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Abstract : 

An artificial hip joint consists of several main components. The components are femoral stem, femoral head, acetabular liner and acetabular 
shell. As its function as a bearing, an acetabular liner is designed to reduce friction and receive the high stress. The liner is made from Ultra 
High Molecular Weight Polyethylene (UHMWPE) material. It is reported that the UHMWPE liner bearing is occasionally fails inside the 
patient’s body. This paper reports the effect of loading on the liner and predicts the liner ability in receiving the load. A finite element 
simulation is employed in modeling the contact system. The maximum load received by the artificial hip joint during human activities is used 
as input in the artificial hip joint models. The result shows that the acetabular liner receives the high stress distribution and the highest 
stress is located on the center of the liner. The maximum stress on the acetabular liner does not exceed the yield criteria of the UHMWPE 
material. It is concluded that the UHMWPE material is relatively able to carry the various loading. However, the failure of the acetabular 
liner can be caused by the unexpected conditions when the patient stumbles or falls down. 
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1. Introduction 

An artificial hip joint consists of several main components. The components are femoral stem, femoral head, 
acetabular liner and acetabular shell. The acetabular liner is located between femoral head and acetabular shell. 
As its function as a bearing, an acetabular liner is designed to reduce friction and receive high contact stress. An 
acetabular liner is made from Ultra High Molecular Weight Polyethylene (UHMWPE) material. Unfortunately, it is 
reported that the UHMWPE liner bearing occasionally fails inside the patient’s body, as shown in Figure 1 [1]. Due 
to this condition, it is necessary to investigate the causes. The study on the interacting bodies/surfaces, such as 
contact and interaction between femoral head and acetabular liner is a part of the Tribology science. Tribology is 
the science and technology of interacting surfaces in relative motion, and includes the study of friction, wear and 
lubrication. 

In this study, finite element method is selected as a tool to study the contact at the UHMWPE liner. A finite 

element analysis can be employed in modeling the contact system. The load received by the hip joint during 

human activities is used as input in the artificial hip joint models. The stresses in an UHMWPE acetabular liner 

depend upon its material properties, as well as its design and loading [2]. The information about the material 

properties of UHMWPE is obtained from the UHMWPE Biomaterials handbooks [3] and literatures. 

 

Figure 1. An example of a failure on acetabular liner component [1] 
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The study of artificial hip joints began in 1938. The material of the artificial hip joint was made from steel. 
Previously, an artificial hip joints using metal-on-metal material is predicted to reach 20 years [4] of its lifespan. 
The term of metal-on-metal means, the material of the femoral head and the liner bearing is made from metal. 
However, this artificial hip joint failed within 2 to 4 years. The failure is caused by the lack of fixation and the 
extreme wear. 

Due to this condition, McKee and his coworkers [5] and Watson-Farrar [6] conducted more research on the 
artificial hip joint in the 1960s. The material of the artificial hip joints (head and acetabular liner) are cobalt-
chrome-molybdenum. This type still used metal-on-metal with different material selection. This model showed an 
improvement but this model can only last for 2 to 10 years. The failure is caused by the unsuitable design 
geometry of the model. In 1960, Charnley [5] introduced the design and new materials for artificial hip joints. 
Femoral head made from stainless steel material, was contacted with the acetabular liner, made from plastic 
material. The metal-on-polyethylene showed good quality in reducing the friction. In the early 1980s, Weber [4] 
tried to develop a model of metal-on-metal using cobalt chrome material as a modern material alloy called 
“Metasul”. This model is expected to have a lifespan for 20 years. However, some patients feel discomfort after 2 
to 4 years [4].  

Until now, the artificial hip joint, which widely used, is metal-on-polyethylene. This model is able to reduce 

wear and friction significantly. The data from the Orthopaedic hospital (RSO) dr. Soeharso Solo shows that the 

metal-on-polyethylene is the main material for the artificial hip joint in this hospital. Considering the failure of the 

acetabular liner, which is made polyethylene (UHMWPE), some investigations is conducted to study the causes. 

This paper studies the contact simulation of artificial hip joints using UHMWPE as an acetabular liner. The objective 

of this research is investigating the effect of loading during human activities on the contact stress of the UHMWPE 

material. The question is “can the different type of loading during human normal activities cause the failure of 

UHMWPE?” A von Mises stress criterion is selected to determine the failure of UHMWPE material. 

 

2. Material and Methods 

In this study, the material properties, the load and the dimension of the artificial hip joint system are 

discussed. UHMWPE, a type of polymer, safely used material in orthopaedic applications, is generally classified as a 

linear homopolymer. Polymer is a molecule, consist of many (poly) part (-mer) [3]. UHMWPE is widely used for 

artificial implant materials, such as hip joint, knee-joint, ankle and shoulder joint [3]. The modeling in finite 

element simulation of UHMWPE material requires material properties. The material properties are obtained from 

literatures [7, 8, 9] as listed in Table 1. In the present simulation, the femoral head is assumed as rigid (un-

deformable) material and the acetabular shell is assumed as stainless steel 316 L. 

Table 1. Material properties of the model [7, 8, 9] 
Components (Material Model) Young’s modulus (MPa) Poisson’s ratio 

Acetabular Shell (SS 316L) 800 0.20 
Acetabular Liner (UHMWPE) 200000 0.30 
Femoral Head (Rigid) - - 

The patient, which uses artificial hip joint in their body, needs to do their normal activity in their life. Some 
activities result in high force on their hip joint and increase the risk of failure on the artificial hip joint component. 
The activities in a daily-life and the predicted forces are listed in Table 2. The predicted force in a certain activity is 
calculated by multiplying the body weight with a constant, as listed in Table 2. This study uses an assumption of 
Indonesian human body weight, 65 kg and the acceleration of gravity is 9.81 m/s2.  The predicted force is 
employed as input in finite element simulation to model the human activities load on the artificial hip joint system. 

The dimension of the artificial hip joint model, consists of femoral head and acetabular liner, is shown in 

Table 3. These dimensions are obtained from the average geometry of the artificial hip joint, which is frequently 

used by patients in RSO dr. Soeharso Solo. 
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Table 2. Maximum forces in multiples of body weight [10] 
Activities Multiples of body weight Force (N) 

Jump 8.0 5101.2 
Running fast 7.6 4846.14 
Take the stairs 7.2 4591.08 
Down the stairs 7.1 4527.315 
Walking slowly 4.9 3124.485 

 

Tabel 3.  Dimension of the present model of the artificial hip joint  

Components Size (mm) 

Acetabular Liner: 
Outside Diameter 
Inside Diameter 

39.90 
28.10 

Femoral Head: Outside Diameter 28.00 

 

Modeling procedures 

A finite element simulation is employed in modelling the contact system. The contact load received by the 

artificial hip joint during human activities, listed in Table 2, is used as input in the artificial hip joint models. The 

numerical static contact simulation is conducted in commercial software, ABAQUS. The simulation procedure 

consists of three steps: pre-processor, solution and post-processor. Detail of the simulation procedure is depicted 

in Figure 2. 

 

Figure 2. Flowchart of the simulation procedure 

Figure 3a, shows the position of acetabular in the hip joint system. A detailed 3-dimensional finite element 
(FE) model of acetabular assembly is developed as shown in Figure 3b. The femoral head was modelled as an 
analytical rigid. The material property of acetabular liner was modelled as a linear elastic, isotropic material based 
on Table 1. Boundary conditions, fixed in all directions, were applied to the outer surface of the acetabular liner. 
The load as listed in Table 2 was applied at the centre of the femoral head. The FE model uses 36326 solid 
elements, approximately 8940 nodes and use C3D4 (A 4-node linear tetrahedron) of element types, see Figure 3c. 

There are two simulations reported in this paper. The first simulation is performed to verify the present 

results with the previous models [7]. The verification is important in validating the model and the simulation 

procedure with the other model. The second simulation is performed to predict the contact stress of the UHMWPE 

material in receiving the various forces. Simulations are performed using a personal computer with 4 processor 

and 4GB of RAM. 

 

Start 

End 

Pre-processor: 
 Geometry 
 Contact Definition 
 Material model 

 

Solution: 

 Boundary Condition 

 Load 

 Mesh 

Post-processor: 
View von Mises’s Stress 
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Figure 3. Hip Joint model a) position of acetabular, b) position of load and boundary condition and c) mesh 

 

3. Result and Discussion. 

3.1.  Model verifications 

In the first simulation, a present finite element model was constructed based on the works of Kurtz [7]. The 
dimension of the femoral head and the acetabular liner are 22 mm and 39 mm, respectively with the clearances 
between the femoral head and the liner are Δri = 0.05 mm and Δri = 0.22 mm. Figures 4 (a-b) depict the results of 
von Mises stress of the first simulation model. The von Mises stress of the acetabular liner, for a radial clearance, 
Δri = 0.22 is higher than the von Mises stress of the acetabular liner for a radial clearance, Δri = 0.05. Table 4 shows 
the comparison of the von Mises stress of present model and the Kurtz model [7] on the UHMWPE material. The 
deviation between the present model and the Kurtz model [7] is less than 5 %. It is concluded that a good 
agreement is found between the present model and Kurtz models [7].  

In Figure 4, a stress distribution on the UHMWPE during loading is also illustrated. The highest contact stress 

is located at the centre of the UHMWPE whereas the low contact stress is found at its surrounding. This 

phenomenon shows that the critical area, which has the highest potency to fail, is located at the centre of the 

UHMWPE. 

 

    

 

Figure 4. von Mises stress a) acetabular liner with a radial clearance of 0.22 (Δri = 0.22) and b) acetabular liner with a 

radial clearance of 0.05 (Δri = 0.05) 
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Table 4. Comparison of simulation results of von Mises stress on the acetabular liner between the present models with the 
Kurtz model [7]. 

Model 
von Mises  stress (MPa) 

∆ri =0.05 ∆ri =0.22 

Present 10.02 16.54 
Kurtz [8] 10.3 17.2 
different 2.71% 3.83% 

3.2.   Results 

The second simulation is conducted in the present finite element model using material properties as shown in 

Table 1, contact loads as shown in Table 2 and dimensions as shown in Table 3.  Figure 5 shows the result of the 

maximum von Mises stress as a function of loads variations of the human activities. The highest von Mises stress is 

10.14 MPa, occurs during jumping activity. The lowest von Mises stress is 9.537 MPa, occurs during walking slowly. 

However, based on the present simulation, it is found that the highest von Mises stress is still below the yield 

stress criterion, where the yield stress of UHMWPE material is 21-28 MPa [3]. This indicates that the UHMWPE 

material is able to receive the various loads in the human activities. 

 

Figure 5. Maximum von Mises stress on UHMWPE material as a function of loads variations 

 

4. Conclusion 

A finite element simulation was carried out to explore the effect of loading on contact stress of the liner and 
predicts the liner ability in receiving the load. The static contact of a hip joint system was used to represent the 
acetabular shell and liner interaction. Two simulations were conducted in this paper, namely: validation simulation 
and present simulation. The present model was validated with the previous model available in the literature. The 
results show a good agreement between the previous model and the present model. It can be concluded that the 
geometry modeling, mechanical properties, and simulation procedure of the present model are valid.  

The second results show that the acetabular liner receives the varied von Mises contact stress during human 

activities. The failure analysis is conducted in von Mises stress criteria. The highest von Mises stress at the 

acetabular liner occurs during jumping activity. This stress does not exceed the yield stress of the UHMWPE 

material. It is concluded that the UHMWPE material is relatively able to carry the various loading during human 

activites. However, the failure of the acetabular liner can be caused by the unexpected conditions when the 

patient stumbles or falls down and the artificial hip joint receive unpredictable load and position. 
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