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Intensity of Singular Stress Field due to Wedge-Shaped Defect in
Human Tooth after Restored with Composite Resins
(Influence of the Stiffness of the Composite Resin)
Nao-Aki NODA*", Ker-Kong CHEN, Kiyoshi TAJIMA,
Yasushi TAKASE, Kyosuke YAMAGUCHI and Hiroyuki NAGANO
* Department of Mechanical Engineering, Kyushu Institute of Technology,
1-1 Sensui-cho, Tobata-ku, Kitakyushu-shi, Fukuoka, 804-8550 Japan
Wedge-shaped defects are frequently observed on the cervical region of the human tooth.
Previously, most studies explained that such defects are caused by improper toothbrushing. How-
ever, recent clinical observation suggested that the repeated stress originated from occlusal force
may induce the formation of wedge-shaped defects. In this study, therefore, two-dignensional human
tooth model after the wedge-shaped defect is restored with composite resin is analyzed by using the
finite element method. To obtain the intensity of the singular stress accurately, a method of analysis
is discussed for calculating generalized stress intensity factors, which control the singular stress
around the tip of the defect. Finally, the relationships between the stress intensity and occlusion are
discussed. It is found that large occlusal forces perpendicular to the tooth axis are harmful to the
resin that is bonded to dentin.
Key Words: Elasticity, Biomechanics, Fracture Mechanics, Finite Element Method, Wedge-
Shaped Defect, Human Tooth
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Fig.1 Restoration of wedge—shaped
defect of human tooth
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Fig.2 Singular stress field for the edge A
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: Table 1 F, at the coner 4 for bonded finite strips
R AIEREOR Fag=0g xr'™*, 11b=0.5,E;/E), =0.1,

vy =vy =0.3, plane stress, r=>bx{(i/2430)
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Table 3 F, for two diamond-shaped inclusions
at the B and B’ in Fig. 5 with ;550
[ E;/Ey =107, v; =v3,=03 Plane strain]

@ o,=0,0,=1in Fig5 (®) o,=0,=1 in Fig5

Fip,ren Fraran
11 d\F 4. r0u|F1a 504 7 Fiarma| Fraome T
1.4,B5M 14,20

B,B' |-»0[1.054 | 1.054 | 1.000 | 0.950 | 0.950 | 1.000
B y 1.069 | 1.068 | 1.001 | 0.970{ 0.970 | 1.000
B 3 11.065 | 1.065 | 1.000 | 0.964 | 0.964 | 1.000

B y 1.095 | 1.090 | 1.005 | 1.002 | 1.001 | 1.001
B 211078 |1.076 | 1.002 | 0.979 | 0.980 | 0.998

B y 1.155 1 1.148 | 1.011 | 1.069 | 1.066 | 1,001
B 3 1.097 [ 1.095} 1.002 | 1.002 | 1.003 | 0.999

Table 4 F;, for two diamond-shaped inclusions at the
B and B’ in Fig.5 with 1/6—0

[E, /E,, =10° vy =v44=03 | Plane strain]

(@) 0,=0,0,=1inFig5 () 0,=0,=1 in Fig5

Framau
Fiaome
B,B' [>0]0.174 { 0.174| 1.000 { 0.310| 0.310 | 1.000
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1/ d|Fy roa|Fi 3 0me Foname Foaroe| B ome

B y 0.1721 0.175} 0.982 | 0.312 | 0.312 | 1.000
B 3[0.173| 0.172] 1.003 | 0311 | 0.312 | 0.997

B y 0.170 | 0.185| 0.919 | 0.312 | 0.323 | 0.966
B' 2[0.172] 0.176| 0.975| 0.311 | 0.313 | 0.994

B 2/ 0.224| 0.206 | 1.087 | 0.313 | 0.348 | 0.899
B 3/0.171| 0.181| 0.946 | 0312 | 0.319 | 0.978
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Fig. 6 Two-dimensional model of human tooth

Table 5 Mechanical properties for human teeth

Elastic Poisson's Tensile Compression
Material | Modulus ] strength strength
(MPa )| ratio (MPa) (MPa)
Pul, 1 0.49 - -
Dok | 1200 | 030 | 36~51 |213~380
Enamel | 4700 0.30 104 ~456 | 176 ~608

Table 6 Singular index for different E/E,

[ E, : Young modulus of composite resin,
_Eu :Young modulus of dentin
300 500 [ 1000 | 2000 | 2500

1200 | 1200 | 1200 | 1200 | 1200

0.82390.9005(0.9834(0.9114(0.8767
0.7776|0.9087/0.9816(1.0000 {1.0000
0.9144{0.95940.9980/0.984910.9703

Er/1Ep
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Table 7 Conclusions for the edge A
(1) The safest load for the edge A

EI/EM load

300/1200} Py
500/1200| Py -
1000/1200| Py, 7
2000/1200) P,
2500/1200| P,

7

(2) The most dangerous load for the edge A

N\

P

EI /EM load )

300/1200 .

500/1200 7/_

1000/1200 P3

2000/1200

2500/1200 / /

Table 8 Conclusions for the corner B
(1) The safest load for the corner B

p. Fu

EI /EM
300/1200 Po
500/1200| P,
1000/1200| P4
2000/1200] Py
2500/1200| Py,

E, / E\ | load
300/1200
500/1200
1000/1200 P,
2000/1200
2500/1200
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