
BIOMECHANICAL BEHAVIOR ANALYSIS OF 
A COXOFEMORAL SHORT STEM IMPLANT 

 
TOTH-TASCAU Mirela*, KREPELKA Mircea* 

* Politehnica University of Timi�oara, Faculty of Mechanical Engineering 
mirela@cmpicsu.upt.ro, mirceakrepelka@gmail.com 

 
Keywords: prosthesis, hip implant, short stem, numerical analysis 
 
Abstract: This paper represents a part of an extensive study that focused on the comparative analysis of 
three types of custom hip prostheses. The presented study consists in two individual numerical analyses: the 
natural femur and femur with short-stem implant. The biomechanical behavior analysis of the custom 
prosthesis was performed using ANSYS Workbench V9.0 program, Simulation module. The numerical 
analysis results showed the stress and deformations of the studied structures, from which we can choose the 
optimal implant model. 
 
1. INTRODUCTION 
A Total Hip Prosthesis (THP) is an artificial hip joint that replaces the patient hip joint and is 
composed of two components: the femoral (thighbone) component and the cup component 
that fits into the hip bone. 
Each component of the hip prosthesis is designed and manufactured in various shapes 
and sizes to accommodate various body sizes and types. In some designs, the stem and 
ball are one piece; other designs are modular, allowing for additional customization in fit. 
Thus, there are many models of total hip prostheses on the market and new models 
appear steadily allowing improvements in long term functionality of the prosthesis [1]. 
There are two main types of THP: mono-block construction and modular construction, 
each of them having its own advantages and disadvantages. 
Modern Total Hip Arthroplasty (THA) systems are modular. This means that the femoral 
stem, head, acetabular shell and liner are separate pieces. This modularity allows for 
greater flexibility in customizing of prosthesis size and fit. The acetabular part is usually a 
polyethylene liner with or without metal backing. The femoral part is composed of a metal 
stem (chromium cobalt, titanium or titanium alloy) and a femoral head of metal or ceramic. 
Stem-fixation is also either with cement or cementless with porous coating for bone in-
growth [5].  
To solve the problem of a geometric mismatch between the anatomic shape of the femoral 
canal and conventional stems, and to achieve the best possible fit between vital bone 
tissue and stem surface, personalized hip implants were developed, using CT scanning, 
3D bone reconstruction and CAD modeling. 

 
2. DESIGN ASPECTS 
The design aspects (dimensions, radial clearance between the head and the metal socket 
must be kept as small as possible, surface roughness, etc.) and materials used to 
manufacture orthopedic implants are of great importance in joint replacements. 
The paper proposes a model of a short hip stem implant based on a 3D joint 
reconstruction of patient images, accomplished with CT scans, Mimics and Magics 
software. 
The design of a short stem implant was started by importing the scanned femur in Solid 
Edge program and choosing the implant size and position. Being a short implant, it is 
important that it fills the bone marrow canal of the femur as effectively as possible. The 
direct sketching on the femur helps to obtain the implant shape and the optimum angle for 
a normal geometry of the implant, eliminating the risk of dislocations, micro movements, 
inequality of limb. 
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Figure 4. Imposing fixed support and applying forces on the femoral head 

 
Table 2. Force values 

 
 

Based on Finite Element Analysis we determined which areas suffer deformations. This 
analysis verifies the deformations along x, y and z axes (figure 5). Total deformation 
obtained is shown in figure 6. 

 

 
  

X axis deformation Y axis deformation Z axis deformation
Figure 5. Directional deformations 
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Figure 6. Total deformation of the femur under the action of forces F1 and F2 

 
From ANSYS report, the results of the deformation analysis are presented in table 3, 
underlying minimum and maximum values for each one. 

 
Table 3. Minimum and maximum deformations 

 
 
Next, the analysis considered the normal stress areas σ (x, y, z) by which Von Misses 
equivalent stress is determined, expressed both numerical (table 4) and in spatial 
distribution (figure 7). 
 

 
Figure 7. Von Misses equivalent stress diagram 
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Table 4. Equivalent stress values 

 
 

3.2. Numerical analysis of the femur-short stem implant assembly 
As first step of this analysis, the femur-short stem implant assembly was imported into 
ANSYS software (figure 8). Contact regions are established between components and 
proceed to meshing the assembly. 

 

 
Figure 8. Femur-implant assembly imported in ANSYS 

 
In order to perform the numerical analysis, materials and their properties for each 
component of the assembly have been chosen (table 5). Titanium alloy and polyethylene 
were selected for implant materials and the properties of cortical bone were used for the 
femur. 

Table 5. Material properties: titanium alloy/polyethylene/cortical bone 
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There are considered the same fixing and loading conditions as in previous case. Thus, 
the deformations along x, y, z axes (figure 9) and the total deformation (figure 10) of the 
femur-implant assembly were determined. The results obtained after the analysis are 
shown in tables 6 and 7. 
 

 
X axis deformation Y axis deformation Z axis deformation 

Figure 9. Directional deformations X, Y, Z axes  
 

 
Figure 10. Total deformation of the implanted femur 

 
Table 6. Minimum and maximum deformations Table 7. Results for 

equivalent stress analysis 

 
4. CONCLUSIONS 
The performed numerical analysis provides information about biomechanical behavior of a 
short stem hip implant. Based on this analysis, the distributions of equivalent stress and 
deformations that occur both in the femur (non-implanted and implanted) and implant were 
determined. 
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Materials used for implants must have good mechanical and biocompatibility properties. 
These properties influence the biomechanical behavior of the implant, both for short and 
long term. 
Further studies are required in order to increase the reliability of the results, considering 
bone structure and a finer meshing. 
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