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Abstract: Total hip arthroplasty, also known as the hip implant, is used to replace 

damaged bone on the hip joint. The stem design is crucial since it will influence the 

performance of hip arthroplasty. This study uses the finite element method to simulate 

the effect of different implant geometry to investigate the stress distribution and 

displacement magnitude. The design of the implant was made with CAD software, 

while the femoral bone used a topography scan. This study assigned two types of 

titanium alloy, Ti-6Al-4V, and Ti-13Nb-13Zr, to the design. SolidWorks was used to 

create and assemble designs into the femur, while the Abaqus workbench was 

employed to analyse stability and stress distribution. The displacement and stress 

distribution of the design is conducted based on walking conditions. Based on the 

simulation, the hollow-typed design with Ti-6Al-4V material developed the lowest 

displacement magnitude, 0.7751 µm. Meanwhile, the original design with Ti-13Nb-

13Zr produced the lowest stress distribution, 177.11 Pa. In conclusion, removing 

additional features to the implant improves the implant stability but produces more 

stress than the implant that keeps its geometry integrity. The choice of materials is 

also the factor that affects the displacement and stress distribution. 
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1. Introduction 

The hip joint is the joint between the head of the femur and the acetabulum of the pelvis [1]. Its 

primary role is to support the body's weight in static and dynamic [2]. The hip joints were crucial for 

maintaining balance and keeping the pelvic inclination angle. A common referral source of hip joint 

pain is the groin and anterior thigh [3]. Numerous factors can cause hip pain and failure of the hip joint, 

primarily due to arthritis or traumatic injury [4]. In modern surgery, total hip arthroplasty is a standard 

treatment for hip joint failure [5]. 

Total hip arthroplasty, referred to as total hip replacement, is widely acknowledged as one of the 

twentieth century's advancements in orthopaedics [6]. An artificial implant replaces a hip joint that has 
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deteriorated due to aging or trauma. Furthermore, total hip arthroplasty reduces and enhances patient 

discomfort in critical and long-term circumstances [7]. Usually, in the fabrication of hip implants, 

biomaterials are essential due to their biocompatible properties [5]. 

In this study, the objective was to simulate hip implants' stress distribution and displacement using 

the finite element method. Also, in this study, the concept of material removal is applied. The Computer-

Aided Design (CAD) model is constructed using SolidWorks software and analysed using Abaqus 

software. 

2. Methodology 

2.1 Create a Design Model 

SolidWorks was used to construct the hip implant model for this study. Grabcab provided a 

topology scan that generated the femur bone model. The models will be imported into the Abaqus 

program to analyse the stresses placed on the implant and its degree of displacement. Abaqus software 

was employed to specify the hip implant and the femoral bone material. Before beginning the 

simulation, several parameters must be assigned, including the component characteristics, the boundary 

condition, and the loads occurring on the implant and femur bone. The simulation data will be examined 

for validity and compared to earlier research. The primary goal of this investigation is to examine stress 

distribution and displacement acting on the implants. 

In the original and hollow-typed design, the thickness, degree of rotation about the axis of the neck 

and head, and the length of the intramedullary stem are constant. The thickness of the implant is 15 to 

8 mm, the neck and head placement angle around the axis is 135°, and the length of the stem is 120 

mm. Ti-6Al-4V and Ti-13Nb-13Zr will be used to implement in both designs. Figure 1 and 2 shows the 

parameters of both designs.  

 

Figure 2: Parameters on hollow-typed implant 
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Figure 2: Parameters on hollow-typed implant 

To design the hollow-typed implant, the radius on the upper side is 7.80 mm, and the radius on the 

lower side is 5.85 mm. The length between the upper and lower side is 46.84 mm. 

2.2 Import the Model into Abaqus Software 

After completing the design, both designs go through assembly in SolidWorks software to be 

merged into the femoral bone. Then the finished assembled models were saved in STEP format and 

imported into the Abaqus software. The STEP format was preferred as it contained more 3D data and 

part geometry than IGES. Thus, the Abaqus software can read the data designs. 

2.2.1 Assign the Material Property 

Before starting the simulation procedure, the implants were assigned based on mechanical 

properties in Table 1. The material of the implant chosen in this study is Ti-6Al-4V and Ti-13Nb-13Zr. 

The performances shown by Ti-6Al-4V and Ti-13Nb-13Zr are suitable for application in the human 

body because of their excellent biocompatibility [8], [9]. Table 1 shows the material properties of the 

human bone, Ti-6Al-4V, and Ti-13Nb-13Zr. 

Table 1: Mechanical properties of human bone, Ti-6Al-4V, and Ti-13Nb-13Zr 

Materials Young’s Modulus (GPa) Poisson’s Ratio (v) 

Human bone 17.3 0.3 

Ti-6Al-4V 115 0.4 

Ti-13Nb-13Zr 77 0.36 

 

2.2.2 Topology Optimization 

The topology process minimises the implant's unrelated features before proceeding to the meshing. 

Since the completed models were stored in SolidWorks' STEP format, extraneous features emerged on 

the implants. This process is essential to eliminate any unnecessary features that appear on the implant 

for a more precise meshing process. 

2.2.3 Meshing of the Model 

The meshing employed was linear tetrahedral mesh methods. The sophistication of the implant 

determines the mesh grid. The femur has a global mesh size of 4.5 mm for both experiments, while the 
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original design and hollow design have global mesh sizes of 1.25 mm and 1.955 mm, respectively. 

Figures 3 and 4 show the completed mesh of both models. 

 

Figure 3: Completed mesh on the initial design 

 

Figure 4: Completed mesh on the hollow design 

2.2.4 Load and Boundary Conditions 

The models are held in place by the boundary conditions set to the implant without any rotation 

operating on any axis, indicating that the models are static. The model's boundary conditions are 

ENCASTRE (U1=U2=U3=UR1=UR2=UR3), with all values set to 0. As illustrated in Figure 5, the 

weights were applied to the model at particular locations to mimic normal walking conditions. The 

amount of forces applied are referred from [10]. The value of forces is represented in Table 2. 
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Figure 5: Locations of force being applied on the model 

Table 2: Value of force for normal walking condition [10] 

Point X Y Z 

1 433.8 263.8 -1841.3 

2 -412.1 53.1 648.4 

3 7.2 -148.6 -746.3 

4 0 0 0 

 

3. Results and Discussion 

Results are acquired from the finite element method using Abaqus software. This study aims to 

identify the effect of material removal features and material selection on the stress distribution and 

displacement magnitude. 

3.1 Relative Displacement 

The range of relative displacement threshold values employed in this investigation was 40–150 µm. 

A value below 40 µm accelerates bone development to the implant site and encourages osteointegration. 

On the other hand, any value more than 150 µm will result in the development of a fibrous tissue 

membrane at the implant-femoral bone contact and hasten implant loosening [11]. Figure 6 and 7 below 

compares relative displacement for both implants and their material. 
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Figure 6: Graph of relative displacement on initial design 

 

Figure 7: Graph of relative displacement on hollow design 

From the graph above, the relative displacement of the hollow-typed design increases in comparison 

to the initial design. Ti-13Nb-13Zr achieved the lowest value in comparison with Ti-6Al-4V in the first 

design. For the initial design, the lowest relative displacement for Ti-13Nb-13Zr is 0.8792 µm, while 

Ti-6Al-4V is 0.8862 µm. Meanwhile, for the second design, the lowest relative displacement achieved 

by Ti-6Al-4V, the value is 0.7751 µm, while for Ti-13Nb-13Zr is 0.7754 µm. It concluded that both 

designs still do not exceed the threshold value of 40 µm. Thus, it can enhance the rate of bone growth 

to the implant surface. 

3.2 Von Mises Stress 

The stress distribution at the bone-implant contact is the main finding of this study. The amount of 

loading on the implant on the specified nodes is referred to as relative stresses. The stress distribution 

from the findings will be compared to the implant's material Young's Modulus to assess whether or not 

the different geometry will fail after adding loads. Figures 8 and 9 compare the stress distributions of 

both materials. 
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Figure 8: Graph of Von Mises stress on the initial design 

 

Figure 9: Graph of Von Mises stress on the second design 

Results achieved by the hollow-type design produced a high value of Von Mises stress compared 

to the initial design. The highest value of stresses on the initial design of Ti-6Al-4V is 218.19 Pa, 

meanwhile, Ti-13Nb-13Zr is 177.11 Pa. The highest value of Ti-6Al-4V on the second design is 422.23 

Pa and for Ti-13Nb-13Zr is 337.66 Pa. It can be observed that Von Mises stress occurred the lowest on 

the initial implant compared to the hollow design between these two materials. 

4. Conclusion 

The initial stability of the hip implant for total hip arthroplasty using the finite element methods 

was achieved by its relative displacement of the node on the implant surface to the node on the femur 

bone under walking conditions. The study's threshold value ranged from 40 to 150 µm. The relative 

displacement for Ti-6Al-4V achieved the lowest in the hollow-typed design. Meanwhile, for Ti-13Nb-

13Zr, the material achieved the lowest in the initial design.  

The highest value of stresses on the initial design of Ti-6Al-4V is 218.19 Pa. Meanwhile, Ti-13Nb-

13Zr is 177.11 Pa. The highest value of Ti-6Al-4V on the second design is 422.23 Pa and for Ti-13Nb-

13Zr is 337.66 Pa. It can be observed that Von Mises stress occurred the lowest on the initial implant 

compared to the hollow design between these two materials. 
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In conclusion, removing additional features to the implant improves the implant stability but 

produces more stress than the implant that keeps its geometry integrity. Also, the choice of materials is 

the factor that affects the displacement and stress distribution. Overall, the design with no hole feature 

is the best choice among the other options. The material of choice is Ti-13Nb-13Zr, as it has the lowest 

initial stability displacement and stress distribution. 
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