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A5-gg o] WAsh=H|, o] Zlo] AHWE w1 =4
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zirconia =A & silica-based ceramice] o}F7] W&
o Balolu} silanel@ ¥W Ay} Er15sittn
3992 Kern?} Wegner® & zirconia =A419] 4%

7b E=x, A% 4 Zem b Eol tribo-
chemical silica coating system< 2-8-d}7] o]Ht}

3L ST B3 zirconia TACl tig AFE S B

3t Kern?} Wegner”2| A& o+ Panavia EX9] 2
=7 73 = 9A 9 Derand$F Derand® ] 1+
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1. =X AlE3} acrylic jig M=

A3 AHES =Al9) HRIAWME = Table [ 2}
2t} Zzke] =A) Al AlZ2Ae] Ao uhg A&
AJste] A7 8mm F7 3mme] 9FF o= A=t}
ATt Table €} 2ol Tx] Ale] A2 Wzt
HAIARE F/ wet AA oz FRsta
S Z 48719 =A) AlAS ATt 174
437 Zi-Ceram A & ol & sandbalsting@} dia-
mond bur® = A 2|3}l superbond C&B}
Panavia F& 27t 23stqith. i 2a<l 573 63
& A zAbe] Ao whet 22t =) FHAE 2o
AAHNEE #8313t

Fig. 13} o] 3mm A9 acrylic plate® jigZs A

Aste] AlHo] AR WA o7 FAANES} H g
w3, 2Aj s dRIAES] Ao FYsiA ket
Zol 7k A == S3let.
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CERHAE ZHEAE] H TAIME HE

27488 917191 Pattern resin (GC Corporat—
ioin, Japan)& AH&-ste] EA) Al -E acrylic jigell 32
e H, jiget =A AlHo] ghds] A WS ol &
u] 742] 400, 6009 SiC HAvkA]| S o] &-3}o] HAn}a}
Aot =4 AlEE 7 FEE o2y 2ol BHAE
Esv=

1) 1 (ZSB): Zi-Ceram Al %£%-& 50um AlOs

YAFE AHE3lY] 4bare] ¢E o2 10mmAE
oA 10%%r sandblasting (Basic class;
Renfert, Germany) 3+t
2) 2« (ZSP): 123} T4k A8 skgivt.
3) 3% (ZDB): Zi-Ceram A 2] 30| diamond
bur (SO-21 MANI DIA - BURS: MANI Inc.,
Japan) & B2 A & Weko g 53] g5t
At Mol W 248 FAsIh
4) 47 (ZDP): 373 sLatA EHA 2] sttt
5) 5 (EMV): AlZAR] A Alo] whel =4 39
< 50um Al20s AFE AH&-Ste] dbare] ¢4 e
2 10mm AzlellA 533}t sandblastinggF$i th.
6) 67 (IMP): A ZALe] A Aol wheh EA) EH -2
50um Al20s YAHE AHE-3te] 2. 5bare] 8o
2 10mm AglelA 14%3F sandblastingdt
Aot

Fig. 1. Acryhc jig for shear bond strength test.



og} o] FHATE T =7] sl % Faol W

ALS] Ao & F7FAQ] & ﬂﬂ HSH 5/ E
k1 TIPS ceramic etchmg gel (Ivoclar-Vivadent,
Liechtenstein)® 20%3F 242 A& dba,
Monobond-S (Ivoclar-Vivadent, Liechtenstein) &
60%3t 28319 silanizationdt ¥, adhesive resin
9] Heliobond (Ivoclar-Vivadent, Liechtenstein)&
o =X

TA Al ERAE e RS Hrke] 9
& Zi-Ceram AlH9] 24 2T sandblastlng <,
diamond bur AHAl $-¢] 9 4, IPS Empress 2
AlH o] 224 2% sandblasting 2 AHEA] 3o F9
48], In-Ceram ALUMINA A9 24 AF 4
sandblasting ¥ W AHE AAH0E (S-

M

4200; Hitachi, Japan)< AHg-ato] #2381t
EHAY g59 A|Ho| 9 S acrylic jigs 94
3kal 1%, 379l Superbond C&B, 2+, 43, 6
9| Panavia F, 57l Variolink [ & #|3AE]
A ] Ujri} 27y A-g3stget. A ES] F3o]
e FRF B 2447 & At

E?H ’\]?iﬂr A A ES] AW HyPstA Ak
ey g & 9 E=F AlHE THsAE 7] (Instron:
Model 4301, England) o 4XAI712 0.5mm/min
&g 7

o $E2 332 el ANHFAE /1S3

Table 1. Ceramics and resin cements used in this study

Brand name Manufacturer

Character

Zi-Ceram

IPS Empress 2
In-Ceram ALUMINA
Superbond C&B
Panavia F

Kuraray Co., Japan

Variolink [

Dental Graphic Corp., Korea
Ivoclar-Vivadent, Liechtenstein
Vita Zahnfabrik, Germany

Sun Medical Co., Japan

Ivoclar-Vivadent, Liechtenstein

Yttrium-oxide partially
stabilized zirconia ceramic

Lithium-disilicate glass
ceramic

Glass-infiltrated
aluminum-oxide ceramic

Self-curing resin cement,
4-META, TBB

Dual-curing resin cement,
MDP, HEMA, 5-NMSA

Dual-curing resin cement,
Bis-GMA

Table II. Surface treatments and resin cements used in each group

Group Code”* Ceramics Surface treatment Resin cement

1 7ZSB Zi-Ceram Sandblasting Superbond C&B
2 7ZSP Zi-Ceram Sandblasting Panavia F

3 ZDB Zi-Ceram Diamond bur Superbond C&B
4 ZDP Zi-Ceram Diamond bur Panavia F

5 EMV IPS Empress 2 Sandblasting, Variolink |l

acid etching, silanization
6 IMP In-Ceram ALUMINA Sandblasting Panavia F

* 7. Zi-Ceram, E: IPS Empress 2, I: In-Ceram ALUMINA, B: Superbond C&B,
P: Panavia F, V: Variolink [, S: Sandblasting, D: Diamond bur,
M: Manufacturer s recommandation for surface treatment and resin cement.
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2y Aol ok dedddee] Haast 2F

7}
HA 2 Duncan tsHAAHE Aldste] A
Aot AZ= Table 12 2o Fig. 3o B #k<
Tz e

A

(p<0.001).

Zi-Ceram= ©|&3 Ao = TA THA
Wi 3= 2d#elo] Superbond C&BE 483 ZSB,
7DB°] Panavia F& AMH&-¢+ 7ZSP, ZDPT Bt 2
A7 =3 (p<0.05). Zirconia ceramicel
Superbond C&B AW EE & 4-3F 7% sandblast-
ing 2] & ZSBw-°] diamond bur #2] &+ ZDBw* B

. s .
Fig. 2. Shear bond strength test in universal test- o A=t #=3AL (p(0.05), Panavia F AJRIE

ing machine.

& A& Afde TA FUAE W & 2
Pdze] atol7F it (p)0.05). Zi-Cerams ©]-&
F A8 7o A sandblasting$ll Superbond C&B

o

o

Table III. Shear bond strength (MPa) of resin
2 cements to ceramics at 24 hours after bonding and
s Duncan’ s muiltiple comparison of each group
% Group Code Mean SD Duncan groups
g 1 7SB 12.1 1.7 B
§ 2 Z3P 2.9 0.4 D
s 3 ZDB 7.7 14 C
§ 4 ZDP 2.2 0.7 D
@ 5 EMV 159 24 A
6 IMP 104 2.3 B
Group
Fig. 3. Shear bond strength of resin cements to
ceramics.
Table IV. The result of one-way ANOVA
Source DF Sum of Squares Mean Square F Value Pr)F
Material 5 1140.288494 228.057699 82 €.0001
Error 42 116.813238 2.781268

Corrected Total 47 1257.101731

DF : Degree of freedom, Pr : Probability, Pr > F : Significant
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AE3 78Bre] A3t (12.1MPa)7F 713

k3L, ZDB (7.7MPa), ZSP* (2.9MPa), ZDP
(2.2MPa) £ 2 Golxt}. 18ln ZSB:rLQ] A
ee 272 In-Ceram ALUMINAT- 2=

(p0.05), IPS Empress 272 7é

F-U R Nlm

12

gk 2kl 7F fAlaL

&

&= Hoke 29kt (p(0.05).
7t =AM 7k A5eh 39 A2 o] =4 &
W& AA dAnjd o g 3 Abzlo] Fig. 4, 5, 69

Jept g,
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|
]
P %
ilr_llll B g

L St AT

Fig. 4. SEM pictures of Zi-Ceram (Original magnification X 10000). A, Processed surface with microgap
between zirconia particles. B, Shallow irregularities were observed after sandblasting. C, Linear irregularities

were observed after diamond bur preparation.

Fig. 5. SEM pictures of IPS Empress 2 (Original magnification X 10000). A, Processed surface. B, Shallow
irregularities are observed after sandblasting. C, Elongated crystals with shallow irregularities were pro-

duced after sandblasting and acid etching.

Fig. 6. SEM pictures of In-Ceram ALUMINA (Original magnification X 10000). A, Processed surface. B,

Shallow irregularities were observed after sandblasting.
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sol AREgRe R AH-E A4 47 sdHeR
°olg Heksh] flelir e Awrt 57 sk Ao
H2ol Ao g = sl HAAL] Aol 2
etk HIARES 74 WA Sa=rt v
Anldol fpstel 715 st sl =2 A A=
S Hol7] Wi o5 el AR mAte]

A&l gl AHEE A L

AA7A] 7 HEA Q] A3t EAl= slip-cast
alumina =491 In-Ceram ALUMINAS} € 7} =
Q1 TPS Empress 27} 34t In-Ceram ALUMINA
= aluminaZ} 239 oA thold f27} 5

slip-cast 2] 0.2 A|ztety s $-31A| 3
Amlido] wol A o= ARgsl7] o]fHTh. IPS
Empress 2+ 5 Z27%7Fo] lithium disilicateq! Zo}
S| Sl apatite 2% & -3k glassg® A 55t
A&l | In-Ceram ALUMINA Bt} ZAee tha
R2|NE Am| o] S-ate] AR F EA] Aoy
38 Y TaoAd F2 AH-ET InCeram 2
O BE7F oA A o2 AR 488 5
Ue At BAZE AU E B8l 4ElE zirconia
ZAZE Atk ol o5 AREAT FH

L
A
T
A

blastingS 4§38} 2 4
o A+ &3l SHEHAUS > Borges 57l
2% A7 50um Al20sE ©]-4-3+ sandblasting? <l
IPS Empress, IPS Empress
7F Aoy & njA| 8- o] P AR, In-Ceram
ALUMINAY In-Ceram ZIRCONIAS] 79l &
EH Feo Wsr} glditta kit 8 Kern¥}
Thompson™2] 7ol A& In-Ceram ALUMINA #
W2 217 110ume] Al2O3Z sandblastingdle] W
o nlA e8] P AT 453, AZAR] Vita
At M= A7 B0um ©]3Fe] AlOsE AHE-319] sand-
blasting® & BT} o]el] E AtellA]+= o
Z1 IPS Empress 2 % In-Ceram ALUMINA
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d BHES T 5 AT (Fig. 5B
. 38X 9t sandblasting®ll AFH&-E AlOse] YA =
7] vt ollg}, sandblastingAl9] 48, A, A1zt
T8]3 AlzOs YAF A4} tipe] 7] T o] 74 ¥
£9] sandblasting®] frEAdl J&FS v 4= 3l
| W&o 2o w2 1H Wshy) dedsielet A
R=3
Kern® Wegner®<l &3}
sandblasting A& A]
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=
A ES} P Al AjtE FA st
A Zeettka et o]of] & A7
AgellA 13, 23 A7 50un Al20sE ©] &3t
sandblastingdl iz, 3, 47-& FHS ¢ AZA A2
SHEZ diamond bur® XS AHAsle] A A&7
o w2 Al zols #E Hokth 1 A
Zi-Ceram 14 Superbond C&B @AW E 2]
sandblasting A2 7 (12.1MPa)°| diamond bur
A F (7.7MPa) 2tk Z2d7 =7} £%n
(p€0.05), Panavia F #-AWE & A 2]of o
& 2FAEY Fofgk ko7t 1T (p)0.05). Zi-
Ceram®} B ZIAIHE 7he] Ao tia] FH A2
717} miA = Qe EZIAIMES] F/ol met Dt
A s oA B AFEe o gokdk 13
Ao HHARMES AH8-gE AFA] 1 A7
b Ao 4L A= ¥= A 2tha Bu
¢t Derand®} Derand™ ] A7-9h= Aolst 23& B
Sli=

2|78 EAf O] ARRA o] ALEE = BN B4
H Apol o] Bhg-& 31l Ql ¥ oA AuEH

oHoF2 + 2Si02 — 2H2SiFs + 4H20

2ol B4k silicast WHeo] dojuhs As &
Ut} 2 rE3 3-methacryloyl oxypropyl trimethoxy
silane® silica®s vI7HZ Aol dojym g »9 {2
SAG WFEA - 249 2 silicabased ceram-
icoll M= EAO 2 A2 A el - silanes 485t
A ES} A% & S3& A1 F Uk 8t

A9t aluminat} zirconia® 4k} BEg-o] dojix]

.



9o 2 Kern® Thompson®-2 In-Ceram ALU-
MINAY, Procera AllCeram (Nobel Biocare,
Sweden) Z-2 alumina =AM A o2 AR
2l A & 2% 7P A etk ol
3L, Derand®} Derand®’ &= 2H#-4] 0] zirconia =A4]<]
microretentions FIA Tk 7= 2] = gom,
9 =X ] HA rheAE WA, A
A9l free energys WSHA7]= A 2t stlch. &
gk, Derand®t Derand®¢] X.1o] €J31H silane
coupling agent+= silica’} §l ZAlol A= v $- <k
sHAV By et Ags /9%t skl em, Kemn

ol

I} Wegner®*V & silane©] YPSZel thet Bis-GMA
resin composite®] AR EE SHIA71A] FaL, o

£ YPSZel silicaZ} §1o14 silane©] silicaZ wi7) 2
& A2 F=skAl X7 wiEoln, silane]
YPSze} AdslAl et AL ofv)dttn Hust
93\]-;"_.2@
= ﬁ:r“ﬂ’\i silica-based ceramic?! IPS Empress
27 A4S 0] 88 243 silane A B E Al¥)
gk vhi In—Ceram ALUMINAT# Zi-Ceram+*of| A
< AldstA] ke, A8 A3 Zi-Ceramw ol A=
=A FEA e W 2d#Egle] Superbond C&B
£ A48l o] Panavia F& AHE-3 & Hoh o &
< Ae A EE YERRITE Derand®t Derand™
Ao M= A et= FH3M Panavia 21
T, Twinlook (Kulzer, Germany)< E-t} Superbond
C&Bwo] H =& ARAEE Yehfo] A8 2
#E Basta ot AT, Kern™2 Derand<}
Derand™¢] A3l A& silane©] zicornia =A<}
Panavia 219 23] aAdA 2 2483t phos-
phate monomer$} zicornia =A7+e] A A1 AF
S defete A 2o 192, Panavia 213l
sﬂane Xﬁﬂ‘”‘ﬂ sandblastingx 215t 3tid 453
H st 1 736]—4 2}7] 2 oA A o] BAE A o]
‘ﬂ'ﬁ} 3T}, 2 Aol A= Derand®} Derand™
2 silane A2l & A FhSE &
73] Superbond C&B TollA 718 &2
=7} B2 A=, °]= Superbond C&Boll
filler7} E3te|o] UA] o} 350 =11, 4 META
235 0] monomere] Fite] Z =w, gk
H monomers} 2o| 535 = 4-METAS 73 2

lo
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e 7 Flojet A

Silica7} §l= YPSZeF HZARIE Aolof] & 1 7
B2l g AFE A7) H3 AFECA,
Kern¥} Wegner® & slip-cast alumina =4l A1
A At 2 F7131e] gd& B tribochemi-
cal silica coating system= YPSZdl| 283t &%
Al Ete] AdteE S ettt A8 A7 27
AL sl Sty SRS WedlA A7t B
o A 2] dAS At YERA L, o]
SEM ¥4 A3} alumina =A Bt} YPSZ7}F E=7}
1, A% dA7) 2o 737} o} tribochemical
silica coating system= 28 w] 743t silica
Fol FAHA %7] ol Bustict. g
Kern® Wegner”+= Z-2 238 Wo|A sandblasting
%o phosphate monomerg 3t HZAIMES]
Panavia®} Panavia 21% 283 243} #j2)4] Bis-
GMA ZAAHE B} o = =5 ¥t
Fom SR A7 Bt Follx FAAOR
FofatA] & el WellA A= A5kt vet
wWoka skt

B Ago| Alg-H Panavia F 9A] phosphate
monomers X33 HIAHE] | = B35t A
d AelM = WA e T35 Superbond
C&B9 A= }%9}3}. 017/i—: oA M uf

o Az
e L A= 3
51 5
°F &

nNHE Ao= ”‘!V#%U}. ol¢} v Eof At53ta

Superbond C&B<t= 22| dual- curing ¥l

Panavia F9] 253 A, HIZAWMES] F3r&0 2

Qg o] AlHe] B4 Zi-Ceram?} Panavia F

Atolo] AjtE Asflete WaFe 2 2H-8-38te] Panavia
o

‘o
2

JZ oflt

Fisl 4% AE 2% Kol ka4
ZYglth, g o 2 Zi-Ceram®] 724 &4 34
GAFe} 1z} Atololl wlA| gt F= (Fig. 4-A)o] EX
sl=H| Zi-Cerame| 8|sHA| 7125 A] Zgt Zde]d
A HRIANE S} A3He 7§ o2 gk Fite] m] ke
Fio] MAEAE 7hedel Ao, dnkdog
Panavia F9 74 olg|gt o] Zi-Ceram¥}<]
Al glo] AdA = 28 E& Flolet YAk,

x3E TBB
RIOES

Superbond C&B<E] Catalyst Sell *
(Trin-Butyl Borane)+ M52 544



o] glofolit radical A4S A%
C&BTAA = ml&Fe] i) Hiﬂﬂ"i‘?}‘ﬂ o] Zl0]
Superbond C&B2 ;}% FNATFE 9T
uo A olﬂ]- 6H 1E]—

2 AH Ay Zl—CeramJJr #ZIA|
7] skl W AR7|7} A

B9 Fio| wet gkt AFeE g A ES]
%5l wgbE Superbond C&B7} Panavia F &
=== @5”&55_ ‘/‘rEWJS\’iU}. o] ¢} Zo] &A| &
H Eof wg} Zi-Ceram¥ &

+al 2 2% Superbond

Kpole] A

E
JBEo A A

il
L
py L

S Aol b, A4 4
ME B AN nelsAY SAEA 28 o
ASo] AT 93-S nA Aot} o
o} B vrFet wAl] B AHzle} o
o] YANNES A3 A7 A7 Dedin

—
Y
rhu

B AT M E zirconia =A< HHAHETRS] A
F7rwo] tiste] Lol Al st Zi-Ceram,

IPS Empress 2, In-Ceram ALUMINAZ %A A]#

= A|&slaL, Zi-Ceram= sandblastmgﬂr diamond
burg ©]&3ste] EHAE % Superbond C&Be}
Panavia F2 2331529, IPS Empress 29} In-
Ceram ALUMINAE A|Z2AFe] 2| Aldl] wpeba] 2z}
FHAE 2 HAAMES A&t A2t Al
AXNZE BRE SRl Bag 5, Ale] AeZ
TE UARVIE S5k et 22 28

1. Zi- Ceram ART = =4 FHAE o
’33#§le] Superbond C&B AlMIE©] Panavia
F /\] JEEL Eq rz.\_ aLo—L-E "hﬂ']’H%D}

(p<0.05).
2. Zi-Ceram A &4 Superbond C&B AIHEE
2843t 7% sandblasting 2187 (12.1MPa)
o] diamond burA g (7.7MPa) ®.tt 234 =
7} =% (p€0.05), Panavia F A|MEE & &3
Al TA FRAE B e A=
Zpol 7k gt (p)0.05).
3. Zi-Ceram A& AE sandblasting 2 &

(]
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Superbond C&B AIHEE A& 7o] 7P =
< 3= (12.1MPa)E ES=d, gz

In- Ceram ALUMINAT (10.4MPa)3}= 2] 3t
2ol 7F 9laL (p>0.05), IPS Empress 2
(15.9MPa)9] 287 % Hh= 24Tt (p<0.05).
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ABSTRACT

EFFECT OF SURFACE TREATMENTS OF ZIRCONIA CERAMIC
ON THE BOND STRENGTH OF RESIN CEMENTS

Chang-Hun Kim, D.D.S., M.S.D., Young-Chan Jeon, D.D.S., M.S.D., Ph. D.,
Chang-Mo Jeong, D.D.S., M.S.D., Ph. D., Jang-Seop Lim, D.D.S., M.S.D., Ph. D.

Department of Prosthodontics, College of Dentistry, Pusan National University

Statement of problem: It is not clear how to make a stable bonding between zirconia ceram-
ic and resin cement. And the study about surface treatment of zirconia ceramic or bonding resin
cement are not enough.

Purpose: To measure and compare the shear bond strength of some resin cements on zirco-
nia ceramic after different surface treatments.

Material and method: 48 ceramic discs were made of 3 ceramic materials, zirconia ceramics
(Zi-Ceram), heat-pressed ceramics (IPS Empress 2) and slip cast alumina ceramics (In-Ceram).
According to the surface treatments of ceramic specimens and resin cements, specimens were clas-
sified into 6 groups and each group was composed of 8 specimens. For the surface treatment of Zi-
Ceram group (test group), sandblasting and diamond bur preparation were applied and Superbond
C&B and Panavia F were bonded respectively. For IPS Empress 2 group (control group),
Variolink [ was bonded after sandblasting, acid etching, silanization and for In-Ceram ALUMINA
group (control group), Panavia F was bonded after sandblasting. After storing specimens in distilled
water for 24 hours, the shear bond strength was measured by the universal testing machine.

Results and conclusion:

1. Zi-Ceram group with Superbond C&B cement showed higher bond strength than with Panavia
F cement regardless to the surface treatments (p<0.05).

2. In Zi-Ceram group with Superbond C&B cement, sandblasting treatment group (12.1MPa)
showed higher bond strength than diamond bur treatment group (7.7MPa) (p<0.05). In Zi-
Ceram group with Panavia F' cement, there were no significant differences in the bond strength
according to the surface treatments (p)0.05).

3. Zi-Ceram group with sandblasting and Superbond C&B cement (12.1MPa) showed the high-
est bond strength. The bond strength of this group was not significantly different from In-
Ceram ALUMINA group (10.4MPa) (p»0.05) and lower than IPS Empress 2 group
(15.9MPa) (p<0.05).

Key words : Zirconia ceramic, Resin cement, Bond strength, Surface treatment
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