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Introduction 
Bone remodelling models (BRM) have been 
extensively used to predict the density 
distribution in long bones, mainly the femur, 
from the daily activity. The key items in this 
kind of simulations are the geometry of the 
bone, the loads applied and the CT scan used 
for validation. For a proper validation of the 
results all of them should be of the same 
individual. But, that is not the case in the 
works found in the literature. The BRM used 
in this work [Doblaré and García, 2001] 
studies cyclic loading situations, like walking. 
However, it analyses only one instant as 
representative of the whole gait cycle. This 
simplification is not needed in the modification 
of the BRM presented here. The objectives are: 
1) to apply the BRM to predict the density 
distribution in a human femur taking all the 
source data from the same individual and to 
validate the results with a CT scan taken in the 
same person; 2) to adjust the constants of the 
BRM for this person and study possible 
variations of these constants with the anatomic 
site. 
 
Methods 
A Finite Element (FE) model has been built 
from a CT scan of a femur of a male subject 
with no pathologies in gait. The loads applied 
to the model are the reactions at the joints and 
the muscle forces acting on the femur. They 
were estimated with a multibody system model 
of that femur [Ojeda, 2012]. A static 
optimization problem was solved to obtain the 
values of the muscle forces. Reactions at the 
joints were calculated by solving an inverse 
dynamics problem. 
The remodelling response depends on the 
mechanical stimulus defined by Doblaré and 
García [2001]. In this model, the peak of such 
stimulus during the gait cycle is what controls 
the bone response and these peaks do not 
necessarily occur at the same instant for every 
point in the bone. The gait cycle has been 
discretized in four phases to calculate the 
peaks of stimulus from these four instants. 
 
 
 

Results  
Figure 1 shows the density distributions in a 
section of the femur using different sets of 
constants of the BRM, compared with the CT 
scan. Figure 2 compares the results using 
different sets of constants for the proximal 
femur and the diaphysis. 

 
Figure 1: a) Density distribution using the 
constants of the BRM used by Doblaré and García, 
[2001]. b) Density distribution using the constants 
C1, that provide the best results in the proximal 
femur. c) Idem using the constants C2, that provide 
the best results in the diaphysis.  

 
Figure 2: a) Density distribution using the 
constants C1. b) Idem using the constants C2. c) 
Idem using C1 for the proximal part and C2 for the 
diaphysis.  
 
Discussion 
The density distribution obtained with the 
constants defined by Doblaré and García 
[2001] do not agree with the CT scan. Thus, 
the review of the constants’ values was 
justified. The use of different sets of constants 
for the proximal part and the diaphysis was 
required to obtain a good global density 
distribution, thus suggesting a different 
remodelling response of those parts. 
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