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Table 1. The composition of finite element model.
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Element No

Teeth Tetrahedron Solid Element _ 19,132

Periodontal Pentahedron Solid Element 1,716

Membrane Tetrahedron Solid Element 9,180

Element . Triangle Shell Element 27,508
Maxilla Rectangle Shell Element 6.313

Mandible Tetrahedron Solid Eiement 34,242

Articular Disc Pentahedron Solid Element 308

Node 38,321




Table 2. Material Properties

Young s Modulus(MPa)

Poisson’ s Ratio(v)

Cortical Bone"
Cancellous Bone"
Articular Disc?
Periodontal Membrane®
Teeth”

1.37TE+04 0.30
7.93E+03 0.30
9.24E+01 0.40
4.90E - 01 0.49
1.76E+04 0.25
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Table 3. Muscle weighting factors, scaling factors, unit vector coordinates for unilateral and bilateral molar

clenching task1)

Muscle group

Scaling factors

Unit vector coordinates'

Muscle group weight(N)? Bilateral Unilateral < y .
WS BS WS BS
Superficial masseter 190.40 1.00  1.00 0.72 060 -0.207 +0.884 +0.419
Deep masseter 81.60 1.00  1.00 0.72 0.60 -0.546 +0.758 -0.358
Medial pterygoid 174.80 076 0.76 084 060 +048 +0.791 +0.372
Anterior temporalis 158.00 098 098 0.73 058 -0.149 +0.988 +0.044
Middle temporalis 95.60 09 09 066 0.67 -0.221 +0.837 -0.500
Posterior temporalis 75.60 094 094 059 039 -0208 +0474 -0.855
Inferior lateral pterygoid 66.90 027 027 030 065 +0630 -0.174 +0.757
Superior lateral pterygoid 40.70 059 0.59 +0.761 +0.074 +0.645

1) The x, y and z coordinates are the three-dimensional coordinates of unit vector representing muscle direc-
tion. All coordinates are referenced to a global Cartesian coordinate system, where the xy-plane the frontal
plane which the mandible was originally imaged. xz represents the orientation of the occlusal plane, and
the yz-plans lies orthogonally to both xy and xz.

2) Derived from Nelson(1986)*

3) R, right: L. left: WS, working side; BS. balancing side.
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Table 4. The comparison of stress and displacement results for each analysis case

. . Articular Periodontal
ypes of acting Maxilla Mandible Disc Teeth Membrane
clenching  muscle ] Py ] o, F] ap [} ay 3 oy
(mm) (MPa) (mm) (MPa) (mm) (MPa) (mm) (MPa) (mm) (MPa)
M 0.036 6.02 0.140 14.60 0.037 -2.03* 0.081 32.30* 0.084 0.91
muscle
Bilateral T 0029 443 0155 2200 0022 -1.02 0.063 3040 0.059 1.13*
Clenching  muscle
P 0.043 7.45* 0.126 14.00 0.032 -1.31 0.089 16.40 0.079 0.27
muscle
Total 0.103 13.70 0.254 36.40 0.052 -2.27 0.192 58.80 0.180 2.29
M 0.039 8.74* 0.243 32.60* 0.049 -2.32* 0.163 58.70* 0.167 0.99
muscle
Unilateral T 5044 785 0418 2540 0037 -1.90 0.169 5370 0.166 1.47*
Clenching  muscle
P 0.041 582 0245 15.10 0.056 -1.86 0.198 22.60 0.200 1.40
muscle
Total 0.107 16.20 0443 4750 0.064 -3.41 0.277 81.10 0.279 3.22

0 : displacement, ov:Von-Mises stress, op:principal stress,

M : masseter, T : temporalis, P : medial pterygoid,
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Table 5. Stress and displacement results of the articular disc

types of acting Max. Displacement, (mm) Min. Principal Stress (MPa)
clenching muscle Working Balancing Working Balancing
« M -2.03 -2.03
muscle - h (most front outer) (most front outer)
T -1.02 -1.02
Bilateral muscle - h {(most rear middle outer) (most rear middle outer)
Clenching MP -1.31 -1.31
muscle - } (middle inner) (middle inner)
-2.27 -2.27
Total 0'05_2 0'05_2 (most front outer) (most front outer)
(front middle) (front middle) (100%) (100%)
M -2.32 -1.09
muscle - - (most front outer) (middle inner)
T -0.97 -1.90
Unilateral muscle h h (rear inner) (most front outer)
Clenching MP -1.30 -1.86
muscle B ) (middle inner) (front middle outer)
-1.78 -3.41
Total 0'0,64 0'06_4 (middle center) (most front outer)
{front inner) (front middle) (78%) (150%)

M : masseter, T :temporal, MP : medial pterygiod
() : area of minimum principal stress on articular disk.
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Table 6. Stress results of maxilla around TMJ

Max.Von-Mises Max.Principal Min.Principal
Stress(MPa) Stress(MPa) Stress(MPa)
Working Balancing Working Balancing Working Balancing
Bilateral 9.13 9.13
10.44 10.44 -11.91 -11.91
Clenching (100%) (100%)
Unilateral 7.77 9.80
8.69 11.14 -9.58 -12.
Clenching (85%) (107%) 235

Table 7. Stress results of mandible

(A condyle neck, B: posterior part of coronoid process, C: anterior part of coronoid process)

types of Max. Von Mises Max. Principal Min. Principal
clenching area Stress (MPa) Stress (MPa) Stress (MPa)
W B ) B W B
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C oy o 8% 18.96 - )
A e aom ) ) -982 - -lLl4
Oenie B owo  amy - T s
3 HF3 594 (Fig. 3-4-7) W&EI&2 V. &2 o D9l

rlo
=Y
ofl
2 J(Nl

stetA] Mub] ¥& $HE HANAY. &4 129
‘Q"‘ﬁ e S AW Aol E Kol v AWty
Ql SHEXE HT AFS Koy, ASA ol
57]-4 AT 2 YT et MY & 4FE
e 2&4E 53U Aoz Yttt Fig. 34-
8 10& 7—} ZE2o] FAlo| 288 o AFetol A
T 8 2 ¥9 BXE vehd
Table 7& st 7 F91e] $H & vlag £F0)
7 2&8o] BAlo A4 o, stetEe ZEY
e QA I Bn, 287 $UE-e 3R
go| Zr23lgitt WS o|4EIA] B4
34 oldETIAS Ao HlwEH,
-g-Fo] 8% ALdA o, FHEHL 7%
o} ZE7) AN 3R g8 g
Z Aol EOW ot #¥EL 27 16%,
23%7} 748kt

(o2

ok,
[
u’.

o 2
il
olo

oger
_?l'.o}‘u
3R rlo

NoolN ook o -\1
g1
tlo

(o3

J
f
I"

78

FeAE SFsdEA, ARE WA,

2ok

oz FAsel gom, A93d e B

24| wet gste} 2 Ee] “”&‘éh-i‘ﬂ a

71%50l

% BULFo] G BRLFA A3

T o 3
3ae e, AA9 T BIHE B 5 HE 2

B S B,

oo dig Ade A7t iAo
gop® o vl FHTo] £0]3 &
4 WL ol 8a A8 A7s} B
1 9’1‘;}9—12).

FAUAA) A%e BHHoR B e
2t 2EdQ AW, FY 2o YA ¥
8% AFEIR o180 ot ANl fRas

W 5ol dok. 4¥A PUse by 28 BAE

JAAE A ez H3 AT + slde 9

& Al 22 Rl TRAA) RYPIH 2F

&
u)8] 8}t
QA
&=



AR A8 WY odd 2AEE oA AR
& Qevt sk Add dREe] WyEe dA%
FAR AR AAE Zte 9 23S Hs AR
EoM dojAe AR ol d&dte ded 72
ARY Wk ot A2 1A 3% g 5o B4
AEE 3slA| opshs FAHS HEST it

olof wla] 438 HAH 2] AAo| Fod
thH A3 99 RAERRE YIS A gon
B3 7\shety 20 gdkd 2438 2E AR
2 FAEo] glojx o] 2AE] BF XFE 7
sAandoA g8e B wek A7) 9 9] A%
2 ¢+ doke FHol gih

sgeindol AAe TP AES 27
el e 4 3 B A AdH 89 A
Zo] A= E FYo 7153 B 848 AES
A7 olo} shut, B3 33k TR E WE {3
2419 Azdel a3 ek AF F7IE <
A A B AL AZtol 288 T EAI7L
Qr2a® ol 7 A <k W&ol 334 FIFLLEAN
o o] &% Rl YRE LIF] 7158ty Fehu}
223 43S AUAA gz 2dE o83t
At Hart 9& 4Z9 24 Aol #3e
&ol £E A& Z/NIIEA BHE AT 23
AHE7F 30,00070 €189 A9 B} HMAE
AL F gvka Basigey & d7dMe A
AA S AR S REE geis) Bely AL BE
A2 5 JEES 98394709 849} 38,3217 EH
S Zte 3849 S AR BT 42
F22 AgstA Bds) As IS st
o A 28l Ko}, A2, A Z, HEE 47
o] FZAE 4B 77 PHE dorin e
o], 3lE2A, AR, EAEA T AA 729
FARBIE S Byt

B dFoAE 33 /38 AFA], Al WY
BojA| o] &3 it oA F A3 Y A
2431} ole) 32 1719 A8 & o] &3t 7R
QA2 T 25 74 AT IH AdAEel ¥
AEE AL 939 AR 209 AAEF o F
o] QA 2709 AP L AAT = HHE ol &
st Atzta 2709 5Ale AE e AU FEHTE
3l g2 AFE EY F =S THE NIEA
o} 3 oA S o] St ARE e s 7

79

BN A dwo] FAI WS dodie FHe A
829 71EX ¢ vlad o, Y7 fF5] YA
e Feards T3] oHTh wEbA ol
g B = A4 FAs 7t A FAS F
gto 24 diA Ao AEEE EolnA .

Aote] mEA] HERS o AF o} Alo]o] HZ
EAE gap element® o839 AedHx, 2
A ote} gtet Aol wEE o] FLMA FH Aok o
' 2E 7442 Astd AFEA EHE 1
g,

d2A 9 HEA o|dEI|A F2 ALde FF
2, 22, WSAEZ, JEJE2d T s5E &
gorndd Hdsly] A8 YA F&3e 25

& 243l 1 g o] &3k Ao] wEAsA
AR ZHo] oALuE, HEAA WHoRA
Korioth §70] #|¢tet 289 ©A & o8¢ <A
Ezke olgsigh 4 289 A4S Adsh
eh stete] ol AFdES rhste Al 24
e} SAbeHAl o A 3 HEE 7 28 23
Bol sjFate ZEH X3 2 A HHeA
CEREe AR 2R e YWrn 1

FERo AZRE FHEEA 28YE 78I
589 3o el disiMe d=i7e A3t
z5%7/)1Z222E Baron 99 479X 34
& 7122 sl AFstH e x, y, z Al e ¥
B9 gto g g#Esgt.

FAZA W stexdese A B 7 st
o Zgehs THAL AT 4 AT, diHeR
stetel] 2Hg-sle 28 daME dolA dE
upgl o] ge A7l Ao 9o} HFEVE
FHah= o ozl go] eyt gl taiMe fEs
AF o AYPH A7t A gl & AFE F
st Ateto] tid) SE2AY F&42Y T AFs)
12} 3.

B Ao e stetd] Ze3hs 4 50| Al
el B9 F 2524 g e SR T+
AE ooz ZFIo| ool ALde
2 ngjsiglen, wadd daiMe $34 2
HZA o]t maet 22 wo M-S A

—
—_—

ol orfe $

Alsted @FFFol Fgshe HEE Fatka, oy
NH & AntA el i g A] et #Edhe 3tE
2702 o] g3t



A\

N

U4 o]dEV)A Fgshe o H72Y AT,
2 Y2 s 7t 2882 - 3130
F1F GE vAY, e BEIHR E X o},
F52E st € A2, WSYETS Aot
7V 2 S8E AATIE FAAR JEigH A
A4 oletEV|Al, A7ty 28 g dEE vy
A w2 o ol /M 2, WY
B A% 9ol /MY Fe e vt
o] 2L AT 7 B Hol-gH S fst
At A2 520 & Hd-ggo] 2AYHA
g S5 o8l HugsEo] TAHE Fele
ATt @A, FEFA ol eV ] HEA
ojtE7IAE WEYETY 4¥0] H2 IR F&
< 9%+ AU
gotat steto g FRdte] ARE o AwtEod
AdETE st & S| AT I ol
T 242 257 d3) F3stFEvde F2 S
F 35S LAY Y (F3hF U ¢!
o =F3t3/ddA)o] ZA Yot sfete Hew
250 o3 F2 YL (TPt A &
:08=M - Y/I, M:moment, [:@FHAS, Y:coor-
dinate)S A S0l FLH ZFHo| LT 7ol
T AdEeR £ Y] Yeite 0 E AlRY
A}, ol olAE7I} e AR uFEFA A
29 AL o3 stk X7 Hele] At viet
drhe Jung®el A79 f¥eaESE T FH+
Z Bl o]dEVE AgE A5 AT ATt
#F2Erhe Hart $99 A7 434 o714
o3 53 Al ftae stete] EAWEL F
s 93 AP e B A7 At A3t
At
Z580] FAld] 88 75, HSY ojdE)
o] 797} %A olgE7Ie AR 25 9
s 2 )7 ZA Jehgth. F5A o|4E7]
9 7t A3/ o|4E7]e] %R} o & o

o]
T

353

o A%

243t 13w F3A o|dEVIY B57t 3
Hoz & go] ALl & Aoz dEHIe
U, AR EE 0EY 0|87 BSd o & 3
o] Aet: giAct. &gt olfE T8 AL
W] 2 AoR G334 oldE|e] A4 2]
23 FY3ZoNe) 2839 Aengo] x HEk
3 A2 vl ko R 2h8-ste] x W] tigk &

80

o] NZ AlEo o AL $Y TS Jehl
ok ASA o|AEVY ASe Bt x oz 7}
L3t M2 ASEHE 7 BAld st 59
gtgo] 280l &Y ojdE7|9 oA Bl
AA vIEEH, Al o & ¥ & Eo|A E A2
2 A=

FEARF A2 de
o dAse S Blad o
e et siotd] dEe
48 4 X29E Bold ez HEES u2ly
o, o] ¥9e] o] FhHoZ wj¢ Eold AL
2 A4 ot AdHH A2 dFEH
2 Q3 sl gt dste] §88H-e A
HWgslx]) edow F2 ¢S B4 "t}
ZHA, o] R9l9) $H L o4Fd Hile SYHET @
< @& vgida, ooyt Rotrtt Yoo
w2 Young s Modulus® 3o} @A Yehde ¢
oz &gt

HALRL GFY o|EVIA w2 FFo
Z 2 Aoz Jepyt. n2d o 2582
doe] HAY YgRE gHde Jo= &
HE Lol L= $HY 95%°l shFsh=
< TS 2 2 WSYED A%
g2 77 A due] FHRYG WSS d3dhe
go g gaxut, e wad HuE o
7+ 50%, 64%°l EFst, F5A3 olAEVIA B
o oz FHAW/Y] HAW Qo] HotEeol
veldel. of& 719} Korioth 579] 5o Aefw
ZoA Hoj 5] 71 A Jehdth= Exgt
dAstuTh. BALHL HEY o|dEIN S5
2 UE B A FEYZo| AU 9Z 7}
2 & ghuke A gu} 722 F2 A2 AW
B &8 shdtete Poz Fgaatt. 7 259
of o3t 3 Hrlshd, HEA o[dEVY A¢
of @2 g §Yol 7P AT, W F2 F
dEe AdF &E dushe o e,
TYZo Bl ¥ vAe F52 2 HSYE
29 Froe A "ot wEkA, HEA o|gE7
Al BAEARe] A FET FHEA ¢ 2 458Y
ol HHAElY FE S| BHLWY HHF wpgFo]
A k8o B3 olGEVIA 2ESY &9
S ¥3Y o|GEVIA R S v o,

ge Ao} o o2
JHoE e o

=
2=

Q.
<]
A

o]

17
a4
3,

-

b =t B v



AAEL 22% 2T 8 E= 50% S7HIA
ot 1 olfre EF2 2 S E2 3t et
oA E7t AsHA v EE)7] o g setEy,
%3 Barbenel”, Faulkner*®, Gingerich*,
Hylander”, Ralph 5°°¢] dFolA Y SET 743
S o] & ¥rgo] T ghe Bue} dX|stgch
e @3, 52, WEIE2 79 4 259
o o8 F2 F& A2F, T A, 4#H
F9d =& 3 EXE B4 udH F52L
G2 olGEIINV HEA o|FEIN FE S
Az2Z7 oWl §-9d) J&E vix, WEIE
< F2 ] g F9d dFS v &
o] Ao &2 Xote} AE X 2SN LA
o} HEA4 o] EVIA] Adete] AT Yo dele
$8E F3A olYEVIY Ao vmskd AY9SE
o Al ¢¥e 15% b A, 2EEL
T%7V% 718l &% ekl wet #ddse] 2
< £83 vt AR o L A
S BT o|AL BEYRY s & &
go] I AFox #EdHo] st5E TAMA
getel] MegtozM oto HFdFol HAEHA|
REE 2e3h7] 79l Aoz AR FH AT
stekel A5, 2 SEELE YA E F522 &
BYstFo 2 stotel 2&38tA Aot 53] u9
FaRe 471 HEHS M Ha, o] HEHEE
W7 E 502 3 F3-5H-& st skt A
uholl i3t $H L wole AHE Yot £, 3
oo g3t 2K At R AeEH e 3tF A
g A27F Xoht @A Fgks]o] Adetrt
Aoz gL 8L Holeg ZoE wddy =%
dete] AL 24 28 RAF ) st FU 2
Sgo] 2rg31x|Tt, FE0] ¢HE F9Ut &3, 3t
Fol Add F Je A7) gol o= IR 3}
Fo] FFdte At AR Fonzg Aot
SH L ST B2 SHEXE BolA ",
%39 olotE7] %

Holl ofaf stetell =

1L i 4

i

o g o
) )
o_LL M
©
g
N,
k)
T Ew
ox.
4 oot 4z &
S SR T
Mo e oo rlo Hp

o L
i
rlo
o

L o J{l)l' i)

"E oo

o L4

At o

* g

4 oo

tin r

81

Uehgth B34 olotBsA 74 Rad sHREE
ATEE, dds QYT HERARAE BEY o]
18714 BN 2 Yool AwA AN By
st sEMS fA9 A%E Hyot duaz
Ao A A Ye 287 AT Fele
wel A% BT oA o2 AT ¥4
= 7 2530 8 YT PFo) ZAES Ho|
A, 25719 APPRA e BT o

2 $9lo)As) BREst B B8e) o
A Aoz Auddd £ 28719 AFF ¥
F24 o|B719 B DT 1 AYZL
23 WalE Holx) 9 FYEL o3 &

ZAaded 1 olfe ot

A 2o ek LARY B7] HEQ

2 daEun

h 84
T
L

rig Ao po

o]
—_ =

[

V.2 E

AetEd st Tol vehve WY 2 $8S
AR oz AEey] 9k 22Hd AFE G4t
Z(CT)oll oJ3l) dojA o}, A2, oA 4 H
29| 22 99 ] Ui H IS AR
o2 A, 3 231 9ES AFAAAM 3HEEA
goarnde AN, Fo] B4 542 T4
& Fojdle] 289 HARZ e HL 9
242t X, Y, 7. 3o 2 FFd 2 "EA o|gETIA
o] 28L& E2ALE HA93 & [-DEAS 3
84 2o ofs) EAste ohe 2L AHE
dauch

L 5 /HE Aol did 2549 JF2 ¥4 ol

stet 2 A2, WEYETLS FBATA B
FZol 7% 2 $HS AL FAAIH,
#34 olotBr1A m2e] g Fgo] 7MY 2
1 WEYES o G5l 7V At
2. HAARE F24 o|otE71A 2ol 28 713
2 998 won made Badnd B4
229 95%0] Do 24S G B
A9 H2F BT IR Yoz 4o
et B2 olErIAdlE 2527 aelE
2ol e FY2 JBAR} v SR 7Y
2 FALRY DPIZFo) 2 $55Ho] B

fr



sigiet.
349090 A%, 925 9 65 oIk 92
3} 2520 o) Aol Y& Az
o BARIAY B $AL Hold,
A olal Aole) SRRl Be sol
H9iet
4 34919l 29, 934 L AR ol @2
& TERARE WPoR WolAA s You
LA

A gste] st AR 3o AR L

71, 2R2e HER% 287 PR ¢
328S Fshn 287) ARl 94sYe
FEeo, 2B e HGBYR 93] A%
28 FUIT, BEY o|FBIIA BletolA
Vg & 9% wAE 2ge FTa0

5. W2 o|BIIN AYZ) vla) FH2 B

|

WA Jetgld £& $o) WA, o

g 287 AR AT 4d30) #ISu
£ 330l YL,

o1el Amz B W, F34 2 W2 ol

oM 7 28] FAG A8E A Pohune
steh, ¥24 olehBrlnnie B34 olohErle 2
$ol 82 % W7k A dehe @ 4+ glem,

YA Z AR2E gaetel A7} v
e G2 wlAE Aoz Ve,

39100 4

S |

1. De Boever, J.a., Adriaens, P.A. : Occlusal rela-
tionship in patients with pain dysfunction
symptoms in the temporomandibular joints,
J. Oral Rehabil., 10:1-7, 1983.

2. Okeson, J.P. : Management of Temporom-
andibular Disorders and Occlusion. 3rd.,
Saint Louis, Mosby Company, 3-15, 1993.

3. Bouvior, M., Hylander, W.L. : Effect of
bone strain on cortical bone structure in

- macaques(Macaca mulatta), J. Morphol.,
167:1-12. 1981.

4. Brehnan, K., Boyd, R.L., Laskin, J., Gibbs,
C.H., Mahan, P. : Direct measurement of loads
at the temporomandibular joint in Macaca arc-
toides, J. Dent Res., 60:1820-1824. 1981.

82

10.
! Three-dimensional finite element stress

11.

12.

13.

14.

. Hohl T., Tucek, W.H. : Measurement of

condylar loading forces by instrumented
prosthesis in the babon, J. Max.-Fac. Surg.,
10:1-7, 1982.

Hylander, W.L. : An experimental analysis
of temporomandibular joint reaction force
in Macaques, Am. J. Phys. Anthropol.,
51:433-456, 1979.

Hylander, W.1L., Johnson, K.R., Crompton,
AW. ! Loading patterns and jaw move-
ments during mastication in Macaca fascic-
ularis - A vonestrain electromyo-graphic, and
cineradiographic analysis, Am. J. Phys.
Anthropol., 72:287-314, 1987.

. Hylander, W.L., Johnson, K.R., Crompton,

AW. | Loading patterms and jaw movements
during mastication in Macaca fascicularis : A
vone-strain electromyo-graphic, and cinera-
diographic analysis, Am. J. Phys. Anthropol.,
72:287-314, 1987,

Standlee J.P., Caputo, A.A., Ralph, J.P. :
Stress trajectoﬁes with in the mandible
under occlusal loads, J. Dent, Res., 56:1297-
1302, 1977.

Korioth, T.W.P., Romilly, D.P., Hannam, A.G.

analysis of the dentate human mandible, Am.
J. Phys. Anthropol., 88:69-96, 1992.
Korioth, T.W.P., and Hannam, A.G.:
Deformation of the human mandible during
simulated tooth clenching, J. Dent Res.,
73(1), 55-66, 1994

Korioth, T.W.P., and Hannam, A.G.: Mandible
forces during simulated tooth clenching, J.
Orofacial Pain, 8: 178-189, 1994.
ARAFERIG AR X % ERREN D FESIFEAT,
A A DR erat, 36:1180-1196, 1990.
Ito, T., Gibbs, C.H.., Bonnet, R.M., Lup-
kiewicz, S.H., Young, H.M.., Lundeen, H.C.
. Loading on the temporomandibular joints
with five occlual conditions, J. Prosthet.
Dent., 56:478-484, 1986.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Santos, J.D., De Rijk, W.G. :Vectorial analy-

sis of the equlibrium of forces transmitted to

‘TMJ and occlusal bite plane splint, J. Oral

Rehabi., 22, 301-310, 1995.

Boyd, R.L., Gibbs, C.H., Mahan, P.E.,
Richmond, A.F., Laskin, J.L. :
mandibular joint forces measured at the
condyle of Macaca arctoides . Am. J. Orthod.
Dentofac. Orthop., 97:427-429, 1990.
Granados, J.I.:" The influece of the loss of teeth
and attrition on the articular eminence”, J.
Prosthet. Dent., 42:78-85, 1979.

Hatcher, D.C., Faulkner, M.G., and Hay, A:
Development of mechanical and mathemat-

“Temporo-

ic models to study temporomandibular joint
loading. J. Prosthet. Dent. 55:378-384,
1986

Hannam, A.G. : “Musculoskeletal biomechanics
in the mandible’, In : Current controversies
in temporomandibular disorders, Mcneill,
C. eds., Quintessence Publ. Inc., Coral
Stream, Hlinois, pp. 72-82, 1992.
Haskell, B., Day, M., Tetz, J. : Compu-ter-
ized modeling in the assesment of the bio-
mechanical determinants of diverse skeletal
patterns, Am. J. Orhthodontics, 89:363-
382, 1986.

Pruim G.J, De Jongh HJ, and Ten Bosch JJ
Forces acting on the mandible during bilat-
eral static bite at different bite force leveis.
J. Biomech. 13:755-763, 1980.

Vam Rossen, I.P., Braak, L.H., de putter, C.,
& de Groot, K. : Stress-absorbing elements
in dental implants. J. Prosthet. Dent. 64 : 198~
205, 1990.

HH7), 4 B "FAF AR A E0| stetIE
of u]X& Faol] A3t 3aY 73 SAHA &
HEA" AAAETA7A, 1995

7193 - HobAEo] SRSt RAY SHEX
o PlAle Gl A RIAL ALY B4, 9
AV =&, B EHetm ek, 1991.

NFD  BUREIGA ZT4RE AR

83

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

242 A% 31t 339 2437, AAleHe]
&, Z2AYEn gy, 1994,
Richter, E.J. : “Basic biomechanics of den-

tal implants in prosthetic dentistry’, J.
Prosthet. Dent., 61: 609, 1989.

Carranza, F.A. : Glickmann' s clinical peri-
odontology, 7th eds., W.B. Saunders Co.,
pp.39-50, 1984.

Craig R.G., Peyton, F.A. ! Elastic and
mechanical properties of human dentin, J.
Dent. Res., 37:710-718, 1958.

Craig, R.G., Peyton, F.A., Johnson, D.W. :
Compressive properties of enamel, dental
cement and gold, J. Dent. Res., 40:936-945,
1961.

Katz, J.L., Meunier, A. : The elastic anisotro-
phy of bone, J. Biomech., 20:1036-1070, 1987.
Lees, S., Rollins Jr, F.R. : Anisotrophy in hard
dental tissues. J. Biomech., 5:557-556,
1972.

Howard, I.C. Van Noort, R., Cardew, G.E.,
Noroozi, S. : The influence of enamel anisotro-
phy on the stress distribution in teeth, J. Dent.
Res., 69 : Abst # 956, 1990.

Ashman, R.B., Cowin, J.D., Van Buskiirt,
W.C., Rice, J.C. : A continuous wave tech-
nique for the Measurement of the elastic prop-
erties.of cortical bone, J. Biomech., 17:341-
361, 1984,

Ashman, R.B., Corin, J.D., Tumer, C.H. :
Elastic properties of cancellous bone :
Measurement by an ultrasonic technique, J.
Biomech., 29:979-986. 1987.

Carter, D.R., Hayes, w.c. : The behavior of
bone as a two-phase porous structure. J. Bone
joint surg. (AM] 1977: 59A:954-962.
Hart, R.T., Hennebel, V.V., Thongpreda, N.,
Van Buskirt, W.C., Anderson, R.C. :
Modeling the biomechanics of the mandible
* A three-dimensional finite element study,
J. Biomech., 25:261-286, 1992.

Krober K. : A &Ae] 722 A : "A|3EA



38.

39.

40.

41.

42.

43.

" olAl % o, #¥AL, pp.21-117, 1992.
Richter, E.J., Spiekermann, H. Jovanovic, S.A.
: "Tooth to implant fixed protheses :
Biomechanics based on in vitro and in vivo
measurement, In : Laney, W.r., Tolman,
D.E., eds. Tissue integration in oral and
maxillofacial reconstruction, Chicage,
Quintessence Publ. Co., 133-140, 1992.
Tanne, k., Tanaka, E., Sakuda, M., The elas-
tic modulus of the temporomandibular joint
disc from adult dogs. J.Dent.Res 70:1545-1548,
1991. .
Okeson, J.P. : Management of temporo-
mandibular disorders and occlusion, 2éd,
C.V. Mosby Co., St. Louis, pp.3-26, 1989.
Baron, P., Debussy, T. : A biomechanical func-
tional analysis of the masticatory muscles in
man, Arch. Oral Biol., 24:547-553, 1979.
Nelson GJ(1986)Three dimensional com-
puter modeling of human mandibular bio-
mechanics. M.Sc.Thesis. The University of
Britist Columba, Vancouver.

Okeson, J.P. : Management of temporo-
mandibular disorders and occlusion, ed. 2, St.
Louis, C.V. Mosby Co, pp.107-121, 1989.

. Knoell, A.C : A mathematical model of in vit-

ro human mandible., J.Biomech, 10:159-166,

84

45.

46.

47.

48.

49.

51.

1977.

Weijs WA, and Hillen B Relationship between
the physiological cross-section of the human
jaw muscles and their cross-sectional area in
computer tomograms. Acta Anat. 118:129-
138, 1984.

Jung. F. ! Veranderungen des Prothes-
enlagers unter der teilprothese, Deut,
Zahnaztl. Zeitsch., 14:105-107, 1959.
Barbenel, J. : The biomechanics of the
human temporomandibular joint; a theo-
retical study, J. Biomechanics 5, 251-256.
1972. _

Faulkner, M. G., D. C. hatcher, A. Hay : A
three dimensional investigation of temporo-
mandibular joint loading, J. Boimechanics
Vol.20, No. 10-997-1002, 1987.
Gingerich, P. : The human mandible: lever
or link. Am. J. phys. Anthropol, 51, 135-138,
1979.

. Hylander, W. : The human mandible: lever

or link. Am. J. phys. Anthropol., 43, 227-242,
1975.

Ralph, J. and Caputo, A.: Analysis of stress
patterns in the human mandible, J. Dent. Res.
54, 814-821, 1975.



AT My

Fig. 2-1-1. Computed tomogram image of skull

Fig. 2-1-2. 3-dimensional CAD data (front view / axono view)

Fig. 2-1-3. Finite element model of teeth

Fig. 2-1-4. Finite element model of periodontal membrane

Fig. 2-1-5. Finite element model of cortical bone, teeth, periodontal membrane and articular disc
Fig. 2-1-6. Finite element model of articular disc(balancing side)

Fig. 2-1-7. Finite element model of skull(front view)

Fig. 2-1-8. Finite element model of skull(side view)

Fig. 2-3-1. Loading condition of mandible at bilateral clenching

Fig. 2-3-2. Loading condition of mandible at unilateral clenching

Fig. 2-3-3. Loading condition of maxilla at bilateral clenching

Fig. 2-3-4. Loading condition of maxilla at unilateral clenching

Fig. 2-3-5. Restraint condition of maxilla at bilateral and unilateral clenching
Fig. 3-1-1. Effect of masseter muscle on the jaws at bilateral clenching

Fig. 3-1-2. Effect of temporal muscle on the jaws at bilateral clenching

Fig. 3-1-3. Stress contour of jaws at bilateral clenching(front view)

Fig. 3-1-4. Stress contour of jaws at bilateral clenching(side view)

Fig. 3-1-5. Displacement contour of jaws at bilateral clenching

Fig. 3-1-6. Effect of masseter muscle on the jaws at unilateral clenching

Fig. 3-1-7. Effect of temporal muscle on the jaws at unilateral clenching

Fig. 3-1-8. Stress contour of jaws at unilateral clenching(front view)

Fig. 3-1-9. Stress contour of jaws at unilateral clenching(side view)

Fig. 3-1-10. Displacement contour of jaws at unilateral clenching

Fig. 3-2-1. Effect of masseter muscle on the articular disc at bilateral clenching
Fig. 3-2-1. Effect of temporal muscle on the articular disc at bilateral clenching
Fig. 3-2-3. Stress contour of articular disc at bilateral clenching

Fig. 3-2-4. Displacement contour iof the articular disc at bilateral clenching

Fig. 3-2-5. Effect of masseter muscle on the articular disc at unilateral clenching
Fig. 3-2-6. Effect of temporal muscle on the articular disc at unilateral clenching
Fig. 3-2-7. Stress contour of articular disc at unilateral clenching

Fig. 3-2-8. Displacement contour iof the articular disc at unilateral clenching
Fig. 3-3-1. Effect of masseter muscle on maxilla and TMJ at bilateral clenching
Fig. 3-3-2. Effect of temporal muscle on maxilla and TMJ at bilateral clenching
Fig. 3-3-3. Stress contours of maxilla and TMJ at bilateral clenching{front view)
Fig. 3-3-4. Stress contours of maxilla and TMJ at bilateral clenching(side view)
Fig. 3-3-5. Stress contours of maxilla and TMJ at bilateral clenching(bottom view)
Fig. 3-3-6. Effect of masseter muscle on maxilla and TMJ at unilateral clenching
Fig. 3-3-7. Effect of temporal muscle on maxilla and TMJ at unilateral clenching
Fig. 3-3-8. Stress contours of maxilla and TMJ at unilateral clenching(front view)
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Stress contours of maxilla and TMJ at unilateral clenching(side view)
Stress contours of maxilla and TMJ at unilateral clenching(bottom view)
Effect of masseter muscle on mandible at bilateral clenching

Effect of temporal muscle on mandible at bilateral clenching

Stress contours of mandible at bilateral clenching(front view)

Stress contours of mandible at bilateral clenching(axono view)
Displacement contours of mandible at bilateral clenching

Effect of masseter muscle on mandible at unilateral clenching

Effect of temporal muscle on mandible at unilateral clenching

Stress contours of mandible at unilateral clenching(front view)

Stress contours of mandible at unilateral clenching(axono view)
Displacement contours of mandible at unilateral clenching
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Fig. 2-3-1. Fig. 2-3-2.
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ABSTRACT

THREE-DIMENS‘IONAL FINITE ELEMENT STRESS ANALYSIS OF THE
JAWS AT THE SIMULATED BILATERAL AND UNILATERAL CLENCHINGS

Hoon Heo, D.D.S., M.S.D., Ph.D., Dong-Wan Kang, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, College of Dentistry, Chosun University

This study is to analyze the stress and displacement, on the jaws during the bilateral and uni-
lateral clenching task on three dimensional finite element model of the dentated skull. For this
study, the computed tomography(G.E.8800 Quick, USA) was used to scan the total length of human
skull in the frontal plane at 1.9mm intervals. The CAD data were extracted from the tomograms
through digitizer(Summa Sketch I, USA) and then reconstructed by means of the spline
method in the CAD program. In this project, a commercial software [-DEAS(Master Series ver-
sion 3.0, SDRC Inc, USA) was used for three-dimensional stress analysis on the finite element
model. which consists of articular disc, maxilla, mandible, teeth, periodontal ligament and cra-
nium. The results are as follows. ;:

1. During the bilateral clenching, each major muscle forces caused high stresses on various areas
of skull: masseter muscle on articular disc and teeth: temporal muscle on mandible and peri-
odontal ligament; medial pterygoid muscle on the temporomandibular joint. During the
unilateral clenching, masseter muscle induced the maximum stress: medial pterygoid muscle
the minimum stress.

2. During the bilateral clenching, higher compressive stresses on articular disc were generated
by the masseter muscle and higher deformation occurred on the most front outer sites. And dur-
ing the unilateral clenching, temporal muscle and medial pterygoid muscle exerted their forces
to twist temporomandibular joint area of the balancing side and induced a higher compressive
stresses on the front outer sites of articular disc.

3. During the bilateral clenching, the masseter muscle bended the mandible outwardly, and then
caused tensile stresses on the lingual surface of mandibular symphysis. And the medial ptery-
goid muscle caused tensile stresses on the labial surface of mandibular symphysis.

4. When each muscles were simultaneously applied on jaws, a high stress and displacement took
place on mandible rather than on the maxilla.; Also, a high stress and displacement took place
during the unilateral clenching rather than during the bilateral clenching.

Key words : finite element analysis, stress, displacement, maxilla, mandible, articular disc
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