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[Abstract] Objective To analyze the effect of different cavosurface angles on the stress distribution of Class I cav-
ity composite resin filling of molars through the three-dimensional finite element method and to provide references for
the preparation of Class | cavities. Methods Three-dimensional finite element models of Class I composite resin fill-
ing of mandibular first molars with three different cavosurface angles (group A: 90°, group B: 120°, group C: 135°) were
established. Polymerization shrinkage of composites was simulated with a thermal expansion approach. The mechanical
behavior of the restored models in terms of stress and displacement distributions under the combined effects of polymer-
ization shrinkage and occlusal load (600 N) was analyzed. Results For Class I cavities with the same cavity size, the
total stress of the restoration model and the maximum stress of the enamel in group A were less than those in groups B
and C after cavity composite resin restoration with three cavity cavosurface angles (in which the width of the enamel bev-
el was 1 mm in groups B and C). The maximum stress of the dentin and adhesive was similar in the three groups, the
maximum stress of the composite in group C was the largest, and the maximum stress of the composite in group B was
the smallest. In terms of stress distribution, the maximum stress in each restoration model was mainly concentrated in
the enamel at the cavosurface, near the enamel-dentin interface and at the edge of the restoration material. Conclu-

sion From the point of reducing the stress of residual tooth tissue, the preparation of 90° angle without enamel bevel
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is an ideal method for cavity preparation when composite resin is used to fill Class [ cavities of molars.

[Key words] mandibular first molar; occlusal caries; Class [ cavity; cavosurface angle; three-dimensional fi-

nite element; stress distribution; composite resin; enamel bevel
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a: food modeling on the occlusal surfaces, the green part is the food lump; b: the cavosurface angle is 90°; c: the cavosur-

face angle is 120°; d: the cavosurface angle is 135°

Figure 1  Three-dimensional solid models of cavosurface angles in the three groups

B 1 32 2 A B ) = 2 SRR A

R AR RRE A N S e R Eo
Table 1  Mesh types and the number of nodes and elements in

each model

Number of Number of

Item Element type
nodes elements

Enamel 20 377 12 733 C3D10
Dentin 34 740 22 037 C3D10
Contical bone 13 957 7927 C3D10
Spongious bone 41 843 26 283 C3D10
Periodontal ligament 26 489 13 180 C3D10M
Food bolus 22 136 13 996 C3D10
Group A resin 10 447 6 407 C3D10
Group B resin 9711 6189 C3D10
Group C resin 20 392 12 968 C3D10
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Table 2 Mechanical properties of materials

Item Young’s modulus (MPa) Poisson’s ratio  Linear shrinkage (%)  Linear thermal expansion coefficient ~ Thicknesses (mm)
Enamel 80 000 0.30

Dentin 18 000 0.23

Resin composite 12 000 0.25 1 0.003 3

Adhesive bonding 4 000 0.30 1 0.003 3 0.01

Food bolus 3410 0.10

Pulp 2 0.48

Spongious bone 1370 0.30

Contical bone 13 700 0.30

Periodontal ligament 68.9 0.45

Fr M Von Mises 255500 7, H 2 BB 0 P 38 3 — o5
FEANTR 7 1) L 26 32 T35 B, vT DA S o8 540 44
BHAZEA 148 bR
2.1 BEABAERESRERL N HH =R

3 YRR e KA B R A HE A B E S 43
7 % & %14 0.050 mm, 0.052 mm, 0.062 mm, 3
21 {5 5 AL Von Mises 2530015 143 A AR, 17 2% Al
JoT At B 7 S SRR /DN SR A A I DX s )

WIS N SR HE R R . A B R AR
B K Von Mises 2584 vf S 181 47.09 MPa, % B #4H.
(67.74 MPa) .C 2 (58.58 MPa)/N([K2) .
22 BABRAEZRSEAFHE AT EE (L
FEHEIN T )RR RS KR

bikE e DR R e S B S RS AN T U £ 2
FIJZ 1 e KN T AE 3 2046 S AR AL v 35 43 A 7 3 TR
TRJEEAD | 2% 2H 5 K Von Mises 285 W T WEAB AH I , 43



b

AR &fwRE 2021FE9H H$29% FoH

Journal of Prevention and Treatment for Stomatological Diseases, Sep. 2021, Vol.29 No.9 http://www.kgjbfz.com + 599 -
Group A Group B
~80
«
=
Z60
%
740
E
£20
E
=0
A B C
Group
a-c: overall displacement of equivalent stress, with the maximum displacement occurring in the composite resin part; d-f: over-
all distribution of equivalent stress, with the stress mainly concentrated in the enamel at the cavosurface and cervical enamel;
g: maximum stress of the repair model; group A: the cavosurface angle is 90°; group B: the cavosurface angle is 120°; group C:
the cavosurface angle is 135°
Figure 2 Overall displacement and equivalent stress distribution in the repair models of the three groups
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a-c: distribution of equivalent stress of adhesives; d-f: distribution of equivalent stress of adhesives in the buccolingual direc-
tion, with the maximum stress concentrated at the angle of the axial medullary line at the bottom of the cavity; g: maximum
stress of the adhesive repair model; group A: the cavosurface angle is 90°; group B: the cavosurface angle is 120°; group C: the
cavosurface angle is 135°
Figure 3 Equivalent stress distribution of adhesives in the three groups
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a-c: distribution of equivalent stress of composite resin, with the maximum stress in each restoration model mainly concentrated

at the edge of the restoration material; d-f: distribution of equivalent stress of composite resin in the buccolingual direction; g:

maximum stress of composite resin; group A: the cavosurface angle is 90°; group B: the cavosurface angle is 120°; group C: the

cavosurface angle is 135°

Figure 4 Equivalent stress distribution of composite resin in the three groups

B4 3HESWIREN T 75

Group A Group B

s, Mises , Mises
SNEG, (fraction = -1.0) SNEG, (fraction = -1.0)
(Avg: 75%) \vg: 75%)

+1.806e-02

o)

s, Mises o
SNEG, (fraction = -1.0)
(Avg: 75%)

e g
1eint +5.6460+01
+2.5408+01 50810401
122030401 +4517e+01
+1.9052+01 +3.3526401
11588401 +3.3880+01
+1271e401 +2:824e+01
+315368+00 2255101
463638400 18800108
bk 138828100
L7erez +1:808e-02

d)

SNEG, (fraction = -1.0)
(Avg: 75%)

4
+17830-02

o

, Mises
SNEG, (fraction = -1.0)
(Avg: 75%

e

a-c: distribution of equivalent stress of enamel, with the maximum stress in each restoration model mainly concentrated in the enamel at
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the cavosurface and the cervical enamel-dentin interface; d-f: distribution of equivalent stress of enamel in the buccolingual direction; g:

maximum stress of enamel; group A: the cavosurface angle is 90°; group B: the cavosurface angle is 120°; group C: the cavosurface an-

gle is 135°

Figure 5 Equivalent stress distribution of enamel in the three groups
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a-c: distribution of equivalent stress of dentin; d-f: distribution of equivalent stress of dentin in the buccolingual direction, with the maxi-

mum stress concentrated at the cavity bottom above the pulp chamber top and the enamel-dentin interface along the lateral wall of the

cavity; g: maximum stress of dentin; group A: the cavosurface angle is 90°; group B: the cavosurface angle is 120°; group C: the cavosur-

face angle is 135°

Figure 6 Equivalent stress distribution of dentin in the three groups
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