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ABSTRACT

A bone remodelling model has recently been developed [1] to take into account the effect of BMUs’
progression direction in bone anisotropy. This model assumed that, once activated, BMUs progress
parallel to the strain principal directions until apoptosis of their osteoclasts. Burger et al. [2] explained
this hypothesis in the following way: apoptotic osteocytes and bone line cells generate signals for the
nucleation and attraction of osteoclasts [3]. If BMUs are progressing parallel to the strain principal
directions, osteocytes ahead of the resorption cavity sense no strain and receive no flow of nutrients
through their canalicular network. This fact induces their apoptosis by the expression of Bax [4], a
molecule that attracts osteoclasts to resorb the tissue in front of the resorption cavity, thus keeping the
progression’s direction constant.

Microstructural damage can also disrupt that flow of nutrients and cause the apoptosis of osteocytes. In
a recent paper, Martin [5] has shown that microdamage is able to steer and attract existing BMUs as
they continue to tunnel through the bone matrix. This way, damage repairing is more efficient than it
would be if BMUs progress along the strain principal direction.

The model presented here establishes two competing mechanisms for BMU steering: following the
strain principal direction and pointing to the damaged areas of bone. In both cases BMUs are driven
by the signals expressed by apoptotic osteocytes. So, BMUs’ progression direction in cortical bone
is assumed to be a weighted average of the damage gradient,∇d, and the maximum principal strain
direction,emax, at the point where the BMUs is progressing

e = k
∇d

‖∇d‖ + (1− k)
emax

‖emax‖ (1)

Both directions have been normalized and weighted with the parameterk, which is defined as a function
of the damage level and the modulus of the damage gradient:

k(d, ‖∇d‖) = f1(d) · f2(‖∇d‖) (2)



f1 f2

1.0 1.0

d0

d

dth ‖∇d‖0 ‖∇d‖th

‖∇d‖

1

Figure 1:Functionsf1 andf2 which together provide parameterk.

The functionsf1 andf2 have been assumed piecewise linear as figure 1 shows. With that definition of
k, only areas with a notable damage level will attract BMUs to repair it and only the BMUs closer to
the damaged area will steer toward it.

The damage level is obtained in the previously cited bone remodelling model [1], through a balance of
damage accumulation by fatigue and damage repairing, carried out by BMUs in the resorption phase.

The formulation presented in this work has been included in the previous model [1] to modifiy BMUs’
progression direction in cortical bone. BMUs in trabecular bone do not tunnel through the bone ma-
trix, but progress onto its surface and can not steer like osteons. So, no change has been made in the
formulation regarding with trabecular bone.

The new model has been used to estimate the elastic constants of a human femur. Starting from a
density distribution obtained numerically by Doblaré and Garćıa [6], assuming bone to be initially
isotropic and applying loads corresponding to a one-legged stance, the temporal evolution of damage,
anisotropy, elastic constants and progression’s direction of BMUs were obtained.
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