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Model
Denture Mounted on the Whip-Mix Articul-

ator,
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Fig, 2.Loading Device in
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mental Apparatus,

L.S : Light Source C,C, : Lens F : Filter

FL, FL, : Field Lens

P, : Polarizer P, : Analyzer Q, Q, : Quarter -
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T : Test Piece PL : Project Lens SC : Screen

AC : Alveolar Crest
B : Beneath
LB : Labjo-Buccal

L :Lingual

V ! Vestibule

Fig. 5 Measuring Point of Fringe Order
Number
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Fig. 6.Regions of Slice Specimen
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Table 1, Fringe Order Number (A R :Normal, R, T:Large) in Centric Occlusion.
Labio-Buccal Side Lingual Side
roa] V 8 6 4 2 0 2 4 6 8 v
1 0.3 1.8 1.2 1.6 2.2 2.0 1.4 0.8 0.9 1.2 0.3
2 0.4 L5 1.6 3.0 3.6 2.9 2.8 2.2 1.6 1.2 0.3
3 1.2 2.0 2.8 4.0 1.1 3.0 {. 2.5 3.5 2.2 1.8 1.4
4 0.8 1.7 2.2 2.5 3.0 2.8 2.0 2.0 2.3 1.5 1.0
5 0.2 1.8 2.0 2.3 2.8 2.2 3.0 2.4 2.4 1.7 0.8
6 0.7 1.5 1.9 3.0 3.2 2.3 1.8 2.3 2.1 1.3 1.0
7 1.0 2,0 2.5 4.0 4.1 3.6 3.0 33 2.4 1.8 1.2
8 0.4 1.3 1.8 2.9 3.4 2.8 2.4 2.0 1.4 1.0 0.2
9 0.5 1.3 11 1.8 2.4 1.8 1.2 0.9 0.8 0.8 0.5
(Unit : Fringe Order Number)
* AR Alveolar Ridge
R. T Resin Teeth
M P Measuring Point
R.S.S Region of Slice Specimen
\ Vestibule

Table 2. Fringe Order Number (A, R :Normal, R.T:Medium)

in Centric Occlusion,
Labio-Buccal Side Lingual Side
o]V 8 6 4 2 0 2 4 6 8 v
1 0.3 0.3 1.2 1.7 2.8 2.2 20 | 2.0 1.6 1.0 1.0
2 0.8 1.5 1.8 2.7 3.8 2.0 2.8 2.6 1.8 2.0 1.0
3 0.8 1.6 3.0 3.9 4.2 4.0 3.6 3.4 2.6 2.6 1.0
4 1o 2.2 2.2 3.2 3.6 2.5 2.4 2.2 2.0 1.0 1.0
5 0.0 0.7 2.4 1.4 2.3 2.4 2.0 2.5 2.3 2.0 1.0
6 1.2 2.0 2.0 3.0 3.8 2.0 2.8 2.1 1.9 11 1.5
7 1.0 1.2 2.8 3.8 43 4.0 3.8 3.2 2.8 2,2 1.0
8 1.0 1.4 2.2 2.7 3.5 2.4 3.0 2.4 2.2 2.4 1.0
9 0.5 1.0 1.4 1.8 1.6 3.0 2.5 1.8 2.2 2.4 1.0
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(Unit : Fringe Order Number)



Table 3.Fringe Order Number (A, R :Sharp, R.T:Large) in Centric Occlusion,

Labio-Buccal Side Lingual Side
o] Vv 8 6 4 2 0 2 4 6 8 v
1 0.2 0.8 1.0 1.6 2.2 0.8 1.2 L.o 1.0 0.8 0.4
2 0.4 1.4 1.8 3.2 3.6 45 2.3 3.0 2.5 2.0 1.4
3 0.2 1.2 1.4 2.6 2.8 1.8 3.3 2.5 1.6 1.6 0.6
4 0.0 0.6 1.2 2.2 2.6 2.3 2.2 1.6 1.8 LS 0.2
5 0.0 0.7- 1.2 1.5 3.0 2.9 2.0 2.3 2.2 2.0 0,7
6 0.4 0.8 1o 1.8 2.4 2.2 2.0 1.8 1.4 1.0 0.7
7 0.2 .o 1.6 2.8 2.9 2.5 2.4 2.0 1.4 1.2 0.8
8 0.9 1.2 2.5 3.0 3.5 4.7 3.2 2.8 2.0 1.8 1.1
9 0.0 1.0 1.2 L4 2.1 0.6 0.8 0.8 1.0 11 0.6

(Unit : Fringe Order Number)

Table 4 Fringe Order Number

(A R : Sharp, R, T:Medium)in Centric Occlusion,

Labio-Buccal Side Lingual _Side
pod Vv 8 6 4 2 0 2 4 6 8 v
1 0.2 0.5 0.8 1.3 2.0 2.5 2 2.2 1.4 1.2 0.9
2 0.9 | L4 1.9 2.4 3.6 3.8 2.1 3.0 2.4 2.0 1.4
3 0.6 1.8 1.8 3.0 4.8 4.5 3.8 4.5 3.0 3.2 2.0
4 0.6 1.1 1.3 19 2.5 2.5 2.5 2.8 2.7 2.5 1.8
5 0.0 1.0 1.8 2.5 3.6 3.4 3.2 3.0 2.8 2.5 2.0
6 0.6 1.0 1.2 L7 2.3 2.5 2.0 2.2 2.4 2.2 1.0
7 0.5 1.6 2.0 3.1 5.0 4.5 3.5 4.2 3.4 2.8 1.8
8 0.8 1.2 2.0 2.1 3.8 3.0 2.5 3.2 2.5 2.2 1.2
9 0.1 0.7 1.1 1.3 1.9 2.3 2.1 1.8 1.5 Lo 0.8

(Unit : Fringe Order Number)
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Occlusion,

462

Fringe Order Number
w

2

3 4
Right

O
. RSS
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Occlusion,

in Centric



Fringe Order Number
“w -

Right RSS Left
Fig, 9. Fringe Order Number (A, R : Normal R, ig.
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Fig. 13. Fringe Order Number (A, R :Sharp. R, Fig.

T : Medium) of Labio-Buccal Side in

Centric Occlusion,
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T : Medium) of Lingual Side in Centric
Occlusion,



? A C: Alveolar Crest S : Sharp Ridge
LBS:Labio-Buccal Side N : Normal Ridge
[ L S:Lingual Side L :Large Size
M : Medium Size
S.M.LBS

5| s.tac S.M.AC S.L.AC
} \
4 S.M.LBS__,
z —) N
< N.MLBS N.M.LBS
is
£

N.M.LBS

Fig. 15, Maximum and Minimum Fringe Order
Number in Centric Occlusion,

Table 5.Fringe Order Number (A.R : Normal,

A deElstth B3EE AW 7, 8dME ol A
EA Jvehgon] g7l AlE RFolAN He] AzA7
Uelga g3x) 2718 B3 A9 971F 57071 Me-
dium Size°]3L 2707} Large Sizeol® 17l /2
vhebst )

£¥3&, dE, (23 FAE RYE XxPe=
243 Ajgio] 9715 70, A&l 1, F/7F AR
Vet AaXE ZAHEol 0914 0.8, HHEFS
0o A 0.29] TN YA Jelth #Hedl
AL FAYPSFo] A, PFZo) 2 SYEXE X
et

R, T : Large)in Lateral Occlusion,

Labio-Buccal Side Lingual Side
roed V 8 6 4 2 0 2 4 6 8 v
1 0.7 LS 2.0 2.4 3.2 3.4 2.5 1.8 L7 L2 0.6
2 L0 2.3 3.0 3.3 3.9 5.5 3.7 2.8 2.3 2.2 1.6
3 1.2 L7 2.8 2.2 3.4 5.0 2.8 2.7 2.4 2.0 1.4
4 0.8 1.0 2.2 2.4 3.2 3.7 ] 2.0 2.2 2.1 1.2
5 0.3 0.9 1.8 2.0 2.4 2.6 1.8 2.0 1.8 1.3 0.7
6 0.2 0.8 13 LS L0 1.8 1.4 L6 1.2 0.6 0.4
7 0.6 1.3 17 2.0 2.8 2.2 2.2 1.6 1.3 1.2 0.6
8 0.4 1.8 2.0 2.3 2.5 3.0 2.9 1.8 1.6 1.4 0.8
9 0.2 1.5 1.8 2.1 2.3 2.0 1.8 1.5 1.1 1.2 0.4

Table 6.Fringe Order Number (A, R :Normal,

(Unit : Fringe Order Number)

R, T : Medium)in Lateral Occlusion,

Labio-Buccal Side Lingual Side
o] Vv 8 6 4 2 0 2 4 6 8 v
1 3.0 2.0 2.5 3.2 2.0 4.2 4.0 2.7 2.1 1.9 0.8
2 0.8 3.2 2.8 2.2 45 6.0 2.5 2.3 2.5 2.1 1.0
3 1.2 3.0 3.8 2.8 2.2 47 2.0 1.2 1.4 1.6 0.8
4 1.0 3.0 3.2 3.8 4.0 4.0 2.8 1.8 2.6 2.4 1.0
5 0.5 0.8 1.2 1.5 2.0 3.0 2.3 1.7 1.4 1.5 0.6
6 0.0 0.1 0.4 0.8 L0 1.0 1.3 0.9 0.8 0.6 0.4
7 0.4 6.6 0.8 1.2 1.6 1.8 1.9 2.0 2.2 2.3 1.2
8 0.8 1.3 1.5 1.7 2.3 2.8 2.6 2.5 2.3 2.3 1.5
9 0.4 0.5 0.7 1.2 1.4 L9 L7 1.9 1.5 1.3 0.7

(Unit : Fringe Order Number)



Table 11.Fringe Order Number (A, R :Sharp. R, T:Large)in Protrusive Occlusion,

Labio-Buccal Side Lingual Side
] v 8 6 4 2 0 2 4 6 8 '
l 0.4 0.8 ‘0.6 1.0 1.2 1.5 1.3 0.8 1.2 1.8 0.4
2 0.2 1.4 1.0 1.6 1.8 2.5 1.6 1.8 2.1 1.3 1.2
3 0.6 1.9 2.3 2.4 2.8 3.2 2.8 2.6 3.0 2.8 1.4
4 0.4 1.5 1.8 2.5 3.2 4.3 2.8 2.4 2.0 1.5 1.2
5 0.2 2.2 3.2 3.7 4.5 6.2 5.4 3.4 3.3 3.2 1.0
6 0.2 1.5 1. 4 1.8 2.0 2.5 2.4 1.8 1.2 1.4 1.0
7 0.0 1.4 1.8 2.2 2.4 3.0 2.8 2.2 2.0 2.0 1.2
8 0.3 1.2 0.8 1.4 2.0 2.6 1.8 1.6 1.4 1.3 1.1
9 0.2 0.6 0.4 0.8 1.0 1.4 0.9 1.0 1.4 1.6 0.0

Table 12.Fringe Order Number (A, R : Sharp.

(Unit : Fringe Order Number)

R, T : Medium)in Protrusive Occlusion,

Labio-Buccal Side Lingual Side

el v 8 6 4 2 0 2 4 6 8 v
1 0.0 0.2 0.4 1.0 1.2 1.5 1.0 0.6 C.8 0.4 0.2
2 0.4 1.0 1.2 1.2 1.8 2.7 2.4 2.0 1.5 1,4 0.8
3 0.2 1.0 1.8 2.4 2.4 3.9 2.7 2.3 2.4 2.2 1.3
4 0.4 0.8 1.4 3.2 32 4.2 3.2 3.0 3.4 2.8 1.4
5 1.4 2.8 3.2 3.8 45 7.0 5.4 50 4.5 3.0 1.8
6 0.4 1. 4 2.0 2.8 3.5 4.0 2.8 2.4 2.8 2.6 1.8
7 0.4 0.8 2.0 2.5 2.6 3.5 2.3 2.5 2.6 3.0 1.2
8 0.6 0.8 0.9 1.4 1.6 1.8 1.3 1.2 1.6 1.2 0.4
9 0.6 0.6 0.8 1.0 1.4 1.2 0.8 0.6 0.6 0.6 0.0
(Unit : Fringe Order Number)
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le 16. Fringe Order Number (A, R : Normal, R, Fig, 17 Fringe Order Number (A, R : Normal R,

T : Large) of Labio-Buccal Side in Lateral
Occlusion,

T :Large) of Lingual Side in Lateral
Occlusion,
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Fig, 18 Fringe Order Number (A, R : Normal, R, Fig. 19. Fringe Order Number (A, R : Normal, R,
T : Medium) of Labio-Buccal Side in T : Medium) of Lingual Side in Lateral
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Table 9.Fringe Order Number (A R :Normal, R, T:Large)in Protrusive Occlusion_-

Labio-Buccal Side Lingual Side
o] Vv 8 6 4 2 0 2 4 6 8 v

1 1.1 1.5 1.7 1.0 0.8 0.6 0.8 0.6 1.2 0.9 0.2
2 11 1.8 2.4 2.2 2.8 2.6 2.2 1.0 1.4 1.6 1.0
3 1.4 2.0 2.8 3.2 3.4 3.2 3.4 2.8 2.6 2.8 1.5
4 1.1 1.8 2.0 2.2 2.5 2.7 3.0 2.6 2.0 2.6 1.3
5 0.8 2.2 3.0 4.0 5.0 5.5 3.2 3.0 3.6 3.4 1.4
6 1.4 1.2 1.8 2.8 2.4 3.2 2.7 2.4 2.3 1.6 1.2
7 1.6 1.8 2.4 2.7 3.2 3.0 3.6 2.7 2.5 2.4 1.8
8 0.6 1.5 2,6 2.0 2. 4 2.2 1.8 1.2 1.6 2.2 1.2
9 0.8 1.0 1.2 0.8 0.4 0.4 0.8 1.2 0.8 0.9 0.4

(Unit : Fringe Order Number)

Table 10.Fringe Order Number (A R :Normal, R, T:Medium)in Protrusive Occlusion,
Labio-Buccal Side - Lingual Side
asE] V 8 6 4 2 0 2 4 6 8 v

1 0.5 Lo 1.6 1.4 1.2 2.2 1.5 1.4 1.6 1.0 0.6
2 0.4 2.8 2.2 2.0 2.2 2.8 2.6 1.8 1.4 1.4 1.0
3 0.8 2.2 1.8 2.9 2.9 3.5 2.8 2.4 1.3 1.3 1.8
4 0.6 1.8 2.2 2.4 2.7 3.0 2.5 2.1 1.2 2.1 0.8
5 0.6 L7 2.4 3.3 5.0 55 3.0 2.4 2.6 1.8 0.6
6 0.4 1.2 2.4 2.2 3.4 4.2 1.8 2.0 2.4 2.0 1.0
7 0.8 2,0 2.3 2.8 3.8 3.3 2.2 2.4 1.8 1.4 1.2
8 0.8 2.6 2.0 2.4 3.3 3.0 L5 1.4 1.6 1.6 0.8
9 0.6 1.2 | L5 2.8 1.5 2.0 1.3 1.1 1.0 0.7 0.4

(Unit : Fringe Order Number)
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Table 11.Fringe Order Number (A.R :Sharp. R, T:Large)in Protrusive Occlusion,

Labio-Buccal Side Lingual Side
rod Vv 8 6 4 2 0 2 4 6 8 \
1 0.4 0.8 0.6 1.0 1.2 L5 1.3 0.8 1.2 1.8 0.4
2 0.2 1.4 1.0 1.6 1.8 2.5 1.6 1.8 2.1 1.3 1.2
.3 0.6 1.9 2.3 2.4 2.8 | 3.2 2.8 2.6 3.0 2.8 1.4
4 0.4 1.5 1.8 2.5 3.2 4.3 2.8 2.4 2.0 1.5 1.2
5 0.2 2.2 3.2 3.7 4.5 6.2 5.4 3.4 3.3 3.2 1.0
6 0.2 1.5 1.4 1.8 2.0 2.5 2.4 1.8 1.2 1.4 1.0
7 0.0 1.4 1.8 2.2 2.4 3.0 2.8 2.2 2.0 2.0 1.2
8 0.3 1.2 0.8 1.4 2.0 2.6 1.8 1.6 1.4 1.3 1.1
9 0.2 0.6 0.4 0.8 1.0 1.4 0.9 1.0 1.4 1.6 0.0

(Unit : Fringe Order Number)

Table 12.Fringe Order Number (A.R :Sharp, R, T :Medium)in Protrusive Occlusion,

Labio-Buccal Side Lingual Side
ros] Vv 8 6 4 2 0 2 4 6 8 v
1 0.0 0.2 0.4 L0 1.2 L5 1.0 0.6 0.8 0.4 0.2
2 0.4 1.0 1.2 1.2 1.8 2.7 2.4 2.0 | 1.4 0.8
3 0.2 1.0 1.8 2.4 2.4 3.9 2.7 2.3 2.4 2.2 1.3
4 0.4 0.8 1.4 3.2 3.2 4.2 3.2 3.0 3.4 2.8 1.4
5 1.4 2.8 3.2 3.8 45 7.0 54 50 45 30 1.8
6 0.4 1.4 2.0 2.8 3.5 4.0 2.8 2.4 2.8 2.6 1.8
7 0.4 0.8 2.0 2.5 2.6 3.5 2.3 2.5 2.6 3.0 1.2
8 0.6 0.8 0.9 1.4 1.6 1.8 1.3 1.2 1.6 1.2 0.4
9 0.6 0.6 0.8 Lo 1.4 1.2 0.8 0.6 0.6 0.6 0.0

(Unit : Fringe Order Number)
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Table 13. Stress Distribution, Maximum Value, Minimum Value and Symmetry of the Right and

Left in Centric Occlusion,

L. B.S Stress Maximum Minimum Symmetry
Alveolar Ridge Shape [L.S Distribution Value Value (R-L)
Resin Teeth Size D F.O.N S.S |P(mm) S S P
A.R : Normal
L.B.S E 0-4 3 2 5 v S
R. T : Large H
A.R : Normal
L.S C 1.4-2.8 7 0 8 v S
R. T : Large Lo
A. R : Normal
) L.B.S E 0-4.3 3.7 2 5 v S
R.T: Large H
A. R : Normal
LS C 1.8-2.3 7 8 1.2 v S
R. T : Medium Lo 2 3.4.9
578
A.R : Sharp
L.B.S B 0-4.5 8 0 4,59 A S
R. T : Large n
A.R : Sharp
L.S C 1.5-2,0 8 0 4 A S
R. T : Large Lo
A. R : Sharp
L.B.S E 0.5 7 2 5 A S
R. T : Medium H
A.R : Sharp
LS C 1.8-3.7 3.7 4 9 \' S
R. T : Medium Lo 0
* L B S:Labio-Buccal Side P : Position C : Concentration
L.S : Lingual Side S : Similar E ! Extensive
D : Distribution R : Right H : High
F.O.N : Fringe Order Number L : Left Lo : Low
S.S : Slice Specimen
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Fig. 32. Fringe Order Number (A, R : Sharp. R,
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Table 14.Stress Distribution, Maximum Value,
Left in Lateral Occlusion,

Minimum Value and Symmetry of the Right and

L.B.S | Stress Maximum Minimum Symmetry
Alveolar Ridge Shape [L.S Distribution Value Value (R-L)
Resin Teeth Size D F.O.N S.S [ P(mm) S. S p
A, R : Normal E(R)!| 0.7-5.5 E(R)
L.B.S H 2 0 6 v H
R.T: Large C(L) 1-2.3 C(L)
Co Lo
A.R : Normal E(R)| 0.6-5.5 E(R)
L.B.S H 2 0 6 \ H
R. T : Large c@)| 1.1-2.8 C(L)
Lo Lo
A. R : Normal E(R) 0-3-6 E(R)
L.B.S H 2 0 6 v H
R.T:Large C@L)| 0.4-1.9 C(L)
Lo Lo
A.R : Normal E(R) 0-5-6 E(R)
L.S H 2 0 6 A H
R. T : Medium CL){ 0.4-1.9 Cc(L)
Lo Lo
A.R : Sharp E(R)| 0-6.2 E(R)
L.B.S H 2 0 6 \' H
R.T : Large Cc(L) 1-2. 6 cw
Lo Lo
A R : Sharp ER)| 0.46.2 E(R)
L.S H 2 0 [ v H
R. T : Large C@L)| 1.2-2.7 Cc@)
. Lo Lo
A R : Sharp E® | 0.2-7 E(R)
L. B.S H 2 0 6 8 H
R. T : Medium c(L) 1-2 C(L)
Lo Lo
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Table 15.Stress Distribution,
Left in Protrusive Occlusion,

Maximum Value,

Minimum Value and Symmetry of the Right and

_ L.B.S | Stress Maximum Minimum Symmetry
Alveolar Ridge Shape |L.S Distribution Value Value (R-L)
Resin Teeth Size D F.O. N S.'S | P(mm) S.S P
A, R : Normal
L.B.S C 1.0-3.2 5 0 9 2 S
R.T : Large 0
A R : Normal )
L S C 0.8-3.5 5 0 1 \' S
R.T : Large
A, R : Normal
. L.B.S C 0.8-3 5 0 1 \' S
R. T : Medium
A. R : Normal
L.B.S C 0.8-3 5 0 1 v S
R. T : Medium ]
A R : Sharp
S.B.S C 0.6-2.6 5 0 7 v S
R.T : Large
A.R : Sharp
L.S C 0.8-3.4 5 0 9 \' S
R.T : Large
A.R : Sharp
S.B.S E 0-7 5 0 1 A S
R. T : Medium
"A.R: Sharp
LS C 0.4-5.4 5 0 9 \'s S
R. T : Medium
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— Abstract—

THREE DIMENSIONAL PHOTOELASTIC ANALYSIS OF STRESS
OF EDENTULOUS MANDIBULE ACCORDING TO VARIOUS
RIDGE SHAPES AND ARTIFICIAL TEETH SIZES

Chang Deog Choi, Kwong Hee Yoo
Department of Dentistry, College of Medicine, Hanyang University

Electrical resistance strain gauges, brittle-coatings, Moir’e fringe analysis, photoelasticity methods,
etc, have been employed in the study of stress analysis and three-dimensional photoelasticity method
used in this experiment.

The author fabricated a total of 24 samples of maxillary and mandibular edentulous ridges with
normal and sharp shapes using epoxy resin, one of the photoelastic materials.

In addition, complete denture made from artificial resin teeth in other twoo sizes, large and medium
size, were affixed to the specimens and attached to an articulator.

The following results were attained by cutting 9 slice specimens into 6mm thick portions, in accorda-
nce with the three dimensional photoelastic stress freezing method, to analyze stress distribution
status under specific static loading in the central, lateral and protrusive occlusions of the shape of
edentulous ridge. .

1. In the case of central occlusion, when complete resin artificial teeth in large and medium sizes
were used on normal and sharp alveolar ridges, high stress distribution was broadly shown in
the labio-buccal sides, and low and concentrated in the lingual sides, in all cases.

Generally, the highest stresses were shown at the top of the alveolus, or at 2mm below the top
of the alveolus, particularly in the specimen 2, 3, and stresses were more or less the same in the
symmetrical right and left sides.

2. In the case of lateral occlusion, when the same load was applied, high stresses were shown broadly
at the working sides in both the labio-buccal and lingual sides, and low and concentrated at the
balanced sides.

The highest stresses were shown in the top of the alveolus on the working sides in specimen
2 portion, and the lowest stresses at the balanced sides in specimen 6, slightly higher stresses were
shown at retromolar parts in the balanced sides.

3. In the case of protrusive occlusion, high stresses were broadly shown at the labio-buccal sides,
and slightly higher stresses at the top 2, 4, and 6mm parts of the alveolus with concentration.

The highest stresses were shown in specimen No. 5 and the Jowes stresses in specimen 1, 9 and
stresses were more of less the same at the symmetrical right and left sides.
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N : Normal Ridge

S : Sharp Ridge

S T : Large Teeth
M T : Medium Teeth
S S : Slice Specimen

0O : Occlusion

Fig. I. Fringe Order Number

Fig, I-a. Centric occlusion (N-MT). SS-6 Fig. I -b. Centric occlusion (N-LT). SS-7

e

Fig. I-c. Centric occlusion (§-MT). SS-7 Fig, I-d, Centric occlusion (S-LT). S$S-9

Fig. I-e, Centric Occlusion (N-MT). ss-9 Fig, I-a. Protrusive occlusion (S-MT).  SS-9
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Fig, I-d. Protrusive occlusion (S-LT), SS-8 Fig, I -e, Protrusive occlusion (S-MT). SS-6

Fig, I-a. Lateral occlusion (S-LT). SS-1 ' Fig,I-b, Lateral occlusion (—L’I‘), SS-3

Fig, M-c. Lateral occlusion (S-LT). SS-9 Fig. I-d. Lateral occlusion (S-MT). SS-6
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