oS HEop EX Y0 WE Class v S8 YN TRXS RR2LHE 8%

. ABSTRACT

FINITE ELEMENT STRESS ANALYSIS OF CLASS V COMPOSITE RESIN
RESTORATION SUBJECTED TO CAVITY FORMS AND PLACEMENT METHODS

Yoon-Hee Son, Byeong-Hoon Cho, Chung-Moon Um
Dept. of Conservative Dentistry, College of Dentistry, Seoul National University

Most of cervical abrasion and erosion lesions show gingival margin where the cavosurface angle is on
cementum or dentin. Composite resin restoration of cervical lesion shrink toward enamel margin due to
polymerization contraction. This shrinkage has clinical problem such as microleakage and secondary caries.
Several methods to diminish contraction stress of composite resin restoration, such as modifying cavity form
and building up restorations in several increments have been attempted. The purpose of this study was to
compare polymerization contraction stress of composite resin in Class V cavity subjected to cavity forms and
placement methods.

In this study, finite element model of 5 types of Class V cavity was developed on computer tomogram of
maxillary central incisor. The types are : 1) Box cavity 2) Box cavity with incisal bevel 3) V shape cavity
4) V shape cavity with incisal bevel 5) Saucer shape cavity. The placement methods are 1) Incisal first
oblique incremental curing 2) Bulk curing. An FEM based program for light activated polymerization is not
available. For simulation of curing dynamics, time dependent transient thermal conduction analysis was
conducted on each cavity and each placement method. For simulation of polymerization shrinkage, thermal
stress analysis was performed with each cavity and each placement method. The time—temperature depen-
dent volume shrinkage rate, elastic modulus, and Poisson s ratio were determined in thermal conduction
data.

The results were as follows :

1. With all five Class V cavifies, the highest Von Mises stress at the composite-tooth interface occurred at
gingival margin.

2. With box cavity, V shape cavity and saucer cavity, Von Mises stress at gingival margin of V shape cavity
was lower than the others. And that of box cavity was lower than that of saucer cavity.

3. Preparing bevel at incisal cavosurface margin decreased the rate of stress development in early polymer-
ization stage.

4. Preparing bevel at incisal cavosurface margin of V shape cavity increased the Von Mises stress at gingi-
val margin, but decreased at incisal margin.
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5. At incisal margin, stress development by bulk curing method was rapid at early stage. Stress develop-
ment by first increment of incremental curing method was also rapid but lower than that by bulk curing
method, however after second increment curing final stress was the same for two placement methods.

6. At gingival margin, stress development by incremental curing method was suddenly rapid at early stage
of second increment curing, but final stress was the same for two placement methods.

Key words : Polymerization shrinkage stress, Cavity forms, Placement methods
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Table 1. The numbers of node and element subjected to cavtty form.

= ~| - Box - - Box with belvel - ~Vishape -~ - -V shapé with bevel ~ - Sauce
Node 1511 1437 1722 1334 1517
Element 6961 6575 8151 5993 6876

Table 2. Material properties.

- Material . | - Elastic modulus (MPa) - ~ Poisson’sratio - . -Thermal expansion coefficient(/) -
Resin 10%~13,500 0.45~0.38 -0.0004
Enamel 84,000 0.33 0
Dentin 18,000 0.31 0

Elastic modulus, Poisson’ s ratio : Katona et al.*
Thermal expansion coefficient : arbitrary
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Fig. 1. Thermal conduction in box shape cavity.

Fig. 2. Temperature dependent polymerization shr-
inkage in box shape cavity.

Table 3. Cavity volume, Volume ratio, and Bevel effect.

B ox with bevel -0 Veghy shiar ¢
Volume(mm?) 7.952E4 8.8821E4 5.3048E4 5.6210E4 6.261E4
Ratio 1.45 1.67 1 1.06 1,18
Bevel effect 12% increase 6% increase
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Fig. 3. Temperature dependent elastic modulus in box
shape cavity.
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Fig. 6. Von Mises Stress in V shape cavity.
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Fig. 7. Von Mises Stress in Saucer cavity.

Fig. 8. Von Mises Stress in Box cavity with bevel.
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Fig. 10-1. Von Mises stress at the middle nodes of gingival margin and incisal margin of box cavity, V

shape cavity, and saucer cavity.
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Fig. 10-2. Von Mises stress at middle nodes of axial wall

of box cavity, V shape cavity, and saucer cav-
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Fig. 13-1. Von Mises stress at the middle nodes of
gingival margin of box cavity.

Fig. 13-2. Von Mises stress at the middle nodes of
incisal margin of box cavity.
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Fig. 14-2. Von Mises stress at the middle nodes of
incisal margin of V shape cavity.
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Fig. 14-4. Von Mises stress at the corner nodes of in-
cisogingival line angle of V shape cavity.
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