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CATTERING IS ONE OF THE MOST WIDELY
used techniques for probing the interi-
or of solids. In order to adapt this

methodology to extract material properties of
cortical and trabecular bone tissue, we intro-
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Figure 1. The Linear Response to a
Triangular Pulse

duced a model system consisting of a porous
segment constructed from a digitized image of
vertebral trabecular bone and a solid segment attached to it on
a side. In our calculations, the rear end will be held stationary
while the solid front end will be subjected to a short-time pulse
of a known shape. The stress on the front end following the
pulse will be calculated using an integration of the type adopt-
ed for laborator procedures. Figure 1 shows an example of the
calculated response for such a model system when the external-
ly applied pulse is triangular. The question then is whether this
time-dependent response can be inverted to obtain “effective”
material properties of cortical and trabecular segments.

We approximated the system with a one-dimensional array
of springs-and-masses. The trabecular bone is represented by
N; identical objects of mass m| connected by elastic elements
of spring constant k, and are assumed to move in a medium
with damping 7;. Cortical bone is represented by 1, identical
objects of mass m, connected by elastic elements of spring
constant k,, and are assumed to move in a medium with
damping 7,. The scattering problem assumes that the pulse
sent inward is partially reflected back to the cortical bone and
partially transmitted to the trabecular bone. Solving the prob-
lem, one finds that the Fourier transform of the stress on the
front end is given by

X = Xo(@)(w ™2 +re" ) [(147),
with the reflection coefficient

r =exp(—2U, N, )(ysinh, —sinhy, )/(ysinh i, +sinh L, ).
Here Y=k, /k,
and for j=1 or 2, u=cosh™(1-w? /2cj2 + iy, /2ci2) ,
where and

Y;=n;/m;, cf:kjfmj-x”(m)

is the Fourier transform of the pulse. We propose to develop
inverse techniques to estimate ¢y, ¢y, Y1, Y2, k1 and k, from the
time behavior of c.
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