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Abstract 

Introduction: The field of total knee replacement (TKR) has witnessed a diverse array of biomaterials being employed 

for the fabrication of the femoral component. With the advent of 3D printing technology, there is a newfound 

potential for enhancing the performance of knee replacements by incorporating novel designs and utilizing a variety 

of biomaterials. The material chosen for the femoral component must possess a set of crucial and desirable properties 

to ensure its long-term effectiveness and durability in clinical applications. To meet the demands of TKR, the material 

used in the femoral component should exhibit exceptional biocompatibility, ensuring compatibility with the patient's 

body and minimizing the risk of adverse reactions or complications. Furthermore, it is essential for the material to 

possess superior mechanical strength and stability, as the femoral component experiences substantial loads and 

forces during normal knee joint movement. This mechanical robustness ensures the component's ability to withstand 

the repetitive stresses and strains encountered during daily activities. 

Objectives: To effectively address these requirements, computational simulation techniques have emerged as a 

valuable tool for material selection in TKR. By utilizing computational models, researchers and engineers can evaluate 

the performance of different biomaterials under varying loading conditions, predicting their mechanical behaviour, 

wear characteristics, and long-term performance. This enables informed decision-making in material selection, 

allowing for the identification of optimal biomaterials that can enhance the performance and longevity of the femoral 

component in total knee replacement procedures. 

Methods: Five different biomaterials were analyzed for better sustainability. CAD model of femoral component was 

created. Maximum equivalent stress (von mises stress), maximum shear stress, maximum principal stress and total 

deformation have been evaluated for selected biomaterials and various load conditions range from 500 N to 3000 N. 

Results: It is important to note that NiTi's suitability as the most suitable material for the femoral component of TKR is 

based on the specific context of the computational simulations and analysis performed in this study. Other factors, 

such as cost-effectiveness, manufacturing feasibility, and surgeon preference, may also influence the final material 

selection decision in clinical practice. 

Conclusions: The material selection process for the femoral component in total knee replacement is a critical factor 

influencing the success and longevity of the implant. Through the application of 3D printing technology and 

computational simulation, researchers and clinicians can explore innovative designs and evaluate a wide range of 

biomaterials to identify the most suitable options. 

 

Keywords: femoral component, total knee replacement, TKR, material selection, computational simulation, 
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1. Introduction 

The lower end of the thighbone (the femur), the 

higher end of the shinbone (the tibia), and the 

kneecap are the three bones that comprise the knee 

(patella). These three bones each have a smooth 

material covering their ends. This substance serves 

two purposes: it protects the bones and allows them 

to move freely inside the joint. The knee is the most 
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important joint in the human body because of its role 

as a key "weight-bearing" point. The knee is an 

extremely important joint since it not only contributes 

to the overall movement of the body but also serves 

to sustain the body's weight. Knees that are both 

healthy and robust are an absolute need for everyone 

who leads an active lifestyle. The human knee is the 

biggest joint in the body and is often considered to be 

the most strained joint. The femoral component must 

be able to successfully execute several duties while 

being subjected to varying loading conditions. 

Developing novel materials for use in femoral 

components is now recognised as one of the most 

difficult challenges facing the field of material 

research. 

 

 

 

  

 

 

Fig. 1 Components of Knee Joint 

2. Materials and Methodology 

Biomaterials may be man-made or naturally occurring, 

and their purpose is to repair or replace sick or 

damaged biological systems in order to enhance 

human life's overall durability and quality. The 

evaluation, treatment, and eventual replacement of 

any tissue, organ, or bodily function in the body may 

be accomplished with the help of biomaterials since 

they are engineered to interact with biologically active 

systems. To be considered biocompatible, a substance 

must be able to perform its intended function within a 

physiological setting. The advancement of technology 

has led to the creation of new materials that are both 

innovative and useful. The necessary characteristics of 

the materials NiTi, Co-Cr alloys, Ceramic ZTA, Al2O3, 

and SSL316 are broken down into their essential 

components here. 

Table 1. Different materials and its properties selected for femoral component. 

Material Density 
(Kg/ m3) 

Young’s 
Modulus 

(GPa) 

Poisson’s 
Ratio 

Tensile 
Yield 

(MPa) 

Compressive 
Yield (MPa) 

Tensile 
Ultimate 

(MPa) 

Compressive 
Ultimate 

(MPa) 

Co-Cr alloy 9120 240 0.21 824 1030 1269 2025 

NiTi 6500 69 0.33 550 860 895 1000 

Ceramic ZTA 4400 320 0.26 2750 2758 2500 3000 

SS L 316 8000 193 0.33 172 58 483 150 

Al2O3 2770 413 0.3 280 1476 310 1920 
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Fig. 2 Steps for performing static structure analysis. 

Fig. 2 shows proposed workflow for simulation of 

femoral component. CAD model of femoral 

component was created in CREO 2.0. Then, CAD model 

is imported in ANSYS for static structural analysis. 

Analysis for different load conditions and biomaterials 

were performed to predict von mises stress, maximum 

shear stress, maximum principal stress and total 

deformation. 

 

Fig. 3 CAD model of femoral component 

 

Fig. 4 Mesh model of femoral component 

 

Fig. 5 Load applied on surface of femoral component. 
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3. Result and Discussions 

Von mises stress, maximum shear stress, maximum 

principal stress and total deformation obtained from 

the static structural analysis of femoral component for 

selected materials at different load conditions are 

shown in figure 6,7,8, and 9. 

 
Fig. 6 Max. Eq. Stress with load conditions 

 
Fig. 7Max. Shear Stress with load conditions 

 
Fig. 8Max. Principal Stress with load conditions 

 
Fig. 9Max. Total Deformation with load conditions 

At each load conditions, von mises stress, maximum 

shear stress, maximum principal stress and total 

deformation are evaluated for selected materials.  It is 

clearly seen that NiTi is most suitable material for 

femoral component when we consider von mises 

stress and maximum shear stress for load variations 

range from 500 N to 3000 N. Co-Cr alloys are most 

suitable material for femoral component when we 

consider maximum principal stress for load variations 

range from 500 N to 3000 N. Al2O3 is most suitable 

material for femoral component when we consider 

total deformation for load variations range from 500 N 

to 3000 N. The variations in range for maximum 

principal stress and total deformation for NiTi and 

other selected materials are very negligible as shown 

in fig. 6,7,8, and 9. 

4. Conclusion 

In conclusion, this study contributes to the 

understanding of femoral component behaviour in 

TKR by assessing different materials under varying 

loading conditions. The comparative analysis of stress 

distribution and mechanical performance allows for 

the identification of the most suitable material for the 

femoral component. The results obtained from this 

study provide crucial insights that can guide surgeons 

and clinicians in the selection process, ultimately 

improving the success rates and long-term 

functionality of TKR implants. 
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