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 Fatigue life:- 

The fatigue strength depicts the behavior on repeated cycle of 
stress leading to loosening of implant, failure of implant.  

 Strength:-  

Strength of biomaterials used for manufacturing of implants 
may result in the failure of implant. The relative motion 
between the contact surface of implant became easy when the 
interface starts to fail under loading.  

Table 2: Material Properties of commonly used biomaterials 

Material Youngs 
Modulus 

Density 

Cancellous Bone 0.5-1.5 ---- 
UHMWPE 1.2 ---- 
PMM Bone Cement 2.2 ---- 
Cortical Bonee 7-30 2.0 
Titanium Alloy 110 4.4 
Stainless Steel 190 8.0 
Cobalt Chromium 210 8.5 

2.3 Non-mechanical requirements:- 

 High Corrosion Resistance: -  
Corrosion resistance being an important property of metallic 
biomaterials as the corrosion of metallic implants due to the 
corrosive nature of body fluid is unavoidable may lead to 
failure of implants. 

 Wear Resistance:- 
Low value of wear resistance may result in aseptic loosening 
of implant. Wear debris formed at the surface result in 
biologically inactive response. metallic ions.  

 Biocompatibility:-  
It is the ability of a material to remain in contact with living 
tissues of human body without causing any harm to it. 

3. FINITE ELEMENT METHOD 

Finite element method (FEM) is a method widely used for the 
prediction of stress failure of dynamic system and as well as 
biological models. As the demand of medical implants is 
increasing the prediction of exact failure of such devices is 
very important to predict the service life of the implant. The 
different types of finite elements method help to find the effect 
of loads, their modes of behavior either linear or non-linear, or 
different types of load application pattern (static, elastic, or 
dynamic), helps to perform different types of analysis like 
static structural analysis, modal analysis, fatigue analysis 
fracture and material optimization, etc help to carry out the 
real time problem simulations with accurate results. 

4. METHODOLOGY:- 

We have modeled a 3 D model of Artificial Knee Joint 
prosthesis in Solidwork and performed FEA analysis for 
different biomaterials. 

4.1 Material Properties:- 

Being heterogeneous and nonlinear in nature, it is very 
difficult to assign material properties along each direction of 
the cortical bone model due to which its analysis become 
complex but modelling artifiicial knee implant gives us ease to 
assign material properties as per loading conditions. 

We have considered following material properties of different  
biomaterials to perform FEA analysis. 

Table 3: Material Properties of Biomaterials used for  
Knee Prosthesis 

Material Density
(Kg/m3) 

Youngs 
Modulus 

Poisson’s 
Ratio 

Yield 
Strength

Utlimate 
strength

UHMWPE 930 6.90*108 0.29 2.10*107 4.80*107 
Ti6AL4V 4430 1.15*1011 0.342 8.80*108 9.50*108 
CoCrMo 8300 2.30*1011 0.30 6.12*108 9.70*108 
361L SS 8000 1.97*1011 0.30 2.80*108 6.35*108 
ZrO2 6040 2.1*1011 0.30 9*108 2*109 

5. CAD MODELLING OF ARTIFICIAL KNEE JOINT 
IMPLANT  

Design Considerations:- 

While modelling the artificial knee joint implant considering 
material is very important for simulating the desired zone of 
stresses. As material of the bone is anisotropic not 
homogeneous so while modelling we consider artifcial implant 
as homogeneous and isotropic within certain limits so that 
correct simulation can be done. 

6. FEA ANALYSIS OF ARTIFICIAL KNEE IMPLANT 

Meshing: After creating model, for further Finite 

element analysis (FEA), a tetrahedron surface mesh is 
generated for artificial knee implant model in ANSYS 
workbench 17.1. This surface mesh is used to analyse various 
mesh size with respect to the loading conditions. The 
volumetric mesh can be generated in ANSYS for the 

model of femur bone. The FEA software ANSYS 17.1 was 
used for generating tetrahedron surface mesh to find out the 
highly stressed zone. 
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Result And Discussion:- 

The finite element analysis of modeled artificial knee 
prosthesis is done in Ansys 17.1 and we do static stress 
analysis of the implant by analysing von-misses stress, total 
deformation, elastic strain for different biomaterials under 
different loading conditions. 

 We conclude that Ti-6AL-4V shows peak stress of 32.86 
MPa lower than other material. 

 SS 316 L shows second optimum values of von-misses 
stress with maximum value 33.85 MPa. 

 Co-Cr-Mo shows third optimum value of von misses 
stress with maximum value of 37.65 MPa. 

 ZrO2 shows highest value of stress making it unsuitable 
for our designed prosthesis 

 The graph between body weight and von misses stress 
predicted that Ti-6AL-4V is best suited material for 
designing of artificial knee prosthesis. 

 The graph between body weight and total deformation 
predicted that Ti-6AL-4Vshows less variation and 
deformation in case of Co-Cr-Mo is same to that of ZrO2   

Von- Misses stress varies from 2.5 MPa to 4.5 MPa for body 
weight ranging from 40 kg to 80 kg and shows maximum 
variation in case of ZrO2. 

At different loading conditions total deformation is maximum 
for ZrO2 and Co-Cr-Mo and less that in case of  

Ti-6AL-4V and SS 316L 

The contact pressure between the joint of femoral component 
and plastic insert is maximum in case of ZrO2 and UHMWPE. 

7. CONCLUSION 

In this paper we have compared various biomaterial used for 
artificial knee prosthesis .We have designed 3D FEA model of 
artificial knee prosthesis and performed FEA analysis for 
various biomaterials. 

 We observed in our research work that our designed 
prosthesis is safe for different biomaterials under different 
loading conditions.In this paper we observed that even 
under extreme loading conditions the designed prosthesis 
is safe and gives satisfactory results for all biomaterials. 

 We find that biomaterial ZrO2 is not suitable for artificial 
knee prosthesis. 

 Even after assembly of artificial knee prosthesis it 
behaves as per the normal knee joint motion. 

 Considerable improvement in the properties of oxidized 
Zirconium (ZrO2) can help to create a better biomaterial 
for artificial knee prosthesis. 

 From FEA analysis we conclude that Ti-6AL-4V reveals 
the best result making it best suitable material for 
artificial knee implants.  
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