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FABRIC TENSORS IN BONE MECHANICS 

S. J E M I O Ł O and J. J. T E L E G A (WARSZAWA)

Mechanical properties of cancellous and cortical bone have been investigated. The fabric ten

sors used in the relevant literature have been discussed. Nonlinear elastic and elastic-perfectly 
plastic constitutive relationships have been proposed within the framework of small deforma

tions. To this end the theory of representation of tensor functions has been used. It has been 
shown that the fabric tensor plays the role of a parametric tensor. Orthotropic linear elasticity 
has been carefully examined from the point of view of interrelations of classical materiał con
stants with the proposed materia! parameters and eigenvalues of the fabric tensor. Hoffman's 
strength criterion has been extended by incorporating the fa brie tensor. Anisotropic properties 
of human cancellous and cortical bones have been investigated by using the relations derived. 

l. lNTR0DUCTION

Some materials such as woods, granular materials, bones and plastics exhibit 
elastic, plastic and locking behaviour under compressive stresses. The stress
deformation curves are then strongly influenced by the density of a materiał, 
cf. Figs. 10.3 and 11.5 in [12]. Cancellous (spongy or trabecular) bone is quite 
porous; often more than half of the bone volume is occupied by pores [8, 11, 12], 
cf. also F ig. 1 a. The cellular structure of cancellous bone consists of an intercon
nected network of rods or plates. A network of rods produces low-density open 
cells, while one of the plates gives higher-density, virtually closed cells. There are 
some theoretical models for the elastic modulus and strength dependence upon 
the structural density of very high porosity open cell or closed cell materials. 
These models help to explain the obvious trends in the properties with density 
[12]. Cancellous bone structure is anisotropic as well as porous and inhomoge
neous. In the mechanics of porous materials, it is recognized that porosity is the 
primary measure of local materiał microstructure. There appears to be a gen
erał agreement that a tensor is the best second rank measure of local materiał 
microstructure in many porous and composite materials. Following the work of 
ODA [26], this tensor is generally called the fabric tensor. The definition of the 
fabric tensor varies with the type of materiał and the investigator. For example, 
KANATANI [24] expands the distribution density function in spherical harmonics 
















































