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Cortical bone tissue modelled as double-porous medium:
Parameter study

Jana Turjanicová1, Eduard Rohan2, Salah Naili3, Robert Cimrman4

1 Inroduction
It is possible to model a cortical bone tissue as a poroelastic material with periodic

structure represented at two, microscopic and mesoscopic levels. On those levels the bone
matrix is perturbed by lacunar-canalicular network causing changes in mechanical properties
on higher levels.

In this note, the pores on microscopic (α) level are modeled as three orthogonal channels
which represent canaliculi. On mesoscopic (β) level the porosity is caused by lacunae with
approximately ellipsoidal shape (Fig.1). The pores of micro- and mesoscopic scale are connected
creating one system of connected network filled with compressible fluid.

We apply the method of asymptotic homogenization to upscale a microscopic problem
of fluid-structure interaction. Obtained homogenized coefficients describe material properties
of the poroelastic matrix fractured by fluid-filled pores whose geometry is described at the
mesoscopic level. The second-level upscaling provides homogenized poroelastic coefficients
relevant on the macroscopic scale, see [2].

Obrázek 1: Left – geometry on α-level; Right – geometry on β−level
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2 Parameter study
A parameter study was performed; the porosity on α−level was changed by increasing

the x-direction canaliculi diameter rx. The y-direction and z-direction was kept constant. The
structure on α−level was oriented in x-axis direction. Logicaly, this caused a change of the
poroelastic properties on the macroscopic level. The dependency of Young’s modulus and
Poisson ration on φγ porosity, where φγ = φα + φβ − φαφβ , is shown in the Fig.2. It can
bee seen that using the isotropic material considered at the microscopic level we an orthotropic
material has been obtained on the macroscopic level, whose anisotropy increases with the change
of porosity.

Obrázek 2: The dependency of poroelastic properties on porosity change caused by increase of
rx: Left – Young’s modulus; Right – Poisson ratio

3 Conclusion
The presented homogenized model can be used for modeling cortical bone tissue. Various

geometries representing fluid saturated porous structure related to microscopic and mesoscopic
level were considerd. The influence of changing one of the α−level geometric parameters on the
homogenized coeficients, related to macroscopic level, was studied. This modeling approach is
proposed as an advanced hierarchical description of poroelastic properties of the cortical bone
tissue, but a wide range of further applications is expected.
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