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Fig. 1. Schematic section view for finite element model.
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&(Fix)E 32 Aestgen], 2Az2 FHolA oo 37 T F 15749 #EEE B3 12Y &
S39] Wgyt BT o3& FASH. Ao < vlws Bgich
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ow, Adotd Wk A9 SlFd o nAH
Jonz Agold Pk ARG S HYT AY Table II. Material properties of finite element analy-
doix Az Tttt st EXxsEo R Jea sis model
7 @& 500N9 2oz Ayt 32 nd Material  Modulus of elasticity Poisson’ s
Holl A BxsteS Fo3iflal, 1 359 Tl (E, Mpa) Ratio(v)
] . 0 B 7.0%10° 0.28
500N°| HE2 siglen) BxaEol Folxe 9 mpress R o
A ngAe < met @%é]—?&ﬂ-(li‘ig, 2). Resiﬁ cement, 6.0x10° 0:36
Pulp 68.9 0.45
Table 1. Elements and nodes of finite element
model
Cusp angle FElement Node
80° 96825 19441
90 95126 19117
100° 91260 18498
110° 98329 19806 /\
120° 100933 20252

Fig. 2. Load condition.
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1. von Mises stress
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Table III, Maximum and minimum value of each stress according to the cusp angle {(MPa)
Cusp gt Max. principal X normal Y normal von Mises
ress
angle Stress Stress Stress Stress
80 Max 345.19 315.38 103.30 719.62
Min -287.15 -736.48 -376.12 0.02
90° Max 266.22 244 .41 72.72 637.32
Min -165.88 -494.78 -298.86 0.02
100° Max 272.39 265.03 73.83 606.49
Min -181.52 -477.16 -297.27 606.49
10° Max 203.17 199.00 53.02 567.66
Min -150.70 -399.13 -267.87 0.02
190° Max 158.32 155.93 37.92 487.32
Min -121.36 -325.08 -234.04 0.02
Table IV. von Mises stress of reference point (MPa)
Reference 80° 90’ 100° 110° 120°
point
1 46.07 43.48 38.70 34.86 32.63
2 51.28 48.217 41.82 36.15 33.01
3 46.58 42.72 35.77 28.92 25.72
4 65.61 63.79 58.40 52.36 43.01
5 70.95 67.29 59.55 52.41 42.47
6 63.26 58.90 49.49 43.35 34.04
7 14.15 16.07 17.39 22.24 24.26
8 9.39 11.72 14.29 17.36 20.18
9 12.88 13.81 12.73 12.23 13.07
10 17.32 16.14 20.38 21.82 21.92
11 13.09 12.41 17.90 17.10 18.58
12 14.93 14.53 13.76 10.53 11.19
13 180.73 142.72 110.38 93.85 62.12
14 208.77 196.12 166.52 152.97 109.99
15 169.53 153.64 122.68 94.36 65.03
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Fig. 4. von Mises stress of reference point(MPa).

3. X, Y normal stress

X normal stressS AW B Fotol B §-o]
A2¥S 2 4 Jdu(Fig. 13 - 14), Y normal
stressE T F2 A& S R &

o] =A Velt}(Fig. 15 - 16). X normal stress=
Zo} B #aba] (13~15)9 gho] A9l 84 #
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Fig. 5. Max. principal stress of reference point.

Table V. Max. principal stress of reference point (MPa)
Reference 80° 90" 100° 110° 120°
point
1 5.98 5.70 5.53 5.07 4.64
2 10.85 10.67 10.33 10.20 9.75
3 13.96 13.55 13.12 11.69 11.17
4 6.40 6.33 6.01 5.39 4.63
5 13.32 13.35 12.70 12.45 10.70
6 16.45 16.88 15.33 13.75 11.56
7 0.11 0.20 0.34 0.39 1.32
8 0.52 0.78 4.19 6.97 8.68
9 13.54 12.92 12.06 10.97 10.45
10 0.20 0.12 0.32 0.31 1.10
11 1.00 0.73 5.63 6.23 8.46
12 14.87 14.03 12.71 9.50 9.19
13 223.54 179.18 134.50 114.37 75.90
14 291.48 263.14 223.18 203.17 147.39
15 209.12 197.22 154 .97 115.65 78.92
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of 7HA vebster,

F2H (9, 124 =A JEr
WJCHTable VI, VI, Fig. 6, 7). Y normal stresst &

AS 2ol =7 velgd.

Table VI. X normal stress of reference point (MPa)
Reference 80° 90° 1000 110° 120°
point
1 0.71 0.48 0.52 0.54 0.55
2 -0.65 -0.23 -0.63 -0.58 -0.65
3 -0.46 -0.72 -0.80 -0.99 -0.93
4 0.81 0.98 1.13 1.13 0.73
5 -0.28 -0.38 -0.58 -0.54 -0.34
6 -0.35 -0.86 -1.53 -1.43 -1.08
7 -11.55 -9.30 -4.97 -1.22 1.25
8 -4.65 -1.68 2.86 6.58 8.60
9 10.87 9.43 10.16 10.36 10.10
10 -11.18 -9.23 -4.72 -1.43 0.99
11 -1.48 ~1.51 4.43 5.89 8.38
12 13.62 10.81 10.98 9.06 8.99
13 198.96 166.42 123.39 109.33 72.56
14 261.28 240.06 213.20 199.01 145.02
15 186.54 184.32 145.66 109.99 75.26
Table VII. Y normal stress of reference point (MPa)
Reference 80° 90" 100° 110° 120°
point
1 5.95 5.67 5.50 5.03 4.59
2 10.83 10.65 10.31 10.19 9.72
3 13.89 13.51 13.09 11.67 11.14
4 6.31 6.23 591 5.32 4.56
5 13.26 13.31 12.68 12.44 10.69
6 16.39 16.84 15.30 13.73 11.56
7 0.01 0.10 0.22 0.26 0.30
8 0.25 -0.15 -0.02 -0.50 -0.06
9 0.49 0.55 0.40 0.31 -0.06
10 0.07 0.02 0.18 0.17 0.21
11 -0.01 -0.08 -0.14 0.16 -0.13
12 1.18 0.45 0.39 0.21 -0.02
13 42.07 34.43 25.67 20.78 14.31
14 86.92 72.72 60.03 53.02 37.92
15 40.59 40.57 30.70 21.93 15.09
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X Normal Stress
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Fig. 6. X normal stress of reference point.
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ABSTRACT

A STUDY ON THE STRESS DISTRIBUTION OF THE ALL
CERAMIC CROWNS ACCORDING TO THE CUSP ANGLE OF
THE MAXILLARY FIRST PREMOLAR USING THREE
DIMENSIONAL FINITE ELEMENT METHOD

Won-Kyu Kim, D.D.S, Dong-Kuk Shin, D.D.S., M.S.D., Kie-Bum Song, D.D.S., M.S.D,,
Jin-Keun Dong, D.D.S., M.S.D., Ph.D.

Departmement of Prosthodontics, School of Dentistry, Wonkwang University

Statement of problem : Clinically, maxillary first premolar has a high risk of fracture. This
is thought to be caused by the susceptible figure which the maxillary first premolar has. In oth-
er words, sharp cusp angles of the premolar is thought to influence this situation.

Purpose : This study was to know stress distribution of all-ceramic crown according to the cusp
angle.

Material and Method : It was manufactured a three dimensional finite element model sim-
plified maxillary first premolar, and then analyzed stress distribution when cusp angle was each
80°, 90°, 100°, 110° and 120°.

Results and conclusion :

1. The von Misses stress showed that stress decreases as cusp angle increases in the central groove

of the occlusal surface.

2. It showed that maximum principal stress was centered at the region of the central groove of
the occlusal surface and a region which the force was inflicted. And also it appeared high on
the lingual and buccal side of finish line.

3. The X axis of normal stress was focused in the central groove of the occlusal surface. The Y
axis normal stress appeared high in the central groove of the occlusal surface, buccal and lin-
gual side.

4. The Stress near the finish line showed a low value compared with stress in the region of the
central groove of the occlusal surface.

5. It shows that the most dangerous angle for tooth fracture was on 80° of the cusp angle and
low on 120° of its.

Key words : All-ceramic crown, Cusp angle, Finite element method

72



