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Analysis of external and internal forces of a human mandible invested by strength of materials:
analysis of a mandibular model with anterior zone oblique to frontal plane.

EUPHER, (LA, (AR, R LSRR R, AR
Masaaki KUSANO, Kazuhiko YAMAMOTO, Shinsuke YAMAMOTO, Seiji YOSHIDA,
Wakashi KITAYAMA, Kazuhiro MURAKAMI, Tadaaki KIRITA

Abstract
Using a human mandibular model with anterior zone oblique to frontal plane(the angle: ¢ =tan™(3/4)), internal forces

produced by the external forces, that is to say, masticatory muscle forces, temporomandibular joint reaction forces and bite
forces with teeth were analyzed by strength of materials.

The result obtained is as follows: the former value is in case of biting with the lower right first molar and the latter, the lower
right premolar, respectively.
1.  External forces

The external forces were not influenced by anterior zone oblique to frontal plane biting with the first molar or premolar.
2. Internal forces
(1) The value of shearing force was decreased according to an increase of «. The largest value of shearing force was
+640N(in the molar zone)~+460N( in the premolar and molar zone) in case of «=0and S =I.
(2) At masticatory site, the value of bending moment increased according to an increase of « . On the other hand, at balancing
site, the value decreased. The largest absolute value of bending moment was +13920Nemm(in the molar zone at balancing
site in case of a=1.5 and B=1)~+11700N*mm(in the molar zone at masticatory site in case of «=0 and 8 =1). At the
central incisor region, the bending moment was suddenly changed in vertically upward or downward direction.
(3) The value of torsion moment increased according to an increase of « in both anterior and posterior zone. In the
posterior zone, the largest value of torsion moment was +820~+100N * mm at working site, +4550~+3690N « mm and
+2530~+2050N « mm at balancing site in case of a=1.5 and S =1. On the other hand, in the anterior zone, the largest value
of torsion moment was +2740~+1680N + mm at working site, +4030~+3150N * mm at balancing site in case of «=1.5
and B =I.
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Fig.1 Analysis model of a human
mandible.

Ayt Right condyle region.

B: Middle point of right ramus.

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

Ay : Left condyle region.
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Table 1 Magnitude ol bite forees.

Paoint of application Fremolar Molar

Value(N) 480 66
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Fig.2 Sign of direction of
shearing force, bending
moment and torsion moment.
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Fig.4 Rotation of the moment at the point F.
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Fig.5 Forces acting upon a human mandible biting with the
lower right first molar(@=0.5,8=1, 0 =¢ =tan’'(3/4) .

« : The bearing ratio of balancing side to working side in
masticatory muscle force.
B : The ratio of variation in comparison with the standard
biting force.
0 : The angle of inclination to sagittal plane of whole
premolar and molar zone.
¢ : The angle of inclination to frontal plane of anterior
zone.

The left schema shows external forces. The right
schema shows the forces from the right condylar head to
the lower right second molar. Following calculation leads

M,(C) and My(C). Unitis N * mm.

M,'(C)+ Ry X 40+ W, X20=0
- M(C)=-M,'(C)
M,'(C)- R; X20- W; X 10=0
- My(C)=-M,'(C)
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.6 Forces acting upon a human mandible from the lower
right second molar to the lower right canine biting with the
lower right first molar(a=0.5,8=1,08 = ¢ =tan"\(3/4)).

a : The bearing ratio of balancing side to working
side in masticatory muscle force.

B : The ratio of variation in comparison with the
standard biting force.

0 : The angle of inclination to sagittal plane of
whole premolar and molar zone.

¢ : The angle of inclination to frontal plane of

anterior zone.

Following calculation leads shearing force,
bending moment and torsion moment. Unit is: N,
shearing force; N+*mm, bending moment; N*mm,
torsion moment.

0=y=16.20
M«'-2051.02+535.95y=0
. Mx'=-535.95y+2051.02
Bending moment =Mx=535.95y-2051.02
M(y=16.20)=+6631.31
Shearing force=dM,/dy=+535.95
Torsion moment=M;=-372.91
16.20=y=39.545
Mx'-2051.02+535.95y-660(y-16.20)=0
. Mx'=124.05y-8640.98



Bending moment=Mx=-124.05y+8640.98
Mx(y=39.545)=+3735.26
Shearing force=dMx/dy=-124.05
Torsion moment=M;=-372.91
In case where figures include infinite decimal, the

fractions are rounded off to three decimal places.
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Fig.7 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(a =0.5, 8 =1, 0 =@ =tan"'(3/4)).

a : The bearing ratio of balancing side to working side in
masticatory muscle force.

B : The ratio of variation in comparison with the standard
biting force.

6 : The angle of inclination to sagittal plane of whole

premolar and molar zone.

¢ : The angle of inclination to frontal plane of anterior

zone.
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Fig.8 Forces acting upon a human mandible from the lower right
canine to the lower left canine with the lower right first molar
(a=0.5,8=1,6=¢=tan"'(3/4)).

« : The bearing ratio of balancing side to working side in
masticatory muscle force.

B : The ratio of variation in comparison with the standard
biting force.

0 : The angle of inclination to sagittal plane of whole
premolar and molar zone.

¢ : The angle of inclination to frontal plane of anterior

zone.

Following calculation leads shearing force, bending
moment and torsion moment. Unit is: N, shearing force;
Nemm, bending moment; Nemm, torsion moment.

[E-F]
M;+3690.27-124.05y=0
M,'=+124.05y-3690.27
Bending moment =M,=-124.05y+3690.27
M(y=14.815)=+1852.41
Shearing force=dM,/dy=-124.05
Torsion moment=M,=+687.88
[F-G]
M,'-141.69-124.05y=0
M,'=+124.05y+141.69
Bending moment =M,=-124.05y-141.69



M, (y=14.815)=-1979.55
Shearing force=dM,/dy=-124.05

Torsion moment=M,=+1970.92
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Fig.9 Shearing force diagram, bending moment diagram and torsion moment diagram of
a human mandible from the lower right canine to the lower left canine biting with
the lower right first molar(a =0.5,5=1,0 = ¢ =tan"!(3/4)).

a : The bearing ratio of balancing side to working side in
masticatory muscle force.

B : The ratio of variation in comparison with the standard
biting force.

6 : The angle of inclination to sagittal plane of whole
premolar and molar zone.

¢ : The angle of inclination to frontal plane of anterior

zone.
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Table 2 External forces biting with the lower right first molar.

a B Y Ri(N) Ry(N) WiN) W) WN)
0 05 -0.02 -553.46 9.62 873.84 0 -330
05 05 0.73 -31459 22025 58256 20128 330
105 1.79 19515 -348.69 43692 43692 -330
15 05 3.40 -12348  -42035 349.54 52430 -330
[ -0.02 110692 -19.24 1747.68 0 -660
05 1 0.73 -629.17  -458.51 116512 582.56  -660
1 1 1.79 39030 -697.38 873.84  873.84  -600
Ls 1 3.40 24698 -840.70 699.07  1048.61 -660

Table 3 External forces biting with the lower right premolar.

a B Y R,(N) Ry(N) Wi(N) Wa(N) — Wi(N)
0 05 002 -49496 41097 723.98 0 -240
05 05 0.63 29705 -186.93 482.66  241.33  -240
105 1.44 19810 -285.89 36199  361.99  -240
15 05 249 -13873 34526 28059 43439 -240
01 -0.02 -989.92 42195 1447.97 0 -480
0.5 1 0.63 -594.10 -373.87 965.31 482.66 =430
1 1 1.44 -396.20  -571.77 72398 72398 480
15 1 249 27745 -690.52 57919 86878  -480
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Fig.10 Shearing force diagram biting with the lower right first molar ( 8= ¢ =tan™'(3/4)).

a : The bearing ratio of balancing side to working side in
masticatory muscle force.

B : The ratio of variation in comparison with the standard
biting force.

6 : The angle of inclination to sagittal plane of whole
premolar and molar zone.

¢ : The angle of inclination to frontal plane of anterior
zone.

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 case of

a=0and B=1.

N Shearing force diagram of the mandible N
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Fig 11 Shearing force djagram biting with the lower right premolar ( & = @ =tan ~(3/4)).
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« : The bearing ratio of balancing side to working side in
masticatory muscle force.
B : The ratio of variation in comparison with the standard
biting force.
0 : The angle of inclination to sagittal plane of whole
premolar and molar zone.
¢ : The angle of inclination to frontal plane of anterior
zone.

The value of shearing force was decreased
according to an increase of « . The largest value of
shearing force was +460N in the molar zone in case of

a=0and B=1.
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Fig.12 Bending moment diagram biting with
the lower right first molar (6 = @ =tan—1(3/4)).
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a : The bearing ratio of balancing side to working side in
masticatory muscle force.

B : The ratio of variation in comparison with the standard
biting force.

6 : The angle of inclination to sagittal plane of whole
premolar and molar zone.

¢ : The angle of inclination to frontal plane of anterior
zone.

At masticatory site, the value of bending moment
increased according to an increase of «. On the other
hand, at balancing site, the value of bending moment
decreased according to an increase of «. The largest
absolute value of bending moment was +13920Nemm in

the molar zone at balancing site in case of a=1.5 and

B=1.

Bending moment diagram of the mandible
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Fig.13 Bending moment diagram biting with
the lower right premolar ( =tan~1(3/4)).

s

a : The bearing ratio of balancing side to working side in
masticatory muscle force.

B : The ratio of variation in comparison with the standard
biting force.

6 : The angle of inclination to sagittal plane of whole
premolar and molar zone.
¢ : The angle of inclination to frontal plane of anterior
zone.

At masticatory site, the value of bending moment
increased according to an increase of «. On the other
hand, at balancing site, the value of bending moment
decreased according to an increase of «. The largest
absolute value of bending moment was +11270Nemm in
the molar zone at balancing site in case of a=1.5 and
B=l.
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Torsion moment diagram of the mandible
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Fig.14 Torsion moment diagram biting with
the lower right first molar (8 = ¢ =tan—1(3/4)).

« : The bearing ratio of balancing side to working side in
masticatory muscle force.

B : The ratio of variation in comparison with the standard
biting force.

0 : The angle of inclination to sagittal plane of whole
premolar and molar zone.

¢ : The angle of inclination to frontal plane of anterior
zone.

The value of torsion moment increased according
to an increase of « in both anterior and posterior zone.
The largest value of torsion moment was +820N * mm in
the posterior zone or 2740N * mm in the anterior zone at
working site, +2530N « mm in the posterior zone or 4030
N - mm in the anterior zone at balancing site in case of «

=1.5and B=I.
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Fig.15 Torsion moment diagram biting with
tilge lower right premolar (5‘:3 =tan gl(3/4)).

a : The bearing ratio of balancing side to working side in
masticatory muscle force.

B : The ratio of variation in comparison with the standard
biting force.

6 : The angle of inclination to sagittal plane of whole
premolar and molar zone.

¢ : The angle of inclination to frontal plane of anterior
zone.

The value of torsion moment increased according
to an increase of « in both anterior and posterior zone.
The largest value of torsion moment was +100N * mm in
the posterior zone or 1680N * mm in the anterior zone at
working site, +2050N + mm in the posterior zone or 3150
N+ mm in the anterior zone at balancing site in case of «

=1.5and B=I.
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