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ABSTRACT

THE EFFECT OF THE AMOUNT OF INTERDENTAL SPACING ON THE STRESS DISTRIBUTION IN

MAXILLARY CENTRAL INCISORS RESTORED WITH PORCELAIN LAMINATE VENEER AND
COMPOSITE RESIN: A 3D-FINITE ELEMENT ANALYSIS

Junbae Hong!, Seung-Min Tak? Seung-Ho Baek*, Byeong-Hoon Cho**
'Department of Conservative Dentistry, School of Dentistry, Seoul National University, Seoul, Korea,

‘Mechanical Aerospace Engineering, Gyeongsang National University, Jinju, Korea

This study evaluated the influence of the type of restoration and the amount of interdental spacing on
the stress distribution in maxillary central incisors restored by means of porcelain laminate veneers and
direct composite resin restorations.

Three-dimensional finite element models were fabricated to represent different types of restorations. Four
clinical situations were considered. Type I, closing diastema using composite resin. Labial border of com-
posite resin was extended just enough to cover the interdental space: Type II, closing diastema using com-
posite resin without reduction of labial surface. Labial border of composite resin was extended distally to
cover the half of the total labial surface; Type III, closing diastema using composite resin with reduction of
labial surface. Labial border of the preparation and restored composite resin was extended distally two-
thirds of the total labial surface; Type IV, closing diastema using porcelain laminate veneer with a feath-
ered-edge preparation technique. Four different interdental spaces (1.0, 2.0, 3.0, 4.0 mm) were applied for
each type of restorations.

For all types of restoration, adding the width of free extension of the porcelain laminate veneer and com-
posite resin increased the stress occurred at the bonding layer. The maximum stress values observed at the
bonding layer of Type IV were higher than that of Type I, II and III. However, the increasing rate of maxi-
mum stress value of Type IV was lower than that of Type I, II and III. (J Kor Acad Cons Dent 35(1):30-39, 2010)
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Figure 1. Finite element models of each type of restorations. a. Type I, b. Type 1, c. Type III, d. Type IV.

Table 1. Three-dimensional finite element models simulating composite resin and porcelain laminate veneer
restorations, with or without tooth preparation, for restoring the interdental spaces ranging from 1 mm to 4 mm

Amount of

Composite Resin*

Up to labial 2/3 with Porcelain Laminate*

Interdental Space Minimal Up to labial 1/2
tooth reduction
1 mm Type I-1 Type I1-1 Type I1I-1 Type IV-1
2 mm Type I-2 Type 11I-2 Type HI-2 Type IV-2
3 mm Type 1-3 Type 1I-3 Type I1I-3 Type IV-3
4 mm Type I-4 Type 11-4 Type 114 Type IV-4

*The tooh model was reduced by 0.5 mm up to 2/3 of labial surface for type III model and up to distal surface for type

IV model.

Each finite element model was designed as restoring half the space of the amount of interdental space (0.5, 1.0, 1.5,

2.0 mm) because opposite tooth model was under symmetrical condition.
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Table 2. Mechanical properties of materials used

Elastic modulus Poisson s

Materials

(GPa) Ratio
Enamel 84.1% 0.30*
Dentin 18.6" 0.32%
Pulp 0.002* 0.45”
Periodontal ligament 0.05% 0.45%
Composite Resin (Z100) 20" 0.24*
Bonding layer (adhesive) 2.1% 0.30*
Resin-based Cement 8.3 035"
(Variolink 1I)
Porcelain (IPS Empress) 65" 0.19™
Cortical bone 13.7°" 0.30°"
Trabecular bone 1.37" 0.30°"

eandz Wagrl 7 gagsnde Auie
(tetrahedral solid element)Z T+t o] &8 BE
A 55 125 (homogeneous), A8 B4 A5E Ho|1
(linearly elastic), %43 <] (isotropic) &< 7IAH, A
BE 7te] A3 dH A% (complete bonding) < 3= A
o7 7tk 24 A5 5] 71AA JAL Table 29
kdyey

3. 4AxA, stEx=7 ¥ dlo|g X2|(Boundary
conditions, loading, and data processing)
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|51, lamina dura, 2%, jHEZ=2 749 =
IPAA A FLEE 683 P"i‘?}

dlolele] F32] (postprocessing) & ABAQUS 6.9
(ABAQUS Inc., Providence, RDE 53l Al&js}3lom,
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Figure 2. Load angulation. 50 N of load was applied at 125

angles (tearing force) with the tooth s longitudinal axis at

the palatal surface of the crown.

Table 3. Maximum von Mises stress within each
model with varying interdental spaces (Unit: MPa)

Amount of

Interdental Typel Typell Typelll Type IV
sapce
1 mm 2.95 2.55 2.79 4.31
2 mm 3.50 3.80 3.08 5.17
3 mm 4.15 5.08 5.14 5.93
4 mm 5.69 6.80 6.55 6.98

The maximum values were obtained at the cervical area
near the line angle between the labial surface and mesial

surface.

C

bution)< EE 5 H (type of restoration)ol t3
At EEE 93‘3} 28 3o Wk T o %kgi
HAAWE wet Fitelo] Be gror o] Hgd &
A FAA TA] FFE ol B UEwTh 42 S5
g kol 7HA e il A7 FeA #&E = Maximun
von Mises stress #= Table 391 & 2l3t%2H, Figure
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SellA #EE A
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A3 gko] F7Fetleh. Type 19 25 i]7}°]7ﬂ%k°
1.0, 2.0, 3.0, 4.0 mm= Z7}g] v} A74F A<
S 247+ 2.95, 3.50, 4.15, 5.69 MPa< E$oH, Type
11¢] 7% z+z+ 2.55, 3.80, 5.08, 6.80 MPa= UeRS]
t}. x| zte]7Ee] 1.0 mm ¥ 7%= Type 117} Type I¢]

—
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Figure 3. von Mises stress distribution patterns of each type of restoration. These figures represent stress distribution at the

tooth side of bonding layer. a. Type I with interdental space of 2.0 mm. b. Type II with interdental space of 2.0 mm. c. Type

I with interdental space of 2.0 mm. d. Type IV with interdental space of 2.0 mm.
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MPa 8

== Type |
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== Type |ll

= Type IV

o = N W B~ o O -

05mm 1.0mm 1.5mm 2.0mm

Figure 4. Line graphs of maximum von Mises stress values
at the cervical area of the tooth side of bonding layer.
Horizontal axis means interdental space. Vertical axis

means von Mises stress values (MPa).
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== Type Il - resin

8

6 Type Il - porcelain
4

2

0

0.5mm 1.0mm 1.5 mm 2.0 mm

Figure 5. Maximum von Mises stress values in Type II
restoration which was restored with porcelain laminate

veneer instead of composite resin.
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