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Analysis of internal and external forces of a human mandible invested by strength of
materials: influence of variation of loading ratio of balancing side to working side in
temporomandibular joint reaction force upon condylar process
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Masaaki KUSANO, Wakashi KITAYAMA,
Kazuhiko YAMAMOTO, Shinsuke YAMAMOTO, Etsuko IKEDA,
Kazuhiro MURAKAMI, Miho KURAKI, Tadaaki KIRITA

Abstract: Using a human mandibular model with whole premolar and molar zone oblique to
sagittal plane (the angle: 0 = tan™(3/4)), influence of variation of loading ratio of balancing
side to working side in temporomandibular joint reaction force upon condylar process (the
ratio: y) as to external forces, that is to say, masticatory muscle forces, temporomandibular
joint reaction forces and bite forces with teeth and internal forces produced by the external
forces, was 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

(1)  In case of y = 0, bearing ratio of balancing side to working side (the ratio: o) was
around 0.01 ~ 0.02.

(2) Incase of y=0.5, a was around 0.36 ~ 0.4.

(3) Incaseof y=1, a was around 0.64 ~ 0.72.

(4) Incaseofy=1.5, a was around 0.87 ~ 1.

(5)  In case of limit value of y approaching infinity, a was around 3.31 ~ 4.62.

2. Internal forces

(1) The value of shearing force was decreased according to an increase of y. The largest
value of shearing force was 640 N (in the molar zone) ~ 460N (in the premolar and molar
zone) in B=1and y=0.

(2) At masticatory site, the value of bending moment increased according to an increase of
v. On the other hand, at balancing site, the value decreased. The largest absolute value of
bending moment was 10720 N-mm (in the molar zone at balancing site in =1 and y = 1.5)
~ 10680 N-mm (in the molar zone at masticatory site in B = 1 and y = 0).

(3) The value of torsion moment increased according to an increase of y in both anterior
and posterior zone. The largest value of torsion moment was 260 ~ —170 N-mm at working
site, 4550 ~ 3690 N-mm in the anterior zone and 1950 ~ 1670 N-mm at balancing site in } =
landy=1.5.

Keywords: Oromaxillofacial biomechanics, Human mandibular mechanics, Temporo-
mandibular joint, Masticatory function, Strength of materials
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Fig. 1 Analysis model of a human mandible. Ar: 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. A; : Left condyle region.

Table 1 Magnitude of bite forces.

Point of application Premolar  Molar

Value (N) 480 660
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Fig.3 Forces acting upon a human mandible biting with the lower right first molar (8 = tan™(3/4), p = 1, y = 0.5).
Left: External forces. Right: Forces from the right condylar head to the lower right second molar. Following calculation

leads My(C) and My(C). Unit is N-mm.
M;'(C) + Ryx40 + W x20 =0
M,(C) —R;x20 — W x10=0

- M(C)=-M,(O)
- My(©) =~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. 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 (8 = tan”'(3/4), p = 1, y = 0.5). 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
M,'—3561.82+559.70 y=0

S M, ==559.70 y +3561.82

Bending moment = M, = 559.70 y — 3561.82, M, (y = 16) = 5393.36
Shearing force = dM,/dy = 559.70, Torsion moment = M, = —647.60

16=y=40
M, — 3561.82 +559.70 y — 660 (y — 16) =0

“My = 10030 y — 6998.18

Bending moment = M, =—100.30 y + 6998.18, M, (y = 40) = 2986.13
Shearing force = dM,/dy =—100.30, Torsion moment = M, = —647.60
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 (6 = tan'(3/4), p =1,y =0.5).

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

B 7y R,(N) R,(N) WilN)  W,(N)  Wi(N)
05 0  -5412 0 859.85 1135 -330
05 05  -360.8 -180.4 640.65 23055  -330
0.5 1  -2706 -270.6 531.05 34015 -330
0.5 15 -21648  -32472 46529 40591 -330
1 0  -10824 0 1719.69 227 660
1 05 -7216 -360.8 1281.3 461.1  -660
11 -541.2 -541.2 1062.1 680.3  -660
1 15 43296  -64944 93059 81181  -660
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