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Table 1. Laminate porcelain and resin products used in this study.

baterial Costy Hrumd Shacas Batch Mo, Maruylschansr
T G-Lera Ti TO20ZE
Laminate E porcelain sysbem E2 E 150301 GLC Inig,,
parcilain (5] a2 D0 Japan
kA WDBE2 MAZO0Z0E
Light curnd G-Cera banding G Inn.,
; GG Universal GIiT
resin el Japan
LAivarsal 31000 (L) Kur L
cP Clapaar| % e
Dhasl cured 21001 (Db Japan
[ 11y
& 128189 (L) BISCO Cou
B5 Cheica
- OSHR300 (D] us.A,
1

L} :  Light cuned componant in dual cured resin
i Dhisl eursd comipaesnt in dusl cusned P
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! ) i - Fig. 2. Porocelain thickness and bond strength. This
. is a graph to compare the changes of bond
strength of light cured resin and dual cured resin

Bl 02 08 0403 08 OF 0EG% 1010 1213 181
Thick rem ool fael cilain, mm

Fig. 1. The inverse relationship between the
poroelain thickness and the bond strength of
light cured resin. As the rising of the porcelain
thickness, the bond strength measured between
resin and porcelain is decreased gradually.

by the thickness porcelain. Light cured resin GC
and dual cured resin CP show the decreased bond
strength by the increased porcelain thickness, It
may be caused by the reduced transmission of the
light through the porcelain disc. However another
dual cured resin BS to not show the decreased
bond strength even though the thickness is
increased.

Table 2. Effects of porcelain thickness to bond strength.

Porcalain Thickness : mm

0.3 LEE .7 1.0
G L3165k 12l 5.7] TV 4.4) B 84 33,3)
CP 2333126 8| 1545, 5 10L5) 200.3(33.8) LI L )
BS 2128 BEI 26300 8.0 248 721 5p 2052730

Unit - Kglom?®

Parenthesss indicate the standard deviation,

— 05 —



o] Table 2% Fig. 20|t} GCY A$ =A FA7}
0.3mm, 0.5mm, 0,7mm I 1,0mm= F7}&Hof
ukel 242} 127.9 kg/art, 118.2 kgfar?, 112.2 kg/en 7L
231 86.8 kg/ent =02 A7} 7H4ste] Fig, 1
W 22 5k Helon, olFFdd #XE CP:e
27} 933.3 kg/ert, 196.5 kg/ert, 200.3 kg/ent 18] 1
173.4 kg/arO. 2 AT 7#H4E Byt 18y
BSt =AFAY F7tel wet 247t 212.8 kg/ar,
253.0 kg/ar, 248.7 kg/er 1231 205.0 kg/ar® 1t
EiT

(3) EXH9-| -:';-.ﬁ. I- 7=°|‘7|-Eo.“ ulxIE ‘%Dr
Table 37} Fig, 3& £4] £77} 0.5mm 2-& 7
A

o FuA WA, Aobd, Ten BEY Yol

1

Fig. 3. Bond strengths of GC and CP composite resin
cements to various porcelain discs were decreased
as the order of translucent porcelain(T), enamel
poroelain(E), dentin poroelain(D) and then
masking dentine porcelain(M) with the lowest
bond strength. If these cements(GC, CP) are used
under masking porcelain layer, it is hard to get
the optimal bond strength because of low degree
of polymerization. However another dual cure
type composite resin BS did not show the same
effect, and bond strength was increased to
masking porcelain,

A E5ol ke B Hagk Aol v FEE
ol GO EHA wAjollA] 125.8 kg/ar e &4
oA 126.8 kg/art AoFE EA oA 92,9 kg/arS B
o R =R Aok =AlAE 70.7 kg/cmﬁ il
A5t ZolE Halth olFF5dFe CPY A5 %Al
247}y 1567.3 kg/ar, 160.1 kg/ar, 149.0 kg/enE 2

ol w7 Aol EAjolAE 120.6 kg/mi 5=
O APARES Hof GeEdkn 2 23S Holut

HAAAQ ¥sh= fAREATH 18y ole583 %

BSE E=A19 F5oll A Y WA gkop EyHE

o)A 126.8 kg/er HEFAE A 232.9 kg/ar A

oA L Ao A 157.8 kg/er L]l BEH Aol w7
of|A] 211.8 kg/emS H ALY,

r

Bosd Sirengrb, 8 100 Kp'om®
H

il
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Table 3. Effects of the kind of porcelam powder to the bond strength

e __l_..._ S T T |
| Einds of Porgalain Disc |
R N P R P D R TR R e i -1
: T E ] "
L ’ S TS I — - E——
GC 125.8011.4) 126.8] 7.2} 82.8(23 9] 0. 7020000 |
CF 158,31 &.2) 180, 1(10,5] 148,00 &7 120,60 5.5]
B VG.8414 .50 132 832 4) 167, 3(33.8) 211,80 4.2]
: ]
Linit : Kai'om

Paranthedss indicats 1he $1an8end Gevislion.
T: Trargluscont porcslain dise,
O Daéntin porcedsin disc,

E: Enamal parcalaen o
bA: Masking porcelein dise.



BS *H—*J%l rHoHHL 151.8 kg/c _m Ql
E%ith 01%‘—%@%1]6 Cp GC”—‘%’%‘%“’H fHoH

230.1 kg/ar& 183 BS AHLAloo) t3] 238.8
kg/arg RO QA AREAMof| el A= 170.9

Table 4. Effects of etching agent to the bond

Efching MAgant
GC BE P,
GC | 1231610 151 B(27.5] 130 5446 4)
= ZH00TES F3B BB, 1709411 .4)
BS i 211.1{65,36 260 6(54.9) 16504 4.6)

LA l::-;|.|'-|:'l'|I

Parerthes (ndicate ihe standand Gaation,

Etching agent GC and BS are hydrofluaric s,
Etehing agent PA is a misture of phosphoric ackd and

nitric acid.

—
—
}—l-

™

Bons Sirength, u 100 Ko

o0 R PA GBS PA G NS PA
LFl Lol ®E
Cosdnn o romm i § s o1 anghnc

Fig. 4. Effects of the etching agents on the bond
strength. Generally hydrofluoric acid
etchants(GC, BS) showed the higher bond
strength than the results by the phosphoric acid
etchant(PA for porcelain repair). Phosphoric acid
etchant showed the lower bond strength to dual
cured resins(CP, BS).

kg/arO. &2 A3 W

& AYHEE Holon, e o
T BSY 73‘%
=]

g

% GC AHEAY e tjs)iA

211.1 kg/ew 18] 3 BS AHELA Hof| T3] A] 259.6 kg/

arg Q1 BHH QlAl A4 Kol tfgfjAf= 165.0 kg/
1O 2 CP 2t v]5:3t 2] & Kol QlAl ARLA ol

01 oleFE Yl diall APt HES B

=2

(5) BZAAIZiO] 2

Table 59} Fig, 5= FERARA|Zl| 23t a3kE
A5 AozA FRAKITIO| 402 802 121 120

Table 5. Effects of time for the illumination to
strength. the bond strength.

Ilurinaticn Tifms, fed,

= —_—

40 [ H] 120
GC T8.8{ B.6) ezl 87 11881241
i 103.0020.2) 186 50 10.5) 203.822.7]
B5 13 1,50 TE3.00 B0 >33 13,7

Unit - Kglom”
Parentheses indicate the standard deviation,

1
" =5
3 1
B e
i 1)
-} 1

43 B0 130 &0 B 12 & B |30
[ CF [} ]

Cadii of iean and dlwmons ion b, we

Fig. 5. Effects of time for illumination on the bond
strength of resin cements. Differences were not
exist between the illumination time of 80 seconds
and 120 seconds, so clinically 80 seconds
illuminations are sufficient for bonding resin and
for patient conveniences. But the shortened
illumination time showed a lowered bond
strength,



Z 37V wet GC #7122} 76.6 kg/ert, 118.2
kg/ar, 119.9 kg/ar® Z7V5}9lal, CP= 72} 113.0
kg/art, 196.5 kg/ar, 213.8 kg/ar® Z7}51410
BSE 7217} 193.0 kg/arr, 253.0 kg/ar 18] 31 239.2
kg/arz WL}, o] 7o lo] 8024} 120
Z7boll= 2 Aozt glgit.

(6) AlIZt Zuotol = A
At 7ol whet g xle) Adtes
o] Table 63} Fig, 69| LYER} Qlek, 4083} 2417F 71
27 1905 24 AT Goe) 7

Table 6. Time dependent bond strength increase
pattern,

hpasurement Time, Haur

0.6 2 24
Ge G2 80238 118,2( 6.7} 123,0018,1
cF 148 6.7 196.5010050  Z30.4(78.8)
B 167 3338 25300 600 2N BE3)

Unit : Kglern®
Parenthases indicate the standard deviation,
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Fig. 6. Comparison of increasing pattern of bond
strength for each composite resin cement by
time. Composite resin cements GC and CP display
the increasing pattern of bond strength by the
delayed time of measurement. In this experiment
the duration to get a maximum bond strength
were not measured, but for the term of this
experiment GC and CP resin cements show the
continuous increasing pattern of bond strength.

arr, 118.2 kg/ar, 123.0 kg/ar 0.8 w]oFs}A| 2715191
o o]FFEHE CPY A9 72+ 149.0 kg/ar,
196.5 kg/ar, 230.1 kg/ar o2 @A Z7lstga
BS9| A== 717} 157.3 kg/ar, 253 kg/ar, 239 kg/
ar® 2710 F71EE Foll= ol Ae® UE

Table 7. Comparison of autopolymerization for dual
cured resin,

p—

Palyrmerization bathod r
LC F1s
cP 220 (1691 173312332
as 211.1{55,3) 208 8012 5)

Unit ; Kgfem®
Parentheses indicate the standard deviation,
Polymerization LC is a condition of light curing.
Pobymar(zation AC B8 condition of autapalyrmaerizs.
Tigen without light,

b—

s Srrength, 0 100 Kgiem”

GE GO CF P- Bi px
LoaL s cr B
Combstn il orgm prall condillon of poly mcrics ioe

Fig. 7. Degree of chemical cure occurred in the dual
cure type resin named as CP and BS. In a graph,
it is shown that a high bond strength can be
obtained without light. LC means a
polymerization condition of light cured and AC
means a condition of autopolymerization without
light.
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Fig 8. Effects of addition of chemical cure
component on the bond strength, The dual cured
composite resin consist of the light cured resin
and the chemical cured resin that is
mechaniOcally strengthened. So by theremoval of
the chemical cured component from dual cured
resin, the bond strength and mechanical
properties will be changed and the comparison
between the resin systems will be possible. In this
experiment, without chemical cured component
the bond strength of light cured resin and dual
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chemical cured resin, CP;CP dual cured resin,
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cured component, BS;BS dual cured resin, BS—;BS
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Photo 1.

Photo 2.

Photo 3.
Photo 4.

Photo 5.
Photo 6.
Photo 7.

Photo 8,

Photo 9.

Photo 10.
Photo 11.

EXPLANATION FOR PHOTOGRAPHS

Cut surface of dentin porcelain by diamond saw(x 1000), The porcelain chips fills the
porosity on the surface of porcelain.

Polished surface of dentin porcelain by #600 emergy paper(x 500). Smooth surface was
formed and the porosities were exposed.

Sandblasted surface of dentin porcelain(x 1000). A roughened surface was formed.
Etched porcelain surface for 60 seconds(x 3000). Groove like surface irregularity can be
observed.

Lateral view of etched porcelain surface for 60 seconds(x 10000).

Over etched porcelain surface for 120 seconds(x 3100). Surface irregularity was decreased.
Cross—sectional view of non-silane treated surface(x 6000). Gap between porcelain(right
side) and resin cement(left side) is formed.

Cross—sectional view of silane treated surface(x 6000). It is impossible to confirm the gap
between porcelain(right side) and resin cement(left side).

Resin tag formed on the debonded resin surface(x 4000).

Cracks formed on the debonded surface of porcelain(x 2000).

Mechanical resin holdings in the etched surface of porcelain(x 10000)
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= Abstract =

A STUDY ON THE VOND STRENGTH OF PORCELAIN LAMINATE
AND COMPOSITE RESIN CEMENTS

Sung-11 Kim, Ho-Nam Lim, Nam-Soo Park

Department of Prosthodontics, College of Dentistry, Kyung Hee University

The purpose of this study were to comfirm the effects of the thickness and kinds of porcelain,
etchants, illumination time, elapsed time for the measurement, and chemical cure component to
the bond strength of porcelain laminate and composite resin cement, and to compare the effects
between the light cured resin and the dual cured resins. The etched porcelain surface, the
sectioned surface crossing porcelain and resin after bonding, and the debonded surfaces were
observed by the SEM.

One product of laminate porcelain powder, one light cured resin and two dua cured resins
were selected. Each resin cements are lightened through the thin porcelain disc which was cut
from cylindrical porcelain specimen by the diamond saw, and by the light through the porcelain
disc they were bonded. Changes of thickness and kinds of porcelain, etchants, illumination time,
and the elapsed time for the measurement were considered as variables for the bond strength. And
the bond strength of porcelain and dual cured resins under the conditions of autopolymerization or
theremova of chemical cure component were measured and compared.

Bond strength were measured by shear stress. The etched surface, the cross-sectioned surface,
and the debonded surface of porcelain or resin were observed by SEM.

On the summary of this study, the following conclusions can be stated;

1. Bond strength of light cured resin was decreased inversely by the thickened porcelain laminate
and showed the lowest value to the masking dentin porcelain among 4 kinds of porcelain
powder.

2. Bond strength of autopolymerization of dual cured resin without illumination in dark chamber
were from 75% to 98% to the data of dual cured resin with illumination.

3. Bond strength of dual cured resin used without chemical cured components were same to them
of light cured resin.

4. Cross-sectioned surface treated by silane did not show the gap between the porcelain and resin.

5. Hlumination over 80 seconds did not make the significant increase of bond strength on all
kinds of resin.



