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1. Introduction

Contemporary design methodsindude optimizaion procedures on eat of design stage. In
case of structural design the optimization asgsts the enginees from the ealiest design ideaup to
the end of the design process In case of the living entities all kind of the optimization mug be
simultaneous The example of such simultaneous adgptation is the phenomenon of the trabeailar
boneremodding process

2. Trabecular boneremodeling process

There are many modds of bone remodding. In the Huiskes ‘regulatory modd’ [1]
conception based on clinicd observation of trabealar bonetisaue behavior, the main assumption of
this modd is existence of homeodasis (perfed bdance between bone gain and losg. This
equilibrium can ocaur only in presence of mechanicd stimulation. The neéwork of ogteocytes plays
the role of sensors of the mechanicd energy distribution along the trabeailar bonetissue The
modd used here podulates strain energy densty (SED) on the surface of trabeailar bore, as a
scdar measure of mechanicd stimulation and distinguished value of SED, corresponding to bore
remodding homeodasis.

3. ThePrinciple of the Constant Strain Energy Density

The notable assumption of the presented model is existence of the homeodasis of the
remodding process described by the distinguished value of SED. It is interesting, that SED, as a
enegy measure, is also emphasized in optimizaion reseach, distant from biomechanicd
applicaions In Pedersen’s [2] condderations the optima shape of the structure, minimizing the
strain energy is thought
Thedaivative of thetotal potential IT with resped to an abitrary parameter his:
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For alocd design paameter he that only changes the design in the donein e of the structure:
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where u, isthemean drain energy densty in thedomain of, and V, is the corresponding volume.
Asauming two paameters h;, h;, thetotal volume V of the structure is:
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then theincrement of the dastic energy:
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for design indgpendent loads, and when only thelocd energies are involved:
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and with the condant volume assumption the a necessary condition for optimality AU = 0 with
condraint AV = 0 leals to the concluson, tha the strain energy densties mug be equd. Similar,
with al design parameters, the total energy change equation leads to the conduson, tha a
necesry condition for optimality is congant value of the strain energy density. Thusfor the gtiffest
design the energy densty aongthe shapeto bedesigned mus becongant:

(6) u, =cong.

4, Conclusions

From our resent research in the areaof numericd simulation of boneremodding phenomenon
and studies on structural optimization, the astonishing condusons can be formulated. The bone
remodding phenomenon is a biologicd redizaion of the optima structure prindple, requiring
equd value of surfaceenergy distribution. On the other hand, the optimization scenaio based on
the ogeodasts, ogeoblasts adivity and oseocytes mechanosenstivity assumption leals to the
optimization results identicd to these obtained by traditiond optimization methodsbased on the
minimal potential asumption [3].
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