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Abstract. Modelling the hip implant has been one of the most important researches over the past few decades. In
addition, using the ANSYS software for this purpose is well-known procedure to understand the real reaction of the
hip implant parts during the daily life of the installed part. This study is to focus on the practical part of the use of
ANSYS software to analyse the performance of the hip implant through the feature of structure analysis available in
the ANSYS. The research applies the static loads behaviour only with the help of the static structural analysis to view
the advantages and the disadvantages of every design, which helps us estimate the implant’s behaviour. The study
investigates the optimization of the acetabular cup using the lattice optimization along with the infill option
available in the ANSYS software in order to optimize the stress and the fixture of the cup inside the pelvis.

Introduction

Some of the bone diseases force the patient to have the hip replaced with an artificial implant [1].
Researchers are trying to extend the age of the THR total hip replacement with the least number of
defects that may occur during the patient’s life. The normally accepted lifespan of the implant is about
15 years [2]. Most of the studies focus on avoiding the defects happening, which gives the implant the
long life required.

There are certain diseases that affect the performance of any implants installed such as loosening,
dislocations and the contact pressure between the acetabular cup and the implant itself [3].
Researchers have invented the term ‘impingement’ to describe the unnecessary contact between the
acetabular cup and the head of the femur. They believe that the recurrent impingement might cause
the failure of the joint [4].

Many studies have mentioned some of the parameters responsible for having a durable acetabular
component such as the size of the femoral head the head-neck diameter ratio and the component
orientation [5]. ROM range of motion also has become one of the important indicators that can tell us
how successful the joint is, every manufacturing company, however has set their own ROM for the
joints they make [6].

Most of the above-mentioned diseases are related to the static loads that happen over time with the
constant wear and tear of the joint. The IDAC Integrated Design and Analysis Consultants use ANSYS

software in order to understand the necessary implantation and the installation forces required for the
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variety of the replacements available for every patients. The ANSYS can create parametric models that
help evaluate the cup geometry. The finite element studies performed on the cup can give us a good
estimate on the relationship between the proposed forces/constraints and the stress generated
accordingly. The idea of previously testing the joints and the implants through the ANSYS software can
help save a great deal in comparison to the physical testing [7] since ANSYS has been used before for
tests like compression and stress [8].

One of the important factors to watch after the acetabular revision surgery is the effect of the load on
the cup, because the stability of the cup and its integration with the body is something necessary to
achieve. Due to the complexity of the shapes, whether it is the pelvis parts or the acetabular cup, FE the
finite element modelling plays a major role in evaluating the stress distribution in the hip prosthesis

[9].

The topology optimization TO has helped the designers to minimize the implant failure probability,
thus increased the reliability of the prosthesis. The main aim of the manufacturers with the FEM and
the topology optimization is to reduce stress, which is taking place on the prosthesis parts in general
and on the acetabular cup in particular. In addition, the topology optimization feature is utilized for
the static finite element analysis of the implant, which helps reduce the stress shielding. Using the
ANSYS software topology optimization will redesign the whole implant shape, give a suggestion based
on the software algorithm, and provide reconstruction idea for the implant geometry that helps
optimize it and, at the same time, keep the durability required [10].

Along with the study of the structural analysis, many researches have looked into optimising the
implant in general and the acetabular cup in particular. ANSYS was used to optimise hip implant in
order to minimise the stress shield cost and time of the prosthesis manufacturing. Mathheck et al.
1990 tried to optimize the hip implant with the FEM process and discovered that a hollow geometry of
the stem is able to decrease the stress in a reasonable amount [11].

Based on the medical recommendations, the cubic unit cell can be applied in order to prepare for the
FEM analysis to point the applicable load on an implant [12-16], which is why this research will give
the cubic unit cell lattice a try in order to explore the effect of such a type of structure.

ANSYS software has been used before for the FEM analysis and test of specimen

1. Methods

1.1. Static Structural ANSYS

For the case in this study, we have chosen a medium-size cup for the acetabular cavity as shown in the
following figure 1, the file was imported in STP format after being drawn using a CAD program. The
meshing size is set to default with 0-element size.
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Figure 1. the acetabular cup

The fixture ‘fixed support’ is applied on the outer face of the dome in the cup considering the face will
be glued to the pelvis. The shape shown in the figure 1 has extra part to stick well to the pelvis. The
inner side of the cup receives the pressure from the femoral head during the real life activities that
exert loads to be considered.

The applied pressure in the experiment is around 750 Ib. (350 kg approximately) and the radius of the
cup is around 3.5 cm so the pressure generated on the surface will be around 490 Pa. The ANSYS offers
the equivalent stress (von-mises) and the total deformation charts. The next two figures 2, 3 preview
both stress charts:
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Figure 2. Von-mises stress chart, ANSYS
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Figure 3. total deformation
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1.2. Topology optimization

Many studies followed in order to reduce the stress shielding and to optimize the hip implant. In our
study, we are trying to focus on the acetabular cup optimization using the same case that we
investigated in the previous section as a structural analysis.

After having the cup analysed through the static structural feature, the ANSYS can apply the topology
optimization feature in order to optimize it, whether the optimization is about reducing mass, volume,
or even stress. One of the new options in the ANSYS 2019 is the lattice optimization and the infill
feature in the SpaceClaim. The infill feature can decorate the surface of the cup in order to get a rough
surface that can stick to the pelvis and allow the body to build a new structure of bone cells into the
cup, which makes the cup more fixed over time.

The following figure 4 shows the topology optimization tree in ANSYS. It demonstrates how to start a
topology optimization study out of the previous results.
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Figure 4. topology optimization

However, our focus on this part of the topology is the lattice optimization using the infill option in the
SpaceClaim as mentioned before. To use the topology optimization results as a new geometry as
shown in figure 4, we can open a new static structural window and use the results there, and then we
apply the infill feature choosing a certain type of structure. The software ANSYS offers many types of
unit cells as shown in the next figure 5:
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Figure 5. unit cells options in lattice feature in SpaceClaim
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The study uses the cube-lattice option with removing the outer surface of the cup, which exposes the

inner structure of the cup into the pelvis once connected. The following figure 6 shows the outcome
file acquired from applying such a feature.
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Figure 6. the lattice-shell option applied to the structure of the acetabular cup
Conclusion:

Using the ANSYS software shows two advantages during the study. The first option is the static
structural option and getting to analyse the prosthesis with the FEM analysis available in order to
anticipate the weaknesses and the strengths in the prosthesis design before moving on to the
manufacturing process.

The second option to get benefit from in the software is the topology optimization option, which
allows the designer to optimize the initial design proposed, and enables the user to repair the
problems that arise through time with the patient using the implant. With the previous section, we
have noticed how the optimized part with the lattice option helped fix the cup into the pelvis with the
rough surface that is ready to have bone built on it through time.
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