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ABSTRACT

In this investigation, the crack propagation mechanisms contributing to the toughness of
cortical bone were studied using a combination of experimental and numerical approaches.
Compact tension (CT) specimens were prepared from bovine cortical bones to achieve
crack propagation in the longitudinal and transverse directions. Stable crack extension
experiments were conducted to distinguish the crack growth resistance curves, and
virtual multidimensional internal bond (VMIB) modeling was adopted to simulate the
fracture responses. Results from experiments indicated that cortical bone exhibited rising
resistance curves (R-curves) for crack extension parallel and perpendicular to the bone
axis; the transverse fracture toughness was significantly larger, indicating that the fracture
properties of cortical bone are substantially anisotropic. Microscopic observations showed
that the toughening mechanisms in the longitudinal and transverse directions were
different. When the crack grew in the transverse direction, the crack deflected significantly,
and crack bifurcations were found at the crack wake, while, in the longitudinal direction,
the crack was straight and uncracked ligaments were observed. Numerical simulations also
revealed that the fracture resistance in the transverse direction was greater than that in the
longitudinal direction.
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1. Introduction from stress fractures (see, e.g., Burr and Milgrom, 2001;
de Carmejane et al., 2005). Consequently, it is essential to
understand the fracture behavior of bone. The properties

Bone fracture is a serious impediment to human health. of cortical bone are potentially of greatest interest as it is

Although it more often occurs in seniors as a consequence responsible for bearing the majority of any loading.

of osteoporosis, it also develops in people via trauma

Conventional mechanical tests such as tensile, compres-

and stressed fractures. In fact, over 20% of athletes suffer sive, and three-point bending tests (see, e.g., Kotha and
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