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Wear analysis and diagnostic reasoning on clinical failure of
artificial hip joints

WANG Cheng-tao', JIN Zhong-min®, LIAO Guang-shan', MAO Yuan-ging’, ZHAO
Qing-hui' ,ZHU Zhen-an’, WANG Jin-wu’, YAO Tian-ping* (1. Clinical Translational Engineering
Research Center of Digital Medicine, Ministry of Education, Shanghai Jiaotong University, Shanghai 200030,
China; 2. School of Mechanic Engineering, Xi’ an Jiaotong Universtity, Xi’ an 710049, China; 3. Shanghai Key
Laboratory of Orthopaedic Implants, Department of Orthopaedics, Shanghai Ninth People’ s Hospital, Shanghai
Jiaotong University School of Medicine, Shanghai 200011, China; 4. Shanghai Inspection and Testing Institute
for Medical Devices, Shanghai 201321, China)

Abstract. Objective  To investigate the wear mechanism of artificial hip joints and the criteria for wear life defini-
tion, analyze the causes of abnormal wear and the clinical manifestations of wear failure, establish the reasoning
route of failure incidents. Methods The wear process and early factors on abnormal wear in artificial hip joints
were studied through elastohydrodynamic lubrication computation and finite element analysis; the service life of
artificial hip joints was determined through establishing criteria for wear life definition; the clinical manifestations of
wear failure were introduced and classified through wear-osteolysis morphological matrix; the reasoning logic of
failure incidents was established through clinical investigation. Results  The minimal synovium thickness and
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contact stress between the femoral head and the acetabular cup were calculated, and the effect of relevant pa-
rameters was studied as theoretical references for wear analysis; the criteria on wear life definition of artificial hip
joints were proposed, namely the mechanistic failure due to geometric change in artificial hip joints and the biolog-
ical failure due to osteolysis; nine kinds of clinical manifestation for wear failure were found; the reasoning route
for failure incidents was presented. Conclusions Primary wear process in artificial hip joints includes boundary
and mixed friction, adhesive, ploughing and third-body wear; surface quality, fit clearance between the acetabu-
lar cup and the femoral head, and roundness have great impact on early abnormal wear; normal mechanistic life
of metal-UHMWPE artificial hip joint can reach 40 years, but its maximum biological life is no more than 10-15
years, which is the constraint of prosthesis life today; the diversity of clinical manifestations for wear failure is the
morphological results of mechanical wear and osteolysis, which is helpful for the reasoning route of failure inci-

dents.

Key words . Artificial hip joint; Wear; Failure; Finite element analysis; Mechanics; Biology
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Fig.2 Edge collision caused by ball head offset of the artificial hip joint

—

—

XI=p=A

22 26 30 35 52
D/mm

(a)

“ 1
23@ (36) M e

N e SRR
@ @inwee
(22) 4 JB/HUNWPE 81

2000 Jik 20 126
=30 KBB4
(b)
B3 kAER—ERERXER

Fig.3 Relationship of the ball head diameter and wear
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Fig.5 Clinical state of wear failure for artificial hip joint
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Tab.4 The reasoning route for wear failure
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Fig.6 The prostheses dislocation caused by wear
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