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1. Introduction 

Contemporary design methods include optimization procedures on each of design stage. In 
case of structural design the optimization assists the engineers from the earliest design idea up to 
the end of the design process. In case of the living entities all  kind of the optimization must be 
simultaneous. The example of such simultaneous adaptation is the phenomenon of the trabecular 
bone remodeling process. 

2. Trabecular bone remodeling process 

There are many models of bone remodeling. In the Huiskes’  ‘regulatory model’  [1] 
conception based on clinical observation of trabecular bone tissue behavior, the main assumption of 
this model is existence of homeostasis (perfect balance between bone gain and loss). This 
equilibrium can occur only in presence of mechanical stimulation. The network of osteocytes plays 
the role of sensors of the mechanical energy distribution along the trabecular bone tissue. The 
model used here postulates strain energy density (SED) on the surface of trabecular bone, as a 
scalar measure of mechanical stimulation and distinguished value of SED, corresponding to bone 
remodeling homeostasis.  

3. The Principle of the Constant Strain Energy Density 

The notable assumption of the presented model is existence of the homeostasis of the 
remodeling process described by the distinguished value of SED. It is interesting, that SED, as a 
energy measure, is also emphasized in optimization research, distant from biomechanical 
applications. In Pedersen’s [2] considerations the optimal shape of the structure, minimizing the 
strain energy is thought. 
The derivative of the total potential Π with respect to an arbitrary parameter h is: 
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For a local design parameter he that only changes the design in the domain e of the structure: 
 

(2)  
( )

ee h

Vu

h

U ee

∂
∂=

∂
∂ ε          

 
where eu  is the mean strain energy density in the domain of, and eV  is the corresponding volume. 

Assuming two parameters hi, hj, the total volume V of the structure is: 
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then the increment of the elastic energy: 
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for design independent loads, and when only the local energies are involved: 
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and with the constant volume assumption the a necessary condition for optimalit y ∆U = 0 with 
constraint ∆V = 0 leads to the conclusion, that the strain energy densities must be equal. Similar, 
with all  design parameters, the total energy change equation leads to the conclusion, that a 
necessary condition for optimalit y is constant value of the strain energy density. Thus for the stiffest 
design the energy density along the shape to be designed must be constant: 

 
(6)  const.=su           

4. Conclusions 

 
From our resent research in the area of numerical simulation of bone remodeling phenomenon 

and studies on structural optimization, the astonishing conclusions can be formulated. The bone 
remodeling phenomenon is a biological realization of the optimal structure principle, requiring 
equal value of surface energy distribution. On the other hand, the optimization scenario based on 
the osteoclasts, osteoblasts activity and osteocytes mechanosensitivity assumption leads to the 
optimization results identical to these obtained by traditional optimization methods based on the 
minimal potential assumption [3]. 
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