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Abstract
Background: To clarify contemporary indications for first-time revision surgery after primary cementless total hip
arthroplasty (THA) for addressing potential issues with cementless THA.
Methods: Data for 101 consecutive hips in 94 patients who underwent primary cementless THA at our institution
and subsequently underwent first-time revision surgery were retrospectively reviewed. Baseline characteristics,
indications for first-time revision surgery, and time from the primary THA to first-time revision surgery were
evaluated.
Results: The overall mean time to first-time revision surgery was 10.3 years (range, 0–33 years). The indications for
first-time revision surgery were polyethylene wear and osteolysis in 33 hips, aseptic loosening in 25 hips, infection
in 17 hips, periprosthetic fracture in 13 hips, instability in 8 hips, and component failure (liner dissociation or stem
fracture) in 5 hips. Thirty-seven hips (37%) had undergone first-time revision surgery within 5 years of primary THA,
of which the most common indications were infection and periprosthetic fracture.
Conclusion: The current results suggested that reducing the number of early failures seems to be essential form
improving THA outcomes.
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Background
Total hip arthroplasty (THA) is recognized as one of the
most successful surgeries of the twentieth century [1].
The number of surgeries performed each year and degree of durability have been increasing [2–4]. However,
there is still potential for postoperative complications
such as infection and dislocation despite advances in
technology and surgical technique [5]. In addition, osteolysis and aseptic loosening due to bearing surface could
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occur over time [5]. Given the rise in the popularity of
the procedure, the incidence of revision surgery is projected to increase [6].
Early failure requiring revision surgery is an important
issue. In 2006, Dobzyniak et al. reported that 39% of patients underwent revision surgery within 5 years of initial
THA. Instability was the main indication, followed by
aseptic loosening [7]. In 2008, Ulrich et al. showed that
the overall mean time to revision surgery at two tertiary
referral centers was 83 months and 50% of revision surgeries occurred in less than 5 years. Most procedures
were due to instability and deep infection [8]. Recently,

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

Motomura et al. Journal of Orthopaedic Surgery and Research

(2021) 16:140

Kelmer et al. demonstrated that the overall mean time
to revision surgery was 8.51 years and 31% of patients
required revision surgery within 2 years of THA, mainly
due to mechanical failure and infection, followed by dislocation [9]. These reports remind us of the impact of
early failure requiring revision surgery after THA. However, information regarding indications and timing of revision surgery in light of various influencing factors,
such as implant-related factors and surgical skills, remains limited [10, 11]. The purpose of this study was to
assess indications and timing of first-time revision surgery after primary cementless THA performed at our institution to address potential issues with cementless
THA.

Methods
This study was approved by our institutional review
board. The need for informed consent was waived due
to the retrospective and anonymous study design. Data
for 101 consecutive hips in 94 patients who underwent
primary cementless THA at our institution and subsequently underwent first-time revision surgery during
2008–2019 were reviewed. The patients included 27
men and 67 women with a mean age at first-time revision surgery of 68 years (range, 39–88 years) and a mean
body mass index (BMI) of 22.9 kg/m2 (range, 16.0–36.3
kg/m2). Primary diagnosis was osteoarthritis for 72 hips,
osteonecrosis for 14 hips, inflammatory arthritis (including rheumatoid arthritis, juvenile idiopathic arthritis, ankylosing
spondylitis,
and
rapidly
destructive
coxarthrosis) in 8 hips, post-traumatic arthritis in 5 hips,
and femoral neck fracture in 2 hips. Previous hip surgery
before initial THA had been performed in 23 hips, including femoral osteotomy in 12 hips, pelvic osteotomy
or acetabuloplasty in 4 hips, bipolar hemiarthroplasty in
4 hips, fixation of femoral neck fracture in 2 hips, and
arthrodesis in 1 hip. Primary cementless THA, including
conversion of a bipolar implant to hip arthroplasty, was
performed through the posterolateral approach. The
capsule, piriformis, and short rotator muscles were
repaired as much as possible. Cementless femoral stems
were used in all of the initial THA procedures, which
consisted of PerFix or PerFix-910 (Kyocera, Kyoto,
Japan) in 64 hips and Multilock stem (Zimmer-Biomet,
Warsaw, IN, USA) in 13 hips. Various other stems were
used in a small number of hips, including TM stem
(Zimmer-Biomet) in 4 hips and SROM (Depuy, Warsaw,
IN) in 3 hips. Cementless acetabular cups had been used
in all of the initial THA procedures, including AMS cup
(Kyocera) in 62 hips and HGP ΙΙ cup (Zimmer-Biomet)
in 11 hips. Various other cups were also used in a small
number of hips, including SQRUM TT cup (Kyocera) in
8 hips and TM cup (Zimmer-Biomet) in 6 hips. Head
size varied by time period of surgery and cup size. Head
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size was 22 mm in 40 hips, 26 mm in 35 hips, and 32
mm in 26 hips. Conventional polyethylene was used
until December 1999; conventional polyethylene was
used in 52 hips and crosslinked polyethylene was used in
49 hips.
First-time revision surgery was defined as the first
therapeutic surgery after THA, including reoperative
surgery that did not affect any prosthetic implant, isolated head and liner exchange, and revision with removal
or replacement of at least one nonmodular implant (acetabular shell or femoral stem) [12]. The indication for
first-time revision surgery was determined based on
medical records and preoperative imaging. Indications
were classified into one of the following categories: infection, including suspected infection without culturepositive findings; periprosthetic fracture; instability; polyethylene wear and osteolysis; aseptic loosening of the acetabular shell, femoral stem, or both; and component
failure. Time from the primary THA to first-time revision surgery and subsequent surgeries after first-time revision surgery were also examined.
Differences in the following characteristics between
hips with first-time revision surgery performed within 5
years of THA and first-time revision surgery performed
more than 5 years after THA were compared using Fisher’s exact test: gender, age at the time of initial THA
(age <50 years or ≥50 years), previous hip surgery, and
diagnosis of osteoarthritis. All statistical analyses were
performed using the JMP software program (version
15.0, SAS Institute, Cary, NC, USA). P values less than
0.05 were considered to be statistically significant.

Results
The overall mean time from primary THA to first-time
revision surgery was 10.3 years (range, 0–33 years). The
indication for first-time revision surgery was polyethylene wear and osteolysis in 33 hips, aseptic loosening in
25 hips, infection in 17 hips, periprosthetic fracture in
13 hips, instability in 8 hips, and component failure
(liner dissociation and femoral stem fracture) in 5 hips
(Fig. 1). Thirty-seven surgeries (37%) were performed
within 5 years of primary THA, of which the most common indications were infection and periprosthetic fracture. The proportion of males and patients aged over 50
years was significantly higher among hips with first-time
revision surgery performed within 5 years of THA than
those performed more than 5 years after THA (p=0.0027
and p=0.0165, respectively) (Table 1).
First-time revision surgery due to polyethylene wear
and osteolysis was performed for 33 hips in 28 patients,
at a mean time of 16.0 years (range, 9–28 years) after
THA. This group included 3 men and 25 women with a
mean age at primary THA of 55 years (range, 28–72
years). All 33 hips that underwent first-time revision
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Fig. 1 Indications and timing of first-time revision surgery

surgery consisting of isolated head and liner exchange
required no subsequent surgeries. In 32 of 33 hips, conventional polyethylene liner was used for primary THA.
First-time revision surgery due to aseptic acetabular
shell loosening was performed for 17 hips in 16 patients
at a mean time of 13.6 years (range, 0–27 years) after
THA. This group consisted of 4 men and 12 women
with a mean age at primary THA of 55 years (range, 29–
78 years). First-time revision surgery due to aseptic femoral stem loosening was performed for eight hips in
eight patients at a mean time of 9.8 years (range, 0–33
years) after THA. This group consisted of three men
and five women with a mean age at primary THA of 54
years (range, 40–73 years). All 25 hips underwent firsttime revision surgery consisting of replacement of the

acetabular shell (16 hips), femoral stem (6 hips), or both
(3 hips). Of these 25 surgeries, 3 were followed by 1 or
more subsequent surgeries due to aseptic loosening, infection, or instability. In 15 of 17 hips with first-time revision surgery performed more than 5 years after THA,
conventional polyethylene liner was used for primary
THA.
First-time revision surgery due to infection was performed for 17 hips in 17 patients at a mean time of 4.6
years (range, 0–28 years) after THA. This group included 10 men and 7 women with a mean age at primary THA of 57 years (range, 33–70 years). Of these 17
hips, 13 (76%) underwent reoperative surgery (6 hips) or
isolated head and liner exchange (7 hips) at a mean time
of 3.3 years (range, 0–16 years) after primary THA; 5

Table 1 Patient characteristics by time from primary THA to first-time revision surgery
Time from primary THA to first-time revision surgery
≤5 years (37 hips)

>5 years (64 hips)

Male

17

11

Female

20

53

Gender

0.0027

Age at primary THA, years

0.0165

<50

4

21

≥50 years

33

43

Osteoarthritis

23

49

Other

14

15

Primary diagnosis

0.1706

Previous surgery

1.0000

Yes

8

15

No

29

49

*Fisher’s exact test

P
value*
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(38%) of 13 hips required 1 or more subsequent surgeries for recurrence of infection. The remaining four hips
(24%) underwent removal surgery at a mean time of 8.8
years (range, 2–28 years) after THA, followed by
second-stage replacement surgery.
First-time revision surgeries due to periprosthetic fracture were performed for 13 hips in 13 patients at a mean
time of 1.7 years (range, 0–16 years) after THA. This
group consisted of 3 men and 10 women with a mean
age at primary THA of 71 years (range, 55–85 years).
Two femoral fractures classified as Vancouver type A
underwent fracture fixation without any implant change.
Periprosthetic fracture in 11 hips, including 2 acetabular
fractures and 9 femoral fractures classified as Vancouver
type B2, underwent replacement of the acetabular shell
or femoral stem. None of these hips required subsequent
surgery.
First-time revision surgery due to instability was performed for eight hips in eight patients at a mean time of
6.0 years (range, 0–15 years) after THA. This group consisted of two men and six women with a mean age at
the primary THA of 66 years (range, 50–84 years). Seven
(88%) of eight hips underwent isolated head or liner exchange (six hips) or replacement of acetabular shell (one
hip) and required no subsequent surgery. The remaining
hip required open reduction due to untreated dislocation. In seven (88%) of eight hips, a femoral head size of
26 mm or smaller was used for primary THA.
First-time revision surgery due to component failure
was performed for five hips in five patients at a mean
time of 10.8 years (range, 8–16 years) after THA. This
group consisted of two men and three women with a
mean age at primary THA of 43 years (range, 28–51
years). Two hips in two male patients underwent revision with replacement of the femoral stem for stem fracture. The remaining three hips underwent isolated head
and liner exchange (two hips) or replacement of the acetabular shell (one hip) for polyethylene liner breakage.
None of the hips required subsequent surgery.

Discussion
This retrospective study showed the contemporary indications and timing of first-time revision surgery after
primary cementless THA in a university hospital. Early
revision, within 5 years of THA, accounted for 37% of all
revision cases; infection and periprosthetic fracture were
common indications. Although THA is certainly recognized as a successful treatment that is expected to improve hip joint function, we have to recognize potential
issues with cementless THA again.
While infection is a leading cause of early revision in
many cohort studies, periprosthetic fracture is not always the case [7–9]. One reason for the current findings
may be that our patients were limited to those who
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underwent cementless THA, which has been shown to
be significantly associated with early periprosthetic fracture [13, 14]. A previous multicenter study from
Denmark demonstrated that uncemented femoral components are associated with an increased risk of early
periprosthetic femoral fracture, especially in patients
who are elderly, female, and have osteoporosis [14]. In
the current study, 9 of 10 cases of revision surgery performed within 1 year due to periprosthetic fracture were
performed in females with a mean age of 71 years. This
finding suggests the need for patient selection and careful surgical technique in order to minimize the number
of early fractures.
In a previous nationwide population-based study, male
gender was found to be associated with an increased adjusted relative risk of revision [15]. A recent metaanalysis demonstrated that males have an increased risk
of revision due to infection after primary THA [16]. In
the current series, 10 of 13 patients who underwent early
revision due to infection were males, which may have
contributed to the proportion of male patients who
underwent early revision. Although this study could not
establish a link between male gender and infection, we
should be aware that male gender may be a possible risk
factor for early revision.
A recent study suggested a difference in indications
for revision between young and general older population
of patients [17]. Kahlenberg et al. demonstrated that, in
young patients, acetabular loosening, femur loosening,
and polyethylene wear are the most common indications
for revision, while instability and infection are less common [17]. Considering that instability and infection are
likely to occur soon after initial THA, the low proportion of patients under 50 years of age who underwent
early revision in this study may be consistent with their
results. In addition, the characteristics of our institution,
which often performs joint-preserving surgery for young
patients when indicated, may have influenced the
current results due to relatively narrow indications for
THA in young patients.
Several studies have demonstrated that highly crosslinked polyethylene significantly reduces wear and is associated with lower rate of revision surgery [18–21].
Considering that conventional polyethylene was used in
47 of 50 hips with first-time revision surgery performed
more than 5 years after THA due to polyethylene wear
and osteolysis or aseptic loosening, the number of procedures could be reduced by the use of crosslinked polyethylene in the future. On the other hand, early failure
due to aseptic loosening occurred in eight hips in the
current series. A recent study indicated that 50% of early
revision cases are potentially avoidable, including cases
involving early aseptic loosening [22]. Although it is difficult to find similarities due to the small number of
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cases, we believe that careful preparation and accurate
surgical execution could be essential to reducing the occurrence of early aseptic loosening.
This retrospective study had several limitations. First,
the number of cases was small, mainly because this
study was limited to patients who had undergone initial
cementless THA at our hospital in order to obtain accurate information from the time of initial THA. However, all initial THA procedures in the current series
were performed in the same way by experienced surgeons. Given the advantage of reduced bias based on referral patterns, we believe that this study is valuable.
Second, we could not assess the incidence rate of revision surgery for initial THA because this was a case
series study of revision surgery performed between 2008
and 2019. Third, multiple implants have been used due
to the long period of time when initial THA procedures
occurred. Therefore, examining whether the cause of revision originates from the implant was not possible in
this study. A future prospective study is needed for clarifying possible effects of implants on the need for revision
surgery.

Conclusion
The current results suggested that reducing the number
of early failures seems to be an essential form improving
THA outcomes.
Abbreviations
THA: Total hip arthroplasty; BMI: Body mass index
Acknowledgements
Not applicable
Authors’ contributions
GM performed the literature review and drafted the manuscript. YN
supervised the writing of the manuscript. GM, SH, SI, MF, and SK reviewed
the radiographs. SY contributed to the data collection. All authors read and
approved the final manuscript.
Funding
This work was partially supported by a Grant-in-Aid for Scientific Research
(19K09601) from the Japan Society for the Promotion of Science.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
This retrospective study was approved by Kyushu University institutional
review board for clinical research (NO.30-91). The need for informed consent
was waived due to the retrospective and anonymous study design.
Consent for publication
Not applicable
Competing interests
The authors declare that they have no competing interests.

Page 5 of 6

Received: 28 January 2021 Accepted: 10 February 2021

References
1. Learmonth ID, Young C, Rorabeck C. The operation of the century: total hip
replacement. Lancet. 2007;370:1508–19.
2. Erivan R, Villatte G, Dartus J, Reina N, Descamps S, Boisgard S. Progression
and projection for hip surgery in France, 2008-2070: epidemiologic study
with trend and projection analysis. Orthop Traumatol Surg Res. 2019;105:
1227–35.
3. Singh JA, Yu S, Chen L, Cleveland JD. Rates of total joint replacement in the
United States: future projections to 2020-2040 using the National Inpatient
Sample. J Rheumatol. 2019;46:1134–40.
4. Ackerman IN, Bohensky MA, Zomer E, Tacey M, Gorelik A, Brand CA, et al.
The projected burden of primary total knee and hip replacement for
osteoarthritis in Australia to the year 2030. BMC Musculoskelet Disord. 2019;
20:90.
5. Gwam CU, Mistry JB, Mohamed NS, Thomas M, Bigart KC, Mont MA, et al.
Current epidemiology of revision total hip arthroplasty in the United States:
National Inpatient Sample 2009 to 2013. J Arthroplasty. 2017;32:2088–92.
6. Schwartz AM, Farley KX, Guild GN, Bradbury TL Jr. Projections and
epidemiology of revision hip and knee arthroplasty in the United States to
2030. J Arthroplasty. 2020;35:S79–85.
7. Dobzyniak M, Fehring TK, Odum S. Early failure in total hip arthroplasty. Clin
Orthop Relat Res. 2006;447:76–8.
8. Ulrich SD, Seyler TM, Bennett D, Delanois RE, Saleh KJ, Thongtrangan I, et al.
Total hip arthroplasties: what are the reasons for revision? Int Orthop. 2008;
32:597–604.
9. Kelmer G, Stone AH, Turcotte J, King PJ. Reasons for revision: primary total
hip arthroplasty mechanisms of failure. J Am Acad Orthop Surg. 2021;29:78–
87.
10. Yasunaga H, Tsuchiya K, Matsuyama Y, Ohe K. High-volume surgeons in
regard to reductions in operating time, blood loss, and postoperative
complications for total hip arthroplasty. J Orthop Sci. 2009;14:3–9.
11. Malik AT, Jain N, Scharschmidt TJ, Li M, Glassman AH, Khan SN. Does
surgeon volume affect outcomes following primary total hip arthroplasty? A
systematic review. J Arthroplasty. 2018;33:3329–42.
12. Ledford CK, Perry KI, Hanssen AD, Abdel MP. What are the contemporary
etiologies for revision surgery and revision after primary, noncemented total
hip arthroplasty? J Am Acad Orthop Surg. 2019;27:933–8.
13. Springer BD, Etkin CD, Shores PB, Gioe TJ, Lewallen DG, Bozic KJ.
Perioperative periprosthetic femur fractures are strongly correlated with
fixation method: an analysis from the American Joint Replacement Registry.
J Arthroplasty. 2019;34:S352–4.
14. Lindberg-Larsen M, Jørgensen CC, Solgaard S, Kjersgaard AG, Kehlet H.
Lunbeck Foundation Centre for Fast-track Hip and Knee Replacement.
Increased risk of intraoperative and early postoperative periprosthetic
femoral fracture with uncemented stems. Acta Orthop. 2017;88:390–4.
15. Pedersen AB, Svendsson JE, Johnsen SP, Riis A, Overgaard S. Risk factors for
revision due to infection after primary total hip arthroplasty. A populationbased study of 80,756 primary procedures in the Danish Hip Arthroplasty
Registry. Acta Orthop. 2010;81:542–7.
16. Towle KM, Monnot AD. An assessment of gender-specific risk of implant
revision after primary total hip arthroplasty: a systematic review and metaanalysis. J Arthroplasty. 2016;31:2941–8.
17. Kahlenberg CA, Swarup I, Krell EC, Heinz N, Figgie MP. Causes of revision in
young patients undergoing total hip arthroplasty. J Arthroplasty. 2019;34:
1435–40.
18. Nakashima Y, Sato T, Yamamoto T, Motomura G, Ohishi M, Hamai S, et al.
Results at a minimum of 10 years of follow-up for AMS and PerFix HAcoated cementless total hip arthroplasty: impact of cross-linked
polyethylene on implant longevity. J Orthop Sci. 2013;18:962–8.
19. Hanna SA, Somerville L, McCalden RW, Naudie DD, MacDonald SJ. Highly
cross-linked polyethylene decreases the rate of revision of total hip
arthroplasty compared with conventional polyethylene at 13 years’ followup. Bone Joint J. 2016;98-B:28–32.
20. Lachiewicz PF, Soileau ES. Highly cross-linked polyethylene provides
decreased osteolysis and reoperation at minimum 10-year follow-up. J
Arthroplasty. 2016;31:1959–62.
21. Devane PA, Horne JG, Ashmore A, Mutimer J, Kim W, Stanley J. Highly crosslinked polyethylene reduces wear and revision rates in total hip

Motomura et al. Journal of Orthopaedic Surgery and Research

(2021) 16:140

arthroplasty: a 10-year double-blinded randomized controlled trial. J Bone
Joint Surg Am. 2017;99:1703–14.
22. Novikov D, Mercuri JJ, Schwarzkopf R, Long WJ, Bosco Iii JA, Vigdorchik JM.
Can some early revision total hip arthroplasties be avoided? Bone Joint J.
2019;101-B:97–103.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 6 of 6

