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Introduction 

Mechanical analysis of animal long bones often makes 

use of three-point bending tests to estimate the strength 

of the tissue. However, this strength value is based on 

stresses calculated from beam theory, which assumes 

prismatic and regular beams which is not the case for 

long bones. van Lenthe et al [1] analyzed this aspect on 

healthy murine bones and concluded that beam theory 

underestimates the tissue modulus depending on the 

bending set-up, bone size and shape, and suggested that 

Micro-Finite Element (Micro-FE) analysis leads to 

more accurate results. The goal of this study was to 

investigate if Micro-FE analysis of three-point bending 

tests can also better predict bone yield strength than 

beam theory based on the analysis of a single cross-

section.  

 

Methods 

A total of 12 rat femurs (6 healthy and 6 treated with 

an ablation by High-Intensity Focussed Ultrasound) 

were subjected to a 3-point bending test from which 

the experimental bending stiffness and the yield force 

were obtained (position control, speed 0.1 mm/min). 

Prior, µCT images of the whole femurs were acquired. 

Segmented micro-FE models were created and rotated 

in such a way that their orientation corresponded to 

that in the experiment, from which the maximum 

tensile stress in the bone was calculated (fig. 1).  

 

 
Figure 1: A rat femur subjected to a 3-point bending 

test (left). Simulation of the test with a micro-FE model 

(right).  

 

For the beam theory predictions, the second moment of 

area of the central cross-section was used to calculate 

the maximum tensile stress. A tissue Young's modulus 

of 10 GPa was assumed for bone tissue in both models. 

Assuming a tensile yield stress of 158 MPa, the yield 

force was calculated for the micro-FE and the beam 

models based on the calculated maximum tensile stress 

and correlated with that measured in the experiment 

[2]. 

 

Results 

Micro-FE can accurately estimate the experimental 

bending stiffness (R
2 

= 0.958, p < 0.01) and yield force 

(R
2 
= 0.903, p < 0.01) better than the beam theory (R

2 
= 

0.857, p < 0.01, and R
2 
= 0.872, p < 0.01, respectively), 

(fig. 2). No significant differences were found between 

healthy and treated bone, suggesting that the treatment 

did not affect the bone tissue strength. 

 

 
 

 
 

Figure 2: Correlation of bending stiffness (top) and 

yield force (bottom). 

 

Discussion 

Micro-FE models representing the full bone can better 

predict the bending stiffness and strength of both 

healthy and treated long bones than beam theory based 

on the central cross section. This will enable a more 

sensitive determination of changes in mechanical 

properties in animal experiments. 
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