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ABSTRACT: This study used Finite Element Analysis (FEA) and Reverse Engineering (RE) methods to assess 
the fatigue performance of an originally designed cementless hip implant. The implant prototype was initially 
scanned using 3D scanning technology, and a finite element model was created. The implant was analyzed under 
dynamic loads for six different biomaterials commonly used, namely Ti-6Al-4V (Grade5), ASTM F3046 (Ti-3Al-
2.5V), ASTM F75 (CoCr), ASTM F562(MP35N), ASTM F136(Ti6Al4V ELI), ASTM F67 (Ti Grade 4), and the 
fatigue life was evaluated. The results showed that the ASTM F75 (CoCr) implant had the highest stress and the 
ASTM F67 (Ti Grade 4) implant had the lowest stress. Also, Ti6Al4V (Grade 5) implant is performed better 
compared to fatigue than their counterparts made from ASTM F562(MP35N) and ASTM F67 (Ti Grade 4). 
 
Keywords: Fatigue analysis, Dynamic loading, Finite element analysis, Implant. 

  
 
1. INTRODUCTION 

Hip arthroplasty was introduced in 1938 and is widely performed worldwide (0.3 million) each 
year [1–3]. More than two million Total Hip Replacements (THR) are performed annually 
worldwide. The number of surgeries has increased rapidly recently due to the increase in the 
elderly population [4]. According to the Canadian Joint Replacement Surgery report (2018-
2019), the number of THR`s has increased by 20.1% in the last five years [5]. For example, in 
the last decade, 26% and 22% of revision surgeries were reported in Sweden [6] and the USA 
[7], respectively. Osteoarthritis stands as one of the top ten debilitating afflictions in advanced 
nations. Globally, World Health Organization projections indicate a staggering 528 million 
individuals grappling with symptomatic osteoarthritis a startling surge of 113% since 1990 [8].  
 
While it is not possible to completely avoid hip implant problems, recent studies have shifted 
focus towards design tools that predict adverse situations more accurately. The design of hip 
implant necessitates collaboration between engineers and surgeons to ensure maximum stability 
and effectiveness [9]. In order to mitigate the destructive consequences of implant failure and 
anticipate such situations, various studies employing numerical methods aim to enhance the 
overall reliability of orthopedic implants. Advances in hip implant design, material properties, 
robotic surgical techniques, and experiences have significantly increased the lifetime of 
implants, making partial and total hip joint arthroplasty effective surgical treatments for 
managing arthritis [10]. However, instances of implant fatigue failure or loosening still persist 
[11–16]. Aseptic loosening of the implant often leads to implant failure.  

https://fenbilimleri.sdu.edu.tr/en/
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The forces that human activity exerts on the hip implant generate dynamic stresses that change 
over time and lead to dynamic failure of the implant. Consequently, it is important to ensure 
implant resistance to dynamic failure [4]. 
 
S-N data, also known as stress-life or fatigue data, represents the relationship between the 
applied stress (S) and the number of cycles to failure (N) for a material or component subjected 
to cyclic loading. This data is crucial for predicting the fatigue life of engineering materials and 
structures. 
 
In S-N data, the stress amplitude (S) is plotted on the x-axis, usually using a logarithmic scale, 
while the number of cycles to failure (N) is plotted on the y-axis. The data is typically obtained 
through experimental testing, where specimens are subjected to cyclic loading at different stress 
levels until failure occurs. The number of cycles to failure for each stress level is recorded, and 
this data is then plotted to create an S-N curve. The S-N curve provides valuable information 
about the fatigue behavior of a material or component, including its fatigue strength, endurance 
limit, and fatigue life under specific loading conditions. Engineers use S-N data to design 
components and structures that can withstand cyclic loading without failure, by ensuring that 
the applied stresses remain below the fatigue limit predicted by the S-N curve. Additionally, S-
N data can be used to evaluate the effect of different factors such as material properties, surface 
finish, environmental conditions, and loading frequency on fatigue performance. This 
information is essential for optimizing designs and selecting appropriate materials to enhance 
the fatigue resistance of engineering components and structures [17]. 
 
Fatigue is an important design criterion to ensure that implant have a sufficiently high level of 
safety. Standard fatigue tests can estimate the fatigue service life of materials, but experimental 
methods are too expensive and take a long time for material selection or optimization. It may 
be necessary to retest for a slightly different situation, whereas the experiment has already been 
performed. There are a number of comparative studies between fatigue life simulation analysis 
and experimental fatigue results, showed that a well- configured Finite Element Analysis (FEA) 
can correctly indicate the actual stress variations of the hip implant [18–22]. In circumstances 
were overcoming complicated engineering problems, the FEA has proven to be a powerful and 
dependable numerical method for analyzing structures subjected to various types of loads. It is 
well known that a finite element solution is always a near solution to the relevant real-world 
problem and one always must decide whether it is a good or a bad solution. In response, ASTM 
International recently announced the F2996-20 [23] standard, which offers a reliable FEA 
procedure for examining hip stems used in hip implant surgery. This standard has been 
established for guidance to implant designers via the process of FEA for hip implants according 
to ISO 7206-4 [24] and ISO 7206-6 [25] standards. 
 
From the search of open literature, although there are many fatigue FEA studies on hip implant 
with various loading types and boundary conditions, fewer studies have reported accordance 
with ISO 7206-4 [24] and ASTM F2996-20 [23] loads and boundary conditions [9, 26–30]. The 
publications [11, 18, 26, 31–33] are also studied fatigue failure analysis of various materials 
and geometrical design at different loading patterns. Pianigiani and Alemani [34] have studied 
to what degree of the test parameters can affect the outputs under ISO 7206-4 [24] boundary 
conditions. They determined that potential ranges of acceptance limits for the validation of 
numerical models repeating the boundary conditions. Simoneau et al. [35] considered only 
static FEA, and its experimental validation of porous Ti6Al4V metallic femoral stem produced 
with selective laser melting. Triyono et al. [36] have investigated element size variation effect 
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on mechanical behavior of hip stem implant design using FEA method. This method was also 
employed to determine the cause of implant failure as well as chemical analysis by energy-
dispersive spectroscopy, optical microscopy, scanning electron microscopy, image processing 
techniques, etc. [37]. 
 
In this study, the fatigue life of a newly designed hip implant subjected to cyclic loading was 
investigated through reverse engineering and finite element analysis. The obtained results have 
been compared with those of commonly used implant alloys. The cyclic loading pattern is 
defined according to ISO 7206-4 [24] and ISO 7206-6 [25]. A numerical three-dimensional 
(3D) finite element model of the hip implant was developed based on the mechanical properties 
and fatigue characteristics specified in the material certificate, along with experimental fatigue 
S-N curve data. 
 
2. METHODOLOGY 

 
2.1. Examined Implant  

The prototype implant presented in this study is a newly designed non-modular uncemented 
long-stem hip implant designed with a rectangular cross-section and rounded corners. Also, 
oriented asymmetrical grooves are located in the proximal medial region of the femur (Figure 
1). Its purpose is to transmit the principal stress applied to the bone within the grooves, which 
is an important factor for maximum principal stress distribution. The implant stem is a cold-
forged Ti–6Al–4V (Grade 4) titanium alloy. It has a rough grit basted surface. Hip implant stem 
was hydroxyapatite-coated to improve anatomically ingrown. Surface modification techniques 
have been developed significantly in the last couple of decades for enhanced tribological 
performance of hip implant. Surface modification techniques improve biological, chemical and 
mechanical properties of implant surfaces. A new surface modification was created to obtain 
bone function suitable for the microstructure of the implant.  

 

Figure 1. Newly designed cementless long-stem hip implant prototype and its asymmetric groove designs 

Table 1 and 2 summarizes the mechanical and chemical properties of the Ti6Al4V (Grade 4) 
titanium alloy material used in the production of the hip implant prototype, which is derived 
from the mill test certificate. 

 
Table 1. Mechanical properties of the prototype implant material  
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Material Young Modulus Poisson's ratio Yield strength Ultimate tensile 
strength 

Ti6Al4V Grade 5 [38] 114000 MPa 0.34 1089MPa 1182MPa 

ASTM F3046 (Ti-3Al-
2.5V)[38] 105000 MPa 0.34 485MPa 685MPa 

ASTM F75 (CoCr)[39] 220000 MPa 0.30 450MPa 665MPa 

ASTM F562 (MP35N)[40] 243150 MPa 0.29 1813MPa 1882MPa 

ASTM F136 (Ti6Al4V 
ELI)[38] 117000 MPa 0.32 961MPa 1036MPa 

ASTM F67 (Grade 4)[38] 120000 MPa 0.36 669MPa 738MPa 

 
Table 2. Chemical composition of Ti6Al4V (Grade 4) (%) 

Position Ti Fe C N H O Al V Other 
Top Remainder 0.05 0.01 0.01 0.001 0.08 5.90 4.00 Each<0.10 

Middle Remainder 0.05 0.01 0.01 0.001 0.08 5.90 4.00 Total<0.40 
 

2.2. 3D Scanning and Modelling 

3D scanning technology is often used in biomedical engineering and it is an accurate method 
of recreating implant geometry. The hip implant prototype was converted to a Computer Aided 
Design (CAD) model using Three-Dimensional (3D) scanning technology. In this study, 
NextEngine® 3D Ultra High Definition (HD) Desktop laser scanner was used for scanning. 
NextEngine® Ultra HD is laser-based tracing scanner presents a high resolution of 0.125 mm. 
It is able to scan 50 000 spots per second with high precision. However, if scanning data is 
incorrectly positioned, aligned, or integrated, can be led to unwanted results. NextEngine® 3D 
scanner and scanning setup are shown in Figure 2. 
 

 
Figure 2. Nextengine 3D laser scanner and scanning setup 
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By using the Sampling Method within the Geomagic for Solidworks extension in Solidworks 
2017 software, the sample data was reduced to 33% and grid sample points were selected as 
1/4, reducing the number of point clouds to a reasonable size (545,370). In this way, the surface 
and solid model was obtained successfully from the scanning data. 
 
With the deviation analysis tool included in the Geomagic for SOLIDWORKS 2017 extension, 
3D deviation analysis was performed to check the quality and accuracy of 3D scanning. The 
3D CAD model was compared with the original scanning data, and the deviation amount of the 
model was checked. The 3D CAD model and the deviation analysis results are shown in Figure 
3. 

 

 
Figure 3. 3D CAD model and deviation analysis result by compared with CAD data and scanning data 

 
2.3. Finite element modeling 

2.3.1. Meshing 

The FE model was created through Ansys Workbench commercial software 2019 R1 [41]. The 
neck region, the driver hole, and the potting regions on the implant are critical areas where the 
stress and strain values are high. This model was meshed with three-dimensional tetrahedron 
elements. Achieving mesh independence ensures that the FEA solution converges to a 
consistent outcome. Proper meshing and achieving mesh independence are critical steps to 
obtain reliable resultsa [42]. The Adaptive Mesh Convergence method was used to achieve 
mesh-independent results. It helps obtain solutions that are independent of the mesh, ensuring 
that the results do not change noticeably with further mesh refinement. This approach can assist 
in defining better mesh controls for future models, ensuring numerical accuracy. Mesh 
convergence criteria have been set at 5% according to the ASTM F2996-20[26] resulting in a 
total number of elements and nodes of 219,587 and 312,443 respectively. Inherently, this type 
of element consists of ten nodes per element. The body of FE model shown in Figure 4. A 
smooth and sufficiently dense finite element mesh is essential for accurately calculating local 
stresses in fatigue analysis. 
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Figure 4. Finite element mesh structure and element size distribution of the prototype model 

 
2.3.2. Loading and boundary conditions 

In literature, static FEA are generally performed using various bodyweight loads [43–45]. 
However, the effects of rapid movement can increase the load of body weight. Therefore, it 
is necessary to analyze the implant under static loads corresponding to the specified in ISO 
7206-4 [24] loads [43]. ASTM F2296-20, ISO 7206-4 and ISO 7206-6 outlines important 
boundary and loading conditions for static and fatigue testing of orthopedic implants, 
particularly hip joint prostheses. Key boundary conditions include secure fixation of the 
implant at specific points to prevent movement, along with a rigid support structure that 
simulates the surrounding bone. Loading conditions require the applied design load (FD) 
reflecting the maximum expected load during daily activities. Additionally, the angle of 
load application is crucial for affecting stress distribution and potential failure modes, and 
the testing must include cyclic loading to simulate repetitive human activity, typically up to 
5.000.000 cycles. In this study, FE static and fatigue analysis was performed considering 
the loading and boundary conditions status given in ASTM F2296- 20 [23], ISO 7206-4 
[24] and ISO 7206-6 [25] standards. By adhering to ASTM F2996-20 standards and 
accurately replicating loading and boundary conditions relevant to real-world scenarios, 
engineers can ensure that the performance and durability of hip implants are rigorously 
evaluated, ultimately leading to safer and more effective medical devices for patients. 
According to ASTM F2996-20 “worst-case scenario”, hip implant model loaded vertically 
with max. 2300 N and min. 50 N. Displacements and rotations constrained at the potting 
level with fixed support boundary conditions were implemented. Applied boundary 
conditions are shown in Figures 5-6. The load and boundary conditions are stated as 
follows: 
 
• D =80mm 
• FD =2300 N 
• α = 10° ± 1° 
• β = 9° ± 1° 
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Figure 5. Loading and embedding depth of the prototype model 

 
1  Head offset T    most distal point of stem 
2  Load point C    center of head 
3  Neck axis D    potting level 
4  Load axis K, L points at specific distance from T, which define the stem axis 

5  Cement level 
 

α    angle in the frontal plane CKL between the load axis        4 and 
the stem axis 6 

6  Stem axis KL β    angle in the lateral plane perpendicular to CKL between      the 
load axis 4 and the stem axis 6 

Figure 6.  Positioning the test specimen under test for symmetrical stems with CT distance  
120 mm < CT ≤ 250 mm [24] 
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The distal axis is positioned to be directed at an angle α and the proximal axis at an angle β 
(Figure 7). D is the distance from the center of the femoral head to the level of potting. For 
fatigue FE analysis, the design load FD shown in Table 3 was performed according to the 
rules and procedures described in ISO 7206-4 [24] until the 5.000.000 cycle without the 
occurrence of failure. 

 
Figure 7. Femoral stem α (right) and β(left) orientation according to ISO 7206-4 [24] 

 
Table 3. Strength performance parameters according to ISO 7206-4 [24] 

Type of Femoral stem Short, monoblok, modular neck, modular femur 
CT (mm) ≤120 120<CT≤250 >250 
FD (N) 1200a 2300b 1200c 
Number of Cycle 5x106 

 
2.4. Fatigue FE Analysis of Implant 

 
Fatigue life of the implant is estimated with FEA using ANSYS. To obtain the fatigue life, the 
S-N curve is an important parameter showing the relationship between alternating stress and 
number of cycles. The S-N curve for Ti6Al4V is shown in Figure 8.  
 

 
Figure. 8 The alternating stress versus the number of cycles (S-N graphs)  [46] 
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Goodman, Soderberg, and Gerber theories are commonly used in engineering to account for the 
mean stress effect in fatigue analysis. Selecting these theories depends on the specific 
characteristics of the loading conditions and the material properties involved. By considering 
factors such as the magnitude and distribution of stress, engineers can choose the most 
appropriate theory to accurately predict fatigue failure in the given application. In general, most 
experimental data fall.  The Goodman theory can be a good choice for brittle materials with the 
Gerber theory usually a good choice for ductile materials The Gerber theory treats negative and 
positive mean stresses equally, while Goodman and Soderberg criteria are not limited when 
considering negative mean stresses. Consequently, within the ANSYS fatigue module, 
alternating stresses are capped by disregarding the negative mean stress. 
 
In this study Goodman, Soderberg, and Gerber's theories used to calculation of the mean stress 
effect on fatigue life. Generalized formulations [4, 47] are expressed as following, respectively 
  

(𝜎𝑎
𝑆𝑒
) + (𝜎𝑚

𝑆𝑢
) = 1

𝑁𝑠
           (1)   

                                                                                                                                                                                                       
(𝜎𝑎
𝑆𝑒
) + (𝜎𝑚

𝑆𝑦
) = 1

𝑁
             (2)    

                                                                                                           
(𝑁𝜎𝑎
𝑆𝑒
) + (𝑁𝜎𝑚

𝑆𝑢
)2 = 1                                                                                   (3) 

  
Where Sy, Ns, Se and Su are material’s yield stress, fatigue safety factor, endurance limit and 
ultimate tensile strength of the material respectively. Mean stresses calculated based on Von-
Mises stresses. Alternating stress is defined as following: 
 
       𝜎𝑎 =

(𝜎max⁡−𝜎min)
2

            (4) 
 
ISO 7206-4 [24] established a test procedure to determine the strength characteristics of the 
total hip joint and neck region of stemmed femoral components used solely in the partial hip 
joint. In addition, defines the testing conditions that consider important parameters affecting 
the components. 
 
 
According to ISO 7206-4 [24], hip stem fatigue test loading conditions should be sinusoidal 
loading and the value of the minimum load in the load cycle necessary to be a force between 
500 N and 600 N. In this study, the sinusoidal type cycling loading applied vertically. 
 
Frequency is ignored due to considering time-domain (stress-life) fatigue analysis. R-ratio 
stress curves are similar to the mean value stress curves. The present FEA employs boundary 
and loading conditions following the ASTM F2996-13 and ISO 7206-4:2010(E) standards, 
respectively. Owing to computational constraints, dynamic, torsional, and tensile forces are 
excluded from consideration in this study. All materials undergo analysis under a maximum 
2300N force applied at the proximal end of the stem, while the areas of the distal end remain 
fixed to finalize the analysis. The ANSYS FEA is utilized to examine the homogeneous model 
with various materials. Instead of maintaining a particular mean stress, a consistent loading 
ratio was applied. The minimum and maximum loads are applied as 500N and 2300 N (load 
ratio: 0.2174), respectively. 
 
3. NUMERICAL RESULTS AND DISCUSSION 
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3.1. Evaluation of Static Analysis Results 

 
Linear static FE analysis was performed based on the instructions presented in ISO 7206-4 [24] 
and ASTM F2996-20 [23] standards. Maximum principal stress, and strain results are shown in 
Figure 9 and Table 4. 
 

 
Figure 9. Maximum principal stresses(left) and strains(right) of the prototype model 

 
Table 4. Static structural stress and strain results of the prototype model 

Results Type Neck Region Driver Hole Potting Level 
Maximum Principal Stress (MPa) 242.32 36.635 331.84 

Von-Mises Stress (MPa) 298.02 36.413 345.03 
Strain(mm/mm) 0.00203 0.0009 0.00316 

 
For the newly designed hip implant prototype presented in this study, the highest stress occurred 
in the potting level of 331.8 MPa, while the smallest stress occurred in the driver hole 36.6 
MPa. The value of the stress in the neck area is 242.3 MPa. Compared to the studies in the 
literature, according to the result given in ASTM F2296-20 [23], while the stresses in the neck 
region and driver hole lower, the stress in the potting level is upper. According to the result of 
Wimalasiri [48], while the tension in the neck region is upper, the tension in the potting level 
is lower and acceptable level. According to the study results of Munteanu et al. [49] and 
optimized Munteanu et al. [49], the stress lower both at the fixation zone. A comparison of 
stress levels in the present study with reported literature is shown in Table 5. 
 

Table 5. Comparison of stress levels and maximum stress regions 

Maximum Principal Stress Regions Neck Region 
(MPa) 

Driver Hole 
(MPa) 

Potting Level 
(MPa) 

Present Study 242.3 36.6 331.8 

Wimalasiri [48] 175 - 1321 

ASTM F2296-20 (Average of seven studies) 411.61 179.2 166.1 

Munteanu et al. [49] - - 478.6 

Optimized Munteanu et al. [49] - - 349.1 
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Presented FE model results were compared to previously published five different studies 
obtained from the search of open literature. All five implant has different geometrical shapes 
and cross-section areas in various regions (Figure 10). Moreover, while the present study, 
Wimalasiri [48] and ASTM F2296-20 [23] made from Ti-6A1-4V, Munteanu et al. [49] and 
optimized Munteanu et al. [49] manufactured Ti6Al4V powder by powder bed fusion (PBF) 
technic. Manufacturing techniques have a significant effect on the static and fatigue 
performance of hip implant material [32, 37, 47, 50, 51]. Therefore, all implants can have 
different stress and fatigue strength at the same loading and boundary conditions depending on 
the material's fatigue properties, production process and implant geometry. 

 
 

 

 

   

 

 
(a)       (b)      (c)     (d)    (e) 

Figure 10. Hip implant models: Wimalasiri [48] (a) present study (b), Munteanu et al.[49] (c), optimized Munteanu 
et al. [49](d), ASTM F2296-20 [23] 

 
3.2. Evaluation of Fatigue Analysis Results 

 
High-cycle stress-life fatigue FE analysis was conducted based on ISO 7206-4 standard 
conditions. Stress analysis neglected bone cement stresses and applied sinusoidal-type cyclic 
loading vertically. The hip implant FE model aimed to withstand ISO 7206-4 conditions for 
5x106 cycles without failure. Equivalent stresses were determined using Von-Mises yield 
criterion, and various mean stress theories were applied in fatigue analysis. The equivalent 
alternating stresses obtained from the FEA are shown in Table 6 and Figs. 11-12. Fatigue stress 
results from this study align well with common Ti-6Al-4V implant alloys. 
 

Table 6. Finite elements equivalent stresses of the prototype model (Ti6Al4V) 

Mean Stress Theory Maximum Equivalent Alternating Stress 

Goodman (MPa) 530.76 

Soderberg (MPa) 536.38 

Gerber (MPa) 531.76 

Mean Stress Curves (MPa) 530.76 
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Figure 11. Equivalent alternating stresses: Goodman (left) and mean stress (right) 

 

 
Figure 12. Equivalent alternating stresses: Soderberg (left) and Gerber (right) 

 
To understand the effects of different materials on fatigue behavior on the same geometry, six 
different implant materials were assigned to the FEA model. The fatigue stress results of all 
studied materials are shown in Figure 13. 
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Figure 13. Finite element fatigue simulation results of some common hip implant materials for proposed stem 

geometry 
 
Considering the implant prototype as a cantilever, it can be considered an isostatic system as a 
bar. While changing material parameters affects fatigue alternating stresses, it also causes a 
change in strain distribution and displacement. However, the finite 3D elements used here, 
beyond the bar assumption, result in limited changes in stresses. Fatigue simulation results of 
this study were compared with previous experimental and numerical fatigue results based on 
ISO 7206-4 [24] and 7206-6 [25] loads and boundary conditions, as shown in Table 7. 
 

Table 7. Comparison of finite elements equivalent fatigue stress results 

Study Material Equivalent Stress 
(MPa) 

Maximum Stress 
Region 

Delikanli and 
Kayacan [52] 

Ti6Al4V alloy 
metal powder 211.5 Neck Region 

Ploeg et al. [20] Ti6Al4V ELI 352 Potting Level 

He et al. [53] Ti-6Al-4V 575 Unspecified 

Present Study Ti-6Al-4V 
(Grade5) 530.76 Neck Region 

Present Study ASTM F3046 
(Ti-3Al-2.5V) 546.26 Neck Region 

Present Study ASTM F75 
(CoCr) 592.93 Neck Region 

Present Study ASTM 
F562(MP35N) 514.06 Neck Region 

Present Study ASTM F136 
(Ti6Al4V ELI) 554.91 Neck Region 

Present Study ASTM F67 
(Ti Grade 4) 450.12 Neck Region 

 
The fatigue analysis of the newly designed hip implant prototype revealed the highest maximum 
stress at 592.93 MPa on the neck region of ASTM F75 CoCr Alloy. The lowest maximum stress 
was found at 450.12 MPa on the neck region of ASTM F67 Titanium Alloy. The results 
obtained are in agreement with the literature [28, 53–55]. The Ti6Al4V (Grade 5) titanium 
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prototype has lower stress than their counterparts made of ASTM F75 (CoCr), ASTM F136 
(Ti6Al4V ELI) and ASTM 3046 (Ti-3Al-2.5V). 
 
Compared to literature values, the newly designed prototype implant in the study decreased 
tension in the neck area and the driver hole, while tensions in the region of the potting level 
increased. The design appears safe, considering that high stresses mostly occur at the neck and 
potting levels. Hosseini et al. [56] gave a limit value for Ti-6Al-4V  implant alloys in his study 
is 555 MPa. Accordingly, the maximum stresses obtained for Ti-6Al-4V remained below the 
limit given by Hosseini et al.[56]. Also, the maximum stress obtained for the implant prototype 
in this study is lower than the stress obtained in He et al. [53] for the Ti-6Al-4V material.  
 
4. CONCLUSIONS 
 
The aim of this study was to evaluate the fatigue performance of a newly designed cementless 
hip implant by finite element analysis and to contribute the enhancement of knowledge in this 
research field.  In the study, a total of six implant finite element models with different materials, 
including one newly designed Ti6Al4V (Grade 5) implant prototype, were analyzed and the 
results were evaluated.  The results obtained from the analysis are summarized as follows: 
 
The mean stress of the newly designed Ti6Al4V (Grade 5) implant was found to be below the 
limit value, indicating its safety against fatigue failure. This suggests that the material and 
design of the newly designed implant meets the required mechanical specifications.  
 
The highest stress was obtained in the ASTM F75 (CoCr) implant and the lowest in the ASTM 
F67 (Ti Grade 4) implant. Evaluation of fatigue life revealed that Ti6Al4V (Grade 5) performed 
better compared to ASTM F562 (MP35N) and ASTM F67 (Ti Grade 4).  
 
The results provide insights into how different materials perform under loading conditions, 
guiding material selection for future designs. 
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