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Estimation of Masticatory Forces
for Patient-Specific Stress Analysis of the Human Mandible

Michihiko KOSEKI*3, Norio INOU and Koutaro MAKI

*3 Graduate School of Science and Engineering, Tokyo Institute of Technology,
2-12-1, O-okayama, Meguro-ku, Tokyo, 152-8550 Japan

An individual evaluation of mechanical characteristics of a bone provides useful
information for diagnoses and treatments of each patient. This paper proposes an
estimation method of the masticatory forces using an objective function composed of
three criteria: efficiency of muscular activities, moment balance between muscular and
biting forces, and reaction forces at condyles. The method is firstly applied to a patient
whose jaw has a severe deformity. After examination of effects of the criteria, patient-
specific stress analyses are performed using the estimated muscular forces. The analytical
result shows no stress concentration and little difference in stress distribution on both
left and right sides in spite of the asymmetrical mandibular shape and masticatory
condition. Then, the method is applied to another two patients with different mandibular
morphologies. The estimated forces of the two patients well agree to the empirical
knowledge of the relationship between mandibular shape and muscular forces.

Key Words : Biomechanics, Computer aided analysis, Muscle and skeleton, Masticatory
system, Estimation, Finite element method, Patient-specific model.
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M:  Masseter
Pm: Medial Pterygoid

(b) Mechanical support condition

Mechanical conditions in occlusion.
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Patient-specific FE model

#of nodal points: 108,572
#of elements: 71,267

Front view " Right view
(b) Patient-specific FE model.
Fig. 2 3D reconstructed image of a subject and a

(a) 3D reconstructed image.

patient-specific model.
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Fig. 3 Distribution of biting forces [N].

Table 1 Muscular Activities based on EMG (fM).
| left || | right |
1.0 || M (masseter) 0.48
0.70 || Pm  (med.pterygoid) | 0.33
0.10 || P1 (lat.pterygoid) 0.048
0.42 || Ta  (ant.temporalis) | 0.74
092 || Tp (post.temporalis) || 0.78
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Evaluated forces based on EMG.
0 Estimated forces (k,=0.0, k,=0.0).
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efficiency of muscular activities.
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Fig. 5 Estimated forces focusing on the weighting

coefficient kq.

Evaluated forces based on EMG.
Estimated forces (k,=1.0x10%, k,=0.0).
Estimated forces (k,;=1.0x10%, k,=1.0).
Estimated forces (k,=1.0x10%, k,=2.0).
Estimated forces (k,;=1.0x10%, k,=5.0).
Estimated forces (k,=1.0x10%, k,=1.0x10%).
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Fig. 6 Estimated forces focusing on the weighting

coefficient k.
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(c) k1 = 1.0 x 10*, ko = 1.0
Fig. 7 Stress distributions under the estimated

mechanical conditions.
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Fig. 8 3D reconstructed images of two subjects.
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Subject A

Subject B

Fig. 9 Patient-specific models and the distribu-

tions of biting forces [N].

Table 2 Muscular Activities of the two subjects
based on EMG (fM).

’ left H Subject A H right ‘
0.74 M (masseter) 0.65
0.52 || Pm  (med.pterygoid) 0.45
0.074 || PI (lat.pterygoid) 0.065
1.0 Ta  (ant.temporalis) 0.51
0.72 || Tp (post.temporalis) || 0.38

| left | Subject B | right |
055 | M (masseter) 0.97
0.38 || Pm  (med.pterygoid) 0.68
0.055 || PI (lat.pterygoid) 0.097
0.96 || Ta  (ant.temporalis) 1.0
0.40 || Tp (post.temporalis) || 0.48
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Evaluated forces based on EMG.
BN Estimated forces (k;=1.0x10%, k,=1.0).

Forces [N] Forces [N]
300 250 200 150 100 50 0 0 50 100 150 200 250 300

Right

Subject A.

Evaluated forces based on EMG.
BN Estimated forces (k;=1.0x10%, k,=1.0).

Forces [N] Forces [N]
300 250 200 150 100 50 0o 0 50 100 150 200 250 300

Right
Subject B.
Fig. 10 Estimated forces only considering the

efficiency of muscular activities.
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