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Abstract 

 The femur bone is the human body's largest and strongest bone. If this bone is affected in any accident, 

the injured person will be paralyzed. This work describes the fracture morphology of femur bone derived from 

the loading mechanisms of bending at various orientations over the femur bone. The maximum strain and 

displacement were determined using a finite element (FE) analysis, which was highly dependent on the 

precision of the recorded geometry and appropriate assignment of material properties. In this research, FE 

analysis was performed in a tantom three-point bending test. In actual life, loading cannot always be expected 

in a fixed direction. Here, the load was applied at the middle of the bone at eight different orientations, 45 

apart. Maximum strain, displacement, and orientation over the femur bone were identified by this analysis. 
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INTRODUCTION 

 The biomechanical behavior of human bones has created the curiosity of scientists 

and physicians, particularly the femur bone, which is the largest and strongest bone in the 

body. In the existing experimental analysis, 2D and, 3D geometries as well as homogeneous, 

elastic, and isotropic properties [1-3] have been discussed. In recent experiments, computer 

aided design and CT scanning have been used to represent geometries. Furthermore, the   

appropriate material properties of human bones have been considered [4-6, 23]. The fracture 

load of bones has been accurately predicted using quantitative computed tomography (QCT) 

based FE models under diverse loading circumstances [7-8]. The FE analysis produces a high 

error while providing inaccurate material properties [9-10], geometry and boundary 

conditions. 

 The most common fracture faced by humans is proximal femoral fracture, which 

cripples the injured person throughout their life [11]. In general; FE is one of the strongest 

tools for predicting the failure of biological composites. It is also useful in predicting human 
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bone failure too16-17. An analysis was carried out to investigate the impact of strain rate on the 

mechanical properties of bone.  

In most of the previous studies and analysis, the load or force was applied in the 180 

loading position [12]. Here, the applied load is considered to be 180° in the standing posture 

of the human body.  However, in actual life, the load may be from any direction. In our 

research, eight directions (orientation) were analyzed, discussed, and predicted. The different 

chances of the load direction are shown in Figure 1. 

 

Figure1. Different chances of load direction 

MATERIALS AND METHODS 

2.1 Reconstruction of the FE model 

  High-resolution computed tomography images were used for proximal femur 

specimens. The 3D Doctor software was used to reconstruct the femur bone model from the 

CT scan images. The reconstructed file was exported to the CREO software and converted to 

the ACIS format.  This format enhances the results of femur bone analysis using the ANSYS 

software. Linear tetrahedral elements were used in this study. This is because it provides a 

smooth surface for the model [18]. Based on the previous analysis the material properties 

were taken and the same were assigned to the femur bone [19-21]. 

2.2 FE analysis 

 The position of the strain gauge on the surface of the femur bone was 180 apart from 

the center loading point of the three-point analysis (TPBA), which is 50% of the distance 

from the proximal end. The FE model was subjected to boundary and loading conditions, as 

shown in the existing TPBA. For TPBA, the supports were located at the distal and proximal 

ends. Here the axes are constrained vertically downward alone [15, 21-23]. 

At the middle, in between the supports, a vertical downward point load is applied 

which varies from 100 to 1000N with the increment of 100N. Strain values were recorded 
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against the corresponding loads. The load and strain increased linearly. The point load is 

applied repeatedly on the same position of the femur bone by rotating it at 45 steps in a 

clockwise direction at each time. This procedure was repeated eight times to complete 360. 

The direction of the applied load, on the femur bone is shown in Figure 2. 

 

 

 

 

 

 

 

 

 

Figure 2. Direction of load applied on the femur bone 

The minimum strain occurred in the 135 orientation at 100 N load, and the minimum 

displacement occurred in the 0 orientation at 100 N load. The maximum strain and 

maximum displacement occurred on the 270 at 1000 N load. 

RESULT AND DISCUSSION 

 The results of the FE analysis of femur bone, load vs. strain, and load vs. 

displacement are shown in Figure 3 and 4, respectively.  

 

Figure 3. Load vs. strain at all load positions 
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Figure 4. Load vs. displacement at all load positions 

From the figures 3 & 4, it is clear that 

➢ For a load of 100N, the minimum strain occurred at the orientation of 135, and the 

maximum strain occurred at the orientation of 270. However, the minimum 

displacement occurred at an orientation of 0, and the maximum displacement 

coincided with the maximum strain orientation.  

➢ For a load of 500N, the minimum strain occurred at the orientation of 135 and the 

maximum strain occurred at the orientation of 270, but the minimum displacement 

occurred at the orientation of 0 and maximum displacement occurred at the 

orientation of 270. 

➢ For a load of 1000N, the minimum displacement was obtained from 0 and the 

minimum strain was obtained from 135 but both the maximum strain and 

displacement obtained at 270 orientation of the femur bone. 

 For the same force, the strain and displacement varied in a zigzag pattern at different 

orientations. This is due to changes in the bone profile. The maximum strain and 

displacement were obtained at the 270⁰ load position because of its lower distance in the 

cross section of the bone at that position, as shown in Figure 2. When the applied force was 

increased from 100 to 1000 N, the strain and displacement also increased linearly.  

Conclusion 

 To determine the strain and displacement in each orientation, loads were varied from 

100 to 1000 N in different orientations on the femur bone 45 apart. From the analysis, it is 

clear that the accuracy of the geometry and material properties are highly influencing the 

performance of the FE model. Above all, the femur bone has neither a uniform cross section 
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nor a uniform shape throughout the length of bone. Hence, the load-carrying capacity varies 

in different orientations.  The conclusions of the analysis are as follows.  

➢ The analysis so far made in previous studies at an angle of 180 alone was not 

sufficient for predicting the actual failure. 

➢ The overall minimum strain (164) occurred at 100 N with an orientation of 

135. 

➢ The overall minimum displacement (0.0733 mm) occurred at 100 N with an 

orientation of 0. 

➢ The overall maximum strain (2422) and maximum displacement (1.435 mm) 

occurred at 1000 N with an orientation of 270. 

➢ From the above, it is concluded that the load and its orientation are equally 

important for the correct prediction of failure of the femur bone. 
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