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Analysis of internal and external forces of a human mandible invested
by strength of materials: Influence of variation of biting force.

PR, LA A A A A R, M
Masaaki KUSANO, Kazuhiko YAMAMOTO, Tsutomu SUGIURA, Kazuhiro MURAKAMI,
Tadaaki KIRITA

Abstract

Objective: To analyze influence of variation of biting force on internal and
external forces produced by masticatory muscle forces, temporomandibular joint
reaction forces and biting forces with teeth. Methods: The analysis was performed
using strength of materials combined with computer programming technique.
Results: The absolute value of shearing force gradually increased in a positive
linear form according to an increase of ratio of variation of biting force 3. At
working site, the bending moment increased according to an increase of 3. On
the other hand, at balancing site, the bending moment decreased according to an
increase of 3. The gradual increase of the absolute value of the bending moment
was in a positive linear form. In both anterior and posterior zone, the absolute
value of torsion moment gradually increased in a positive linear form in
accordance with an increase of B . Conclusions: The absolute value of shearing
force, bending moment and torsion moment gradually increased in a positive
linear form in accordance with an increase of [, for the internal forces are
expressed as a primary function of B under a condition that bearing ratio of
balancing side to working side in masticatory muscle force is constant. The
method in this study is useful for analysis of influence of biting force on both
internal and external forces of a human mandible by strength of materials.

Key words: Strength of materials, application for medical use, analysis of forces, a
human mandible, variation of biting force, computer programming.
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Fig.1 Analysis model of a human mandible.

Ax: Right condyle region.

B: Middle point of right ramus.

C: Lower right second molar region.
D: Lower right premolar region.
E: Lowver right canine region.

F: Central incisor region.

G: Lower left canine region.

H: Lower left premolar region.

I: Lower left second molar region.
J: Middle point of left ramus.

A Left condyle region.
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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( 6 =tan™(3/4), «=05, B
=0.2).
Left: External forces.
Right: Forces from the right condylar head to the lower
right second molar. Following calculation leads My(C)
and My(C). Unitis N-mm.

M,(C)-124.62 X 40+232.32 X 20=0

M,/(C)=338.29 .".M(C)=-338.29

My'(C)+124.62 X 20-232.32 X 10=0

My'(C)=-169.15

. M(C)=+169.15
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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

(6 =tan™(3/4), «=05, 5=0.2).

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-372.12+107.70y=0
. My'=-107.70y+372.12
Bending moment =M,=107.70y-372.12
M,(y=16)=1351.12
Shearing force=dM,/dy=107.70
Torsion moment=M,=-67.66
16=y=40
M,-1860.62+538.51y-660(y-16)=0
.. M,'=121.49y-8699.38
Bending moment=M,=-24.30y+1739.88
M,(y=40)=767.98
Shearing force=dM,/dy=-24.30
Torsion moment=M,=-67.66
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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), «=05, B=0.2).
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Fig.6 Shearing force diagram biting with the lower
right first molar( 6 =tan™(3/4); « =0~1.5; 5=0.2,1.0).

The absolute value of shearing force increased
according to an increase of 3. The largest value of
shearing force was +640N in the molar zone in « =0
and 3 =1.0 biting with the lower right first molar.
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Fig.7 Shearing force diagram biting with the lower
right first molar( 0 =tan™(3/4); « =0.5; 5 =0.2~1.0).

The absolute value of shearing force gradually
increased in a positive linear form according to an
increase of f3.
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Fig.8 Shearing force diagram biting with the lower
right premolar( 6 =tan™(3/4); « =0~1.5; $=0.2,1.0).

The absolute value of shearing force increased
according to an increase of 3. The largest value of
shearing force was +460N in the molar zone in « =0
and 3 =1.0 biting with the lower right premolar.
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Fig.9 Bending moment diagram biting with the lower
right first molar( 6 =tan™(3/4);  =0~1.5; $=0.2,1.0).

At working site, the value of bending moment
increased according to an increase of (3. On the other
hand, at balancing site, the value of bending moment
decreased according to an increase of 3. The largest
absolute value of bending moment was +14040Nemm
in the molar zone at balancing site in « =15 and S
=1.0 biting with the lower right first molar.
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Fig.10 Bending moment diagram biting with the lower
right first molar( 0 =tan™(3/4); « =0.5; 53 =0.2~1.0).
The absolute value of bending moment gradually
increased in a positive linear form according to an
increase of j. The bending moment diagram rotated
in a clockwise style in accordance with the increase of

B.
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Fig.11 Bending moment diagram biting with the lower
right premolar( 6 =tan™(3/4); « =0~1.5; B=0.2,1.0).

At working site, the value of bending moment
increased according to an increase of 3. On the other
hand, at balancing site, the value of bending moment
decreased according to an increase of 3. The largest
absolute value of bending moment was +11220Nemm
in the molar zone at balancing site in « =15 and S
=1.0 biting with the lower right premolar.
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Fig.12 Torsion moment diagram biting with the lower
right first molar(  =tan™(3/4); a =0~15; $=0.2,1.0).

The absolute value of torsion moment increased
according to an increase of 3 in both anterior and
posterior zone. The largest value of torsion moment
was +860N-mm  at working site, +6240N-mm in the
anterior zone and +2550N -mm at balancing site in «
=15 and B =10 biting with the lower right first
molar.
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Fig.13 Torsion moment diagram biting with the lower
right first molar( 0 =tan™(3/4); « =0.5; 53 =0.2~1.0).
The absolute value of torsion moment gradually
increased in a positive linear form according to an
increase of S in both anterior and posterior zone.
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Fig.14 Torsion moment diagram biting with the lower
right premolar( 6 =tan™(3/4); « =0~1.5; £=0.2,1.0).
The absolute value of torsion moment increased
according to an increase of 3 in both anterior and
posterior zone. The largest value of torsion moment
was +200N-mm  at working site, +4720N+-mm in the
anterior zone and +2040N-mm at balancing site in  «

=15 and B =1.0 bhiting with the lower right
premolar.
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