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ABSTRACT – In this study, an impingement failure 

analysis was performed on acetabular liner rim of an 

artificial hip joint (AHJ). A commercial finite element 

method software package was used to simulate local 

impingement on the acetabular liner rim (ALR) due to 

wear depth variations (wear rates) inside the acetabular 

liner surface (ALS). The results show that wear rates of 

the ALS can increase the risk of impingement on the 

ALR.  

 

1. INTRODUCTION 

One of the main problem for total hip arthroplasty 

(THA) patients during their daily activities is 

dislocation [1]. Two types of dislocation can be 

distinguished: early dislocation and late dislocation [2]. 

In general, the early and late dislocations are mostly 

related to the impingement between the neck stem with 

the ALR and to wear of the ALS, respectively [2-3]. For 

the early dislocation, impingement is induced by the 

range of motion (RoM) limitation of the THA patient’s 

AHJ. The excessive or inordinate activities can induce 

higher RoM and cause the impingement. Activities of 

the THA patients as well as its implication to RoM and 

impingement have been reported. Sugano et al. [4] 

presented the measurement of RoM for Western and 

Japanese style activities. Recently, Saputra et al. [5-6] 

found that impingement and dislocation are predicted to 

be occurred in picking up activities for the inclination 

and anteversion combination of the acetabular liner cup 

of 45and 15, respectively. 

In addition, after total hip revision, it is found that 

the wear rate in the late dislocation can increase the 

impingement. It is indicated that wear of the ALS is 

sometimes followed by failure on the ALR, based on 

visual inspection of the orthopedic specialist. Based on 

clinical data, Tanino et al. [7] found that acetabular liner 

articular geometry, which the depth of the articular 

surface is relative to the ALR, is related to the 

prevalence of dislocation. Using finite element analysis, 

Scifert et al. [8] showed that in every millimeter of the 

increased head center inset, the peak moment resisting 

dislocation increases 5.8%. 

Based on literature review, it can be concluded that 

the wear of the ALS causing the impingement cannot be 

avoided. However, the wear rate of the ALS can be 

predicted theoretically, so the impingement which 

caused by wear rate also can be predicted by 

considering the wear rate mentioned. In addition to it, 

this research will be focused on the relation between 

wear rates inside the ALS and the impingement on the 

ALR. 

The aim of this paper is to study the effect of the 

wear rate of the tribological contact of the ALS – 

femoral head (FH) interaction against impingement 

failure on the ALR. In this study, impingement is 

simulated using a commercial finite element method 

software package by varying wear depth inside the ALS, 

based on specific wear rates obtained from literature. 

 

2. METHODOLOGY 

2.1 Investigations and Hypothesis 

The acetabular liner is placed between the 

acetabular cup and the FH in the unipolar AHJ. Based 

on the visual investigation to the acetabular liner 

revision obtained from Orthopedic Hospital Soeharso in 

Indonesia, both the ALR damage and wear inside the 

ALS were found. 

Wear of the ALS causes impingement between the 

neck stem and the ALR. In addition, the increased wear 

depth based on specific wear rates obtained from 

literature will increase the impingement. 

 

2.2 Finite Element Analysis 

The working condition of the AHJ was evaluated, 

then simulated three-dimensionally (3D) with 28 

diameter FH, using a commercial finite element (FE) 

code, see Figure 1. The FE analysis was carried out by 

assuming that the model is 3D, linear, static, and 

isotropic material. The material properties of acetabular 

liner and FH are obtained from literature [9]. The 

applied load and direction are also obtained from the 

Dowson’s experiment [9], where the loads are applied at 

the center point of the FH. All the degree of freedom at 
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the outer surface of the acetabular liner cup is 

constrained. The simulation is conducted in three steps: 

creating the artificial wear on the ALS, giving the force 

on the acetabular liner by the FH, and rotating the FH 

from neutral position to the impingement in order to 

represent the flexion movement. The wear depth 

obtained from literature [9] is used as wear depth 

variation in the artificial wear step. 

 

 

Figure 1 the 3D model of the acetabular liner against the 

FH include the applied load, constrained, mesh, rotation 

direction and artificial wear location. 

 

3. RESULTS AND DISCUSSION 

Figure 2 shows the impingement angle as a 

function of the wear depth inside the ALS. It can be 

explained that the wear inside the ALS has contribution 

to the impingement on the ALR, where the increasing 

wear inside the ALS causes the impingement to occur 

faster. 

 

 
Figure 2 The impingement angle occurrence on the ALR 

as a function of wear depth. 

 

 
Figure 3 The von Mises maximum stress on the ALR 

during impingement as a function of wear depth. 

 

Figure 3 presents the von Mises maximum stress 

of the impingement contact as the wear depth function 

on the ALS. Based on Figure 3, the von Mises 

maximum stress will increase along with the increasing 

wear depth. It means that the damage rate of ALR is 

proportional with the increase of the von Mises 

maximum stress. These results have successfully 

confirmed the previous research [7-8]. 

 

4. CONCLUSIONS 

This study investigated impingement failure on the 

ALR using Finite element simulation. The 3D solid 

model of the acetabular liner was used for the FE 

analysis under the defined boundary conditions. To 

obtain relation between the wear rates inside the ALS 

with impingement on the ALR, wear depth variation 

was performed based on specific wear rates obtained 

from literature. The results confirm that increasing wear 

rates inside the ALS will increase impingement effect 

on the ALR. 

 

5. REFERENCES 

[1]  C.V. Sikes, L.P. Lai, M. Schreiber, M.A. Mont, 

R.H. Jinnah, and T.M. Seyler, “Instability after 

total hip arthroplasty treatment with large femoral 

heads vs constrained liners,” Journal of 

Arthroplasty, vol. 23, No.7, pp. 59-63, 2008. 

[2]  J.M. Cuckler, “The dislocated total hip: The 

dreaded 3 AM phone call,” Seminars in 

Arthroplasty 22, 2011, pp. 98-99. 

[3]  M.T. Hummel, A.L. Malkani, M.R. Yakkanti, D.L. 

Baker, “Decreased dislocation after revision total 

hip arthroplasty using larger femoral head size and 

posterior capsular repair,” Journal of Arthroplasty, 

vol. 24, No. 6, pp. 73-76, 2009. 

[4]  N. Sugano, K. Tsuda, H. Miki, M. Takao, N. 

Suzuki, and N. Nakamuro, “Dynamic 

measurements of hip movement in deep bending 

activities after total hip arthroplasty using a 4-

dimensional motion analysis system,” Journal of 

Arthroplasty, vol. 27, no. 8, pp. 1562-1568, 2012. 

[5] E. Saputra, I.B. Anwar, J. Jamari, and E. van der 

Heide, “Finite element analysis of artificial hip 

joint movement during human activities,” in The 

Malaysian International Tribology Conference, 

2013, pp. 102-108. 

[6]  E. Saputra, I.B. Anwar, R. Ismail, J. Jamari, and E. 

van der Heide, “Numerical simulation of artificial 

hip joint movement for Western and Japanese-style 

activities,” Jurnal Teknologi (Sciences & 

Engineering), No. 66, pp. 53-58, 2014. 

[7] H. Tanino, M.K. Harman, S.A. Banks, and W.A. 

Hodge, “Association between dislocation, 

impingement, and articular geometry in retrieved 

acetabular polyethylene cups,” Journal of 

Orthopaedic Research, pp. 1401-1407, 2007. 

[8] C.F. Scifert, T.D. Brown, D.R. Pedersen, and J.J. 

Callaghan, “A finite element analysis of factors 

influencing total hip dislocation,” Clinical 

Orthopaedics, vol. 355, pp. 152-162, 1998. 

[9] D. Dowson, B. Jobbins, and A. Seyed-Harraf, “An 

evaluation of the penetration of ceramic femoral 

heads into polythene acetabular cups,” Wear, pp. 

880-889, 1993. 

106.6

106.7

106.8

106.9

107

107.1

107.2

107.3

107.4

0 20 40 60 80 100 120 140

Im
p

in
g

em
en

t 
an

g
le

 [
⁰]

Wear depth [µm]

0

10

20

30

40

50

60

70

0 20 40 60 80 100 120 140

M
ax

. 
v
o
n
 M

is
es

 s
tr

es
s 

[M
P

a]

Wear depth [µm]


