
results, and condition of the retrieved prosthesis. If there were multiple reasons for hip revision, by priority, they would be categorized as
infection, periprosthetic fracture/ceramic fracture, aseptic loosening, instability, osteolysis,
ALTR/ARMD, or acetabular wear by hemiarthroplasty. The revision procedures were stratified
into two groups based on revision date: 20112015 or 2016-2020.
Statistical analysis
The Kolmogorov-Smirnov test was used to
assess continuous data for a normal distribution. For normally distributed data, mean and
standard deviation values were used, and
Student’s t-tests were applied. For non-normally distributed data, median and inter-quartile
range values were used, and Mann-Whitney U
tests were performed. For categorical variables, frequencies and percentages were used;
chi-square tests and Fisher’s exact tests were
performed as needed. The times between primary and revision THAs were calculated and
analyzed using Kaplan-Meier survival curves.
SPSS version 23.0 (IBM Corp., Armonk, NY,
USA) was used for all analyses. Statistical significance was set at P<0.05.
Results
A total of 803 revision THA procedures were
performed at our institution from January 2011
to December 2020 (mean age: 61.1 ± 12.8
years [range, 19-89 years]). Patients’ mean
height was 164.8 ± 7.8 cm (range, 143-184
cm), and mean weight was 66.0 ± 12.0 kg
(range, 37-100 kg). The mean body mass index
was 24.2 ± 3.6 kg/m2 (range, 14.8-35.0 kg/
m2). Out of 803 hips, 420 (52.3%) were in
women and 383 (47.7%) were in men; there
were 415 (51.7%) left hips and 388 (48.3%)
right hips (Table 1). The mean time between
primary and revision THAs was 9.6 ± 7.0 years
(range, 0.02-36.6 years). Less than one-fifth of
the patients (141, 17.6%) underwent revision
≤2 years after primary THA (i.e., early revision).
In the early revision group, the mean time was
1.1 ± 0.7 years (range, 0.02-2.0 years). In 662
patients (82.4%) who underwent revisions >2
years after primary THA (i.e., late revision), the
mean time was 11.4 ± 6.3 years (range, 2.336.6 years).
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Table 1. Patient demographics
Age (years)
Body mass index (kg/m2)*
Sex**
Men
Women
Side**
Left
Right
Date of revision**
2011-2015
2016-2020
*

*

All revisions [n=803] Early revisions [n=141]
61.1 ± 12.8
60.4 ± 13.5
24.2 ± 3.6
24.2 ± 3.5

Late revisions [n=662]
61.2 ± 12.7
24.2 ± 3.6

383 (47.7%)
420 (52.3%)

57 (40.4%)
84 (59.6%)

326 (49.2%)
336 (50.8%)

415 (51.7%)
388 (48.3%)

72 (51.1%)
69 (48.9%)

343 (51.8%)
319 (48.2%)

356 (44.3%)
447 (55.7%)

73 (51.8%)
68 (48.2%)

283 (42.7%)
379 (57.3%)

P
0.515
0.996
0.057

0.872

0.050

Mean ± SD, Student’s t-test; **n (%), Chi-square test.

patients, ALTR/ARMD in 9
(1.1%) patients, ceramic fracture in 8 (1.0%) patients, and
others in 19 (2.4%) patients
(Figure 2). Aseptic loosening
and infection were the leading
causes of revision in both the
early and late revision groups
(Table 2).

Figure 1. In one case with multiple causes for revision, aseptic loosening
was identified as the main cause: (A) preoperative anteroposterior radiograph, polyethylene wear, osteolysis, and prosthesis loosening are present,
(B) postoperative anteroposterior radiograph, (C) intraoperative conditions,
adverse local tissue reactions (ALTR), and prosthesis loosening are present,
and (D) retrieved prosthesis, tribocorrosion of head-neck junction is present,
ALTR was an additional failure mode.

Two experienced surgeons identified the main
causes for revision, according to the categories presented in the Study Design section
(Figure 1). The causes for revision were aseptic
loosening in 535 (66.6%) patients, infection in
88 (11.0%) patients, periprosthetic fracture in
44 (5.5%) patients, osteolysis in 48 (6.0%)
patients, acetabular wear by hemiarthroplasty
in 24 (3.0%) patients, instability in 28 (3.5%)
7082

Since aseptic loosening was a
typical cause of late revision,
we further analyzed 62 cases
of aseptic loosening in the
early revision group (44.0%).
Sixteen patients (25.8%) presented with femoral component loosening after hemiarthroplasty. In the remaining
46 patients, 29 (63.0%) had
acetabular component loosening, 8 (17.4%) had femoral
component loosening, and 9
(19.6%) had loosening of both
components.

The values for incidence of
infection (36, 25.5%), fracture
(16, 11.3%), or instability (16,
11.3%) were significantly higher in the early revision group than in the late
revision group (all P<0.05). The values for incidence of aseptic loosening (473, 71.5%) or
osteolysis (48, 7.3%) were significantly higher in
the late revision group (all P<0.05, Figure 3). All
cases of revision were performed because of
osteolysis and ALTR/ARMD, and most cases
of revision due to acetabular wear (87.5%)
occurred ≥2 years after primary THA (Table 2).
Am J Transl Res 2022;14(10):7080-7089
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Figure 2. Anteroposterior (AP) radiographs of some causes. (A) pre- and (B) postoperative AP radiographs of periprosthetic fracture (blue arrow), (C) pre- and (D) postoperative AP radiographs of instability, (E) pre- and (F) postoperative AP radiographs of periprosthetic infection, (G) pre- and (H) postoperative AP radiographs of ceramic fracture
(green arrow).

Table 2. Causes of early and late revisions, grouped by revision date
Early revisions [n=141]
2011-2015
Aseptic loosening*,#,†

2016-2020

Late revisions [n=662]
Overall

2011-2015##

2016-2020##

[n=73]

[n=68]

[n=141]

[n=283]

[n=379]

[n=662]

38 (52.1%)

24 (35.3%)

62 (44.0%)

218 (77%)

255 (67.3%)

473 (71.5%)

**

**

‡

Overall‡

Infection†

19 (26%)

17 (25%)

36 (25.5%)

24 (8.5%)

28 (7.4%)

52 (7.9%)

Periprosthetic fracture†

8 (11%)

8 (11.8%)

16 (11.3%)

15 (5.3%)

13 (3.4%)

28 (4.2%)

Osteolysis#,†

0

0

0 (0.0%)

11 (3.9%)

37 (9.8%)

48 (7.3%)

Acetabular wear by hemiarthroplasty#

1 (1.4%)

2 (2.9%)

3 (2.1%)

3 (1.1%)

18 (4.7%)

21 (3.2%)

Instability*,†

4 (5.5%)

12 (17.6%)

16 (11.3%)

3 (1.1%)

9 (2.4%)

12 (1.8%)

ALTR/ARMD

0

0

0 (0.0%)

4 (1.4%)

5 (1.3%)

9 (1.4%)

Ceramic fracture

1 (1.4%)

2 (2.9%)

3 (2.1%)

0

5 (1.3%)

5 (0.8%)

Others

2 (2.7%)

3 (4.4%)

5 (3.5%)

5 (1.8%)

9 (2.4%)

14 (2.1%)

P<0.05 (Comparing 2011-2015 and 2016-2020 in early revisions), #P<0.05 (Comparing 2011-2015 and 2016-2020 in late revisions), †P<0.05 (Comparing all early
revisions and all late revisions), **P=0.205, ##P=0.001, ‡P<0.001 (Fisher’s exact test). ALTR/ARMD, adverse local tissue reactions/adverse reaction to metal debris.
*

A total of 356 and 447 revision THAs were performed in the early 5-year group (2011-2015)
and recent 5-year group (2016-2020), respectively, which was a 25.6% increase during the
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2016-2020 period. The recent 5-year group
had a significantly longer prosthesis in situ
interval (10.2 ± 6.8 years) than the early 5-year
group (8.8 ± 7.0 years) (P=0.003, Figure 4). The
Am J Transl Res 2022;14(10):7080-7089
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recent 5-year group. The rates
of osteolysis, acetabular wear
by hemiarthroplasty, and instability increased from 3.1% to
8.3%, 1.1% to 4.5%, and 2.0%
to 4.7%, respectively, and were higher in the recent 5-year
group than in the early 5-year
group (all P<0.05). However,
the rates of infection, fracture,
ALTR, and ceramic fracture
did not change significantly
(Figure 5).

Figure 3. Survival analysis of each cause of revision using the Kaplan-Meier
method. Instability (red line, mean time: 4.7 ± 7.3 years) and infection (green
line, 4.7 ± 4.9 years) occurred early, whereas osteolysis (purple line, 13.8 ±
4.7 years) occurred late during the postoperative period.

For early revisions performed
within 2 years after primary
THA, the incidence of instability increased from 5.5% in the
early 5-year group to 17.6% in
the recent 5-year group (P<
0.05). The incidence of aseptic loosening decreased from
52.1% in the early 5-year group to 35.3% in the recent
5-year group (P<0.05). As for
late revision, the incidence
of osteolysis and acetabular
wear by hemiarthroplasty increased from 3.9% in the early
5-year group to 9.8% (P<0.05)
and from 1.1% to 4.7% (P<
0.05), respectively. The incidence of aseptic loosening
decreased from 77.0% in the
early 5-year group to 67.3% in
the recent 5-year group (P<
0.05) (Table 2).
Discussion

Figure 4. Survival analysis for date of revision, using the Kaplan-Meier
method. The mean time between primary and revision THA was 9.6 ± 7.0
years (yellow line) for all revisions. The mean time was longer in 2016-2020
(green line, 10.2 ± 6.8 years) than in 2011-2015 (blue line, 8.8 ± 7.0 years,
P=0.003).

mean patient age was also significantly higher
(62.5 ± 12.0 years vs. 59.3 ± 13.6 years,
respectively, P<0.001). The time to prosthesis
revision for aseptic loosening was longer in the
recent 5-year group (11.3 ± 6.3 years) than in
the early 5-year group (9.7 ± 7.1 years) (P=
0.005, Table 3).
The rate of aseptic loosening decreased from
71.9% in the early 5-year group to 62.4% in the
7084

Although prosthesis and surgical techniques for primary
THA have improved over several years, the number of revisions continues to increase
[4, 17]. This study revealed that the mean prosthesis in situ interval significantly increased
from 8.8 to 10.2 years. However, the volume of
revision surgeries increased by 25.6% from the
2011-2015 to the 2016-2020 periods. Other
studies found that the number of revision THAs
increased by >20% over the past 15 years and
are expected to continue to increase [4, 17].
This change may be primarily attributable to
the increased absolute number of THAs [4].
Am J Transl Res 2022;14(10):7080-7089
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Table 3. Intervals between primary and revision THAs (mean ± SD, years)
Aseptic loosening
Infection
Periprosthetic fracture
Osteolysis
Acetabular wear by hemiarthroplasty
Instability
ALTR/ARMD
Ceramic fracture
Others

All revisions
10.5 ± 6.7
4.7 ± 4.9
6.6 ± 6.4
13.8 ± 4.7
9.9 ± 8.1
4.7 ± 7.3
8.3 ± 3.8
6.0 ± 4.8
10.5 ± 9.5

2011-2015
9.7 ± 7.1
4.1 ± 4.3
7.3 ± 7.1
11.4 ± 3.6
6.0 ± 4.7
3.6 ± 4.4
6.5 ± 1.3
6 (one case)
14.0 ± 12.3

2016-2020
11.3 ± 6.3
5.3 ± 5.4
5.8 ± 5.5
14.5 ± 4.8
10.7 ± 8.5
5.0 ± 8.2
9.8 ± 4.6
6.8 ± 4.6
8.4 ± 7.3

P (Student’s t-test)
0.005
0.281
0.447
0.051
0.302
0.653
0.220
0.651
0.226

THAs, total hip arthroplasties; ALTR/ARMD, adverse local tissue reactions/adverse reaction to metal debris.

design, surgical technique,
and long-term use. Conventional polyethylene has been
widely used for prosthesis fabrication since its introduction
by Charnley in 1962 [19]. This
generates wear particles and
causes osteolysis that can
lead to aseptic loosening [2022]. At our center, aseptic
loosening within 2 years after
primary THA was mainly due to
acetabular component loosening (38 hips). The main reason for this result was likely
Figure 5. Comparison of proportion of causes of revision total hip arthroplasty (grouped by date of revision) *P<0.05 **P<0.001 (Fisher’s exact
inadequate fixation of the acetest); ALTR/ARMD, adverse local tissue reactions/adverse reaction to metal
tabular component, although
debris.
complete information on the
polyethylene used could not
Surgeons will perform more revision THAs in
be obtained. Poor cup press fit and osseointegration of the cementless acetabular compothe future, and understanding the contemponent are related to errors in surgical technique,
rary causes and trends of THA failure is vital for
acetabular shape, and cup design [23-25].
clinical decision-making. In this study, we perMalposition of the acetabular component and
formed a comprehensive analysis of the largest
center of rotation can increase the hip load,
sample ever obtained in a developing country
resulting in early acetabular component loosof non-database studies. This study provided
ening [24]. Osteolysis can be associated with
and updated valuable results on the causes
ALTR/ARMD and elevated serum metal ion conand trends of revision after primary THA.
centrations [26, 27], which leads to implant
The results of this study performed at our cenloosening. Lehil et al. [28] found that the trends
ter confirmed that aseptic loosening (66.6%) is
in THA implant usage between 2001 and 2012
the most common cause of revision THA. This
favored cementless fixation and highly crossis true for most hip arthroplasty centers. Aselinked polyethylene liners. Use of conventional
ptic loosening was found by Ulrich et al. [10]
polyethylene liners and metal-on-metal bearand Iamthanaporn et al. [18] as the leading
ing surfaces declined to <1%. Use of these
cause of revision; they reported values for inciimproved implants decreased wear and revision rates and prolonged survival times of
dence of 52% and 58%, respectively. The reaprosthesis [20, 22, 29, 30]. This change cousons for the high incidence of aseptic loosenld explain why the rate of aseptic loosening
ing are multifaceted. They include prosthesis
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decreased from 71.9% in the early 5-year to
62.4% in the recent 5-year period. The prosthesis in situ interval (from 9.7 ± 7.1 to 11.3 ± 6.3
years) was longer in these patients and the incidence of early aseptic loosening significantly
decreased from 52.1% to 35.3% during the
recent 5-year period.
Infection (11.0%) was the second leading cause
of revision procedures. Results of previous
studies indicated that the incidence of infection ranges from 7% to 15.6% [3, 9, 10, 31]. In
our study, the rate of infection was not significantly reduced during the recent 5 years. This
difference was likely because in most cases,
the primary surgery is performed at other centers. Occurrence of infection is closely related
to the experience of the surgical team. Bozic et
al. [32] found that a higher surgical volume is
associated with a lower risk of infection. In a
comparison performed by Lachiewicz et al.
[33], two cohorts of 100 consecutive revisions
performed by a single surgeon 10 years apart
revealed a decreased rate of revision due to
infection (from 10% to 7%). Education regarding prophylaxis against infection and delicate
surgical manipulation will contribute to a decrease in the incidence of infection-related
revision.
The incidence of revision performed because
of instability was 3.5%, with a significant increase from 2.0% during the early 5 years to
4.7% during the recent 5 years. Instability
occurred more frequently in the early revision
group (11.3%) than in the late revision group
(1.8%). Instability, a typical cause of early failure, is currently the major cause of revision
(14.6-22.5%) at some medical centers [10, 11,
15, 17]. The main causes of instability include
position of the prosthesis, surgical techniques,
surgical approaches, and patient factors [3437]. The increasing trend will remind surgeons
that improved medical practices are needed for
the prevention of prosthesis dislocation.
To reduce the dislocation rate, appropriate soft
tissue tension is needed using adequate intraoperative leg length and offset reconstruction,
and strict postoperative posture protection.
The use of elevated or lipped liners, larger femoral head sizes, dual-mobility implants, and
high-offset stems may benefit hip stability with
an adequate range of motion [38, 39]. With
respect to early revision, we found increased
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numbers and proportions of revisions for instability (from 5.5% in the early 5 years to 17.6% in
the recent 5 years). Currently, THA stability can
be affected by the surgical approach and the
surgeon’s experience [37]. Therefore, use of
the direct anterior approach and robot-assisted
THA have emerged as techniques that offer
more stability and provide faster postoperative
rehabilitation [40, 41].
This study revealed that 17% of revisions were
performed at <2 years after the primary THA.
The early revision rate decreased from 20.5%
in the early 5-year group to 15.2% in the recent
5-year group. The interval between primary and
revision THAs was prolonged (8.8 ± 7.0 years
vs. 10.2 ± 6.8 years, P=0.003) in the recent
5-year group, indicating a longer prosthesis in
situ lifetime. This result was probably due to the
reduction in revisions for aseptic loosening in
the early failure group (from 38 to 24 hips).
However, failures due to infection (25.5% vs.
7.9%), periprosthetic fracture (11.3% vs. 4.2%),
or instability (11.3% vs. 1.8%) were more frequent in the early failure group than in the late
failure group. As found in other studies [3, 14,
17, 42], infection and instability are significant
causes of revision during the early post-THA
period, because they are more strongly associated with surgical technique errors [3, 10, 14].
On the other hand, aseptic loosening and osteolysis are associated with prosthesis design
and material science [3, 14, 42]. Surgeons
should be well-trained to avoid early failures,
including those due to infection and instability.
Similar to this study, some studies found that
periprosthetic fractures are more likely to occur
early after primary THA [10, 17]. Some early
cases might be associated with the extension
of tiny cracks and injuries that were not detected intraoperatively. Others can be trauma-related when high axial and torsional loads are
placed on the cementless implant prior to
osseointegration [43-45]. Cemented implants
should be considered for patients with risk factors for periprosthetic fractures, such as older
age, female sex, and osteoporosis [43, 46-48].
This study had some limitations. First, we used
a retrospective study design. Thus, data available for further investigations were limited. To
address this, we tried our best to obtain all
potential data, and two experienced surgeons
analyzed these data. Second, this study was
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performed at a single center, which might have
led to selection bias. Therefore, to better describe the prevalence of revision THA, a larger
standardized database is needed. Third, we
could not obtain all information on the patients’
primary THAs, as they underwent the procedures at different hospitals. A nationwide database of arthroplasty registration would help to
compensate for this limitation. Studies with
more details are needed to address these
limitations.
Conclusions
THA failure is a persistent problem. To our
knowledge, the sample size used in this study
was the largest ever used in studies performed
in developing countries. We found that aseptic
loosening remained the most common reason
for revision THA, particularly during the late
post-THA period. Infection, instability, and periprosthetic fractures occurred more frequently
in the early failure group. Given the increasing
trend in instability, it is necessary to apply
appropriate management to decrease the risk
of dislocation. Assessing the causes and trends
of failure after THA will provide valuable data
for surgeons and manufacturers to guide prosthesis design, improve surgical techniques,
and change clinical outcomes. This information
may even provide a basis for the formulation of
relevant national policies.
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