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Short Communication

D.V. Ivanov

ON DETERMINING THE MECHANICAL PROPERTIES OF TRABECULAR
BONE FROM UNIAXIAL COMPRESSION TESTS

Saratov State University, Saratov, Russia

Abstract. The influence of the relative height of the specimen on the e<ective elastic
modulus of bovine knee joint cancellous bone, calculated using rod theory, was
investigated. The modulus was evaluated under direct load application to the
specimen, as well as with plastic and aluminum end caps glued to its ends. Regression
relationships linking bone mineral density and its e<ective elastic modulus were
established. It was found that when the relative height of the specimen is at
least 5 units, it ceases to influence the elastic modulus. It was shown that under
uniaxial compression of long specimens, the loading method does not a<ect the
e<ective elastic modulus. It was obtained that the relationship between the e<ective
elastic modulus and mineral density is independent of the specimen loading method,
provided its relative height is at least 5 units. An analysis of the inter-laboratory
reliability of uniaxial compression experiments on cancellous bone was performed.
Experiments involving uniaxial compression of bovine vertebral cancellous bone
were conducted in two biomechanics laboratories, and relationships between the
elastic modulus and volumetric bone mineral density were established. The e<ective
elastic moduli and their dependence on volumetric mineral density, obtained from
the experiments in the di<erent laboratories, were compared. The elastic moduli
of cancellous bone tissue obtained in the di<erent laboratories were statistically
indistinguishable. The corresponding dependencies of the e<ective elastic modulus
on volumetric mineral density for the experiments conducted in the two laboratories
were also identical. The results of the study can be used in developing a standard for
uniaxial compression testing of cancellous bone. Further research in this direction
may focus on evaluating bone elastic moduli in cases of anisotropy, as well as on
determining the mechanical characteristics of bone for new (e.g., micropolar) models
of bone tissue.

Keywords: trabecular bone, uniaxial compression, elastic modulus, bone mineral
density, porosity, Poisson’s ratio, anisotropy, vertebrae, biomechanics.
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