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1 Bone as a smart material 

Bone is more than just an engineering material. Bones provide stability to our 
body and are also an essential element in our mobility. Moreover bones act as 
reservoirs of important minerals such as calcium. From the macroscopic point of 
view there are two major types of bone tissue: the compact or cortical bone and 
the trabecular or spongy bone. The shaft or diaphysis of long bones is mostly 
made up of cortical bone, trabecular bone is found in the ends of bones (the 
epiphyseal region) and inside short bones. 
From the engineering point of view, cortical bone consists of fibers (osteons) 
running in the length direction of the bone. This gives rise to mechanical 
properties reflecting this transverse isotropic structure. Typically cortical bone 
has an elastic modulus of 18 GPa in the longitudinal direction and 11 GPa in the 
two transverse directions i.e. radial and tangential [l]. 
The trabecular bone is a porous, honeycomb like structure. It has been observed 
already a long time ago [2], [3] that the directions of the struts that build this 
trabecular structure are not random, but show clear preferential orientations in 
each location within the bone. The so-called Wolffs Law states that the 
preferential orientations of trabecular bone coincide with the principal stress 
directions in the loaded bone structure at each place. As a result of this law or 
principle, the trabecular bone structure is such that it yields a maximum 
mechanical strength with a minimum of bone material [4]. The elastic modulus 
of trabecular bone is highly density dependent and may vary between wide 
ranges, e.g. between 100 MPa and 1500 MPa [5]. 
Bone is more than just a cleverly built material: it is able to adapt its structure 
and hence its properties to changes in the mechanical loads acting upon it. This 
is known as adaptive bone remodelling [6 ] .  There seems to exist some kind of 
optimal loading condition on the bones (magnitude and direction of stresses, 
frequency content) for which there is no net remodelling activity. The normal 
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