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INTRODUCTION
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t&o] 2|74 CAD/CAM

(computer-aided design/computer-aided manufacturing) 71&

Purpose: The purpose of this study was to evaluate the effects of various zirconia surface
treatment methods on shear bond strength with resin cements.

Methods: We prepared 120 cylindrical zirconia specimens (210 mmx10 mm) using com-
puter-aided design/computer-aided manufacturing (CAD/CAM). Each specimen was ran-
domly subjected to one of four surface treatment conditions: (1) no treatment (control), (2)
airborne-particle abrasion with 50 um of Al,O, (A50), (3) airborne-particle abrasion with 125
um of AlL,O, (A125), and (4) ZrO, slurry (ZA). Using a polytetrafluoroethylene mold (26 mmx3
mm), we applied three resin cements (Panavia F 2.0, Super-Bond C&B, and Variolink N) to
each specimen. The shear bond strength tests were performed in a universal testing ma-
chine. The surfaces of representative specimens of each group were evaluated under scan-
ning electron microscope. We used one-way analysis of variance (ANOVA), two-way ANOVA,
and post hoc Tukey honest significant difference test to analyze the data.

Results: In the surface treatment method, the A50 group showed the highest bond strength,
followed by A125, ZA, and control groups; however, no significant difference was observed
between A50 and A125, A125 and ZA, and ZA and control (p>0.05). Among the resin ce-
ments, Super-Bond C&B showed the highest shear bond strength, followed by Panavia F 2.0
and Variolink N (p<0.05).

Conclusion: Within the limitations of this study, application of airborne-particle abrasion and
ZrO, slurry improved the shear bond strength of resin cement on zirconia.
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(MDP), 4-methacryloxyethyl trimellitic anhydride (4-META) %
A 23 uole} 3oty Adks sh= 7154 dEAlE TR ZetolHut
7 AMEES AMESH= ol AtH9,10]. SHAIRE o] ALEo]A
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MATERIALS AND METHODS

1. AlHO| A2

Y-TZP (yttria-stabilized tetragonal zirconia polycrystal) A
2340} E=(Luxen Enamel; Dentalmax, Seoul, Korea)2 37
10 mm, %°] 10 mm? Y71 FFEHE 735t HtHn=120). 2+
S x3sto] 12719 AdFE(Panvia F2.0 [Kuraray Medical, Tokyo,
Japan]: no treatment, Controle; APA with 50 um of Al,O,, A50
o, APA with 125 um of ALO,, A125%; ZrO, slurry, ZA%; Su-
perbond C&B [Sun Medical, Moriyama, Japan]: Controls%, A50
&, A125+, ZAE; Variolink N [Ivoclar Vivadent, Schaan, Liech-
tenstein]: Controli, A50%, A125%, ZAF) o2 8735l ZF +3
10714, & 1207]9] A 2o} A|H-E AZsl3ict.

2. A|EHO| FHAZ|

A2F Yot A[He] #HAZE 950 50 pum, 125 um 27]9] EFH]
W(Cobra; Renfert GmbH, Hilzingen, Germany)2} XA 23 o} &
28 (ZirADD; PNUADD, Busan, Korea)& Ar&-st%ich. ZHA] ] qF
Hofl wt o] 9] o= Wil ot o] BEst itk Controle:
o A& Al¥otA] o2 &, A50%: 50 um 3719 GFHUE 1
WA G 2, A125%: 125 um F719) S22 XS 2, ZA
+ A2FYol Y E TEI ). AS02T A125¢2 24H A2
Yo} x| ¢FHUYE 222 10 mm BoJZl A4 2.5 bar
9] FEoZ 10x T EARE & 2302 Al&sto] AXAFH Y. ZA
+Z 24 A AZ2F Yot o AEF Yo} £IE ROE 13 &
Z5ta 223 & AHst A

3. A|ZZL{O} A[H1t 2|21 A E QO] Z 2

FHAE] Bl e v 9 2o 339 FX AHMEE H26ki
tHTable 1). AAIZF Yo} AJ#Ho| polytetrafluoroethylene moldS ©]
83to] 7 3 mm, %°] 3 mm9| Y715 YR 7 A AHES

28517 A RARO AA Y2 &35

7 AHEZ 2 A 2F Yot Al|E AEo] X120 15kl

Table 1. Materials used in this study

Material Trade name Manufacturer

Dentalmax, Korea
Renfert GmbH, Germany

Zirconia block Luxen Enamel
AL,0; particle Cobra

Zr0, slurry ZirADD PNUADD, Korea

Resin cement Panavia F 2.0 Kuraray Medical, Japan
Superbond C&B Sun Medical, Japan
Variolink N Ivoclar Vivadent, Liechtenstein
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A8 7] (Model 3345; Instron, Norwood, MA, USA)E o]-&-5}of
A AHCERH 0.5 mm BojZl Ao HEdT} T FFO
2 crosshead speed 1.0 mm/minute?] 352 7}5t0] H2+ A A]
o] Hdisls2 5785t rhFig. 1).

monk, NY, USA)E AME-5tAtt LU X EAMLA (one-way ANO-
VA¥Z olgsto] ZF 2 7] A1 R84S AR5 2H(0=0.05),
FEA D] PP R AHE FRo o Jago] EAct=A &
oli7] §J5te] o] Puf R EAFE A (two-way ANOVA)S Al¥stAth

(2=0.05). Tukey's honestly significant difference testE ©]-&3}o
5. FAPHAFAD|E 22 A3 AA8HTHe=0.05).

Tmo 2

EAFY FARAAIE U] G (scanning electron microscope [SEMI,

JCM-7000; JEOL, Tokyo, Japan)& A2F Yo} A|H] ¥H e & RESULTS
g S TESHG
1. M EL
6. SA=M HEHAE U] 2 7} #9o AGAILEE v we ZIN(Table
SAEAS 5l SPSS AZEFo](IBM SPSS ver. 25.0; IMB, Ar- 2), Panavia F 2.0 Z&AE A50%, A1253, ZA, Control# &

OF E2 Fe HFow, AS0F, A125, ZAF ¥ ZA+F Control
= Atolofl= F-2et &Fo]7} 9l tH(p>0.05). Superbond C&B 1&
9] B A5022 o =0 Hol FolA w2 A¥AEE HIo
H(p<0.05), A125%, ZA, Controld Ato]ofl& F-2J3t Z}o]& Ho|
2] &}Hp>0.05). Variolink N 159 39, 2E oA 23t 2+
0|7} WERA] ATHp>0.05). F AHE Fiol ©hE 7 9 Ak
AP =S v 2e A3HTable 2), ControliolAE ThE AJHEC] H|
3l Superbond C&B7} F9J5H 2 ATHEE H A1 (p<0.05),
A5073} ZAFo| A& Superbond C&B, Panavia F 2.0, Variolink

¢O08 [FOSH ¥ AYAEE BHHp<0.05). A125%°0A+=
Variolink N7} th& AJHIERT {of5HA W2 29des Hynt
(p<0.05).

O] ARAHEA A1 ATKTable 3), A2F Yol ®HA Y T}

<4+—— Resin cement

>

Figure 1. Schematic diagram of shear bond strength test.

Zirconia specimen

f

Ol

Table 2. Mean shear bond strength values (MPa), standard deviations (+), and statistical results of all groups

Group Panavia F 2.0 Superbond C&B Variolink N p-value
Control 5.550+2.553* 12.6133.452° 6.37423.361%" <0.001
A50 14.14143.549™ 19.816+2.153" 5.874+2.108° <0.001
A125 14.049+7.816" 15.265+3.643* 6.159+1.586™ 0.001
ZA 9.361+3.155™" 13.8172.659°% 5.524+1.931°° <0.001
p-value <0.001 <0.001 0.863

Control: no treatment, A50: airborne-particle abrasion with 50 um of Al,0,, A125: airborne-particle abrasion with 125 um of Al,0s, ZA: ZrO, slurry.
Different lower-case letters (a, b) indicate significant differences among mechanical surface treatment methods (p<0.05). Different upper-case letters (A, B,
Cl indicate significant differences among resin cements (p<0.05).

Table 3. Two-way ANOVA with surface treatment and resin cement

Source Sum of squares DF Mean square F value p-value
Surface treatment 466.268 3 155.423 12.514 <0.001
Resin cement 1765.411 2 882.706 71.073 <0.001
Surface treatment * Resin cement 349.155 6 58.193 4.686 <0.001
Error 1341.327 108 12.420
Corrected total 3922.161 119

DF: degree of freedom.
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A AHES] 57, F A A5 2-E BT AGAdFTo 7ot G
FE A= A& G5k rHp<0.05). FHA ] o wh2bA = AS0
&, A125%, ZAS, Controld €02 =2 k8 B o} A502T
A125%, A125¢3} ZAwt, ZA3} Controle Atololl= #-<9J3t Zpo]
7F UK (p>0.05). T A AHE 9] F7ol wekA = Superbond
C&B, Panavia F 2.0, Variolink N €22 §95}4 &2 & YEr

WATHp<0.05).

2. FARMALAD| G 2
SEM& °]-8-5o] 3080, 1,00081&, 5,00081&=2 2 & AJHe &
A2 WS CH(Fig. 2~4). ControlZo| A= A2 Yot ZA - o] #
2= A1 (Fig. 21, 31, 4D), A5S0ZT A125F00A EFujut BALZ Q1gh
A o] FEHATH(Fig. 2J, 3], 4], 2K, 3K, 4K). ZAZH<= A
EF Yo} ZAY Ato|2 &3 g 2 AF #Ho] HEEIh
(Fig. 2L, 3L, 4L).
A2 FYotet A AHE 7+9] 3pd g/l A Controld- AE2H
Yot o2 E #Z AIMEZ} 7jFo] deel: HAA ohd(ad-

Panavia F 2.0
Zirconia-resin interface(x30, x1,000)

Control

A50

A125

hesive failure) ¥AFo] UeRdTh, W A50%, A12543 ZAZ-S A
EFYo} E= A AHE WojlA spdo] dojd FH4 3 (cohe-
sive failure) ¥ F 7FA|7} £¥H £33 1 (mixed failure) <

Bolom ZESH= F%1 AIHE Y& Controlwtoll HIs] Bo] FE=
k.

DISCUSSION

A 23 Yot Hz2ke] YH4S FHAIZI7] A vhfdt 71412 %
2] gho] AtEolYTH1]. 1% APAE X2 3ot} HA AHE 7+

S 2PAES HolFqlon 7P HHAQl Q25 Yot A
2] o g2 7HpEojgitH14]. 13t APAE A2 FUYoto] AJHolE
st vl F(micro crack)g TS0l HEE9 A7|HQl Y
ol E2strH12]. 3 7]&9] B Aol APAS A EE é’
St 4R} 271 AZ2FYote} HA AHE 7t A Eo] B
FZ A= A0 BIEQITH21-23]. oo £ AFoAE= Z]E.—T’_"]

of9 71714 miA ] WY F F 7 GA 2719 LAY EEEG0

=

lru

Zirconia surface (x5,000)

Figure 2. Scanning electron microscope
images of the surface of each group of
Panavia F 2.0 (magnification x30, x1,000,
x5,000). Square box represents the en-
larged area at x1,000 and x5,000 magnifi-
cation. (A, E, 1) no treatment (control), (B,
F, J) airborne-particle abrasion (APA) with
50 pm of AL,0; (A50), (C, G, K) APA with 125
pm of AL,0; (A125), (D, H, L) ZrO, slurry
(ZA). Z: zirconia, R: resin cement.
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Superbond C&B

Zirconia-resin interface(x30, x1,000)

Control

A50

A125

pm, 125 um)< ©|-8 ?l‘A PA A 7} AEA e A23Y
of £ 2| o83 HHA WHo] Tkt A AHNES Y] HtA
PR HA = ST FaAS B7IshE A S

X AWE FRo| g 7 F9o AHFIFLEE v 2 23,
Panavia F 2.0 159 A125& A 9Jgt Superbond C&B 159 ZE
+2 08 % AME JIF5EY $AZCE 2 2¥EEE Bt
0]& Superbond C&BE FA44E o] HHE FfskA &7] of
ol AiZog SEA40] ol #HAE F4E AZF ot HA|
T2 JFE 8oIoHA sto] Bt 33 71 AR dgS F45h] i
oje, f&o] 7|54 FFAYU 4-METAS] B4t 58: ZPPEE &
ol ¥l ¥ 713 A& AZrATH24,25].

RAAE Gl w2 7t 9] AGAIHEE H|wek A3, Vario-
link N 159 3¢ tix3d AFHAS0, A125+, ZAF) 25 &
9l Z}o]7} Q] o]+ Panavia F 2.09} Superbond C&B7} 7}
A= MDP, 4-META7} A 2514 o}e} 31eH4 Ajts F/4d5k= 2ol Hl
o 7154 EFA7E 9= LA bis-phenol-A-diglycidyldimethac-
rylate”] AIHEZ} $2 AR EE Kol 7|&9 Aot 5Y% 2

OII
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Zirconia surface (x5,000)

Figure 3. Scanning electron microscope
images of the surface of each group of Su-
perbond C&B (magnification x30, x1,000,
x5,000). Square box represents the en-
larged area at x1,000 and x5,000 magnifi-
cation. (A, E, 1) no treatment (control), (B,
F, J) airborne-particle abrasion (APA) with
50 um of AL,0; (A50), (C, G, K) APA with 125
pum of AL,0; (A125), (D, H, L) ZrO, slurry
(ZA). Z: zirconia, R: resin cement.

I7F vebd A0 2 HQItH26]. 3 Panavia F 2.0} Variolink N
IFNA AS02T A125+ 7H9] AR e+ Fo8 Zol7k gt
(p>0.05). ol &FHY Y2 2717k A2 Yoot #A AHE 7t
AQAE FFE 4 &2 Aoleh= Tsuo 51231 & Sciasci 51221
9] 712 A3 Azet A3k Tsuo S[2312 EFuL}t Y& 2717
S7HESE 29 ARV @A S7FHARE 2@ o] 3ol 71A]A]
U= A2 APAR B/ 4137 23 Yol £ A9 Zo|7t
& F23H9] undercut?t A7) Hiizolta 5

SEMS BafiAl o S #Ee 23 Controld-2 A4 oHd
WS dErd Ao |l ASO, A12593 ZA+ -S4 ohEst &
7HA7F £ S oS Uelch o] F B9l APAZ T vRETHA]
2 N2FYo} £ E &84T HHUAY: 7I1AA 2 AT 2
ARZ1E B35t AZ2FYotet HA AIHE 7He] 2RAE M
Ao g Ago] 7Hsd Ao Halth

£ A9 Avke 2340t thefdt #HA 9} 7 AHE

£ AGZIBEE FE] Aol dARS 7 Aol
A 71AA mHAEg opdet Azt 19, 7154 SAE 23
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Variolink N
Zirconia-resin interface(x30, x1,000)

Control

A50

A125

she 2etole] 418 5 B1eb4 A el o] st glom, AA)
7 WelAE Holt 2 5 okt 291500 o) Agagwe]
% = 4 ek v I B3P BAAS 74 ) B9 A
A% e A 5 AVAPYEo] FFL 14 4 k assol o
s #7M99 477 9a g Aoz AAET,

CONCLUSIONS

£ AFolAE= APA EEAE W N 2FYo} £ E o]&
A o] g2 A2 3uofe} ket H A AHE 7 A
ZEE ATYon 1 An o33 2 AES U 2 A+
A WollA APA B9iAE] 2 23 Yol & 83 HUA T}
A2FYot RAET} 7 AHE 7he] AF o] 42U &7
F 9e Aoz Qe

P

i
ok rsh

r&
o

a‘ia
X

Zirconia surface (x5,000)

Figure 4. Scanning electron microscope
images of the surface of each group of
Variolink N [magnification x30, x1,000,
x5,000). Square box represents the en-
larged area at x1,000 and x5,000 magnifi-
cation. (A, E, 1) no treatment (control), (B,
F, J) airborne-particle abrasion (APA) with
50 pm of AL,0; (A50), (C, G, K) APA with 125
pum of AL,0; (A125), (D, H, L) ZrO, slurry
(ZA). Z: zirconia, R: resin cement.
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