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ABSTRACT

The design of a product is the first stage that determines its success. In designing an implant product, it is
necessary to carefully and carefully consider the strength of the structure, which will determine the
implantation process in the bone. This study aims to analyze the design performance of SS316L-based
plate implants for fibula restoration. The method used in this study is using a Finite Element Analysis
approach. The simulated model design has dimensions of 35 x 5 x 1.5 mm and five holes with a 2-3
configuration. The results of the bending test simulation showed that the values for both displacement and
Von Mises stress that occurred (0.008 mm and 116 MPa of each) were still considerably below the yield
stress of the SS316L material. The same results were also shown in the tensile test simulation, although
the clamping setting on the plate was changed on the other side. From this finite element analysis
approach, the SS316L-based five-hole plate implant design has a fairly good strength performance as a
fibular bone-implant restoration product.
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1. Introduction

A fibular injury is an injury to the bone in the area of the foot between the knee and the
sole. Actually, between the knee and the sole, there are two bones, namely the tibia and fibula
bones. The tibia is a bone that is at the front or what we call the shinbone. While the fibula bone
itself is located on the side of the tibia bone and is smaller (Taberner et al., 2019; Zahn et al.,
2012), as shown in Figure 1. The position of these two bones is the longest in the leg, and most
susceptible to impact. Hence, it is very susceptible to injury, easy to crack and even the worst
part will break (Dursun et al., 2020). In addition to traffic accidents, the most frequent causes of
fibular trauma are in sports, especially football (Werner et al., 2017; Zaki et al., 2020).

Tibia

Fig. 1. Tibia and fibula (Boston Children’s Hospital, 2020)
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For the treatment of trauma to the fibula bone, a plate-shaped implant has several holes
depending on the length of the implant. The larger or longer the fracture area, the longer the
implant size used. For the installation of the plate, a surgical operation is carried out first. Then
the plate will be fixed using screws and left for several months for the healing process before
surgical removal of the implant can be performed (Qosim et al., 2018).

Stainless Steel AISI 316L has been widely used as a material for orthopedic implants,
dental implants, and cardiovascular stents due to its suitable mechanical properties, workability,
high corrosion resistance, chemical stability, and low cost (Godbole et al., 2015; Mojarad
Shafiee et al., 2020; Pathote et al., 2022). After Stainless Steel 304/A2, grade 316L Stainless
Steel, often known as A4 Stainless Steel or marine grade stainless steel, is the second most
prevalent austenitic stainless steel (Dhib et al., 2016). The main alloying elements, after iron,
are chromium (16-18%), nickel (10-12%), and molybdenum (2—-3%), with small amounts (<1%)
of silicon, phosphorus, and sulfur (Dursun et al., 2020; Kong et al., 2020). Due to local
corrosive assault by chlorides and widespread corrosion by reducing acids, such as sulfuric acid,
the inclusion of molybdenum gives stronger corrosion resistance than 304. Stainless Steel 316L
is a low-carbon variant of Grade 316. When cold worked, 316 stainless steel may provide high
yields and tensile strengths comparable to Duplex stainless steel (Akinwamide et al., 2022; Ren
etal., 2019).

Finite element analysis (FEA) is one of the computational methods that has gained
widespread acceptance in the field of orthopedic research (Cao et al., 2019; Emzain et al.,
2021). Wong et al., utilized a finite element model of the bony part of the lower leg generated
on the basis of computed tomography data from the Visible Human Project. They found that the
finite element linear static analysis resulted in relevant fracture localizations and indicated
relevant fracture patterns (Wong et al., 2010). Wang et al., used FEA to study the relationship of
the tibial tunnel (TT) with fracture patterns and implants (Wang et al., 2021). Lu et al., utilized
3D imaging and FEA of elite fencers for asymptomatic foot and ankle structural injuries (Lu et
al., 2022). Thakre et al. performed research on the lower limb of the human body using 3D
modeling and FEA of the tibia. The stresses and displacements of the human tibia bone under
physiological loading were evaluated using FEA (Pratik S. Thakre, 2021). A study by Koh et
al., used a finite element model of High tibial osteotomy (HTO) that was subjected to
physiological and surgical loads in the tibia. Their result showed that design optimization was
an effective tool for HTO plate design. This information could aid future developments in HTO
plate design and could be expanded to other implant designs (Koh et al., 2019).

Computational simulations of biomechanical research can give more information about
the stability and usefulness of bone constructions (Huang et al., 2015; Qosim et al., 2020;
Steiner et al., 2015). As a result, we used the finite element method to explore the influence of
the parameters on the stability of plate fixation on tibial shaft fractures. The goal of this work is
to create a patient-specific plate design for post-fracture finger rehabilitation by statistically
exploring bending and tensile strength using FEM in line with Indonesian anthropometry. The
design has two significant benefits. To begin with, the proper stress distribution of the implant is
believed to reduce implant surface wear as well as the likelihood of early loosening. Second,
The right strength-to-weight ratio based on the patient's condition will reduce postoperative
therapy as well as implantation failure.

2. Research Methods

Computer-Aided Create (CAD) software (CATIA V5R17, Dassault Systémes, French)
was used to design the five-hole plate implant. The design produced referenced commercially
available components that were then adjusted based on surgeon advice. The model was then
simulated using the software using a finite element analysis approach. In this simulation,
computations were carried out to determine the displacement value in mm, and the Von Mises
stress in N/m? unit.

The first step that must be done to perform a finite element simulation was to determine
the mesh size or meshing process. Meshing is a continuous process of discretizing into discrete
computational domains so that the equations in it can be solved and produce solutions (Berrone
et al., 2019). The smaller the counting process, the more accurate the surface area results
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obtained (Tavelli & Dumbser, 2016). However, if the enumeration is too much, the resulting
equations will be more and more and require a computational process that is too long.

Table 1. Stainless Steel 316L

Parameters Value
2 Mn; 0.75 Si; 16-18 Cr; 10-14
Elements (wt%) Ni: 2-3 Mo
Tensile strength (MPa) 485
Yield strength (MPa) 170
Elongation in 50 mm (%) 40
Hardness (Brinell/Rockwell) 217/96

Tensile and bending tests were among the simulated tests used to measure mechanical
strength. In this investigation, the load that would ordinarily occur on the fibula was considered
to be 100 N and 10 N for tensile and bending load, respectively. The boundary conditions were
then considered to be this condition. Stainless Steel 316L was employed in this simulation, and
the mechanical parameters are listed in Table 1.

4. Results and Discussions
4.1 Design of Model

The major goal of this five-hole plate implant's design was to provide a firm internal
fixation. This was done to ensure a proper fit between the implant and the bone. Figure 2 shows
a design solution that incorporates numerous commercial goods as well as surgeon input, a
straight, non-locking plate with five holes in the design shape. This model has dimensions of
35x5x1.5 mm. The decision to choose this design was based on the convenience of the
manufacturing process if it were to be made into a mass-produced item. Another factor to
consider was the plate's positioning, which was believed to avoid translocation when utilized in
fracture rehabilitation.

@2 x 5 holes

| @0 ©0O0GC
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Fig. 2. Technical drawing of five-hole plate implant's design

4.2 Finite Element Analysis Results

Meshing was done automatically in this FEA (finite element analysis) with good quality
utilizing a predefined mesh size range in the kind of curvature with 0,1 in size. Figure 3 depicts
the meshing result employed in this investigation, which has a total of 122,235 nodes and
563,483 elements.

18



Qosim et al... Vol 4(1) 2022 : 1-15

Fig. 3. Discretization of the model

First of all, in the bending test simulation, the compressive load of 10 N was centered
right in the middle of the model. The results of The Von Mises stress distribution were depicted
in Figure 4 as a consequence of the computation. The stress levels were depicted by hues
ranging from red to blue, indicating low to high-stress levels, respectively. The simulation
results revealed that the stress was 1.16x10%8 N/m2 or 116 MPa. The area that experiences the
greatest stress was the area around the holes located at the end of the plate side and a hole in the
middle of the model. This value was still smaller than the yield value of SS 316L material of
170 MPa. From Figure 4 it was also elucidated that the displacement that occurs was 0.008 mm
which was dominantly concentrated in the middle of the model.

On Bour

Translational displacement vector.

On Boundary:

Fig. 4. Simulation Results of The Bending Load
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Turning to the other hand, in the tensile test simulation, two kinds of simulations were
carried out. The first simulation was to do clamping on the side of the plate which had two holes
with the other side being the part that experiences tensile loads. Another simulation was the
opposite setting whereas clamping was applied to the side of the plate containing three holes.
The results of the bending test simulations for each of these settings were shown in Figures 5
and 6, respectively. Figure 5 depicted that the model with tensile loading on the side containing
2 holes experienced a displacement of 0.039 mm. On the other hand, the displacement that
occurred in the model with tensile loading on the side containing 3 holes was 0.057 mm. This
value was slightly different from the previous one. However, these two displacement values had
similarities which were more concentrated at the end of the model that experienced tensile
loads.

Translational displacement vector

Yon Mises

On Boundary

Fig. 5. Simulation Results of The Tensile Load in The Side Containing 2 Holes
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Translational displacement vecton

Fig. 6. Simulation Results of The Tensile Load in The Side Containing 3 Holes

The diversification of the location of the loading on the model also affected the value of
the resulting Von Mises stress. From Figures 5 and 6, it was revealed that the Von Mises stress
values for the model with clamping on the side of the plate containing three holes and two holes
were 1.58x108 and 1.27x108 N/m?, respectively. The two figures also elucidated that the greatest
stresses were concentrated in the area around all holes, especially on the right and left sides of
the holes. However, these two values were still very far from the tensile stress value of the SS
316L material of 170 MPa, even when compared to the yield stress of 170 MPa.

From the computational results of bending and tensile tests, the resulting displacement
and Von Mises stress values were still below the allowable values. So we can conclude, from
the finite element analysis approach, that this design has a fairly good strength performance.

5. Conclusion

The design and numerical analysis of a five-hole plate implant made of stainless steel
316L for fibula repair were well conducted. FEA findings indicated unequal VVon Mises stress
and strain distribution after adding a static load to the model. Despite the fact that the stress
values were much lower than the yield stress of Stainless Steel 316L, the crucial concentration
of stresses was found in the middle of the model. The displacements were also quite small, thus
they were not thought to have an impact on performance.
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