b NTEREAEH B bl BT
S & A ESEIOERE H DEEEIA ORB R

Analysis of internal and external forces of a human mandible invested by strength of materials:
Influence of variation of bearing ratio of balancing side to working side in masticatory muscle force
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Masaaki KUSANO, Kazuhiko YAMAMOTO, Etsuko IKEDA, Kazuhiro MURAKAMI, Tadaaki KIRITA

Abstract

Using a human mandibular model with whole premolar and molar zone oblique to sagittal plane(the angle: 6 =tan™(3/4)),

influence of variation of bearing ratio of balancing side to working side(the ratio: «) in masticatory muscle force as to
internal forces produced by masticatory muscle forces, temporomandibular joint reaction forces and bite forces with teeth
was analyzed by strength of materials. The result obtained is as follows:

M
2

3

“)

The value of shearing force was decreased according to an increase of « . The largest value of shearing force was +640N
in the molar zone in « =0 biting with the right first molar.

At masticatory site, the value of bending moment increased according to an increase of «. On the other hand, at
balancing side, the value of bending moment decreased according to an increase of «. The largest absolute value of
bending moment was +14040Nemm in the molar zone at balancing side in « =1.5 biting with the right first molar.

The value of torsion moment increased according to an increase of « in both anterior and posterior zone. The largest
value of torsion moment was +860N * mm at working side, +6240N * mm in the anterior zone and +2550N * mm at
balancing side in « =1.5 biting with the right first molar.

The method presented in this study is useful for analysis of influence of bearing ratio of balancing side to working side in
masticatory muscle force with respect to internal forces of a human mandible with whole premolar and molar zone oblique
to sagittal plane invested by strength of materials.

Key words: Analysis of forces, A human mandible, Strength of materials, Variation of bearing ratio of balancing side to

working side, Masticatory muscle force, Premolar and molar zone oblique to sagittal plane.
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Fig.1 Analysis model of a human
mandible.

Ayt Right condylar head.

B: Middle point of right ramus.
C: Lower right second molar.
D: Lower right premolar.

E: Lower right canine.

F: Central incisor.

G: Lower left canine.

H: Lower left premolar.

I: Lower left second molar.

J: Middle point of left ramus.
At Left condylar head.
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Fig.2 Sign of direction of
shearing force, bending
moment and torsion
moment.
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Fig.3 Forces acting upon a human mandible biting
with the lower right first molar(8=tan'(3/4), «
=0.5).

Left: External forces.

Right: Forces from the right condylar head to the
lower right second molar. Following calculation

leads M,(C) and M,(C). Unit is N+ mm.

M. (C)+ R, X 40+ W,X20=0
S (C) =M, (C)

My’ (C)— R, X 20~ W, X 10=0
M (O)=M, (O)

Where R, is a temporomandibular joint force on the
right side and W, is a resultant force of all
mandibular elevator muscles taken together on the
right side.
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Fig.4 Forces acting upon a human mandible from the
lower right second molar to the lower right canine

biting with the lower right first molar( 0
=tan'(3/4) , «=0.5).
Following calculation leads shearing force,

bending moment and torsion moment. Unit is: N,
shearing force; Nemm, bending moment; Nemm, torsion
moment.
0=y=16
M. -1860. 62+538. 51y=0
~.M, =-538. 51y+1860. 62
Bending moment =M,=538.51y—-1860. 62
M, (y=16)=6755. 60
Shearing force=dM,/dy=538. 51
Torsion moment=M,=-338. 29
16=y=40
M. ~1860. 62+538. 51y-660 (y—16) =0
S =121, 49y-8699. 38
Bending moment=M,=-121. 49y+8699. 38
M, (y=40)=3839. 92
Shearing force=dM, /dy=-121. 49
Torsion moment=M=-338. 29
In case where figures include infinite decimal, the
fractions are rounded off to three decimal places.
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Fig.5 Shearing force diagram, bending moment
diagram and torsion moment diagram of a human
mandible from the lower right second molar to the
lower right canine biting with the lower right
first molar (0 =tan'(3/4), «=0.5).
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Fig. 6 Shearing force diagram( 0 =tan'(3/4)).
The value of
according to an increase of «. The largest value
of shearing force was +640N in the molar zone in «
=0 biting with the right first molar.

shearing force was decreased
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Fig. 7 Bending moment diagram( 6 =tan'(3/4))

At masticatory site, the value of bending moment
increased according to an increase of «. On the
other hand, at balancing side, the value of bending
moment decreased according to an increase of «.
The largest absolute value of bending moment was
+14040Nemm in the molar zone at balancing side in
a=1.5 biting with the right first molar.
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Fig.8 Torsion moment diagram( 0 =tan(3/4)) .

The value of torsion moment increased according to
an increase of « in both anterior and posterior
zone. The largest value of torsion moment was
+860N * mm at working side, +6240N « mm in the
anterior zone and +2550N * mm at balancing side in
a=1.5 biting with the right first molar.
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