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= Abstract =
Estimation of Viscoelastic Properties of Trabecular Bone Using
An Inverse Method

Shinill Kang*, Won-Hee Lee*, Jung-Hwa Hong**

An inverse method with regularization has been developed to determine the viscoelastic properties of
trabecular bone. A series of stress relaxation experiments were performed under the condition of uniax-
ial compression stress state. Optimization has been formulated within the framework of nonlinear
least-squares and a modified Gauss-Newton method with a zeroth—order regularization technique. The
stress relaxation behavior of trabecular bone was analyzed using a standard viscoelastic model. The pres-
ent study clearly shows that trabecular bone exhibits typical viscoelastic stress relaxation behavior, and
the obtained material parameters well represent the viscoelastic behavior of trabecular bone.
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Fig. 1. A schematic of stress relaxation experiment appa-
ratus and data measurement system
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Fig. 1. Results of stress relaxation experiments for 10
trabecular bone specimens
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Table 1. Estimated viscoelastic properties of trabecular
bone using an inverse method

A WE E(MPa) E(MPa)  (GPa-s)
1 197.303 1337.804 56.866
2 276.572 1318.497 123.173
3 129.483 840.668 57.719
4 112.287 847.775 254.848
5 112.380 859.743 248.686
6 69.688 283.413 26280
7 323.618 1866.650 105.732
8 166.884 1894.220 62.187
9 151.751 939.330 58.535
10 399.661 2630558  173.727
Mean 193.963 1281.866 111.775
BED 106.145 684.422 75.652
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Fig. 1. Results of error analysis between the estimated
stress from viscoelastic model and the obtained stress
from stress relaxation experiments
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