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Aging and Disease and the Fracture of Bone:
An Issue of Quality vs. Quantity?

The age-related deterioration of the architecture of bone and its fracture properties,
coupled with increased fe expectancy, are responsible for increasing incidences of bone
fractures in the elderly segment of the population. Currantly, opinion i3 divided as to
whether this is principally an issue of a loss of bone mass (or bone minaral density),
termed bone quantity, or one associated with bone quality involving its inharent matesial
propadies. |In order to facilitate the development of effective treatmants that cournter the
alevation of the fracture risk, an understanding of how fracture properties degrade with
age is essential. In this talk, the origins of the toughness of human cortical bene (and
dentin, a primary constituent of teeth and simple analog of bone) are examined from a
materials science viewpaint by considering the salient micro-mechanisms of failure over a
broad range of characteristic dimensions from molecular to macroscopic length-scales. It
is argued that although structure at the nanoscale is important, it is microstructural
features at the scale of one to hundreds of microns that are critical in determining fracture
risk!" It is further shown that biclogical aging, cerain disease states and therapeutic
treatments (such as stercids), can cause a markad detarioration in bone quality which
raises this fracture risk, principally by affecting the toughening mechanisms over a broad
range of dimensions.
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