
 
 

SIMULATION ON BONE GROWTH AND REMODELING OF WHISTAR RATS FEMUR  
 

1 Tongtong Guo, 1Kun Wang, 1Yu Zhou, and 2Marie Christine Hobatho 
1Nature Science Department, Harbin Institute of Technology, Shenzhen Graduate School, CHINA  

2Biomechanics and Bioengineering Laboratory, UMR 6600, Compiègne University of 
Technology, Compiègne, FRANCE; email: tongtong.guo@hitsz.edu.cn 

 
SUMMARY 
Bone metabolism is a complex process, which include bone 
growth or modeling during development stage, and bone 
remodeling during the maturation stage. The objectives of this 
study are: 1. Simulate process of contour alterations of whistar 
rats’ femurs during development stage by the combination of 
FEA and bone grwoth equations based on 2D cross section 
models from Micro CT images; 2. Validate the bone 
remodeling equation, which include the strain energy density 
as the mechanical stimulus and load history,  during the 
maturation stage based on 3D reconstructed femur models.   
Total 72 whistar rats’ femurs are scaned and reconstructed.  
The age of the rats are from 1 to 24 month. These models are 
applied to compare with the simulation results.  
From comparison of  simulated process of contour alterations 
of whistar rats’ femurs and CT data, it is concluded that the 
simulated process is consistent with pshysiological reality. 
The the remodeling equation applied on 3D  models are 
reasonable.  
 
INTRODUCTION 
Bone metabolism is a complex process, which include bone 
growth or modeling during development stage, and bone 
remodeling during the maturation stage. Researchers 
constructed mathematical expressions to express the process 
of the different stages from biomechanical view. During the 
bone development stage, the average radius of the periosteum 
and endostiem are changed accompany with the endostosis. 
During the bone matuation stage, bone contour keeps stable 
and  bone remodeling happens. The objectives of this study 
are: 1. Simulate process of contour alterations of whistar rats’ 
femurs during development stage by the combination of FEA 
and bone grwoth equations based on 2D cross section models 
from Micro CT images; 2. Validate the bone remodeling 
equation, which include the strain energy density as the 
mechanical stimulus and load history,  during the maturation 
stage based on 3D reconstructed femur models.   
 
METHODS 
On development stage, following equations are applied to 
express the alteration of average radius of the periosteum and 
endostiem accompany with the endostosis[1]: 
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In which  ψ is the daily mechanical stimulus,  E is the 
Young’s Modulus, U is the strain energy density, n is cycling 
times of the load, f (ψ) is the piecewise function, r is average 
radius of the periosteum and endostiem, m is the experimental 
constant.  
 
Two dimension data from Micro CT of Whistar rats femurs 
cross section is collected to compare with the simulation 
results. The rats age is from 1 to 9 month, on development 
stage. 
 
On maturation stage, equation 3 and 4 are applied to express 
bone remodeling process[2]. Daily load cycling is imported to 
describe the mechanical stimulus included load history as 
presented in equation 6. 
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In which,  fi(x) is spatial influence function, ρ is apparent 
density, k is reference stimulus value, ψ is the daily 
mechanical stimulus, ni  is cycling times of the load.  
 
We reconstructed the 3D Whistar rats femurs model from 
Micro CT data (SKYSCAN) with following parameters: 50kV, 
800uA, 61.6 um slice thickness. The completed finite element 
model is got by applying MIMICS.                                                               
 
The rats age is from 1 to 24 month, on muturation stage. The 
model from 9 month rats is collected to be initial status, and 
the  models from other age are collected to compare with the 
simulation results.  
 
The model of 15 month old rat consisted of 3666 ten-node 
tetrahedron elements and 8397 nodes, as illustrated in figure 1. 
Material properties are assigned into each element by applying 
the  relationship between the apparent density and HU 
value[3]. 



 
 
Figure 1:  The model of 15 month old rat was reconstructed 
by MIMICS based on Micro CT data. 
 
The combination of bone remodeling equations, which include 
from equation 3 to to 6,  and FEA is performed to simulate the 
bone remodeling process. 
RESULTS AND DISCUSSION 
We simulted the the alteration of Whistar rats femur contuour 
based on 2D models from Micro CT at bone development 
stage. The comparison between experimental data and 
simulation results is  illustrated in figure 2. Our simulated 
average radius of the periosteum  and endosteum are 
consistent with the experimental data.  

 

 
Figure 1:  The comparison between experimental data and 
simulation results of average femur peristeum and endosteum 
radius during Whistar rats development stage. 
 
We simulate the bone remodeling process of Whistar rats 
maturation stage based on 3D reconstruction model from 
Micro CT. The simulation results show that the bone density 

increased slowly from 9 to 15 month old rats and decreased 
after 15 month. Here bone density distribution of 18 month old 
is illustrated in figure 3. The results are consist with the 
experimental data from CT scanning.  

 

 
 

Figure 3:  Simulation results of bone density distribution of 
Whistar rat’s femur in 18 month old . 
 
CONCLUSIONS 
In this study, we simulate the process of contour alterations of 
whistar rats’ femurs during development stage by the 
combination of FEA and bone grwoth equations based on 2D 
cross section models from Micro CT images. The simulated 
average radius of the periosteum  and endosteum are 
consistent with the experimental data. It conclude that our 
simulate method and process are reasonible. For next step,  3D 
model will be applied to simulate bone development stage.  
We simulate bone remodeling process by combination of   
bone remodeling equations, which import load history,  during 
the maturation stage based on 3D reconstructed femur models. 
Our simulation results are consist with the experimental data 
from CT scanning. It conclude that the remodeling equations 
applied are reasonible.  
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