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Abstract - Fibula fractures are common injuries often
treated through internal fixation; however, post-operative
mechanical failure of implants remains a significant
clinical challenge. This study aims to analyze the causes of
implant failure in a clinical case and optimize the design
thickness using Finite Element Analysis (FEA). The study
simulates a one-third tubular plate made of Stainless Steel
316L with thickness variations of 2 mm, 2.5 mm, and 3
mm using a four-point bending test scheme. Simulation
results indicate that the standard 2 mm implant has
critical structural limitations with a maximum load
capacity of only 181.23 N, validating the cause of failure
due to excessive functional loads. Conversely, thickness
modification proved to significantly enhance mechanical
performance: the 2.5 mm model increased load capacity by
50.1%, while the 3 mm model recorded a superior increase
of 118.2% with a load capacity of up to 395.52 N. It is
concluded that the 3 mm thickness variation is the optimal
design, offering the best safety factor and stiffness to
ensure fixation stability and prevent recurrent failure.

Keywords: Finite element analysis, Biomechanics, One-third
tubular plate, Bending test, Fibula fracture.

I. INTRODUCTION

Fractures of the fibula dominate lower extremity injury
statistics and are classified as musculoskeletal disorders with a
high frequency of occurrence [1]. Surgical intervention via
internal fixation, utilizing a combination of plates and screws,
is often the primary choice to ensure stability of the fracture
area during the recovery period [2]. Nevertheless, post-
operative mechanical complications, such as implant
deformation or breakage, remain serious obstacles and
persistent challenges in modern orthopedic practice [3].

This research was initiated based on clinical observations
in 2023 regarding a 39-year-old male patient who suffered a
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fibula fracture due to a traffic accident. Following the surgical
installation of a one-third tubular plate fixation, radiological
monitoring after two months revealed structural failure in the
form of a broken implant at the fracture site. This phenomenon
indicates that the load capacity of the implant design was
insufficient to withstand the mechanical forces acting during
the patient's healing phase [4].

To mitigate the risk of implant failure or refracture in the
future, a comprehensive evaluation of the implant's
mechanical integrity is crucial. Therefore, this research
focuses on optimizing implant thickness through a Finite
Element Analysis (FEA) approach. The use of this
computational method is considered strategic due to its
reliability in projecting stress distribution and the
biomechanical response of orthopedic implants as a pre-
clinical evaluation step [5].

Il. METHODOLOGY

The evaluation of implant mechanical performance in this
study was conducted through computational simulation using
Finite Element Analysis (FEA). The research procedure was
arranged systematically, starting from geometry model
construction, material parameter definition, discretization
(meshing), to the application of boundary conditions aligned
with standard testing protocols for bone plates.

2.1 Geometry Design and Material

The object of study, a one-third tubular plate with an
eight-hole configuration, was modeled in three dimensions
using SOLIDWORKS 2025 software, as shown in Figure 1.
For design optimization purposes, the plate geometry was
developed in three different thickness variations. The first
model features a thickness of 2 mm, representing the actual
condition in the clinical case, while the other two models were
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modified to 2.5 mm and 3 mm as parameters for mechanical
strength comparison.

(2) (b) (©)

Figure 1: Clinical failure of the implant and the geometric models of the
8-hole one-third tubular plate with thickness variations
(@) 2.00 mm (b) 2.50 mm and (c) 3.00 mm

The material used in this simulation is Stainless Steel
316L referring to the ASTM F138 standard [6], which is
known for its superior mechanical properties and good
corrosion resistance for engineering applications [7]. The
mechanical properties refer to experimental data from tensile
tests. Material characteristics are visualized in the true stress-
strain graph as seen in Figure 2. Based on this data, the
material definition in the FEA solver was set using the von
Mises plasticity criterion to simulate plastic deformation
response.

0.00 0.10 0.20 0.30
Strain

Figure 2: Tensile testing equipment and the true stress-strain graph of
Stainless Steel 316L

2.2 Testing Configuration and Convergence Study

Implant strength evaluation was performed through
simulation using a four-point bending scheme. This analysis is
defined as a non-linear static study to accommodate the plastic
deformation behavior of the material and large geometric
changes. The testing configuration was specifically arranged
to represent loading conditions relevant to the case studied.
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The determination of support positions and load application
areas was applied to the finite element model as illustrated in
detail in Figure 3.

76,00

Figure 3: Boundary condition configuration for the four-point bending
test in the FEA simulation

The loading mechanism in this simulation was applied
using the displacement control method. To ensure the
accuracy and independence of simulation results regarding
element size, a mesh convergence study was conducted [8].
The element size iteration process was carried out gradually,
and the final mesh size was determined when the deviation of
the maximum von Mises stress value between the current and
previous iterations reached stability with a difference below
2% [9]. As an illustration of these iteration stages, a visual
comparison of element size distribution between coarse mesh
and fine mesh configurations is displayed in Figure 4.

Figure 4: Comparison of mesh density for the convergence study showing
(a) the initial Coarse Mesh (b) the refined Fine Mesh

I11. RESULTS AND DISCUSSIONS

This chapter presents quantitative data obtained from
Finite Element Analysis on three implant model variations
with thicknesses of 2 mm, 2.5 mm, and 3 mm. Data is
presented descriptively, covering stress distribution contours,
deformation visualization, and load capacity curves, which are
then comprehensively analyzed to determine the optimal
design.

3.1 Von Mises Stress Distribution

To evaluate the relative durability between models, the
simulation was conducted by applying a constant load of
181.23 N to all three variations. This load value was
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determined based on the peak load point (ultimate load) of the
2 mm plate, representing the failure limit of the weakest
model.

Visualization of von Mises stress contours under these
loading conditions is presented in Figure 5. Based on the
visualization results, significant differences in stress
distribution are observed despite identical loading. In Model A
(2 mm), the area around the central screw holes (holes 4 and
5) is dominated by high stress concentrations approaching the
material's maximum limit. Conversely, in Model B (2.5 mm),
stress intensity begins to decrease, marked by a change in
color gradation in the critical area, with a recorded maximum
stress value of 425.98 MPa. The most drastic stress reduction
is seen in Model C (3 mm), where the central plate area is
dominated by blue, indicating that the occurring stress is much
lower, at 409.44 MPa, despite sustaining the same load
magnitude.

von Mises (N/mm#2 (MPa))
615,04
. 553,53
. 492,03
_ 430,53
_ 369,02
,_.‘L 307,52
_ 246,02
_ 184,51
123,01

61,50

0,00

Figure 5: Von Mises stress contours across the different plate thicknesses
of (a) 2 mm (b) 2.5 mm (c) 3 mm

3.2 Deformation (Displacement)

In addition to stress analysis, the structural response to
critical loads was also evaluated through the total
displacement parameter to assess the relative stiffness between
models. Visualization of displacement distribution when
subjected to a static load of 181.23 N is shown in Figure 6.
Simulation results show a very striking difference in
mechanical behavior due to thickness variation.

Under these loading conditions, Model A (2 mm)
experienced structural failure in the form of extreme
deflection reaching a maximum value of 10.15 mm,
characterized by red distribution in the significantly curved
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central plate area. This deflection magnitude indicates a total
loss of structural stiffness. Conversely, the thickness increase
in Model B (2.5 mm) and Model C (3 mm) provided a drastic
impact on stiffness. Both models demonstrated very high
deformation resistance, visualized by the dominance of blue
across the entire plate surface. Quantitatively, Model B (2.5
mm) experienced only micro-deflection of 1.60 mm, and
Model C (3 mm) recorded the lowest deflection of 0.63 mm.
This proves that at the same load where the 2 mm plate
experienced total deformation failure, the plates with 2.5 mm
and 3 mm thickness still maintained their form integrity.

A \ﬁ URES (mm)
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Figure 6: Displacement distribution contours for plate thicknesses of (a) 2
mm, (b) 2.5 mm, and (c) 3 mm

3.3 Load Capacity (Force-Displacement)

The mechanical characteristics of the implant up to the
failure limit were comprehensively analyzed using Force-
Displacement and Stress-Displacement curves presented in
Figure 7 and Figure 8. These curves record the implant's
reaction force response to the applied displacement until
reaching the failure point or load drop. Based on the graphs, a
significant difference in Ultimate Load capacity between
thickness variations is observed.

Model A (2 mm) showed the weakest mechanical
response, where the force curve began to flatten in the plastic
phase and reached a peak point (maximum load) of only
181.23 N at a displacement of 10.15 mm. After this point, the
implant was no longer able to withstand additional load. The
increase in thickness in Model B (2.5 mm) resulted in a
tangible increase in load capacity, with a maximum load
recorded at 272.02 N at a displacement of 10.07 mm. The
highest mechanical performance was demonstrated by Model
C (3 mm), which was capable of withstanding loads up to
395.52 N before experiencing a force drop at a displacement
of 8.97 mm. Besides having the largest load capacity, the
curve for Model C also showed a steeper force increase
gradient in the initial phase, indicating higher structural
stiffness compared to the other two models.
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Figure 7: Comparison of force-displacement relationships for the three
implant models
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Figure 8: Comparison of stress-displacement relationships for the three
implant models

3.4 Discussion

This sub-chapter analyzes the correlation between stress
data, deformation, and load capacity to synthesize findings
regarding the implant's biomechanical performance. A
summary of key parameters from simulation results is
displayed in Table 1.
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Table 1: FEA Simulation Results on Implant Thickness Variations

Model Stressat  Displacement Ultimate Capacity
Variation Peak Load at Peak Load Force @ Increase
(MPa) (mm) (N) (%)
Model A
(2 mm) 615.04 10.15 181.23 -
Model B
(2.5 mm) 621.06 10.07 272.02  +50.1%
Model C
(3 mm) 613.98 8.97 395.52  +118.2%

In-depth analysis of the data in Table 1 reveals the root
cause of failure in the standard 2 mm implant. The maximum
load capacity of 181.23 N in Model A is considered critical for
applications in the lower extremities. In clinical scenarios,
patient physiological loads can often approach or exceed this
figure. When the external load exceeds 181.23 N, the 2 mm
implant will undergo permanent plastic failure, as indicated by
the high deformation (10.15 mm) at that peak point. This
validates the clinical event in the 2023 patient, where the
implant failed to maintain its integrity due to functional loads
exceeding the plate's structural capacity.

Conversely, design modification through increased
thickness proved to provide exponential performance
improvement. Model B (2.5 mm) provided a load capacity
increase of 50.1%, but Model C (3 mm) offered a far superior
increase of 118.2% compared to the standard model. With a
load-bearing capacity of up to 395.52 N, Model C possesses a
much larger Safety Factor. This means that if a patient loads
the leg with a force of 181 N (the breaking point of the old
implant), Model C is still far below its maximum limit and
remains in a safe elastic phase. Furthermore, the displacement
value at peak load for Model C (8.97 mm), which is lower
compared to other models, indicates that this implant is more
rigid and stable. Therefore, based on the synthesis of strength
and stiffness data, the 3 mm thickness variation is
recommended as the best design solution to prevent recurrent
failure.

The simulation validation achieved in this research aligns
with current literary developments regarding implant
reliability analysis. The obtained data reinforces previous
studies [10] that validate the efficacy of the finite element
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approach as a method for predicting orthopedic implant
durability. The reliability of this method is also proven
consistent across various biomechanical applications, such as
in bionic feet [11], ESAR prosthetics [12], bionic hands [13],
[14], and hip implants [15], [16]. Collectively, this
underscores the vital role of finite element simulation as an
accurate pre-production evaluation tool to ensure the
mechanical integrity and safety of biomedical designs.

1V. CONCLUSION

Based on the Finite Element Analysis performed on the
one-third tubular plate implant, this research successfully
confirmed the cause of mechanical failure in the studied
clinical case. Simulation results indicate that the standard
implant with a thickness of 2 mm has critical structural
limitations with a maximum load capacity of only 181.23 N,
which is deemed inadequate to withstand lower extremity
functional loads. The thickness modification strategy proved
effective in exponentially improving mechanical performance,
where Model B (2.5 mm) provided a capacity increase of
50.1%, and Model C (3 mm) recorded a superior increase of
118.2% with the ability to withstand loads up to 395.52 N.
Therefore, the 3 mm thickness variation is established as the
optimal design as it offers the best combination of a high
Safety Factor and adequate structural stiffness to ensure
fixation stability and prevent the risk of recurrent failure in the
future.
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