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Estimation of Masticatory Forces
for Patient-Specific Stress Analysis of the Human Mandible
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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 esti-
mated 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,
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Patient-specific FE model

#0f nodal points: 108572
# of elements: 71.267

Froat Right view

a) 3D ron (b) Patient-specific FE model.
Fig. 2 3D reconstructed image of a subject and a

cted 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 I
1.0 || M (masseter) 0.48
0.70 | Pm  (med.pterygoid) || 0.33
0.10 | PL (lat.pterygoid) 0.048
042 || Ta  (ant.temporalis) || 0.74
092 || Tp (post.temporalis) || 0.78
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Evaluated forces based on EMG.

EEEE Estimated forces (£,=0.0, ,=0.0).
Forces [N] '

Forces [N]

Estimated forces only considering the

efficiency of muscular activities.

Evaluated forces based on EMG.

Estimated forces (k,;=0.0 , k,=0.0).
Estimated forces (k;=1.0x102, k,=0.0).
Estimated forces (k;=1.0x10%, £,=0.0).
I Fstimated forces (k,=1.0x104, k,=0.0).
MM Estimated forces (k,=1.0x105, k,=0.0).

Forces [N] Forces [N]

‘300 250 200 150 100 50 0 Q 50 ___100 150 290
[l =Sccsacenacuaancanacannmnmnnens Il comanonanannno ;

ESISRINEIONS  prrseerriptem e yrr)
QLR v 1 RO
SRR P A

]
e T S e e et
R R
Ta RS

7774777777971 7 957757792
AAT IR IR TR OO NN

| I
ez R e
R |
SIS T SSSN

Right
Fig. 5 Estimated forces focusing on the weighting
coeflicient k.

Evaluated forces based on EMG.

=¥25H Estimated forces (k,;=1.0x10%, k,=0.0).
BN Estimated forces (k,=1.0x104, k,=1.0).
Estimated forces (k;=1.0x10%, k,=2.0).
Estimated forces (k,=1.0x10%, k,=5.0).
MMM Estimated forces (k,;=1.0x10¢, k,=1.0x101).
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Fig. 6 Estimated forces focusing on the weighting
coefficient ks.
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(a) k1 =0.0, k3 = 0.0

(C) kl = 1.0 x 104, kg 1.0

Fig. 7 Stress distributions under the estimated

mechanical conditions.
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Subject A Subject B

Fig. 8 3D reconstructed images of two subjects.
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i
e

& H
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 “ Subject A ll right ‘
074 | 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 I
0.55 M (masseter) 0.97
0.38 || Pm (med.pterygoid) | 0.68
0.055 || Pl (lat.pterygoid) 0.097
0.96 || Ta (ant.temporalis) 1.0
040 || Tp (post.temporalis) || 0.48

TIEAERORR (M) 2L B/ AIMBERD 2 HRRE &
2o TERY, ENIHENESEDORERE TIIRMIEZ
5 (Pm) bRAICKRREE 2o T3, ZDE), ~NT»
RAFHBIZ Lo TRO LN ABEEK S (Fr) b Eioflidg &
BICELRFERFRE R o TS,

SEID 2 & DHWREDHE, BEY— MIX>TH
ELEBRENER QIR LIZ L DI EAFERR &
o TWAHN, EHERRIIIZEEAMRBRTHD -0,
T ZECHMHRHEBNTIRERTH D LB END.
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Evaluated forces based on EMG.
I 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
! [Sscaasacessansasy QWi anensannanau: !
I N N—

e pry

WrR |
1 ‘Tp
Fl' ‘

Left Right

Subject A.

Evaluated forces based on EMG.
B 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
i : ; 2 :

Subject B.

Fig. 10 Estimated forces only considering the
efficiency of muscular activities.
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BERDHBZLBRTFRENS.

4.3 BEFECHTIER WTHILDRERTS, #%
BE B O IIWERE A CHARTEEKIIKELS 2o
TWA., I, BAIBIZ L 0B #ERE B ORE
HBERE A IR TREDSTZDTHY, BED
ENT AT EHNEER TS ETHRETHD.

BHOERIBIZESAZ Y TH L, WHRE B IIWER
#FH A TR TRBER RIS LR CERICES LT
5. Fiz, #BRE B CIHUBERRTENKRED 2 F12L
FEEILTCWD0IIX L, #BRE A TIZENIEEENK
LRV, ZOBIEE AT HERE O 2 (UER
BAMTET B BIREY) OBREBEELTWE EEX
b, Tibh, HRE B O L D ICHEEOEHE
WERRBIZ R L CRIBERF RIS O EF A3 e b &, HZE
BISHERRRETEZ ERFHICFHRINS. =
FUT TR EBEIDREECH Y, WERE B ITH LAIEE
FRRMRE (L HRY) 3K ST 2REBEHE L1RE
FIRI, RIS U EBROD R WS ADOHRE S FER
LTWBEEDIZLNTES.

5. #% =

KRBT, HEV AT AIBITAIZEHETHAIE
W%, TOBESCESNORBIIESEHETHF
EEREL, EENICBIT 2 THE DRI 21T-
7. BRIZEUCAIGIRES BERICHENTT 5701
W, BEMETHFETHARE LT RITHE SN
AR EMRT =y 7 LEETHO0RFENEE X
bhvs.

AR TR 21T o712 3% DWHRE T, ki = 1.0 x
104, ko = 1.0 MSIEMER A1 2 HE T DBEOFMBEZED
EHRHE LTHYTHD Z L2RENER, &5
B U EMEENRTFETAAEERS . 5%, B8]
DOEERET VDN THAEEEITV, BoERES
BREERETHIENVETHS., £ LT, HELH
WS DIRERIRIECERE OIL S1KEE & OBIMRIZ OV TR
LV,

#H ¥

ARREELDDITHY, ERFEICEL THEMK
FHELBEFRZOEBHETEMIZZ K ZH A
BN W, BEOBEELE.
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