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Abstract

Background: Highly cross-linked polyethylene (HXLPE) enhances the anti-wear characteristics of the conventional
polyethylene (PE). Early failure for wear after ceramic-on-highly cross-linked polyethylene (CoHXLPE) total hip
arthroplasty (THA) is extremely rare.

Case presentation: We described the case of a 60-year-old man who underwent right CoHXLPE THA because of
the developmental dysplasia hip (DDH) complained pain 32 months after this procedure. Plain radiographs showed
that eccentric wear existed at the polyethylene insert. However, the patient refused surgery at that time and did
not stop weight-bearing. The right hip pain continued for 7 months. Plain radiographs of the pelvis showed that
the HXLPE liner was penetrated and partial inner wall of acetabular shell was worn. Acetabular cup revision was
performed, and the ceramic head and HXLPE were exchanged.

Conclusions: Difficult reduction during primary THA, especially for DDH, can result in higher abductor tension,
which may lead to early eccentric wear of the prosthesis. Whenever eccentric wear of HXLPE liner was found,
weight-bearing must be stopped to avoid the accelerated wear and adverse reactions to metal debris (ARMD).
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Background
THA is an effective treatment for various end-stage hip
diseases, such as osteonecrosis, rheumatoid arthritis,
degenerative joint diseases and degenerative diseases
caused by developmental dysplasia [1]. Nowdays, be-
cause of the improved bearing surfaces and materials,
THA lasts longer than before [2]. However, even with
these enhancements, failure caused by polyethylene
wear, instability, aseptic loosening, malpositioning, and
infection is inevitable.
Wear debris production from bearing surfaces is

regarded as the main factor limiting THA survival. In

order to improve the anti-wear characteristics of the
conventional PE, HXLPE has been developed to reduce
the amount of wear particle production. These improved
PEs have shown better wear characteristics in vitro and
in vivo [3]. Although it is rare, we found a case of early
failure of CoHXLPE bearing only 32 months after THA.

Case presentation
A 60-year-old man diagnosed with developmental dys-
plasia of the right hip (Fig. 1a) underwent CoHXLPE
THA through lateral approach (Fig. 1b) at local hospital
in 2017. The patient’s first THA as performed by a so-
phisticated surgeon, although he was admitted in a local
hospital. The BMI of this male patient was 22. The
DDH classification of the patient was Crowe III, as it
can be seen in Fig. 1. The operation time was 75min,
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and blood loss was 260ml. A 50mm porous coated
shell, HXLPE liner, 36 mm ceramic head and fully
coated stem were inserted. No osteotomy was needed
for reduction of the hip. No complications during and
after surgery were found. The reduction of hip joint was
slightly tense during primary THA, but the original out-
comes were satisfied. However, after 32 months, he re-
ported weight-bearing pain in his right hip with no
obvious reasons. Plain radiographs of the pelvis showed
that eccentric wear existed at the superolateral part of
the prosthesis (Fig. 2a). The patient hesitated to receive
surgical treatment and, meanwhile, he did not stop
weight-bearing. The right hip pain continued for 7
months. Plain radiographs and CT scan of the pelvis
showed accelerated wear and large amounts of metal par-
ticles, of which HXLPE liner was penetrated and partial
inner wall of acetabular shell was worn (Fig. 2b).
Infection was excluded before revision, as the white

blood cell count, C- reactive protein level and erythro-
cyte sedimentation rate were negative. Metal ion con-
centrations in the blood were not measured because this
was not covered by his health insurance. 3D computed
tomography reconstruction revealed numerous metal
debris around hip joint, and the worn between ceramic
head and the acetabular shell (Fig. 3). Intraoperatively,

large amounts of metal debris distributed within the
joint cavity, abductor and fascia lata (Fig. 4a). Superolat-
eral part of the HXLPE liner was penetrated, loosen and
migrated. Surface of the ceramic head was also covered
by metal debris (Fig. 4b). The inner wall of acetabular
shell became thin due to wear (Fig. 4c), however, it was
well-fixed. The stem was stable to be left in situ. Good
bone ingrowth was found at the back of the cup (Fig.
4d) Metal debris migrated into the bottom of the acet-
abulum through the screw holes. Excessive debridement
of granulomatous tissue and metal debris was per-
formed. Two millimeter larger shell was inserted without
bone graft, and three screws were used to enhance the
primary stability. Ceramic head and HXLPE liner were
also exchanged. Intravenous antibiotics was used for 3
days after operation. A drainage tube was inserted and
removed 24 h after surgery.
The patient was permitted partial weight-bearing 3

days after surgery, and fully weight-bearing after 4 weeks.
The muscle strength recovered 4 weeks after operation.
The anteversion angle, abduction angle were all within
normal range. Plain radiographs of the pelvis showed
ideal size and position of the prosthesis (Fig. 2c). Pain
was relieved at 3 weeks follow-up, and the patient
returned to normal life 8 weeks postoperatively.

Fig. 1 DDH was found at the right hip before surgery (a), and the size and position of the prothesis was good 1 week after THA (b)

Fig. 2 Plain radiographs at 32 months (a) showed initial eccentric wear of the prosthesis. Seven months later, the HXLPE was penetrated and
partial inner wall of acetabular shell was worn (b). Plain radiographs of the pelvis showed ideal size and position of the prosthesis (c)
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Discussion and conclusions
HXLPE was developed to reduce wear in conventional
PE liners. Meanwhile, the incidence and severity of oste-
olysis secondary to wear would also be decreased [4].
Mutimer et al. [5] reported that HXLPE had a lower re-
vision rate compared with traditional PE with an average
follow-up period of 5.5 years. In addition, the use of cer-
amic heads reduces wear rates as well [6]. The reported
wear rate of CoHXLPE was 0.04–0.20 mm per year [7].
But in the current case, the HXLPE was penetrated only
3 years after primary THA, which led to further wear be-
tween ceramic head and acetabular shell. To the author’s
knowledge, this is the first report of early failure for wear
after CoHXLPE THA.
The wear of HXLPE after THA is multifactorial, such

as body weight, high activity level, large abduction angle
of the cup and decrease of femoral offset [8–10]. What’s
more, DDH is also related to the wear of HXLPE. In
Crowe III and IV DDH, soft tissue around the hip con-
tractures because the femoral head is chronically dislo-
cated. When the rotation center moves down or returns
to the true acetabulum, the tension of the soft tissue
may become much higher, which may accelerate the
wear of HXLPE [11]. In the current case, the patient’s
DDH classification was Crowe III and failure mechanism

may be ascribed to the high tension of abductor after re-
duction of DDH, which eventually led to the rapidly
superolateral eccentric wear of the HXLPE.
With the image test, the early wear of the prosthesis

can be found. Wear debris production may lead to
ARMD, which will worsen the fibrosis and necrosis of
soft tissue, the erosion of metal and the loosening of
prosthesis [12]. Thus, once eccentric wear occurs, the
patient must stop weight-bearing to prevent the acceler-
ated wear and osteolysis.
Revision THA is the definitive treatment for the wear

of PE [13]. However, whether a well-fixed acetabular cup
should be revised or not, there is still no general consen-
sus or specific guideline. Restrepo et al. [14] advocated
that the acetabular component should be revised when
the femoral head penetrated the liner and damaged the
metal cup, or the locking mechanism was damaged, or
the component was malpositioned which may lead to
the instability of the revision. Besides, Maloney et al.
[15–17] divided the uncemented cups into three types: I.
The cup was radiographically stable (following six prin-
ciples must be met: (1) the implant should be a modular
implant, (2) the implant should have an acceptable track
record, (3) the cup was in good position, (4) the locking
mechanism could not be damaged, (5) the metal shell

Fig. 3 3D computed tomography reconstruction revealed numerous metal debris (purple) around hip joint and worn of the ceramic head and
acetabular shell

Fig. 4 Metal debris were distributed in the articular cavity, abductor and fascia lata (a), as well as the ceramic head (b). The superolateral part of
the inner wall of acetabular shell became thin (c). Good bone ingrowth can be seen at the back of the cup (d)
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was intact, and (6) the thickness of the polyethylene liner
replacement must be adequat.); II. The cup was radio-
graphically stable (the shell was radiographically stable,
but any of the previous principles were not met.); III.
The cup was radiographically unstable. As to type I, a
liner exchange can be performed. However, component
should be revised in type II and type III. Besides, graft
may or may not be used in all types. However, even with
perfect preoperative assessment, it should be noted that
intraoperative testing of component positioning and sta-
bility is also essential. In the current patient, although
the cup was well-fixed, it had been worn inside. Thus,
we performed acetabular revision and ceramic femoral
head and HXLPE exchange. The revision obtained satis-
factory early outcome.
Difficult reduction during primary THA, especially for

DDH, can result in higher abductor tension, which may
lead to early eccentric wear of the prosthesis. Whenever
eccentric wear of HXLPE liner was found, weight-
bearing must be stopped to avoid the accelerated wear
and ARMD. Partial or total revision THA is the primary
treatment for such wear of HXLPE. A careful assessment
of preoperative radiographs and intraoperative testing
are imperative to avoid subsequent dislocation and
loosening.

Abbreviations
HXLPE: highly cross-linked polyethylene; PE: polyethylene; CoHXLPE: ceramic-
on-highly cross-linked polyethylene; THA: total hip arthroplasty;
DDH: developmental dysplasia hip; ARMD: adverse reactions to metal debris

Acknowledgements
N/A.

Authors’ contributions
CL: project conceptualization, data collection/validation, result interpretation,
reporting & editing, and final approval of the version to be submitted. HZ:
project conceptualization, result interpretation, final approval of the version
to be submitted, and project guarantor. All authors have read and approved
the manuscript.

Funding
This study is supported by grants from National Natural Science Foundation
of China (81672197). These funding bodies had role in the collection and
interpretation of data and in writing the manuscript.

Availability of data and materials
The final dataset will be available from the corresponding author.

Ethics approval and consent to participate
This case report was approved by our Institutional Ethical Committee
according to the Declaration of Helsinki.
Informed consent was obtained from all individual participants included in
the study.

Consent for publication
Written informed consent was obtained from the patient for publication of
this case report and any accompanying images. A copy of the written
consent is available for review by the Editor of this journal.

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

Received: 15 June 2020 Accepted: 1 October 2020

References
1. Vadei L, Kieser DC, Frampton C, Hooper G. Survivorship of Total hip joint

replacements following isolated liner exchange for Wear. J Arthroplast.
2017;32(11):3484–7. https://doi.org/10.1016/j.arth.2017.05.055.

2. Hall A, Eilers M, Hansen R, et al. Advances in acetabular reconstruction in
revision total hip arthroplasty: maximizing function and outcomes after
treatment of periacetabular osteolysis around the well-fixed shell. Instr
Course Lect. 2014;63:209–18.

3. Karachalios T, Komnos G, Koutalos A. Total hip arthroplasty. EFORT Open
Reviews. 2018;3(5):232–9. https://doi.org/10.1302/2058-5241.3.170068.

4. Peters RM, Van Steenbergen LN, Stevens M, Rijk P, Bulstra S, Zijlstra W. The
effect of bearing type on the outcome of total hip arthroplasty. Acta
Orthop. 2018;89(2):163–9. https://doi.org/10.1080/17453674.2017.1405669.

5. Ji Z, Wei G, Yixin Z. Analysis of failure mechanisms of total hip anhroplasty.
Chin J Bone Joint Surg. 2012;5(3):217–9.

6. Kim YH, Park JW, Kim JS. Alumina Delta-on-highly Crosslinked-Remelted
polyethylene bearing in Cementless Total hip Arthroplasty in patients
younger than 50 years. J Arthroplast. 2016;31(12):2800–4. https://doi.org/10.
1016/j.arth.2016.05.020.

7. Longbo K. Retrospective clinical application of ceramic-on-polyethylene
total hip arthroplasty. Int J Orthop. 2009;30(2):84–8.

8. Yu X, Fujiang Z, Xinlong M, Kaijing R, Jianhua Y, Zhiguo G. Relationship
between polyethylene wear and decrease of femoral offset after total hip
arthroplasty. Chin J Orthop. 2012;32(9):849–54. https://doi.org/10.3760/cma.J.
issn.0253-2352.2012.09.008.

9. Karam JA, Tokarski AT, Ciccotti M, Austin M, Deirmengian G. Revision total
hip arthroplasty in younger patients: indications, reasons for failure, and
survivorship. Phys Sportsmed. 2012;40(4):96–101. https://doi.org/10.3810/
psm.2012.11.1992.

10. Tian L, Jun X, Zhanjun S. Correlations between polyethylene wear
direction and other influencing factors in total hip arthroplasty. Natl
Med J Chin. 2014;94(43):3416–20. https://doi.org/10.3760/cma.j.issn.0376-
2491.2014.43.041.

11. Greber EM, Pelt CE, Gililland JM, et al. Challenges in Total hip Arthroplasty in
the setting of developmental dysplasia of the hip. J Arthroplast. 2017;32(9S):
S38–44. https://doi.org/10.1016/j.arth.2017.02.024.

12. Jianbin M, Miao L, Xiangdong M, Jianfeng Y. Relativity study during
polyethelene debris cytokine and hip prosthesis loosening. Orthop J Chin.
2009;17(9):644–6. https://doi.org/10.3969/j.issn.1674⁃8573.2019.06.017.

13. Talmo CT, Kwon YM, Freiberg AA, Rubash EH, Malchau H. Management of
polyethylene wear associated with a well-fixed modular cementless shell
during revision total hip arthroplasty. J Arthroplast. 2011;26(4):576–81.
https://doi.org/10.1016/j.arth.2010.05.028.

14. Restrepo C, Ghanem E, Houssock C, Austin M, Parvizi J, Hozack W. Isolated
polyethylene exchange versus acetabular revision for polyethylene wear.
Clin Orthop Relat Res. 2009;467(1):194–8. https://doi.org/10.1007/s11999-
008-0533-8.

15. Maloney WJ, Paprosky W, Engh CA, Rubash H. Surgical treatment of pelvic
osteolysis. Clin Orthop Relat Res. 2001;393:78–84. https://doi.org/10.1097/
00003086-200112000-00009.

16. Rubash HE, Sinha RK, Maloney WJ, Paprosky GW. Osteolysis: surgical
treatment. Instr Course Lect. 1998;47:321–9.

17. Rubash HE, Sinha RK, Paprosky W, Engh AC, Maloney JW. A new
classification system for the management of acetabular osteolysis after total
hip arthroplasty. Instr Course Lect. 1999;48:37–42.

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

Li and Zhang BMC Musculoskeletal Disorders          (2020) 21:670 Page 4 of 4

https://doi.org/10.1016/j.arth.2017.05.055
https://doi.org/10.1302/2058-5241.3.170068
https://doi.org/10.1080/17453674.2017.1405669
https://doi.org/10.1016/j.arth.2016.05.020
https://doi.org/10.1016/j.arth.2016.05.020
https://doi.org/10.3760/cma.J.issn.0253-2352.2012.09.008
https://doi.org/10.3760/cma.J.issn.0253-2352.2012.09.008
https://doi.org/10.3810/psm.2012.11.1992
https://doi.org/10.3810/psm.2012.11.1992
https://doi.org/10.3760/cma.j.issn.0376-2491.2014.43.041
https://doi.org/10.3760/cma.j.issn.0376-2491.2014.43.041
https://doi.org/10.1016/j.arth.2017.02.024
https://doi.org/10.1016/j.arth.2010.05.028
https://doi.org/10.1007/s11999-008-0533-8
https://doi.org/10.1007/s11999-008-0533-8
https://doi.org/10.1097/00003086-200112000-00009
https://doi.org/10.1097/00003086-200112000-00009

	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion and conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

