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23y oy/EFu|u} 94 (Zirace, Acucera Co. Inc, Korea) S AH-
3191 31, H 2 A 9 E 2 & Bis-CMAA| 4 9] #| 21 A ¢l E 9] Calibra
(Dentsply DeTrey, Konstanz, Germany)2} MDP7 | &}-f-%| Panavia F 2.0
(Kuraray Medical Tnc, Okayama, Japan)2: A}-8-5}31 . Organophosphate
2} carboxylic acid monomer=. -4 ¥ 3 2}o] ™ (Z-PRIME Plus, Bisco
Inc, Schaumburg, IL, USA)E- A}-8-3}1 T}

2. AlE g
DA 23 o} Al A2 o ZA] | 7] AT A4}
HEAAH 2] 2510} 4 21 (Lava, 3M ESPE, St. Paul, MN,

USA)E- low-speed cutting saw (Isomet, Buehler Ltd., Lake Bluff; IL, USA)
& Abg-sto] Fstell A 3 mmz 2231, Al 2ARe] A AT
= ¢ 24 ste], 27 20 mm, 57 2F 2 mme| A 2540} T
2231 80712 A =et A h 2| 22V o/} B3 (Zirace,
Acucera co Inc, Korea)+= A ZA} | A 217 20 mm 7] 2 mme] Y
71% el & 8070 = Al et

A48 A 23 o} T 232 27 25mm, o] 15mme] 73
Z°P°ﬂ A # o] vhetE &Sk = 31, epoxy resingr -] 244

T FUHES AT BT F 5T ol 600} 12008
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Table 1. Experimental materials

2| 2311 o} A A 807) (8] AP 407])= RONDOflex (KaVo,
Lake Zurich, Ill, Germany)E- ©]-8-3}¢d 2.5 bar2] ¢ ©. 2 10 mm7]
glol|A 4221 2. & 15%7F 50 #m Alumina oxide (ALO»)) A} & sand-
blasting 5}31 31, Yrw] ] = 2.5 bar®] & 2 & 10mm7] 2] o] 4] 5=
2] 0 @ 1537} 110 am Alumina oxide (ALO3)%) 2} 2 sandblasting 3}
3t} Sandblasting == %-2-33} A & 7] /ol A 96% isopropyl alcohol 2
5 b A A - air-water A 2] 2 1 25k

Zg}o|H (Z-PRIME Plus, Bisco Inc, Schaumburg, IL, USA)E A}
&3 Tl A = A 2AR] A & 28] =5 532 air-water A]
972 Azs 9

A ANE= F F75 AHSTh 544 HRIAHE
2] Calibra (Dentsply DeTrey, Konstanz, Gennany)S’J- MDP7} &4
Panavia F 2.0 (Kuraray Medical Inc, Okayama, Japan)=- A}-8-3}53 T}
Calibrat= A| ZA}e] AAHE £3H81e] AF2-3191 11, Panavia F
2.02- ED primer (Kuraray Medical Inc, Okayama, Japan) A9} BE &

fHoto] el 2 E R 08 30270 AMES ERo] A

48131, 387+ Oryguand IE2: 2.3 5} 0. Panaviae] 4] o] ] A
£ 204 = ED primeri= A}8-514) g5k

7+ A E = Zg}~8 2| 1 (Uliradent Jig)S A}-8-5le 2173
2mm, 0] 3mm ) 23110} 4 Aol 488 F A el
2024 B3 AL AL A F 3712 027 35

St

) AR 27
AAE BE A 25 o} Al 248 7HERE 37C TR
1 % Universal testing machine (EZ Tester, Shimadzu, Japan)-<- /‘}4‘3-
3] crosshead speed 1 mm/min © 2 7 2+ A s A] 744] ] th&b52
2 ATAFIAEE SH AT

HFEAARA B
Sandblasing -] A = 501]o} 017} A o) Tl o}
}-5- 30 nm gold-palladium alloy sputter-coatings}e] F=AFH 213 1

Materials Brand

Product

Manufacturer

Zirconia Lava Z10: (97 %), Y20: (3 %)
Zirace Z10: (70.7 %), Y205 (7.6%),
Nb:0s (7.5 %),ALOs (14.2%)

Primer Z-PRIME Plus
Resin cement Calibra
Silica, Titanium Dioxide
Panavia F 2.0

N,N-diethanol p-toludine, water

Biphenyl dimethacrylate, Hydroxyethyl methacrylate, ethanol
Barium boron fluoroalumino silicate glass, Bis-GMA, Dimethacrylate resin,

ED Primer; 10-MDP, HEMA, hydrophilic dimethacrylate, CQ,

3M ESPE, St. Paul, MN, USA
Acucera Co. Inc., Korea

Bisco Inc, Schaumburg, IL,USA
Dentsply DeTrey, Konstanz, Germany

Kuraray Medical Inc, Okayama, Japan

Cement paste: 10-MDP, bisphenol A polyethoxy dimethacrylate, hydrophobic &
hydrophilic dimethacrylate, benzoyl peroxide, Silica, initiator, Diethanol-P-toluidine,

sodium trisopropyl benzene sulffinate, silanated barium glass, silanated titanium oxide,

sodium fluoride

Bis-GMA: Bisphenol-A diglycidyl methacrylate, HEMA: 2-hydroxyethyl methacrylate, CQ: Camphoroquinone, 10-MDP: 10-methacryloyloxydecyl dihydrogen phosphate.
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Table 2. Experimental groups

Groups o ) Primer )

(n=10) Zirconia Sandblasting st i) Resin cement
LC50 Lava 50 pm X Calibra
LP50 X Panavia F
LC50z o Calibra
LP50z O Panavia F

LCI110 110 gm X Calibra
LP110 X Panavia F

LC110z 0O Calibra

LP110z (0} Panavia F

..... TS0 e ST b
ZP50 X Panavia F
7C50z o Calibra
ZP50z ¢} Panavia F

ZC110 110 gm X Calibra
ZP110 X Panavia F

ZC110z o Calibra

ZP110z (0} Panavia F

7 (S4700, Hiachi Japan) & o] 851} 25157 ch. sh g2 A
2svjobsh A MER ] a8 A A, AAANE
el ShEE 234 A, A Aslsk $4 At 2

[€)
o] o} 44 Ao H-FALT,
5) EAEA
PASW Statistics 18.0 for Windows (SPSS Inc., USA)=- o] -8-3}<] one-
way ANOVA £ 7} two-way ANOVA #2411 & AF8-3} a1,
Tukey B8 51 A% £ o] 3kl AL A3 (P=05).

2

ks *
MPa
19.44 |
20 17.94 18.05
*

15 * 14.60
| | 11.71
10.61
10
717 7:53
5
0
50pum 50pm+primer 110pm 110pm+primer

I Calibra ®PanaviaF

Fig. 1. Mean SBS values of groups using Lava (*: P <.05).
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Table 3. Shear bond strength means in MPa (SD) by resin cement and surface
treatment

Lava
50 pm + 110 pm+
Rl Z-prime plus Dl Z-prime plus
Calibra 7.17(3.09) 19.44 (5.58) 7.83(2.88)  17.94(3.86)
PanaviaF  10.61(3.96)  14.60(3.85)  11.71(234) 18.05(4.10)
Zirace
Calibra 5.59(2.20) 20.56 (3.78) 6.54(244)  19.40(5.06)
PanaviaF  9.76 3.75A  1825(4.64)  13.83(458) 1828 (2.67)

o JehiIth Aetd et Hi ke R 2% YERIQL
t} (Fig. 1 - 4). Two-way ANOVA 4| w2, Zalo|n] (Z-
PRIME Plus)®] A}-&- -f-5-ol| A -2 27} 24 3191 2.7 (P < .05),
A2z}, 7144 THA ], dFAHE} ] o8y}
= EASHA] &9kt (P> 05). Fig. 1, 2= 7} A| 231 o} (Lava,
Zirace)ol 4] A 2] HZIAHMEZRS] Aol & Hol= Ao
2, sandblastingTF A 8 3 - E-2] H] wof| A = 22 F7]9] sand-
blastingA] & ZIA| Al EZFO] fo) 2}7} &4 811 L (P < .05), Z 2}
olm] AL&-TE 2] ¥ wol| A& LC5029}F LP50z7 ol ot & 71 A]
HEof gk Fo 27 AU (P<.05), 2 FHA 2 E AP g
9] Blael A HRAAMEZRS] Fo2h7F AT (P > .05).
Fig.3, 4= 2 HIAA M ER 2 22 FH A2 2 A3 F A =2
FYoltS v w e A0 2, AHE-H 2| 23U o} (Lava, Zirace) 5
o] & FAA A g 1o vl mel A = BT oA gl
o} (P> .05).
2. M Ao & mhEQkAt

E9| 3} /<] v]-&-2 Tabledol] VERI SATE 7] 4]
Tk A] 8§ A] o] Calibra resin cement©] 73 -¢- &7 3 2H4]
F}E B33, Panavia FO] 73 -5- 2 2t 34 Ao
Efus B50)90a, Zatou] ARgA o= B 2

o M

(o

‘ 3.83

1
6.54

5

50um 50pum-+primer 110um

@ Calibra ™PanaviaF

110pum+primer

Fig. 2. Mean SBS values of groups using Zirace (*: P <.05).
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25 - * 25 & *
|
MPa . 20.56 MPa
20 : 3 20 1825 18.05 18.28
15 15 14.60
1061

10 o 9.76

5 5

0 0 —

110pum

mlava ®Zirace

S0pm+primer 110pum+primer

S50um

Fig. 3. Mean SBS values of groups using Calibra (*: P <.05).

Table 4. Failure mode after SBS testing

SOpum+primer 110um 110pm+primer

ELava M Zirace

50pum

Fig. 4. Mean SBS values of groups using Panavia F (*: P <.05).

Lava
LC50 LC110 LP50 LP110 LC50Z LC110Z LP50Z LP110Z
Adhesive 100 % 100 % 40% 10 % 0% 0% 0% 0%
Cohesive 0% 0% 0% 0% 0% 0% 0% 0%
Mixed 0% 0% 60 % 90 % 100 % 100 % 100 % 100 %
Zirace
ZC50 ZCl110 ZP50 ZP110 7C50Z ZC110Z ZP50Z ZP110Z
Adhesive 100 % 100 % 50 % 30% 0% 0% 0% 0%
Cohesive 0% 0% 0% 0% 0% 0% 0% 0%
Mixed 0% 0% 50 % 70 % 100 % 100 % 100 % 100 %

Fig. 5. SEM image of Lava after sandblasting (magnification X 1,000). The
roughness of the surface is suitable for the mechanical interlocking between zir-
conia and resin cement. A: 50 #m ALO:s sandblasting, B: 110 #zm ALO:s sandblasting.

3. FARHA SO B2

Sandblasting &2] x| 2 7o} £H X o]t} (Fig. 5,6). 110 4m
alumina oxide %] 2] *©] 50 #m alumina oxide ] 2] 2] FHH T} =
B 2¢ 230 BT, AT AP Lo Fig 7ol
SERTEEN

52

Fig. 6. SEM image of Zirace after sandblasting (magnification X 1000). The pat-
tern morphology is similar between 50 #m ALO:s sandblasting (A) and 110 m ALOs
sandblasting (B). A: 50 gm ALO:s sandblasting, B: 110 sm ALOs sandblasting.

Fig. 7. SEM image of failure mode (magnification X 100). A: Adhesive failure mode,
B: Mixed failure mode.
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St} 28 A tribochemical silica coating system (Rocatec, 3M ESPE)
< AHE-8 silane agentE A 23U o} A P AT| = A
TEo] o] FHTEY o] Al 285 silaned} o] AH8-6131 & U
=2 27 AAATE HAA T A7 A © 2 = siloxane bond2]
hydrolytic degradation®]] ©] &% 74 2 €] Qb of] F &5 m| x| = A
© 2 ¥ral e Ak} Rosatee A 2o] 0] 2| 231 of £
o = silica®] Y A 2ol = F-=rokal A &2 o] 2] grtal st
Sk

Alumina OxideE AH-§-gF sandblasting-2 117} = =4 2] £ A
A7E N 7P AR W o B AFH AT A 25
Yol sandblastingdl= A2 EHAUA], A 2H2 9ok TH A,
A5 o5 I = A2 gel At

SPA| ¥ 2] 2511 of (Y-TZP)ol| A sandblasting2- 7 *7 /ol 4]
WA o 2ol Aol & doZith o] g Aol = HE =
FAEE S7HA 21T Wi of] sandblastingel] ©] g TAFE /€]
ZAE vAlEE 2 HEol A A 23 ole] A7t g/
off Jakg w0 2| 23 ok A 2Es) @2l o3
Aol g Aozt dojd = it o] o thafiAl = o] B
AT7F B 28R T, ol 2l gk A o] & WAl ofal, Y-TZPE. T}
O & 931 & 71 A 23U o/ -Fr| v} E9HA] (Zirace,
Acucera co Inc, Korea)7} 7H & o] A, o Aol M A 5=
Argete] A A JAEE APl Bt} Sandblasting=] 2] 9}
Zofolele] A8l 71 Y-IZPsh 51213 o] )53k A}
2 nol g,

A 25 olof| thgh HHAMES] 25 3FgA]7]7] 9]
&l sletA o & Aol W E AT H o gtk 1efste] 2
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monomer”} g9 I ZAH EE AFE-3F= Zl o T} 52 MDP
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H 2] hydroxyls* 2} MDP monomer2] hydroxylstAFe] €] HE-S-o])
9] gt Al o]t} % o] 2] g+ MDP monomer2] & ¥} sandblasting¥} 3+
A ) o F2 A A3 2ol PanaviaF= MDPE 33t
3 917] Wl 2| 23ivio} TR} hgol oluith 2
o[ Aol A o] T3 Ao PFdS Bl Ao 2 E &R &
1T}, Sandblasting=} MDP 3§ el AR E S A8 1 22
71718 A M & £ A2 B G Th Tt acidic monomer
(4-META, MEPS, MAC-10, 6-MHPA) S &= 91 75| 0] 911, o] E=
Al 234 o} ¥ 7} oxidewro] H] 528k W3- B QlT} o[ H A7
o A Al-g-¥ Zz}o]w (Z-PRIME Plus)+= oragnophosphate 2} car-
boxylic acid monomer7} ¥ 3% o] 21t} Oragnophosphate monomer
= YA 9l E 2] monomer?} co-polymerizedt 5+ 9]+ metacry-
late©] 1T} B3t phosphatew & 2| 2 71 o} 32T 9] oxide<} 5]
2+gl Aot} 7ro] L 3HE carboxylic acid monomer® 7 2HS- =8
Aol

AT T 7]E AFEol| A A 2, sandblastingRt A] 3§ A]
ol BisGMA/J 2] #| z1A 4l E <1 Calibrac]] W] 8] MDP7} -
Panavia F& AH-8-3F 4 5o =2 A2 4 s 49E HAF
Atk 283 Zetolm & AHE-SF 5ol A & Panavia FE AHS-
3 7E Ho =2 AGARAE Aol & HAt o] =
oragnophosphate/carboxylic acid monomerZ- &7+ Zglo|r 2]
2| 25 ofel] th gk 3 2 o] Hojuth= A S ol FQlth =
2ol ] A E o] A] sandblasting®] ¢ A}=7] 2ol = HAkA d
=Tl Gl AT ol = A 23 oo} Zeto]m7te]
2257} ofl e, Zefolul st el A HE Frirtole] 2
A dFE ks 2= o Tk vl Segh A zepd A2 4
ol & U 07]= 22 YAHE AHE-¢h sandblasting & ©] -8-5F= A ©]
F2 2otk & Zeto|n (Z-PRIME Plus)E ©]-8-gF o] % &
T-ol| A Zato]m] AF-G-A] o Calibra®} & Bis-GMAZJ 9] & %1
ARIE S} H 2o = =& A AP EE Kol MDPE-
©] Panavia F2 A| Aol = o] F& AHAJUEE HSl
Th¢ 8kA] gk o] A Lo A & LavaS A5} 1L, 50 #m sandblasting
Tk Al gk 7ol A ek 5 R EZbel] f20] gk 2ol & Bl
t}. o)A ol A= Bis-GMAS] metacrylatew-o] 3 &ho]m 9]
metacrylate} 2 3a}7] wlj o] 1218k A 27} lvkar A A
g oldl Aol = 1 Aol & BY) FEQT o[ A9} o]
7] A= ] Fo] Br-& uf Zato]w (Z-PRIME Plus)E AHE-A]
o= Bis-GMA/ 22| HIZIAHME S AL8-ah 3lo] o] -4
SEEEEI

A zzolel A2 & GAl717] 919 T 71AA, 5
AR e P Sl A% A7H T Ak A B dolq A 2
Yok A48 0.2 o] Heju 3 917] wize] A 2ol
o Haele] ge so o 28 Aot AR PL
F1AA, B84 Aol 7 Algsolol g Aol 1, 4
A om JFA A FE B Aol of#l Aol A A&

=
H Zetolrle g2 AJAEE EAARE Z717te] A,

=
A, i) I k5 5 % 5 Qleleh A1) FFN
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o}oq ol B n 2} 8t 2 A A o] A wk, th& 3} e AnEs
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1 Sandblasting?+ A] 28 3} ol A] Calibra* 2.t} MDP &5}

Panavia o] &2 37 =71 =94t (P <.05).

2. 3 g}o|w (Z-Prime plus)E A 2] gt 1+ 5©] sandblastingR+ | 2}

@ PERT ARA YR BT P<.05).

3. Sandblasting 7+ A] ) &+ 52 A 24 7} T3] A5 okato]

o2k

—

10.

11.

b4

UbEkA B, Sefo] v] (ZPRIMEPls) A 2] 3 74 -0l &= =
o4 £34 AP HAT.
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ORIGINAL ARTICLE

Influence of sandblasting and primer on shear bond strength of resin cement to zirconia

Jung-Haeng Lee, DMD, Hyeong-Seob Kim, DMD, MSD, PhD, Ahran Pae, DMD, PhD, Yi-Hyung Woo*, DMD, MSD, PhD
Department of Prosthodontics, Division of Dentistry, Graduate School, Kyung-Hee University, Seoul, Korea

Purpose: The aim of this study was to evaluate the effect of mechanical, chemical surface treatments on the zirconia-to-resin cement shear bond strength (SBS). Materials and
methods: Eighty zirconia discs (Lava, 3M ESPE) and eighty zirconia/alumina composite (Zirace, Acucera) were embedded in an epoxy resin base. Zirconia discs were ran-
domly divided in to four treatment groups(10 for each manufacturer): 50 #zm ALOs sandblasting (S50),110 um ALO:s sandblasting (S110), 50 #m ALOs and primer (Z-Prime
Plus, Bisco Inc) (S50z) and 110 #m ALOs and primer (Z-Prime Plus) (S110z). Two resin-based luting cements (Calibra, Panavia F) were used to build 2 mm-
diameter cylinders onto the zirconia. After 24 h of storage in water, SBS testing was evaluate using a universal testing machine.Bond strength data were analyzed with one-way
ANOVA, two-way ANOVA test and post hoc comparison was done using Tukey test (@ =.05). Results: Groups using primer showed the high shear bond strength. The groups
that did not use primer presented lower shear bond strengths. Conclusion: The use of primer (Z-Prime Plus, Bisco) had significantly higher shear bond strengths. (/ Korean
Acad Prosthodont 2011,49:49-56)
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