CHStX| DR & 815]X] : Vol. 30, No. 2, 1992

Fgrysta oBoet X wetaa

M

Ty

F9R)= AAAole] F4B EXY A&HE
FZHA BAEEA FEX2AY 7 FHge 9
A9 A 2 HAHHE Fed gAE AAs=
FEAzAE Y, 2, AREZ FAHY
Aogy Nzx2y AZEs) 71 F83t. A=
29 A3 F4e oY 4Agtso] a2 48 a7
2 ¥, AtwoodV= Z[EXRA Y FFE AZAY
Ny B Fo JA 2L ARTIHA 29, %2,
EE, By 39 22 AAgALAEQ 29, X
ZAof) Fgehe AT 2 7153 89, 2892
QX9 A&, HL&He 98, 7&5H 22 B3
FQl 821%0] H5¥Foz gt LY 3
fom, Ortman?& FFZFolY 34 95 2L
EAA ] ot Foll, 713, stressTol it 29
¥, G qEY] 713 Foll, <)o) dH
a3 B 5 o3t P& devhn B3y
I, Kelsey?€ 40|24, FuFAFX A4, 2
AA, QFA5E, F71FA AL Tl 9T
Won), Plotnick’2 AAZA 4 F§3h= nFHo)
Faoz FHAAFR Y AFE A=,
Hote] A7, AXRE AN 7L, AR AR
SRAAY ERT X)) BVt AHg-o] FHUol 7=
siek, 3 F5E A2F g NAstaR) e =Y
o2 AxAY gAF 4, AtE o¥e, 4E
83 T AR ez 2T FUE A
=3k '

ayu Az Jay Fe2 £F XA, 1FY
37 2 RAAG " T o] ] EAAHe] UL,

Baker®, Danielson®, Davis”, Reitman® $°] @7

286

- g2

B3 A7ME ol4ee o]AFWe AHE T
AU AL, Fuise) 7193, A9F JEg
At Ag, A7 23 o]y EHe F4F
Al A, FELHS] A& 2 hydroxyapatites
Denissen®!*'”, de Putter’, Piechuch®%-°] %3
3 eI AT oHARA A EEE
Qg0 I Busg oy, €39 F54, £€
g5 Asse @del vk HAEEAHA A8
UTAEE ThFYY A&Gde 43e Fgo
2 3lev, 29X AFRde 25 A "R
ZgE E 4 YA, Mg dFS Age g BE
AloA HEE F gl 53] JAF Ago v
34 aeAE dF7t EFsy RIS A F
AREAY FoHd £2TT HS JEIE A 2
AR BEE] i A A& 5 Uk

FHAE ARE B AAZRFC M mHE
ez AEXzA Q] dHe Fox FF F T
EXzA Y e FF H+FE BRIEY AFE
AR F2AAE F83to o9 AT FRAE
& A xF e FE sk S JFHA
@31 AEAHo T BALEE Aol ] Fa3d
o
2E BAEL At st A A2 o]
A3 o] & 48] A% A EL elect-
rical resistance strain gauge®', holographyd',
7 AR ol ¥ w7} §ol gk Fe/d g el 3l 1935
d ZakWoll 98t} X ojEe] FRYHE YA
288 3 Aau e 234y Py 244
g AT 39 A SHYY g AF
B3z} eigtrh.

a8y 2 AFEE o8-8 FFasgWel e



wle) H)sle] g AL HAT JeBR FE
o8} Rokol stz aARHos FET F U
B A v 23w FPA 3 K25 ol 3
g &&3A =HUh

ol Azl FAXN7t FX e vAe
aggol Fadtha AlgsEo]l AU FAXE
A&ste] Z TP BE (23U 2E¢Y
e 334978 fHasygor ENsl o
Ze ARE A7l oldl Bxudhs wHio|t,

ol T

1. oix|E

Z27) Rz AT B, Y] EXE
#dsl7] 93 4589 A9 2 S 7Y ru-
bber mold(H— 3402, Nissan Dental Product Co.) &
0]4-3}¢] methyl-methacrylate base resin(Denti-
mex, made in Holland) 2.2 3}}E-& EA 34
ZoXe By 93td AF3Ach

2. [ o4

L sy

2 A7E FoX9 slotEe Y 9 SHEX
AE Mg oA V1EEE F3E 3x4F
2dz AFsto S REXE FHHLE HAY
atobE @ oA A2 3344 solid element?l SH X <}
o 842, 350 JEAE AFAe 244
PAL A AAYH ALY 8AE A3t a4
skt

321Q 299 S generationd T TR L
package$! GTSTRUDL Ver. 85.028 AH&-3te] &
sA4AY(F.EM) o3 HE & S8 2EE
A8 & GTSTRUDLY post processorell <]}
AdARE 238 ¥ JESHY.

2) 334 34 =44

Zo]x) 9} st A LT &9 #2994 ¥
g A5 43 33/ 249 ZHL Fig.
1t (b) () ()} Zo] B3t sch.

#8822 modeld] 7 BHL Fig. 29 #o] 3
F9X) 9 BAL YEGAC Z Mz}sle, Fig. 1(d)
o} Zo] oTE wet 16719 dHoR TEIA.
Fig. 2914 Ax 9F=X, B= 934, Ct 32

\g_l

287

(spongeous bone) & YEPATE A & A2d+
A FHE AU TFAAAE 149 FT2=2 A
npzigo HAxg EAlE Fig. 1(d)9 2—-157
9] F3te] Fgicl. 2+ Xole] HA IV AR
g2xg 339 33 2dYe] Hed AF FHE
FYUS Hol2 1658 ¥ w7 W Uk &
g 283 g Xof, FA|, dtEe HE
9 ¥3(Fig. 2)o2 2dg3lych. Aol 47
HAe 3hlel Holg 4xX¢/le] BE ALHe LS
B3t 4 P 5] AL F UZE AR
3 , BotEe AdHe 36719 FAS5HA &
22 B3P sebE, gAY, AFAHE AA
7] % 2de AAREZA Fig. 1A S2
FAE detA BE sehE dwd Fig. 2009
AZHEE 36719 ASAN 8AE 2T IR
wgo 2 3uAld X YAste 1 v e
2E FF& 8.

3 AAzA € 42

fra s A S A A AAXTLEE Fig.
1(d) o] EAIR uls} o] 3hete] AAR<L detA| 9
Ed(fixed boundary)We] 49788 2FE &A
238Gt

£ 3 AH-E 239 AFL Table 1.3 2ol
%9, 8l2+F (spongeous bone) B FX) 9} &
o}z 2] R A|R-Ql sletRi(compact bone) ¥ Al FHE

shel S4sAEHD.

Table 1. Mechanical properties of materials

material Young’s modulus Poisson’s ratio
(Kgf/mm?)
compact bone 2.0x10° 0.3
sponge bone 1.5x10? 0.3
resin 3.0x102 0.3
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where,

N is unit vector.

N1, N2 and N3 are components of the unit vector
N

L, and £ are axial unit vector.

F: is the magnitude of the force vector on the
ith node.

Table 2. Occlusal force distribution of centric occlusion

force
position force(Kgf)
percentage node No. force
B 1 0.372
second 2 0.372
molar 1.86 15.5 3 0.372
4 0.372
5 0.372
6 0.372
first 7 0.372
molar 1.86 15.5 8 0.372
9 0.372
10 0.372
. _; 11 0.38
o i.1d 9.5 12 0.38
premola.
ll i3 0.38
first 14 6.39
premolar 0.78 6.5 15 0.39
canine 0.36 30 16 0.39
total 6.0 50.0 60




Table 3. Occlusal force distribution of lateral occlusion and directional unit vector

. force unit vector component
position force(Kgf) -
. percentage node No. force N1 N2 N3
1 048 0. 0. -1.
2 0.48 0. 0. -1.
2nd. 3 0.24 0.866 0. -0.5
A -0. 0. -0.866
2.88 24.0 04157 5 086
molar 4 0.48 0. 0. -1
5 0.48
6 0.48
7 0.4757
8 0.4757
£
. 0. -0.
5 | st o 0.238 866 5
= 4 -0. -0.
® 3.33 27.75 0412 > 0.866
£ 10 0.4757 0. -1
® molar 11 0.4757
12 0.4757
13 0.4757
2nd 14 0.48
1.44 12.0 15 0.48
pr.m 16 0.48
. 4.
Ist 0.9 75 17 0.45
pr.m 18 0.45
can. 0.45 3.75 19 0.45
sum 9.0 75.0
2nd. 0.6 0.866 0. -05
1.2 10.0 20
pr.m 1.04 -0.5 0. -0.866
a1 0.3 0.866 0. -0.5
g 1st 12 10.0 0.52 -0.5 0. -0.866
g 0.3 0.866 0. -0.5
a, mol. ' -
& 22 0.52 -0.5 0. |-0.866
m. —
> 9nd 23 0.15 0.866 0. 0.5
0.6 5.0 0.52 -0.5 0. -0.866
mol. 24 0.15 0.866 0. -0.5
0.26 -0.5 0. |-0.866
sum 3.0 25.0
tot. i12.0 100.0
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Table 4. Principle stresses and maximum shear stress distribution

(centric occlusion)

(unit:Kgf/mm?)
principle principle maximum shear
section stress(S1) stress(S2) stress(Tmax)
e minimum maximum minimum maximum minimum maximum
1 -0.1055 0.0369 -0.0262 0.0322 -0.0701 0.0981
2 -0.0241 0.0122 -0.0187 0.0261 -0.0495 0.0135
3 -0.0149 0.0097 -0.0134 0.0147 -0.0327 0.0194
4 -0.0105 0.0081 -0.0185 0.0148 -0.0176 0.0002
5 -0.0068 0.0076 -0.0165 0.0107 -0.0116 0.0066
6 -0.0041 0.0051 -0.0107 0.0093 -0.0085 0.0105
7 -0.0048 0.0081 -0.0094 0.0048 -0.0039 0.0090
8 -0.0028 0.0069 -0.0059 0.0030 -0.0015 0.0030
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Table 5. Principle stresses and maximum shear stress distribution

(lateral occlusion)

(unit:Kgf/mm?)

principle principle maximum shear
Selflt;on stress(S1) stress(S2) stress(Tmax)
minimum maximum minimum maximum minimum maximum

1 -0.1199 0.0412 -0.0314 0.0340 -0.0952 0.1109

2 -0.0304 0.0120 -0.0214 0.0247 -0.0659 0.0072

3 -0.0170 0.0189 -0.0233 0.0276 -0.0376 0.0247

4 -0.0105 0.0162 -0.0363 0.0200 -0.0186 0.0136

5 -0.0118 0.0164 -0.0263 0.0175 -0.0107 0.0250

6 -0.0133 0.0119 -0.0202 0.0068 -0.0059 0.0270

8 -0.0061 0.0044 -0.0119 0.0002 -0.0002 0.0049

10 -0.0054 0.0068 -0.0092 0.0002 -0.0104 0.0001

12 -0.0100 0.0134 -0.0101 0.0191 -0.0188 0.0252

14 -0.0101 0.0113 -0.0252 0.0156 -0.0199 0.0019

15 -0.0112 0.0147 -0.0202 0.0132 -0.0376 0.0096

16 -0.0349 0.0809 -0.0212 0.0157 -0.0122 0.0744
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— Abstract—

THREE DIMENSIONAL FINITE ELEMENT ANALYSIS OF
MANDIBULAR STRESSES OF COMPLETE DENTURE OCCLUSION

Young Soo Lee, D.D.S. and Kwang Hee Yoo, D.D.S.
Department of Dentistry, College of Medicine, Hanyang University

The objective of preventive dentistry is the maintenance of a healthy dentition for the life of a

patient. Unfortunately, if an individual has not received the benefit of a comprehensive program

of preventive dentistry and has finally reached the edentulous state, as a consequence, he receives

a set of complete denture.

Dentures are mechanical devices and subject to the principles of mechanics. In some cases, the

general health and nutritional status of the patient are felt to be the causative factors.

But, the most important thing in residual ridge resorption is felt to be caused by the unequal

distribution of functional forces. This study was to analyze mandibular stresses of complete denture

occlusion by three dimensional finite element method.

The results were as follows »

- As deformation and stress distribution of the complete denture of the mandible were concentrated
on the upper lingual side of the mandible, alveolar ridge resorption of the mandible occurred
from lingual side to labio-buccal side. '

. Analyzing by three dimensional F. E. M., the mandible is a very effective form for tolerating stress
and deformation biomechanically.

. According to the concentraton of stress distibution in the upper buccal side of the lower posteriors,
buccal shelf area must be a primary stress bearing area in the lower complete denture.

. Lower complete denture moved horizontally to the balancing side under lateral occlusal force.

. Bilateral balanced occlusion should be constructed in the complete denture for denture stability,
especially in the protrusive movement.

. Physical property of the denture base material was as important for stress distribution in the
denture base as or even more than that in the mandible.

. Impression technique is very important because of most of stress was concentrated between them
due to close contact of the mandible and the denture base.
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2,15 Second Molar
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7,10 Lateral Incisor
89 Central Incisor

(d) Top view of model

Fig. 1 Three dimensional model for F.E.M.

302



Oolgse: =2 AR R 4% (2 O

Fig. 2 Typical section shape of model
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Fig. 3 Occlusal force distribution of centric occlusion

Fig. 4. Occlusal force distribution of lateral occlusion
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Fig. 5 Deformation of model in the case of centric occlusion(x100)
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(b) Section 5

Fig. 6 Deformation of section in the case of centric oc-
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clusion(x50)

(c) Section 8
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(c) Side view of balancing side

Fig. '7 Deformation of model in the case of lateral occlusion(x100)
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Fig. 8 Deformation of section in the case of lateral oc-
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{c) Section 6 (d) Section 8

Fig. 10 SI principle stress distribution(centric occlusion)
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Fig. 11 S2 principle stress distribution(centric occlusion)
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Fig. 12 Maximum shear stress distribution(centric occlusion)
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Fig. 13 S1 principle stress distribution (lateral occlusion,working side)
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Fig. 14 S2 principle stress distribution (lateral occlusion,working side)
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(a) Section 2
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Fig. 15 Maximum shear stress distribution (lateral occlusion,working side)
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(c} Section 12 (d) Section 10

Fig. 16 S1 principle stress distribution (lateral occlusion,balancing side)
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Fig. 17 S2 principle stress distribution (lateral occlusion,balancing side)
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(c) Section 12 (d) Section 10

Fig. 18 Maximum shear stress distribution (lateral occlusion,balancing side)
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