Test

Bond

Bond

Zirconia mate- | Surface treat- Method of Strength/
Author rial ment Artificial aging Cement type :::fth :;;anth/ MPa (after
aging)
In Ceram
, , Airborne par- 151
Zirconia ticles abrasion
LBottinoetal"” | pore (APA)with 110- szt(egzséosr% ) Panavia F MTBS
2005 um AI203 &
7 days
In-Lab,
VITA)
InCeram
2-Amaral etal® Zirconia APA( Panavia F M 20.5 -
2006 110umAI203) '
(VITA)
*
Alumina sand- 43
blasting ¥20.1 3.7
*SOHm sok sokokok
3.Tsuo et Zirconia ceramic, 5,000 thermo Linkmax HV SBS 21.5 0
alt¥2006 (Ohtsuka) **75um cycles(TC) k93 ) skl ()
***100pum *H4%1 9 6
****150Um
*17.7
. . . APA( 50-pm H20 ST "
4.Kumbuloglu et Zirconium oxide A1203) 7 days Panavia F SBS _ 16.3
alt92006 . . o
(DCS) TC 2000 RelyXUnicem 17.5
19.5
5.Yang Betal®” | Cercon, Degu- APA(50 mm )
2007 Dent A1203) 3 days H20 ST Panavia F2.0 TBS - 40.1
*33.9
34.2
344
32.5
*%19.2
; xgslleHZO ST *Panavia F 2.0 *33.4
6.Aboushelib | Cercon Base;- APA(110-pm . . 162
1492007 D ) 3 weeks RelyX ARC MTBS 233
eta entsply Al203) 136
*kkRict kekk
1 month Bistite I DC 31.3 b6
#*%25.9
22.6
18.3

14.4




. * *
7ValandroLF | [-¢eram APA( 110-pm Panavia F MTBS | *219
(42) - -
etal® 2008 | 7 onia®, vita | A1203) **SBS | **17.2
* ; *
APA(50 mm Panavia 28.8
Al203) 21 ok
S.ﬁ?]oushellb € | Procera Zirconia - MTBS -
al 92009 **RelyX *315
-APA + silane ARC #%13.7
APA( 53 pm « . «
9.Cavalcanti AN | Cercon, Degu- Al203) ) Panavia F2.0 MSBS 223 R
etal “Y2009 Dent **Calibra #4243
10.Tashkandi E Sandblasted e
492009 LAVA, 3M-ESPE (120 um AI203) - Multilink MSBS 20.87 -
*Clearfil *11.82
Sandblasting
24h Esthetic *18.63
Zirconia 125 Al203) MTBS
11.0yague etal Cement 1144 1316
“92009 ' '
(Cercon
6 months **Rely x unicem **%10.84
**%Calibra ek
T C *34.7
. Lava zirconia, )
13"?2‘7’]“5%11‘8 QEAO(;O MM ogwecks H20 ST | PanaviaF2.0 | MTBS | 35.9 48,7
eta 3M ESPE
**26 weeks H20 ST #HKD T 4
APA(50-pm
A1203) s
Y-TZP +
*17.1
. ksk
13.Qeblawiet | (ATCAD, *Acid etched/ | H20 ST Multilink Auto- | oo | 4upn g e
(48) i i )
al®®2010 Ivodlar silanated 90 days, and TC mix #%2118
*kCy
Vivaden Silanated
kokok
***7irconia 20.8
primer
APA (110
A1203) *42.5
*. 7 *%k *
14.Attia A et (e.maxZirCAD, +ri1;1e1¥ersal 30 days TC MultiLinkAu- TBS 41 278
al®” 2011 Ivoclar p tomix 388
+ universal
primer + ultra-
sonic cleaning
i *19 (8.3)
. APA(S3-um A2 | o0 g1 *Variolink
15.Foxton et Procera Zircon, 03) SBS 10,6
(50) i ’
al 2011 Nobel Biocare 6months FNAC-100

(15.3)
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*APA(50 pm

Al2 03) 224
#APA(70 pm Gradia *24.6
Al2 (21.5)
6.9
03) *#%19.7 e
16.Shimoe Set | Cercon Base, ***placed in
al ®v2012 Dentsply a furnace at 20,000°TC SBS
500°C, *13.7
heated to 136 124
1,200°C at arate ’ 13.9
of 50°C/min, Estenia C&B 46,3
and then held at 31
1,200°C for 10 '
min
APA(50-pm 70
hm Al203) *73 *(9.9)
70.05 MPa 12,8 *4(14.3)
i kk
51117 (;Iflozrg‘ge Fet | Katana, Noritake | 01 MP3 20,000 TC EsteniaC&B | SBS | **132 #(17.4)
***0'2 MPa ****14.2 ****(17-6)
0.6 MPa
21 days H20 ST
18.Abu-Eittah M | ICE ZirkonZ- Sandblast ( 50 .
RS 2012 irkon-Zahn | pm A1203) ' RelyX Unicem | SBS | - B
5000TC
*5.8
Zirconia no storage *8.9 *1.9
*RelyX ARC
- kk )k
19.de Castro et (YZ-In APA(50 pm 60 days H20 ST . 10.2 7.0
Al592012 A1203) RelyX U100 MTBS
Ceram YZ, **9.9
***Panavia F
VITA) TC 10,000 13 6.9
%148
*10.16
* 1 *
20Jevnikar Pet | TZ-3YB-EZirco- | APA(110 um | 2+ NH20ST Rely X Unicem SBS 1015
55 i
alt>2012 nia (Tosoh) Al203) 12,000 TC FUJI plus 8 95
**3.27
4.26 -
21.Usumez A et | ICE ZirkonZ- APA (110 um i Clearfil Esthetic SBS
al 69 2013 irkon- Zahn Al203) Cement
APA (50 pm, i
Al203)
. . 14.23
22.ZandparsaR | Zirconia, 3M .
ot al 612014 ESPE 500 TC Panavia F2.0 SBS
APA (50 pm
23.Reddy SM et | (Incoris ZI, Al203) ) Multilink Speed | SBS 6.71 )

alt® 2014

Sirona




*RelyX U100

*3
VITA In-Ceram APA(110-pm **Clearfil Es-
24SubasM Get | YZ Al203) thetic
- SBS -
alt922014 347
for inLab®; VITA Cement ’
***4_
***Panavia F2.0
*Sandblasted
(110 um AI203) 108
25.MurthyV et . . . ' i
al © 2014 Cortis-YZ, Sirona Sandblasted - Resin cement SBS L0
with 250 um '
Al203)
APA( 50-pm 16.4 *(15.7)
* e
26.Ishii R et IPS e.maxZirCAD, 10,0007TC Mulilink
alb 2015 Ivoclar Al203) SBS
**30,000TC Automix
APA(50-pm
Al203)
Estenia Opaque *11.7 *12.1
*0.1MPa Primer -Estenia
. C&B Opaque **18.4 **19.7
*kk
27Komine Fet | 1. tana, Noritake | 02 MP3 20,000 TC modifier- SBS
al 62 2015 *%19 1 **%18.8
kk : "
04 MPa Estenia C&B
. Sandblasted -
28 Anand S et al AmannGirrbach, (150 um AI203) Variolink 10.12
©3) MSBS -
2015
German) Il
APA(110-um
i (64)
29.Liu L etal Everest ZS,KAVO Al203) TC CLEARFIL SA SBS 12.03 1216
2015 Cement
APA(50-um 373 -
30.Zanjani VA et | Y-TZP, Zirkon- Al203) .
A1) 2015 Zahn - Panavia F2.0 MSBS
31Yietal o | LAVABMESPe | apri10m Te Self-adhesive | oo 1056
2015 Al203) resin cement '
*7.7
*11.5
L *APA(50-pm RelyX ARC
312 (6S7)C ;)Sflsa Lava(3MEspe) Al203) +Silane *10.8
a 10000 TC RelyX U100 SBS
**APA(120-pm ** 8.4
Al203) +Silane Panavia F
**10.8
**10.8
APA(50-pm
Al203) %9 67
33.Nishigawa G *ultrasonic . o
etal®® 2016 Lava, 3M ESPE cleaning Panavia F 2.0 SBS 13.11
**without ultra-

sonic cleaning
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*Panavia F2.0(-
1CE Zirkon drconta primer .
34.Mahmoodi N | Translucent, Sandblasted 50- onobon
- 3000 TC Plus) MTBS
eta® 2016 um Al203) #_(debonded)
Zirconzahn, s Clearfil SA
Luting
APA(25-pm 81 79
35.Vicente M et | Cerconl, Degu- | Al203) 50.000 TC Clearfil SA SBS ' ’
al ™ 2016 Dent, ' Cement
*9.18
Ut 13
36.Akay C et | (ICE Zirkon; APA(50-um ) VariolinkI1 sBs | =378 ]
(&) i :
al 2016 Zirkonzahn Al203) % Panavia SA
Mean Bond
Strength/MPa 17.4 15.2
Table 1: Airborne-particle abrasion studies n=36.
Zirconia Method of Test . Bond Strength/
Author material R Artificial aging Cement type method ;lt;zngth/ MPa(after aging)
600-grit silicon 11.6
Y-TZP
carbide paper wet *22.2
1.Qeblawi et (ZirCAD, g?fld:j“g "1+ A?‘ii 90 days H20 ST | Multilink SBS w179
al#2010 etched/silanate and TC Automix '
Ivoclar
**Silanated
Vivaden
***Zirconia primer ***25.5 **%24.38
5
600-grit silicon 69
5Zz.l(omme Fetal | Katana, Nori- | carbide abrasive 20,000 TC Estenia C&B SBS
12012 take
paper wet-ground
. 21 days H20
3AbuEittah M | ICE ZirkonZ- | ot S0 WD g ghen Relv X Unicern | sB5 |- i
RG9 2012 irkon-Zahn | 1 8 Y '
15¢ 5000TC
*9.5
*8.3
Estenia
*600-grit silicon Opaque Prim-
carbide abrasive er -Estenia
4. Komine Fetal | Katana, Nori- | paper wet grinding C&B Opaque
©)2015 take **1500-grit silicon 20,000°TC modifier- SBS -
. . 6.4
carbide abrasive
paper wet grinding Estenia C&B 540
Gingival ’
Mean bond
strength/MPa 134 8.6

Table 2: Grinding with disks and diamond rotary instruments n=4.
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Bond

. . Method of Bond
Author erconlla Surface treatment Cement type L Strength/ SERETG L
material — . method MPa(after
Artificial aging MPa aging)
*1 week H20 ST *55.8
1. Aboushelib Cercon Base; Heat-induced **2 weeks **54.2
; . Panavia F 2.0 MTBS 49.8
etal®’2007 Dentspl maturation and SIE 3 weeks #HTE G
Py (HIM/SIE). :
****1 month *HAE52.2
SIE +
*3-Acryloyloxypro-
pyltrimethoxysilane
**3-1 t -
: .soilyana .(l)pro +31.2
Procera Zir- pyltriethoxysilane
i *%k
2.Aboushelib g.)ma (1\;0bel ***Styrylethyltrime- 324
78) iocare ; -
etal?™2008 thoxysilane - PanaviaF2.0 | MTBS *e8
*##*3-Methacryloy- w40 6
loxypropyltrime- '
thoxysilane *HRRX32.6
- (N-Allylami-
no)propyltrime-
thoxysilane
SIE +
* 3-Acryloyloxypro-
pyltrimethoxysilane
% _ _ *31
3 Aboushlib et conia (Nobel 124 i **32
- . kk
209 2009 Biocare) #4%3_Styrylethyltri- 90 days H20 ST b F20 B verg 18
methoxysilane ' R—
3-Methacryloyloxy-
propyltrimethox-
ysilane
*TC
. Lava zirconia, .
:ﬁl’ﬁgszhgi‘g SIE weeks HZ0ST | b haviaF2.0 | MTBS 519
3MESPE ***26 week H20
ST
*53.4
AmannGirr- *Sandblasting+ SIE
5.Anand Setal | bach, - " ok
© 2015 “*Sandblasting+ SIE Variolink II MSBS 29.24 52.5
Germany) +HF acid etching
***51.9
**31.23
Mean Bond
Strength/MPa 328 403

Table 3: Selective infiltration etching (SIE) n=4
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Zirconia Surface Met_ho_d of Cement Test meth- | Bond Strength/ | Bond Strength/
Author . Artificial .
material treatment ng type od MPa MPa(after aging)
1.Derand et *Low fusing por- 113
al®” 2005 ProceraZirkon celain pearls - ’
. - Variolink II | SBS -
(Nobel Biocare) 18 4
**Lfpp + silane ’
Mean Bond
Strength/MPa 148 i
Table 4: Coatings of low melting temperature porcelain micropearls n=1.
Bond
. . Method of Bond
Author ercon_la Surface treatment Cement | Test Strength/ )
material . . type method MPa(after
Artificial aging MPa -
aging)
7-12pm zirconia particles Relv X
1.Aboushelib ®V | Lava zirco- sprayed on unsintered 6 months H20 ey MTEBS 425 379
2012 nia,3M ESPE zirconia disks by fusion ST . ' '
. unicem
sputtering
Mean Bond Strength/MPa 42.5 379
Table 5: Fusion sputtering n=1.
. . Method of Bond
Author f:: onia mate- Surface treatment Artificial Cen;ent ;eesttho d Strength/ f;:::aig:gg::/ )
aging P MPa ging
*Dipped in 100°C *9 56
H2S04/(NH4)2S04 *(13.15)
solution and kept for
30 min
1XIE H et al® "Etched with 100°C l]jzlissﬁilvi/;in 980
) Everest ZS,KAVO | HF/HNO3 for 30 40 days H20 ST SBS
2013 *+(13.48)
. cement '
Min
**%(10.04)
***Etched with 100°C
H2S04/HF/ ***8.73
HNO3 for 30 min
2.Zandparsa R etal ¢72014
Zirconia, 3M ESPE
Piranha solution 7:1; Piranha acid etching solution
at 7:1 concentration mixture of sulfuric acid (H2S04) and i
hydrogen peroxide (H202) was applied for 2 minutes. Then the specimens were rinsed with distilled 2.61
water and air dried.
500 TC
Panavia F2.0
SBS
3.Reddy SM et | (Incoris ZI, Hydrofluoricacid 4.5% | Multilink SBS 388 i
alt® 2014 Sirona etching for 3 min. Speed '
4-MurthyV et . . HF acid (9.6 %)treat-
A 2014 Cortis-YZ, Sirona ment 30 sec. - SBS 12.6 -




Estenia

Hs)

Opaque
Primer
. o -Estenia
0,
SKomineFet |y ha Noritake | 0220 hydrofluoricacid | ) 544 ¢ C&B Opaque | SBS 0.1 0.1
al®? 2015 gel for 1 min e
modifier-
Estenia C&B
Gingival
6.Anand S et al AmannGirrbach, | Sandblasting+HF acid Variolink
6 etching(9.6%) for 60 - MSBS 11.04 -
2015
Germany) sec. 11
*30.94
Variolink II
*Hot chemical etching *46.71
solution composed of
800 ml methanol, 200
ml HC], and 2 g ferric
7.Akay C, etal | (ICE Zirkon; chloride and that was ) SBS )
12016 Zirkonzahn heated to 100°C or 10
minutes.
**Hot chemical etching
solution for 30 minutes. ##35 69
Panavia SA
**31.31
Mean Bond
Strength/MPa 18.2 78
Table 6: Chemical treatment (Hot acid) n=7.
Method of Bond
Test Bond Strength/
Author Zirconia material Surface treatment Artificial Cement type method lfdtll;zngth/ MPa(after
aging aging)
Er:YAG Laser
*15.8
1.Cavalcanti 2.94 um *Panavia F2.0
AN etal ¥ Cercon, DeguDent - MSBS **3 -
2009 5 sec **Calibra
Power 200 m]
Er:YAG laser *Variolink
H20 ST *13.3 (7.6)
2.Foxton et Procera Zircon, Nobel 2.94-ym wavelength ok
0 . SBS 15
alt® 2011 Biocare
5 seconds
6months (9.2)
200 m]. **NAC-100
Er:YAG laser Wave
. length of
Sk et | ICE ZirkonZirkon- Zahn : NX3 sBS |32 .
2.94 ym at 150 m],
10 Hz, 1 W, 20 sec.
Nd:YAG
A 1,064 nm
*6.99
P; 60 sec.
200 m]/pulse, '
AUsumez Aet | 10p 7ikonZirkon- Zahn : clearfil Es- - gpg -
al 692013 % thetic Cement
aser pulse dura-
tion (180 ps)
**Nd:YAG laser **8.17
pulse duration (320
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Er: YAG laser.
wavelength *RelyX U100 *1.76
0f 2,940 nm **Clearfil
VITA In-Ceram YZ Esthetic
Sf‘i?if é\f)lc ) energy, 400 mJ; - SBS 279
eta for in Lab®; VITA Cement
pulse rate,10 Hz
***Panavia
power4 W F2.0 **42.48
15 sec
CO2 laser
6.MurthyV et . .
al ) 2014 Cortis-YZ, Sirona wavelength of 10.6 | - - SBS 18.12
mm,
power setting of 3 w
CO2 Laser
A 10,6u
7KasraeiSet | CeramillZi; AmannGir- , pulse repetition - Panavia F 2.0 | SBS 12.12
al(2014 rbach
100 Hz, pulse dura-
tion 160
10 sec.
8.Kasraei S etal® 2014
CeramillZi; AmannGirrbach
CO2 Laser
A 10.6 pm, with a pulse repetition of 100 Hz, pulse duration of
160 ms,
output energy of 3W
10 sec.
12.12
Er:YAG laser
A 2,940 nm,
8.65

pulse duration of 50 us
output power of 2 W,

10 sec.

Panavia F2.0

SBS




9.LiuLetal
G 2015

Everest ZS,KAVO

Nd:YAG laser
A=1,064 nm;

*100 mJ, 10 Hz for
30s

**100 mJ, 10 Hz for
60s

**%100 mJ, 10 Hz
for90 s

#3100 mJ, 20 Hz
for30s

X% 100 mJ. 20 Hz
for 60 s

Rk 100 mJ, 20 Hz
for90 s

Hzfor30s

Hz for 60 s

Hz for90s

TC

CLEARFIL SA
Cement

SBS

*4.1

**4.5

****5

*3.7

**3.9

****4_.5

5.4

5.2

6.3

5.7

5.8

5.4

10.Gomes
AL etal 0%
2015

Cercon®, DeguDent

Er:YAG

2,940 nm wave-
length.

pulse repetition was
setat 10 Hz and en-
ergy intensity was

setat 200 m]

TC

*BiFix SE

**Clearfil SA

MSBS

*5.7

**6.9

*1.8

**0

11.Zanjani
VA et al®®
2015

Y-TZP, Zirkon- Zahn

*CO2 laser

1060-nm wave-
length

50 sec.

4w
**Er;Cr:YSGG
2780-nm
wavelength

pulse duration of
1401s, 50 sec

at3W

***Er;Cr:YSGG at 2ZW

Panavia F2.0

MSBS

*29

**2***7'5

219




Femtosecond laser
irradiation
1 kHz trains of puls-
es centered at 800
nm, with
an energy of 4.0m]
d a durati f 85
12.Vicente anc a duration o : 108
70 40fs Clearfil SA
M etal 7 Cercon1, DeguDent, TC SBS 7.7
Cement
2016 10.7
at step 20
(FS20).
Femtosecond laser
irradiation at step
40
(FS40)
*_
*Panavia
Nd:YAG laser Output . (debonded)
F2.0(zirco-
power2W nia primer
13.Mahmoo- | ICE Zirkon Translucent, M p bond
diN eta® Frequency 20 Hz 3000 TC ., onobon MTBS |-
2016 Zirconzahn, us)
Exposure time 2 #*Clearfil SA
min .
Luting
ok _
Mean Bond
Strength/MPa 86 4
Table 7: Effect of lasers n= 13
Bond
. . Method of Bond
Author ercon.la Surface treatment Artificial Cement type Test meth- Strength/ Strength/
material . od MPa(after
aging MPa .
aging)
1.Tsuo et Zirconia ceram- . . .
1592006 ic, Ohtsuka Silane coupling agent 10,000 TC | Linkmax HV SBS 31.2 0
APA(125- pm Al203)
Zirconium oxide
+
2.Atsu et al**¥ (Cercon,
silanized with a silane cou- - Panavia F SBS 16.5 -
2006 Degussa pling agent
Dental) (Clearfil Porcelain Bond
Activator)
Panavia *26
o *_
3.Aboushelib et . . Silane 21
al 492009 Procera Zirconia - MTBS -
**APA + silane RelyX **31.5
ARC **13.7
o *20.8
Silicatization 1000 TC 10,2
(Rocatec) + *ZA were si- 3000TC *23 135
4.Heikkinen et Procera Zirconia . . **6.9
1092009 (Nobel Biocare) lanized with the acrylate RelyX ARC SBS 4.7
a 8000 TC 168 g g
silane.**ZM was silanized " 7
with a methacrylate silane 15000 TC **2 .
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Tribochemical
silica coating +
* 3-methacryloxypropyltri- . B
methoxysilane 103 136
. o o #%11.7 16
5.Matinlinna Procera All thj X}/}SCill’;/ilzxypropyltrlme
i skekk skkk
AndLassila%® . 6000TC RelyXUnicem | SBS 10.3 14.9
2011 freon ek Strylethyltrimethoxysi- sk g shikg 5
lane ' '
skekkoksk skekskkok
#¥xk 3-Isocyanatopropyl- 78 17.6
triethoxysilane
#ekk 3-Glycidoxypropyltri-
methoxysilane
*12.1
Silicatization (Rocatec) +
silane 6.7
*3M ESPE Sil 20 *14.6
. 14.5
**3Acryloxypropyltrime- | 30-pay wa- #%13.5
6.Lung et al??” . ’
2012 Lava (3M-Espe) | thoxysilane ter storage *H*7.9
Rely X Unicem | SBS 114
Thermocy- 6.7
*kk) _
2-Hydroxyethyl meth cling —— Y
acrylate *4510.8
*****9-6
****[taconic acid 5.9
FrERkOleic acid
55
Mean Bond
Strength/MPa 155 88
Table 8: Silane coupling agents n=6
Method of Test Bond SB; 2z h/
Author Zirconia material | Surface treatment Artificial Cement type —— Strength/ MPa (flt’ter
aging MPa .
aging)
1PiascikJR | ZirCAD, Ivoclar-Viva- | | uerination(rough) Rely-X Unicera | SBS 32.7
(109) - E -
al 2011 dent Fluorination (polished) 26.3
APA+ fluorinated in a pla-
nar, inductively coupled
13.56 MHz radiofrequen-
cy plasma reactor at 800
W with a dc bias of 300V 229
2.Piascik JR et .
al 2011010 LAVA, 3M ESPE - RelyXUnicem, | SBS 315 -
*20SEC 33.7
*2Min
*5Min
3.Piascik
et al%® Lava (3M-Espe) Plasma fluorination - RelyXUnicem | SBS 37.3 -
2012
Mean Bond
Strength/MPa 307 i

Table 9: Plasma oxyfluoride n=3.
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Bond

Zirconia ma- Method of Test Bond Strength/
Author —— Surface treatment Ar.t1f1c1al Cement type method Strength/ MPa(after
aging MPa .
aging)
In Ceram
*23
. . " . .
. Zirconia Roc'a'tec syst'em, tribochemi H20 ST 7
1.Bottino et cal silica coating d MTBS
(CEREC s Panavia F -
AlG1 2005 **CoJet system, tribochemi-
In-Lab, cal silica coating
**26.8
VITA)
zirconiumox- APA(125- pm Al203)+ SBS
zléot:; ((;(; 6 ide(Cercon,De- - Panavia F 22.9 -
gussa Dental) Tribochemical silica coating
-KetacCem 6.5 L4
*Nexus 7.3 2.5
ZrO2-TZP Tribochemical H20 ST2 day **Rely X Unicem *22.8 *18.9
3.Luthy et . . SBS o o
1192006 (Cercon silica coating - _**Superbond 39.2 36.7
Smart) TC C&B **¥44.5 *429.4
-+ Panavia21 — AT 7
rxx*Panavia F Horkik g3 A *ERRRT 3 Q
H20 ST7 "
APA( 50-pm (Al203) days 18
4.Kumbulo- Z1r.con1um + Tribochemical *Panavia F SBS 18
glu et al®? oxide -
o : o ; ok
2006 (DCS) silica coating RelyXUnicem 209
2000TC 201
InCeram Tribochemical silica coating
5.Amaral MTBS *24.6
etalV Zirconia *Rocatec - Panavia F -
2006 **26.7
(VITA) **CoJet
**150 day
H20 ST
In Ceram Tribochemical
6.Valandro ***150d&CT MTBS
LFetal® | Zirconia silica coating Panavia F *26.4 **6.5
2007 ***300 D st
(VITA) 6.2
****3.4
d&TC 43
MTBS *26.1
Tribochemical silica coating *27.2
system
7.Valandro | In-Ceram SBS
LFetal®? * Rocatec-Plus then silanized. | - Panavia F -
2008 Zirconia®, Vita
tribochemical silica coating
**CoJet MTBS **26.1
SBS **21.7




*Clearfil *18.9
*15.36
Zirconia Tribochemical silica coating | H20 ST Esthetic MTBS
8.0yague et
46)
al 2009 (Cercon 6 months Cement
**6.07
**Rely x unicem **8.8
Y-TZP
Tribochemical
9.Qeblawi | (ZirCAD, Multilink
etalt® silica coating - SBS 309 -
2010 Ivoclar Automix
+ silane
Vivaden
*Maxcem
**Smartcem
skekk
Rely X
Y *31.94
Unicem
**15.32
Tribochemical treatment), + ****Breeze *KLD 47
10.Lin]J silane coupling agent (Clear- . -
etal? Zr0O , Nikkato, | fil ceramic primer SBS *4%50.91
2010 2 Biscem
skkskskkk
sksksksksksksk
Clearfil SA
luting/
3 days
Zirconia No TC
11-Attiaet | (6M3X . - Multilink Auto-
Tribochemical silica .
alt? . mix
ZirCAD, TBS 383 16.5
2011 coating
Ivoclar
Vivadent) 30 days
TC
*13.9
*10.4
Tribochemical *12.9
Zirconia
silica coating ST *RelyX ARC **6
12-de Cas- | (YZ-In
tro et al®¥ + Rely X Ceramic Primer 60 days **RelyX U100 MTBS **10.4
2012 Ceram YZ,
) 10,000TC ***Panavia F **7.2
VITA)
**%10.3

***9.7




Tribochemical sandblasting

with 30-pm 12.46
13-XIEH et | Everest ZS,KA- | CoJet 40 days H20 CB(I);GI\:S‘/?;)?Z:?] SBS 12.89
al®92013 | VO ST o '
followed by silane coupling ceme
agent, Porcelain Primer
14-Per- IPS e.max- silicatization with CoJet sand
digdoJet | ZirCAD (IPS, ;‘f hourH20 | b eyXUnicem MTBS | 13.1 7.7
alt®2013 | Ivoclar
15-Chen Tribochemically sandblasted
Cet g;‘_‘ﬁ’oi‘gje“(@ with 30 umCoJet sands + | - Choice2 SBS 145 -
al1922013 silane (Porcelain Primer
*
RelyX U100 %59
VITA In-Ceram - .
16-Subas YZ silicatization with CoJet sand thCi(.earfll s
MG etal®” - e SBS -
2014 for inLab®; Cement **3.09
VITA
kekok
***Panavia F2.0 3.74
- i 11.3
17 d?zOS ilva Lava Frame Silicatization (Cojet) + silane | 6 month RelyX ARC 10
etal’® 3M-E ESPE Sil H20 ST MSBS
2014 (3M-Espe) ! RelyXUnicem 37.4 20.5
- *RiFy * *
18 Gomels:m Cercon®, Tribochemical silica coating Bifix SE 17.3 19
AL etal 0% DeguDent ine Rocat N TC MSBS
2015 cguien using Rocatec system **Clearfil SA 158 *+15.3
19-<Yietal e . Self-adhesive
© 2015 Lava(3M-Espe) | Silicatization with CoJetsand | T C resin cement SBS - 8.54
14.5
20-Lunget | Upcera (Liaon- Rocatec H20ST(30
al*#92015 | ing) d) 1593
Sand Plus RelyXUnicem SBS
6000TC 126
Silicatization (Rocatec)
*
zOR;)tC;;ec Soft (30 mm silica- RelyX ARC 149
21-Sciasci *12
etal®” Lava(3M-Espe) )
2015 Al203) + silane 101
“Rocatec Plus (120 mm 10000 TC RelyX U100 SBS iag
Al203, followed by '
k%
110 mm silica-coated Al203 ) 152
i Panavia F
)+ silane #11.2
22-Vicente Triboche 30 mm silicacoated . 9.5
M et al 70 CDerctonl, Degu- TC glearfll;FM SA SBS 7
2016 en Al203 mical silica coating emen
*Panavia F2.0(- *13
. zirconia primer
23-Mah- ,lli Enler kOI;t silicatization with CoJet sand (Monobond
moodi Net | - ansucent 3000 TC Plus) MTBS | -
a™ 2016 Zirconzahn,
’ **Clearfil SA
Luting **12
Mean Bond
Strength/ 22.8 15.4
MPa

Table 10: Application of a tribochemical silica coating n= 23.
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Bond
. . Method of Bond
Author erconlla Surface treatment Artificial Cement | Test Strength/ sacpel]
material . type method MPa(after
aging MPa .
aging)
Silica nanofilms. The SiO2 thin films were
deposited at the
Magnetism and Magnetic Materials Labo-
*
1.Druck In-Ceram Yz | Tatory, UFSM 7.8
etal?” (Vita) *12
1ta . : sk
2015 using the magnetron sputtering PVD 10,000 TC, RelyX b 14 0.01
process H20 ST90 days | ARC : —
*5nm SiO2 nanofilm 4.1
**500 nm SiO2 nanofilm
***500 nm SiO2 nanofilm1etching with
10% hydrofluoric acid
Silicoated
Y-TZP 15.3
+
2.Qeblawi (ZirCAD, Mul- *14.5
etalt*® *Acid etched/silanated SIZO ST 3(,)1, C tilink SBS
2010 Ivoclar ays an Automix **30.9
**Silanated **25.26
Vivaden H21.2
***Zirconia primer
Mean Bond
Strength/ 16 8.6
MPa
Table 11: Silicoating n=2.
Bond
Method of Bond
Author Zirconia material | Surface treatment Artificial Cement | Test Strength/ L)
. type method MPa(after
aging MPa .
aging)
Pyrosil Pen (Flame treatment) *9
+ silane **16
1Janda et Zirconium + BIS-GMA
(122) ..
al 2003 oxide Flame treatmentTime *25s/cm?2 - Xarlohnk SBS -
(Degussit) Flame treatmenttime **5 s/cm2
Flame treatment time ***10 s/cm2 G
Mean Bond
Strength/ 11.3 -
MPa
Table 12: PyrosilPen Technology n=1.
Bond
. . Method of Bond
Author ercon.la Surface treatment Artificial Cement Test Strength/ Strength/
material . type method MPa(after
aging MPa .
aging
Plasma treatment (hexamethyl disiloxane
1.Derand | Procera All . *5.3
etal® Zircon (No- ]%Z13e.Stixizgi?cs(gi%aasrejcciﬁrerflr;m Plasma Variolink II | SBS -
2005 bel Biocare) P **3.5
*as received (ZF)**glazed blocks (ZG)




2ItoYetal ®*) 2016
Katana,KurarayNoritake
Low-temperature plasma treatment
16.6 -
CLEARFIL Esthetic cement
SBS
Mean
Bond
Strength/ 85 i
MPa
Table 13: plasma spray n=2.
Bond
Zirconia Method of Cement Test Bond Strength/
Author material Surface treatment Artificial aging | type method :;;anth/ MPa(after
aging)
*
RelyXUni- " 2746
*As sintered+ alumina coating cem 2405
24hin H20
Levnikar | 1 yp B 7irco- | **APA +alumina coating
Petal™ . SBS b
2010 nia (Tosoh) **27.44
***Polished z + alumina ’
. 12,000TC 27.3
coating KKK 4,
23,7
*24.05 *27.46
*As sintered 24 h in water Rely X
i kk k%
2levnikar | 1, 3ypE Zirco- . . Unicem 2744 2732
P et al®® ia (Tosoh) +alumina coating SBS
2012 faLtose — *20.07 *20.18
**APA + alumina coating 12,000 TC J
**17.86 **21.52
Mean Bond Strength/MPa 235 224
Table 14: Nano-alumina coating n=2.
Zirconia Method of Cement Test Bond Bond
Author . Surface treatment Artificial Strength/ | Strength/
material . type method
aging MPa MPa
*Hydroxyapatite (10 wt %) mixed with P25
glaze (90 wt %)
**IPS Empress 2 glass—ceramic (20 wt %) with *5.6
TZP IPS e.max Ceram glaze (80 wt %) Etched for 60 s
1.Ntala P using 37% of phosphoric acid. 11
etal (132 75-Blanks - Variolink IT | SBS -
2010 (Kavo) **]PS Empress 2 glass (20 wt %) mixed with *++8.8
IPS e.max Ceram glaze (80 wt %) Etched for 120
s using 5% of hydrofluoric acid. k0.1
****PS Empress 2 glass (30 wt%) mixed with
IPS e.max Ceram glaze (70 wt%



http://www.ncbi.nlm.nih.gov/pubmed/?term=Ito%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26948430

*Glaze. HF (9.5%) + neutralizing agent Silane+ Variolink II *g *KT 4
adhesive +dry
**Glaze HF (9.5%)+ neutralizing agent Silane+
2.CuraC | (ICE adhesive TC
et al®3? Zirkon- 5000 TC SBS
2011 Zahn ***Glaze HF (9.5%) + neutralizing agent Zirconia
primer +Dry
Multilink
****Glaze HF (9.5%) + neutralizing agent Zirco- A ut(t)lr:llx
nia Primer +TC " 544, w3 7
3.Valentino TA etal % 2012
Zr02 stabilized by 5% Y203 (Cercon Smart Ceramics, Degudent
*Glaze +50 um APA
*17.45
**Glaze +50 um APA+ silane -
**18.41
***Glaze + Hydrofluoric Acid
##%20.75
****Glaze +Hydrofluoric Acid+silane
k2517
Enforce
MSBS
*Vitadur Alpha
**IvoclarEmax Ceram
*25 *24
kK% 1 i
Noritake Cerabien 24 H-H20
ST **24.5 **33
4.Everson | Y-TZP; **E*Vita VM9 Rely-X
Petal®™V | LAVA, 3M TC U 4 SBS *x27 ***34
2012 ESPE #445] ava Ceram fucem
+ (10% hydrofluoric (HF) acid for 90 s.) 1800
silane primer
(Rely-X Ceramic Primer)
Mean
Bond
Strength/ 16.2 21.3
MPa
Table 15: Zirconia ceramic glazes (glaze-on technique) n=4.
Bond
. . Method of Bond
Zirconia | Surface Test Strength/
Author material | treatment e . Cement type method Strength/ MPa(after
Artificial aging MPa .
aging)
Meso- *Rely X Unicem -
zirconia porous *19.02
1.Zhang ceramic zirconia
Yetal®® | blocks coating - MTBS
2014 (Cercon, (MZ) **Panavia F2.0
DeguDent **21.51
Mean
Bond
Strength/ 202 i
MPa

Table 16: Zirconia particle deposition n=1.




B
Zirconia e Test Bond St(;gﬁgth/
Author . Surface treatment Cement type Strength/
material — . method MPa(after
Artificial aging MPa .
aging)
Silica coating Sol-gel process
*5.49 *0.06
*24 h
**4.59 **0.06
(138)
;g“;‘;g Cetal Eg‘l’%(fM #48 h 6,000 TC RelyXUnicem | SBS
*%6.48 **%1.94
****7.97 ****2.33
2.Chen Cetal”2013
KaVo Everest® ZS-Ronde
Silica coated via the sol-gel technique+ silane (Porcelain Primer;
14 -
Bisphenol-A diglycidyldimethacrylate composite resin cement (Choice2
SBS
ZCon +) and/or in silica sol
_(Zln), both of whlch rerr_lamed Silanated with
(Vita in these respective media for Monobond
3.Campos TMet |y 0o nyg, | ©d Thesilicasol (0.5 mol/L) | 1o Plus or Mono- | SBS 11.64 3.62
al 392016 . was obtained by passing an .
Vita : . bondS+Vario-
aqueous sodium silicate solu- .
. . . link II
tion through an ionexchanging
resin
Mean Bond
Strength/MPa 84 L5
Table 17: A solid-gel process (sol-gel) n=3.
Bond
Zirconia Method of Test Bond Strength/
Author material Surface treatment Artificial aging Cement type method lfdt;:lngth/ MPa(after
aging)
1.Morabada- | .,. .
bi A et al (40 Z_lrkon_Zahn Coate_d with a.layer of a Fluo- i Panavia F2.0 | SBS 473 i
zirconia block. | rapatite-Leucite glaze
2014
Mean Bond
Strength/ 4.73 -
MPa
Table 18: Fluorapatiteleucite glaze or salt glaze n=1.
Bond
. . Method of Bond
Author ercon_la Surface treatment Artificial Cement | Test Strength/ Strength/
material . type method MPa(after
aging MPa .
aging)
APA+The zirconia surface functionalization was
performed using SiCl4 (Gelest SIT7085.0) reaction
with H20[gas] by vapor deposition in a commer-
1 Piascik ZirCAD cial tool (MVD-100, ApPhed Microstructures, 232
1 | and San Jose, CA). The specimens are exposed for C&B
JR et al® . . . - MTBS -
2009 ProCad, approximately 15min to a vapor-phase mixture of Cement 162
Ivoclar H20 and SiCl4, resulting in the deposition of the '
SixOy seed layer with an HCI gas byproduct*2. 6
nm *#23nm  MVD tool for chloro-si-
lane pretreatment.
Mean Bond Strength/MPa 19.7 -



http://www.ncbi.nlm.nih.gov/pubmed/?term=Campos%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=27012859

Table 19: Molecular vapor deposition tool (MVD) n=1.

Zirconia Method of Cement Test Bond Bond Strength/
Author . Surface treatment Artificial Strength/ | MPa(after
material . type method .
aging MPa aging)
*9.01
Coating by silicon nitride Si3N4 H20ST(304d) 953
hydrolysis + 2 h 1400 °C treatment %93 '
1.Lung " . **5.96
etal(2V Eﬁ;iﬁn ) (6h) CR:gxum SBS *+11.49
2015 & r(241) 9.77
**%10.95
*x12.21
kkk
(48h) TC(6000)
9.6
Mean Bond Strength/MPa 10.6 9.3
Table 20: Silica coating by silicon nitride hydrolysis n=1.
Bond
Zirconia Hethodof Cement Test Bond Strength/
Author material Surface treatment Artificial i method SMt;zngth/ MPa
aging (after aging
*Alloy Primer(MDP) *38.4 *31.8
1.Tsuo et al®® | Zirconia SBS
ceramic, **Super Bond Monomer Liquid 10,000 TC Linkmax HV **37.6 **30.6
2006 Ohtsuka
***Metal Primer II **%37.3 **%25.5
*
Panavia 204
F2.0 21.0
*Alloy Primer(VBATDT/MDP-based)
2.Cavalcanti **21.8
Cercon, .
AN etal ¥ DeguDent **Metal Primer II(MEPS-based) - MSBS -
2009 eguren 21.60
sokok : : _6-
Metaltite primer((MTU-6-based) Calibra e
20.7
Sandblasted with 120 um aluminum
oxide
particlesat 0.35 MPa pressure
+coated with adhesive agent
(Multilink primers A and B)
3Tashkandi E | LAVA (A)+ coated with an experimental _ Ml MSBS 2261 _
92009 3M-ESPE primer (The silane 15.1
monomers used in the prim- 345
ers were 3-acryloyloxyprop-
yltrimethoxysilane,3-isocy-
anatopropyltriethoxysilane,
styrylethyltrimethoxysilane,3-meth-
acryloyloxypropyltrimethoxysilane-
and 3-(N-allylamino)propyltrime-
thoxysilane)
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APA(110-pum AI203) +

*Bistite 11

* Tokuso Ceramic Primer Himax 14.8
%k RelyX
kk 3 3
4 Kitayama et | Cercon GC Ceramic Primer ARC 140
35)
alt™ 2010 (Dentsply) | **RelyX Ceramic Primer . . 19.1
Panavia
’ F2.0 TBS ’
*#**(Clearfil Ceramic Primer )
sokokokok i
*Hxkx Shofu Porcelain Primer Resi 15.6
cem
wekkx AZ Primer 22.3
APA(50-pm Al203) *BisCem 21.89
5.Magne et Lava ’
alt® 2010 | (3M-Espe) | + zirconia primer **DuoLink 26,68
xperimental Zirconia Primer mono- i ***Panav- SBS 14,96 i
mers) iaF '
467100 **x%29.35
. Lava Frame . .
6.Dias de 3M-E Primer containing MDP, RelvXUni-
Souza etalo+ | (3M-Espe) - Y MTBS | 6.1 -
2011 VBATDT (Alloy Primer cem
7.Piascik Lava *ClearFil Ceramic Primer *10
108 (3M-Espe)
etal®® RelyXUni-
2012 **MonoBond Plus - Y SBS 75 -
cem
*#*Z-Prime w243
APA(50-pmAI203) +zirconiaPrimer
*18.2
8.Chen et Cercon "
al049) 2013 (Dentsply) Monobond Plus(MDP) vy
** BisGMA-Modified - Duolink SBS -
Monobond Plus
***ZPrime Plus
*Alumina sandblasting and condi-
L *9.03
tioning
. L . *7.48
witha acidic adhesive monomer con-
tainingprimer, Z-Prime Plus. Bis-GMA-
9XIEH et Everest 40 days based com- SBS
al®d 2013 | ZS,KAVO **Alumina sandblasting, and condi- H20ST posite resin 48,34
tioning cement ’
3k
with a new acidic adhesive mono- 844
mer-containing primer, Metal /Zirco-
nia Primer.
* _ . -
10.Zandparsa | ,,. . APA and Z-PRIME Plus; . *21.11
R et a] 67 Zirconia, 3M 500 TC Panavia SBS
ESPE **APA and alloy primer(MDP-VBAT- F2.0 o
2014 11.07
DT)
11.Perdigio] | P> emax 24 hourH20 | RelyXUni-
etal® 2013 ZirCAD (IPS, | Z-Prime Plus ST cem MTBS 17.4 11.0
Ivoclar
12.Reddy SM | (Incoris ZI, (Metal/Zirconia primer i Multilink SBS 8.66 i

etal®® 2014

Sirona

Speed
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* Monobond Plus (MDP, y-MPTS)

** Clearfil Ceramic Primer (MDP,

*
V-MPTS 28.6 v
oy Primer (MDP, VTD) =7 6
. oo **%26.8 .
***#*Alloy Primer+Porcelain Liner M : sak
YPS Liquid B (MDP, VTD, y-MPTS) Hok98 4 ’
13-Obaet 10,000 Super-Bond SBS ' w30
al® 2014 | (Kuraray * #¥+*Porcelain Liner M LiquidA+Liq- | cycles C&B HokkHkDD 8 '
Noritake) uid B ’ sokx() 3
******20.7
*###3%21 Porcelain Liner M Liquid A ' ——
(4-META) '
* #dseekkPorcelain Liner M Liquid B
(y-MPTS)
*Z-Prime Plus *9.3
14-Amaral M Vita In-Ce- **AZ Primer 7.1
147 ram YZ for
etal®” 2014 | . Lab. VITA
fnkab, ***Monobond Plus - Variolink I | TBS **%10.5 -
15-da Silva et Lava Fram
al292014 ava FTaMe | oexgotchbondUniversa E419.1
(3M-Espe)
ek Experimental Adhesive HIHE25.8
*8.4
*RelyX ARC 154
6 month
H20 ST *RelyXUni- | MoBS | *15.9
cem
**36.2
*Alloy primer *5.8
**M Z primer **6.2
*#¥Zirconia primer RO
16-Pereiraet | Lava . 60 days i ok
alt® 2015 | (3M-Espe) Monobond plus H20 ST Rely XT ARC | SBS 51
*ksignum zirconia bond oRk%0.9
******Z prlm plus ******19'5
wiorkikScotchbond universal adhesive odieRion8.1
*APA + Z-prime Plus *16.5
17-Yietal ®® | Lava self-adhe-
**APA +Monobond Plus TC sive resin SBS - **8.9
2015 (3M-Espe) cement
#***Z-PRIME Plus **x8.27
Adhesive with MDP
+ *8.5
24hH20 ST
*Qy Kk
18.Kim et al Cercon Base Single Bond 2, TC RelyX ARC MSBS 377
(149)
2015b | (Dentsply) | s Single Bond Universal, ***31.3
10,000 *426.9
***All-Bond Universal,
****Alloy Primer.
Mean Bond
Strength/ 21 11
MPa

Table 21: Zirconia and metal primers n= 18.
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Zirconia surface treatment Mean bond Mean bond strength/
strength/MPa | MPa(after aging)
::;fgellfser:sicro 1- Fusion sputtering 425 379
2-Selective infiltration etching (SIE) 328 40.3
3-Chemical treatment(Hot acid) 182 7.8
4-Airborne-particle abrasion 17.4 15.2
5-Coatings of low melting temperature porcelain micropearls 14.8 -
6-Grinding with disks and diamond rotary instruments 13.4 8.6
7-lasers 8.6 44
zl:aT;f:;:urface 1-Plasma oxyfluoride 30.7 -
2-Nano-alumina coating 23.5 224
3-Application of a tribochemical silica coating 22.8 15.4
4-Zirconia and metal primers 21 11
5-Zirconia particle deposition 20.2 -
6- Molecular vapor deposition tool (MVD) 19.7 -
7-zirconia ceramic glazes (glaze-on technique) 16.2 21.3
8-Silicoating 16 8.6
9- Silane coupling agents 15.5 8.8
10-PyrosilPen Technology 11.3 -
11-Silica coating by silicon nitride hydrolysis 10.6 9.3
12-plasma spray 85 -
13-Solid-gel process (sol-gel) 8.4 1.5
14-Fluorapatiteleucite glaze or salt glaze 4.7 -

Table 22: Mean bond strength of different surfaces treatment before and after aging.

Luting resin cement Mean bond strength/MPa | Mean bond strength/MPa(after aging)
Mean of MTBS of MDP based resin cements 26.5 16.8
Mean of TBS of MDP based resin cements 19.1 40
Mean of MSBS of MDP based resin cements 17.2 15.3
Mean of SBS of MDP based resin cements 20.3 25.75
Mean of MTBS, TBS,MSBS&SBS of MDP based resin cements 23.2 24.4
Mean of MTBS of Bis-GMA based resin cements 17.2 13.6
Mean of TBS of Bis-GMA based resin cements 17.66 12.2
Mean of MSBS of Bis-GMA based resin cements 209 11.6
Mean of SBS of Bis-GMA based resin cements 19.9 11.7
Mean of MTBS,TBS,MSBS&SBS of Bis-GMA based resin cements 189 12.2
Mean of SBS of 4-META based resin cements 34.5 16.5
Mean of SBS of Glass ionomer based resin cements 104 7

Table 23: Mean bond strength of luting cements according to their main composition before and after aging.
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