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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,
7y,
‘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 I, 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-
mumn 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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ol g3t 2% b, 54 tAY 44E 3D image
software (V-works 4.0, Cybermed Inc., Korea) & ©]&
3t xR ATABNHTY, A2 o Py 83
< Ad3L7] 93 HyperView Player v9.0 (Hyperwork,
Altair, Korea)& o] 83t F7F4Q J| & Folslo] B3l
#7 $-& =A Zrdlo]ER EH 259 solid model &
G (Figure 1). B8 TE5E9 AARE A= ¥
oI 7 7 (cementoenamel junction) A% 1 mm7HA
ARaen, Xote) £A A7 a2 39E 0.5 mm
2 {LE AR 7} o] AR A B}, 7] A ES} bond-
ing layer®] A= 247t 100 pm,* 20 pmE Fod5l9ch
FEFH e o2 2ol A M 7K MFEE

o, feds Rdo giggez 8 HE
AAste AR 7Py 8 eH(Table 1).

Type I. JHHEE Hago g E3te 43 £HE 4
DAL HAF & S AT FAGe 3
TNHEL A 357 (lingual ridge) AA74A AAst3ch

Type II. £H] AWR] $E3h= 44 £HL 2710

Figure 1. Finite element models of each type of restorations. a. Type I, b. Type II, ¢. Type III, d. Type IV.

ZHE A4Zo 2 2/3714 0.5 mm AHAg
N 8 T3 £HY 2/370A FASE . FAEE
AE57) AA7A] Qs

Type IV. =4 Sdlo|ER 83l 7% feathered-
edge preparation technique®2 0.5 mm 7}%¥ £HE
AHAEt] A A @4 F, =4 gRdlo]ER A|7holAf &
A& Esl] AAE £HE I AT

2. 24X €M 9l Al2E xj2e] 24 (Mesh generation
and material properties)

3 E solid model& HyperView Player v9.02
Z38) 28X (mesh generation) H-& AX FF 73

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

Composite Resin*

Amount of - - Lo o
Interdental Space Minimal Up to labial 1/2 Up to labial 2/3 with Porcelam haminate
tooth reduction
1 mm Type I-1 Type 1I-1 Type 111-1 Type IV-1
2 mm Type -2 Type 11-2 Type II1-2 Type IV-2
3 mm Type -3 Type II-3 Type I1II-3 Type IV-3
4 mm Type -4 Type 1I-4 Type 1114 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) 204 0.24%
Bonding layer (adhesive) 2.1% 0.30™
Resin-based Cement 8.3% 0.35%
(Variolink II)
Porcelain (IPS Empress) 65" 0.19%
Cortical bone 13.7% 0.30%
Trabecular bone 1.37% 0.30°Y

S2udz Gt 2t fFPeaRd2 AW eh
(tetrahedral solid element)2 FAHUT}. o] 4H BE
AzE FAs (homogeneous) Y B ASS Holn
(hnearly elastic), %42} (isotropic) A2-L 7141, A)

5 7t Age g dEH(complete bonding) & sh= A
o stk 7k A5 g 7144 JHe Table 2%
FL=

OO

3. ZAxEA, st5z=H % dlolef Xz2l(Boundary
conditions, loading, and data processing)

Overbite®} Overjete] Fa b 2 Ax)3te] Qa4 w3t
2E vk 50 N9 82 Figure 29 zo] 24319
B (tearing force)S AAT7] 8 Aetx|ote] &
of 1259 #Fete PO IS /e ® A2
FAd, lamina dura, 2, HATZ FAE o
AANA e E 2o 5] 3k5i )
dlole19] X2 (postprocessing) & ABAQUS 6.9
(ABAQUS Inc., Providence, RDE Ed Algstgion,
A= ARG SHEE oz FAsg &
Z3CZ von Mises stressE o] &3l LB T E B3]
fom, AZ= numerical value 34 color coding® 2

UERRAS.

mﬁmg

.2 =

171}017114 271 4 5 Fellof w2 HEAA A &
+ Figure 3o YR vi9} 2t von Mises stress
°ﬂ 2 AA A SHEE Fd(pattern of stress distri-

rc|
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iure 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 TypelV
sapce
1 mm 2.95 2.55 2.79 4.31
2 mm 3.50 3.80 3.08 517
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.

bution)& ZE FE3H (type of restoration)ol] thall
A B E B9t A8 3o weky U} Higko
HAARE we} Fateo] @ goz %@,01 Add &
A7 KoM A FE A et 7z +EE Y
g A7kl 1Ml il X7 ol #HEAEE Maximun
von Mises stress #& Table 3¢ FeldlieH, Figure
4o =2 JEQITH BE FEIHAA HdEad
& AAF HAg ut AW o] ofdE e M £
HellA =T

Y FEIH Wl ARt 2HHo] HoAdSFE
)& kol F7tstglh, Type 19 4§ ‘\7}01711%0
0, 2.0, 3.0, 4.0 mm& F71g| whet AAE s
247} 2,95, 3.50, 4.15, 5.69 MPas BHHoH, Type
1ol 7% 22+ 2.55, 3.80, 5.08, 6.80 MPa& YERAK
2| 7ko) 7 Eke] 1.0 mm ¥ A% Type II7F Type I¢l
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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

III with interdental space of 2.0 mm. d. Type IV with interdental space of 2.0 mm.
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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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/0 wapem Type Il - resin

i Type |l - porcelain

0.5 mmv 1.0mm 15 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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