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Analysis of Elastic Behavior of Mandibular Trabecular Bone
Yosuke DOHI

Meikai University Graduate School of Dentistry

Abstract: Stress analysis of trabecular bone in jaw bones is very important for the accurate
diagnosis and effective treatment in clinical dentistry as well as basic science. Currently,
finite element method (FEM) is widely used for such stress analysis. However, the optimum
substitution value of the trabecular bone in jaw bones is still unknown. Especially, since the
mandibular trabecular bone is loaded by various forces from many masticatory muscles and
occlusion, many physical properties are not clear. Therefore, elastic modulus of trabecular
bone were calculated in porcine mandibles by the linear rule of mixtures. Findings showed
that elastic modulus was high in the cortical bone and low in the trabecular bone, and the
values were higher in the trabecular bone closer to the cortical bone. However, there was a
wide variation in the elastic modulus between different specimens. These findings indicate
that the elastic modulus can be calculated even from a small and thin sample by utilizing the
linear rule of mixtures. By applying vertical and lateral force, one of the trabecular bone
showed different values of elastic modulus according to the force direction. By the present
method utilizing the linear rule of mixtures, the anisotropy of structure could be characterized

in the mandibular trabecular bone.
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Fig legends

Figl Preparation of specimens

A: Specimen 1 and 2 were obtained from the middle of ramus (between black dotted lines),
parallel to the posterior border of the ramus pane (white dotted line). Each specimen was
resected from the different porcine mandible.

B: Specimen 3 was obtained from the middle of ramus (between black dotted lines), parallel
to the posterior border of the ramus (white dotted line). Specimen 4 was resected from the
mandibular angle (between black dotted lines), parallel to the posterior border of the ramus
(white dotted line). Specimen 3 and 4 were obtained from the same porcine mandible but
different from those resected specimen 1 and 2.

C: Specimen composed of cortical (a) and trabecular (b) bones. The border of each bone

could be seen clearly.

Fig2 Measuring device
The elastic modulus was evaluated by displacement analysis in a compression test using a
laser displacement meter with a specimen placed in the compression testing machine at the

center of the compression jig.  Arrow (direction of load).

Fig. 3 Resection and elastic modulus in specimen 1 (B10) composed of trabecular bone and
cortical bones.

Cortical bones were seen both at the buccal and lingual edges. Resection of R11 provided
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B11 from B10. Resection of R12 provided B12 from B11. Resection of R13 provided B13

from B12. Vertical force was applied to specimen 1 from the superior direction.

Fig. 4 Resection and elastic modulus in specimen 2 (B20) composed of trabecular bone and
cortical bones.

Cortical bone was seen only at the buccal edge. Resection of R21 provided B21 from B20.
Resection of R22 provided B22 from B21. Vertical force was applied to specimen 2 from

the superior direction.

Fig. 5 Resection and elastic modulus in specimen 3 (B30) obtained from the middle of
ramus.

Cortical bone was seen only at the buccal edge. Resection of R31 provided B31 from B30.
Vertical and transverse force were applied to specimen 3 from the superior and lateral

directions, respectively.

Fig. 6 Resection and elastic modulus in specimen 4 (B40) obtained from the mandibular
angle.

Cortical bone was seen only at the buccal edge. Resection of R41 provided B41 from B40.
Vertical and transverse force were applied to specimen 4 from the superior and lateral

directions, respectively.
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Fig 2

Laser displacement meter




Fig 3

6.7

Specimen 1

I Cortical bone

Width Elastic modulus
Block
(mm) (Gpa)
B10 5.3 7.9
R11 0.8 11.9
Section 1 Bll 43 12
Section 2
Section 3 R12 0.7 3.8
B12 3.8 7.9
R13 0.6 6.2
B13 3.2 8.2
[ ] Trabecular bone




Fig 4

Vertical . .
Foria Block ,AZ_%W m_mmﬁ_An 30vo_c_r_m
R21 A lingual mm Gpa
R22 = =
= — B20 3.9 5.9
1
s s R21 0.6 1.2
<
- Section 1
. Y Section2 B21 3.3 6.9
; b
R22 0.5 1.9
39
T 6.1 B22 2.8 7.8
Specimen 2
Cortical bone Trabecular bone
| [ 1]
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Fig 5

Vertical
force
_J _:ﬁcm_ . Elastic modulus (Gpa)
N o Width
Bloc (mm) Vertical  Transverse
huccal ® direction direction
Transverse
O B30 3.4 2:2704 2.6X0.4
N
57 Section 1
R31 1.0 13 0.4
34
——— £ B31 2.4 26+05 3505
Specimen 3

I Cortical bone [ ] Trabecular bone



Vertical
force
R41 L W lingual
/N 7 /]
buccal P
Transverse
force
>
<«—— Section 1
44
-
106
Specimen 4
I Cortical bone [ | Trabecular bone

Fig 6

Elastic modulus Amumv

lail Width
Bloc (mm) Vertical ~ Transverse
direction  direction
B40 4.4 1.6 0.2 1.80:1
R4l 1.4 0.9 1.0
B41 3.0 1.9=0.3 2.2%=0.2




