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Table I. Material used in this study

Brand Manufacturer
Ceramic IPS Empress 2 Ingot 200 (Layering Technique) Ivo?lar—\hvad‘ent
{Liechtenstein)
Resin Cement - Monobond-S Ivoclar-Vivadent
Variolink 1T . . .
Heliobond (Liechtenstein)
Panavia F CLEARFIL PORCELAIN ACTIVATOR KURARAY MEDICAL
CLEARFIL SE BOND PRIMER (Japan)
Panavia 21 CLEARFIL PORCELAIN ACTIVATOR KURARAY MEDICAL
CLEARFIL SE BOND PRIMER (Japan)
Super-Bond C&B Porcelain Liner M SUN MEDICAL
(Japan)
- Hy droﬂuorlc 10.0 wt% buffered hydroﬂuoric acid Tokyo Chemical
acid L ) (Japan)

Liechtenstein)9} Panavia F' (KURARAY MEDICAL
INC., Okayama, Japan), A7} £33 ¢l Panavia
21 (KURARAY MEDICAL INC., Okayama,
Japan)® Super-Bond C&B (SUN MEDICAL
CO., Shiga, Japan)& AF&3lith B4k 10%
@2 24 (TOKYO CHEMICAL Co., Tokyo.
Japan)& AH&3FA T (Table ).
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Fig. 1. Resin pattern and completed ceramic specimen.

Table II. Cementation procedure of resin cements and etching periods

Htching period 10 30 60 180 300 420 600 900

Cement

Monobond-S (60s) — Heliobond — Variolink [ Base

Variolink II
+ Catalyst (A3 low viscosity) (2min)

CLEARFIL SE BOND PRIMER + PORCELAIN BOND ACTIVATOR (60s)

Panavia F . .
— Panavia F A+B paste (2min)

CLEARFIL SE BOND PRIMER + PORCELAIN BOND ACTIVATOR (60s)

Panavia 21 .
— Panavia2l TC paste

Porcelain Liner M (A +B liquid, 60s)&

Super-Bond C&B
— Catalyst + Polymer (Ivory) + Monomer

Fig. 2. Cementation of resin cement using acrylic glass tube.
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P: failure load, d: diameter of resin cement cylinder
Fig. 3. Schematic diagram of shear bond testing.

Fig. 4. Aligned test specimen on universal testing machine.
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Fig. 5. Shear bond strengths of four resin cem-
ents.

Table III. Statistical analysis of shear bond
strengths of four resin cements

Cement Mean square F Sig.
Variolink II 1095.5 84.3 0.000**
Panavia F 239.1 20.2 0.000**
Panavia 21 72.4 16.3 0.000**

Super-Bond C&B 11.5 2.9 0.094
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Table IV. Maximum shear bond strength and etch-
ing times of four resin cements

Cement Mean (MPa) SD Etching Time
(Sec)
Variolink II 41.0 2.4 300
Panavia F 28.3 2.3 300
Panavia 21 215 2.2 180
Super-Bond C&B 16.7 1.6 60




, 23 T F9le uElE ARxlelA
@2 71dW ol EAste B2 lithium disilicate 27
= @& 4 U} (Fig. 10, 11). Panavia 21 4]
Ex EAs @ AelA B2 o] Jolyt
(Fig. 12), Super-Bond C&B AHIEE &3
WA 71X 2 Qe As WRelAM A oA

dojuitt (Fig. 13).

[

~

L >

—

X
=

k

V.

o] AollA = 28t AFEATR IPS Empress
29 BAF A2l Alzbel] wE 439 @z AWE
(Variolink II, Panavia F. Panavia 21, Super-Bond
C&B) <o 27 =E vl dtd Empress 28 $3
g B AP A g AME Alza=E o
otH 112} St T},

Super-Bond C&BE A 9]3F o] z] Fol|A B4t
2l 7}o|| 9|3t THA S F7te} o] wE AT
ol dojyta, 4% # AME FoA
Variolink IV} 71} & 284 =8 B29ch B4 A
2] AlZta #HEsle] 4%9] HZ AME REA 7}
A 5o AYUEE Holx U3 B4k A Azt
oFgke}. SFA T} Variolink II, Panavia F
= 300 BAF Ay Al 7MY =2 A%
L2 2o, Panavia 21 47 AHEE 1802
Al 7VE g AR EE RAt

A A zH ol A"

5829 YA S ol g o
o] [¢]

A~
CMA AHE 4-META &8 AHE=Z
9 o] AFeAM s 4 A
Variolink 11 Bis-GMAZ] o] Zl
2 g% FA7F gk 2Abo] 7HHS] QlAtelAl
2] AH23k3 9 o™ Empress 2 i

006

Z3|AtellA Fdsta gloh, A e 2 ot
O Ade] Aol AW Ao} B AMEZT]
A AFPEE vuy e =

Spohr & Bis-GMAZA #)
ARC (3M ESPE, Minesota, USA)7}
Aot L AJAEE B s9n.Y 3
Bis-GMA AlFIEC] Variolink 119 Empress 291
3 A A7t} 94k o 28 24 Bis-GMA AlHl
E9l Panavia FE} ot 990 22y Kern
52 In-Ceram =41 2ol Q14 of| 2| 24|
Bis-GMA #Z! Al E7} t}2 Bis-GMA R E
Boy 2¢4=0 #0a s n & FE In-
Ceram %A1 #3} Panavia 21, Variolink II 7+¢] A
@ ARAE 34 A olet ARG ARE Has)
ATE® ol & B3 HAH AF A=E e A
HeAde] Fiol wE HW AHES Moz
Abgellor & Hg7t 9lom Empress 2 =A<
Variolink II &% AJHES] ARgo] Jdd oz A%
AEE FAANE F AdeS glsiid.

1

o

>

=
= i
Ci
]
2 o
wn [e]
o S
Fo

o= O

S
Jo X
1o e

Mook >
=

o

[
>

i)

1]:‘ [oRNe]
HZE 9t} o] = inorganic filler

ox Ml Hr g

o
@©
=)
®
=
=3
1o
o
B
Y
¢
oX,
i,
it
ro
of
o
2
o
uV
iin)
oot
ol
1

iR

Z}7] o2 B4k A2 A7k whE Empress 2 &=
Aot A7 AlHES] Atk A3l A Variolink 11
9} Panavia F& 300&%7) Al Panavia 212
AR= - =

A

=

T ANA =A o g
Azy A7) dold 45 Q1 AQErE FET
T 32 Calamia & ZAFR 4 474 5
E9} A7 AZte] A ZFEEE et T3t
1 3FYeh® e Stangel §2 FAA =R Ad
AR EE 258 A7 & A7) 2083 A4
A$-Ho} 2~38] =2cka 893 ® Sorensen % o



B2 ANA =AM 20% EACE 38 A7
sto] A=} v«] A Frtetd vk Baekgd
t} ? Hofimann 5& Empress =4 2] 22 Al E
94 A A7zl B AFoA 6027 Mt
9] ARAEE BAT 12023 223 3o 4
‘%‘7&59}7‘:— vl w7} 5o} Empress =A== 1203 ¢
o Aot HHe] ARAEE 4 F Uox
A TH® 12y Chen 52 347 =A19] 4t A
2
2]

—

(o]

O

AR 3027} 7h Ak 1 ol de] &4t A

T 238 AYBEE AT ofH®

Empress 2 & H«] AZALE 5% Ao 7 20%3
Aeld A& FA8kaL gt o= lithium disilicate

fre Z=A9 ﬂ—.ﬁ Wgo] dojx= AL 1# s}
o B4k ZeAtE @A 3 Aoz ety o]
ToXeE FARARN A BEE Bt BA A
A7t W& Empress 2 42 vjd 72 g s &
A=

FAAAEY)E B A9 300537 B A
7357} 6021 600527+ BAY A2 gt 2 Sl v
A& 2] lithium orthophosphate 23|\ 71 &
o o] #F /M ALE HIE B B
9 U HE ol wet gt & 3
#2443 lithium disilicate 8 =49 W74
23T W, Empress 2 A9 E4F A2 Azt
180~30027} 714 AAslckn setalgd ot

o] AFollMe 10% BAHE ARS8l B4 A2 Al
o WZ Empress 2 A9 4%9] #3 A|AES]

,J
flo tlo lo 2 O 411 ot

A o]

o ARAEE SH6AaL, A A At nt
Ao vAT s B o A+ 2

Hiego 2 o AA-g B4k Mg ARt #Al Al

o] dejo] Empress 2 &4 FEE2 A3d &
kS oA Aoz A3t} 18y Empress 2 &
FEES A4 e Halxe g7 ANES}
olete] AFAPE oy o] it a1
7b jt=Al Fadte ofd g FUHAQl At
9 g a2} Ayzteict

=
=
E
K

el SO 3 o B W o AL

"6"] Eﬂ{ 1“1154 et @%‘70»

507

ol 3 BAF ] Azt wE Ex 9 mA Tz

315 #E3 29 U5 2L ZES EAT

1. Empress 2 483 A=A E 4% d3 A4l
Ed MR tE ZFAEE Holn 1 F
Variolink II #13 AlMES} 713 w2 A3 e
g B},

N

3. Empress 2 =A] 7559 33 A] A4 g4
HES] Mz o] mE BAF A AlRke] 2F

o Fo] F2T 9 AT

1. Seiber C. In the light of nature. Quint-
essence Dent Technol 1993:16:60-8.

2. Christensen JC. Porcelain-fused-to-met-
al vs. nonmetal crowns. J Am Dent Assoc
1999:130:409-11.

3. Holand W. Materials science fundam-
entals of the IPS Empress 2 glass-ce-
ramic. Ivoclar-Vivadent Report 1998:12:3-
10.

4. Schweiger M, Holand W, Frank M. IPS
Empress 2: A new pressable high strength
glass—-ceramic for esthetic all-ceramic
restorations. Quintessence Dent Technol
1999:22:143-151.

5. Severance G. Introducing a lithium disil-
icate glass—ceramic: IPS Empress 2.
Signature 1999:4:1-3.

6. Sorensen JA, Cruz M, Mito WT. Reaserch
evaluations of a lithium disilicated restora-
tive system: IPS Empress 2. Signature
1999:4:4-10.

7. Culp L. Empress 2! First year clinical re-
sults. J Dental Tech 1999:16:12-15.

8. Sorensen JA, Cruz M, Mito WT, Raffeiner
O, Foser HP. The Empress 2 system for



10.

11.

12.

13.

14.

15.

16.

17.

18.

conservative all-ceramic bridges. J
Multidscipl Collab Prothodont 1999:1:
22-38.

. Grossman DG, Nelson JW. The bonded

Dicor crown [(abstract]. J Dent Res 1987:
66:206. '
Groten M, Probster L. The influence of dif-
ferent cementation modes on the frac-
ture resistance of feldpathic ceramic crown.
Int J Prosthodont 1999:10:169-177.
Eden GT, Kacicz JM. Dicor crown strength
improvement due to bonding {abstract]. J
Dent Res 1987:66:207.

Roulet JF, Soderholm KJM, Longmate
J. Effect of treatment and storage condi-
tions on ceramic/composite bond strength.
J Dent Res 1995;74:381-387.
Thurmound JW, Barkmeier WW,
Willwerding TM. Effect of porcelain surface
treatments on bond strengths of compos-
ite resin bonded to porcelain. J Prosthet
Dent 1994.72:355-359.

Ozden AN, Akaltan F, Can G. Effect of sur-
face treatments of porcelain on the shear
bond strength of applied dual-cured cement.
J Prosthet Dent 1994:;72:85-8.

Stewart GD, Jain P, Hodges J. Shear
bond strength of resin cements to both ce-
ramic and dentin. J Prosthet Dent 2002:
88:277-84.

Anonymons. Empress 2 Instruction for
use. Ivoclar-Vivadent AG 2003.

Dixon DL, Breeding LC, Hughie ML,
Brown JS. Comparison of shear bond
strengths of two resin luting systems for
a base and a high noble metal alloy bond-
ed to enamel. J Prosthet Dent 1994;72:457-
461

Tai-Jin Yang, Ju-Hwan Lim, In-Ho Cho.
A study of tensile bond strength according
to varied treatment methods of non-

508

19.

20.

21.

22.

23.

24,

25.

26.

27.

precious metal surface and resin cements.
J Korean Acad Prosthodont 1996:34:
335-348..

Spohr AM, Sobrinho LC, Consan S,
Sinhoreti MAC, KnowLes JC. Influence of
surface conditions and silane agent on
the bond of resin to IPS Empress 2 ceramic.
Int J Prosthodont 2003:16:277-282.
Jeong-Suk Kim, Hee-Seong Hwang, Chang-
Mo Jeong, Young-Chan Jeon. A study
on the bond strength of resin cements to
Empress 2 ceramic. J Korean Acad
Prosthodont 2001:39:184-196.

Kern M, Thompson VP. Bonding to glass
infiltrated alumina ceramic: Adhesive
methods and their durability. J Prosthet
Dent 1995:73:240-249.

Jeong-Tae Yoon, Sun-Hyung Lee, Jae-Ho
Yang. The influence of surface treatments
on the shear bond strength to In-Ceram
core. J Korean Acad Prosthodont 2000:
38:129-146.

Anonymons. Super-Bond C&B Instruction
for use. SUN Medical Co., 2003.
Simonsen RJ, Calamia JR. Tensile bond
strength of etched porcelain. J Dent Res
1983:62:297-304.

Calamia JR, Vaidyanathan J, Vaidyanathan
TK, Hirsch SM. Shear bond strength of
etched porcelain(abstract]. J Dent Res
1985:64:296. .
Stangel I, Nathanson D, Hsu CS. Shear
bond strength of composite bond to etched
porcelain. J Dent Res 1987:66:1460-
1465,

Sorensen JA, Engelman MJ, Torres TJ,
Avera SP. Shear bond strength of composite
resin to porcelain. Int J Prosthodont
1991:4:17-23.

. Hofmann N, Handrejk A, Haller B, Klaiber

B. The surface conditioning of pressed



ceramics and its effect on the bond strength of etchant, etching period, and silane

to compositelabstract). Schweiz Monatsschr priming on bond strength to porcelain of
Zahnmed 1993;103:1415-1420. composite resin. Operative Dent 1998;
29. Chen JH, Matsumura H, Atsuta M. Effect 23:250-257.

Reprint request to:

Seung-Geun Ahn, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, School of Dentistry, Chonbuk National Univeresity
664-14 Dukjin-Dong, Dukjin-Gu, Jeonju, 561-756, Korea

sgahn@chonbuk.ac.kr

509



FIGURES D

e

T T T e

AT oy
\%ﬁ}”i@gﬁa Ly &z
”‘&‘g:;?' ::1,; i \‘\‘ 3
5 ’xvl";,%' “§ 56,

>

v 348G ROV
W&mﬁ?ﬁ, MY TR R

3\ 3

f ArhvEe ’V‘J‘ﬁ PG

ST R PO k%%ﬁ"*‘;%ﬂ;
Fig. 8. Ceramic specimen etched with 10% HF for 300 seconds.
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ABSTRACT

EFFECT OF ETCHING TIME ON SHEAR BOND STRENGTH OF RESIN
CEMENTS TO REINFORCED ALL-CERAMIC CROWNS

Kyoung-ll Kim, D.D.S., Keun-Bae Choi, D.D.S., M.S.D.,
Seung-Geun Ahn, D.D.S., M.S8.D., Ph.D., Charn-Woon Park, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, School of Dentistry, Chonbuk National University

Purpose: The purpose of this study was to evaluate the effects of etching time on shear bond
strength of four resin cements to IPS Empress 2 ceramic.

Material and Methods: Forty rectangular shape ceramic specimens (10x 15X 3.5mm size)
were used for this study. The ceramic specimens divided into four groups and were etched with
10% hydrofluoric acid for 0, 10, 30, 60, 180, 300, 420, 600, and 900 seconds respectively. Etched
surfaces of ceramic specimens were coated with ceramic adhesive system and bonded with four
resin cement (Variolink II, Panavia FF, Panavia 21, Super-Bond C&B) using acrylic glass tube.
All cemented specimens were tested under shear loading untill fracture on universal testing machine
at a crosshead speed 1mm/min; the maximum load at fracture (kg) was recored. Shear bond strengh
data were analyzed with oneway analysis of variance and Tukey HSD tests (p{.05). Etched ceram-
ic surfaces (0-, 60-, 300-, and 600-seconds etching period) and fracture surfaces after shear test-
ing were examined mophologically using scanning electron microscopy.

Results: Ceramic surface treatment with 10% hydrofluoric acid improved the bond strength
of three resin cement except for Super-Bond C&B cement. Variolink IT (41.0+2.4 MPa) resin cement
at 300-seconds etching time showed ststistically higher shear bond strength than the other resin
cements (Panavia F: 28.3+2.3 MPa, Panavia 21: 21.5+2.2 MPa, Super-Bond C&B: 16.7t1.6
MPa). Ceramic surface etched with 10% hydrofluoric acid for 300 seconds showed more reten-
tive surface texture.

Conclusion: Within the limitation of this study, Variolink II resin cement are suitable for cemen-
tation of Empress 2 all-ceramic restorations and etching with 10% hydrofluoric acid for 180 to 300
seconds is required to enhance the bond strength.

Key words : Etching time, Shear bond strength, Resin cement, All-ceramic crown
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