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1. Introduction

Stress analysis of cortical bone and trabecular bone in the jaws is very important for not only basic science
but also accurate diagnosis and effective treatment in clinical dentistry. Currently, finite element method
(FEM) is widely used for such stress analysis. FEM is a numerical analysis, that is, the analysis result largely
depends on the substituted material properties. However, characteristic of material properties in the mandible
with complicated anatomical structure has not been elucidated. Especially, the property of trabecular bone is
still unknown and the properties of the femur and vertebra have been used as substitution values. The reason
why it is hard to analyze the material property of trabecular bone in the mandible can be ascribed to the
difficulty in obtaining specimen from trabecular bone, and also to the mechanical anisotropy of bone.

Therefore, we tried to apply a method of linear rule of mixtures for mesurement of elastic modulus of
mandibular trabecular bone. The linear rule of mixtures is known as an effective method for analysing
composite materials in the engineering field. This approach is a procedure of calculating the material
properties of a whole composite material from a prediction formula based on product of numbers in each
volume fraction and material property in a composite material. By applying this method, it is possible to
measure the elastic modulus of trabecular bone without extracting only trabecular bone. In this study, we
measured the elastic modulus of the trabecular bone of porcine mandible using linear rule of mixtures.

2. Material and method

Cortical bone and trabecular bone were cut out from the center of the 6 months old pig’s mandibular ramus
in one piece. For the purpose of repeating the compression test using the linear rule of mixtures, the
specimen was precisely trimmed in a rectangular shape. Measurement of the elastic modulus was evaluated
by displacement analysis in a compression test using a laser displacement meter (Panasonic, HL-G1) with a
specimen placed in the precision universal testing machine (SHIMADZU, AG-250kNplus) at the center of
the compression jig. In the experiment, first, the end portion of the specimen was cut and removed
repeatedly to arbitrarily reduce its shape, and the elastic modulus of the specimen was measured at each
cutting. Then, by using the prediction equation of linear rule of mixtures shown below (1), the elastic
modulus of the resected bone was calculated by finding the difference between consecutive data. E: is the
modulus of elasticity of the part cut and removed, E. is the elastic modulus before cutting and removal, En, is
the elastic modulus after cutting and removal, Vi, is the volume fraction after cutting removal, and the
following equation (1) was obtained by transforming linear rule of mixtures.
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In experiment 1, trabecular bone with cortical bone at both ends of the specimen was used. In experiments 2
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and 3, trabecular bone with cortical bone only at one end of the specimen was used, and modulus of such
different bones structure were measured. As for the measurement error due to the deformation of the jig of
the precision universal testing machine, we calculated the correction value from the basic experiment using
the aluminium alloy (JIS A 2017) and corrected the result of experiments 1, 2, and 3.

3. Result

The elastic modulus of Experiment 1 in which specimen was cut three times were 11.9 GPa for bone
including cortical bone and 3.8 GPa and 6.2 GPa for bone with only trabecular bone in order from lingual
side. The elastic modulus of Experiment 2 in which specimen was cut twice were 1.2 GPa and 1.9 GPa in
order from the lingual side. The elastic modulus of experiment 3 in which specimen was cut four times to
obtain narrow range data of the trabecular bone were 5.0 GPa, 3.9 GPa, 3.6 GPa and 8.3 GPa in order from
the lingual side.

4. Discussion

From the finding of experiment 1, since elastic modulus was low high and low in cortical bone and
trabecular bone respectively, it was suggested that linear rule of mixtures was useful to determine the elastic
modulus. From experiments 2 and 3, it was found that the elastic modulus of trabecular bone greatly varies
depending on the excised site. From all these findings, elastic modulus could be calculated without extracting
trabecular bone solely. The modulus was determined at any arbitrary site having cortical and trabecular bones.
By utilizing more accurate elastic modulus distribution of bone, it is expected to clarify the correct
mechanical properties of trabecular bone.
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