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1. Motivation

Most biologicd (naura) materials and biomaterials (engineeed materials repladng
fundions of tissues or organg) in ther natural or working environment consist of solid skeleton
filled with fluid. In case of tissues the skeleton is a complex hierarchicd structure comprised of
cdls, vascular systems, mineral phase, etc (seee.g. [1]). Thefluid in pae - extra cdlular spaceis a
composition of constiuents plying different structural and biologicd roles within organisms
Biomaterias have usudly lesscomplex constitution and structure and as the result can redizeless
fundionsthan biologicd materials, seeFig. 1.
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Fig. 1.Diagram showing fundionsof biomaterials and biologicd materials

Theinternd complexity of the materials of interest and range of phenomena and fundionswhich
are to becovered mustdetermine useful moddli ng ools.

2. Paomedanics— a ool for modelli ng biological materials and biomaterials

Poromedhanics is the coupled mechanicd model of saturated poous materials which
incorporates basic interadions beween paous skeleton and poe fluid, induding volumetric
couplings, viscous and inertia interface forces. More advanced approaches try to indudein the
modd charaderistics of internd structure and information on poperties of phases. Sinceits origin
in the mature shape (the founddions of poromechanics were laid by M. A. Biot, see[2], [3], [4]) it
has found nunber of succesul applicaionsfor modelli ng rocks, soils, sound absorbing materials
but aso tisaues (e.g. bores, muscdes, catilage, brain) and biomaterias (e. g. scaffolds, hydrogels).
Among ohers the modd was useful to predict division bdéween pheses of dynamicdly applied
stressto bone and muscles followed by further redistribution of stressin time; It describes basic
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propeties of waves in bone and soft gels; It explains the evolution of deformation and poosity in
diseased o injured brain. Despite that however there is a growing awareness tha notions and
equaions of classcd pommedanics when applied for moddling biologicd materias or
biomaterials must be frequently supplemented with some components resulting from the paticular
material propeaties and fundions

From the mechanicd point of view the material properties which cause the peailiarities of
modding tissues and biomaterials are: high paosity, anisotropy of medhanicd and structural
paameters, micro- and maao-inhonogeneity, complexity of interfacial conditions etc. They
generate theoreticd difficulties to find pope constiutive equaions bounday conditions and
findly make credible simulations without known benchmark solutions However, the least solved
problems seam to betha which are related to elaboration of reli able experimental techniques which
can deermine numerous modd paameters from tests made for usudly small, inhonogeneousand
anisotropic samples of materials. The problem is yet more striking when oneredizes tha material
parameters deermined in vivo, in situ (dedh tissue in its environment) and in vitro (deah tissue
removed from its environment) could besignificantly different.

3. Discussbn of applications

We will discusssome of the above problems as related to applications of poromedanics in
modédli ng:

1) wave propagation through tabealar bones,

2) trangport and debrmation in brain, and

3) coupled chemo-mechanicd behaviour of readive gels.
In al the above cases the andysis will concentrate on pioving high cgpability of poromechanics to
describe phenomena which are spedfic for biologicd materials or biomaterials and also show
limitationsand un®lved topics within the approach. Connedtions of the moddli ng with predictive
description, dignostt applicaions as well as design d biomaterials will be highlighted. The
discussbn will be based on oigind results (seee.g. [5], [6]) and review of current literature and
will beillustated by sinulationsand results from experiments
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