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Effect of surface treatments on the bond strength for different
generation of zirconia CAD/CAM blocks
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In this study, five zirconia blocks of different generations used in clinical dentistry were selected to evaluate the difference
in bond strength between two surface treatments and silane primer application, and to compare the adhesion of five currently
used universal adhesives, The zirconia surfaces were polished to a smooth surface and the microstructure was examined by
field emission scanning electron microscope, The zirconia surfaces were sandblasted with alumina, and some were treated again
with 4.5% hydrofluoric acid for 120 s, The surface roughness, contact angle, and surface energy were analyzed with a confocal
laser scanning microscope and contact angle analyzer. The surface treated zirconia blocks were further categorized according
to whether silane primer was applied or not, and each was bonded with a flowable composite resin (2 mm in diameter) with
universal adhesive, stored in a 37 C water bath for 24 hours, and the shear bond strength was measured using a universal
testing machine. The measured values were statistically analyzed by ANOVA and Tukey-multiple comparison test (a = 0.05),
and the following results were obtained. For most of the zirconia surfaces sandblasted or additionally hydrofluoric acid-treated,
there were no significant differences in contact angle, surface energy, and adhesive strength between zirconia types, with the
surface roughness of (Y, Nb)-YZP being significantly higher, It has also been observed that the adhesion of the universal adhesive
used for bonding varies depending on its composition and content. When bonding to zirconia with a universal adhesive, it
may not be necessary to apply an additional silane primer. If the zirconia surface was further hydrofluoric acid-treated after
sandblasting, the adhesion tended to decrease.
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Table 1, Zirconia CAD/CAM blocks used in this study

1. M=z

U - 9 AzGA A JNEE vt Altie] A2y
o} CAD/CAM £5 5%F& Adsiglon, o] F334
A ZA} 52 Table 101] At 14t A 2302
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Code Block Types of Block Manufacturer
Pre-sint Y-TZP
CMz Ceramill Zi e ssin ered 3_ Amann Girrbach, Herrschaftswiesen, Austria
(1 generation)
Pre-sintered 3Y-TZP
PzH Perfit ZR HT e i,n ere ) Vatech, Hwaseong-si, Korea
(2" generation)
Pre-sint Y-PSZ
sz7L Shofu Disk ZR Lucent re-sintered 5Y-PS Shofu Inc,, Kyoto, Japan
(8™ generation)
Pre-sintered 4Y-TZP
PFS Perfit ST e i:n ere ) Vatech, Hwaseong-si, Korea
(4™ generation)
) Fully sintered zirconia .
PFF Perfit FS Vatech, Hwaseong-si, Korea

(Y, Nb)-TzP




Table 2. Universal adhesives used in this study

Code Universal Adhesive Main Components Manufacturer
ABU All-Bond Universal 10-MDP, Bis-GMA, HEMA, ethanol, water, unfilled Bisco, Schaumburg, IL, USA
Prime&Bond ) ) Dentsply Sirona, Fair Lawn,
PBU Universal PENTA, 10-MDP, isopropanol, water, unfiled NJ, USA
SBU Single Bond Universal 10-MDP, HEMA,Id|methacryIate, Vitrebond copolymer, 3M ESPE, St, Paul, MN,
ethanol, water, silane, filler USA
E7U E7 Bond Universal 10-MDP, Bis GMA.’ TEQDMA, UDMA, MetaBiomed, Osong-eup,
HEMA, ethanol, silica filler Korea
HBU Hi-Bond Universal 10-MDP, PVP, ethanol, water, silanized BAG Mediclus, Cheongju-si, Korea
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uA] dukel A 25 Uo} AJH-S FE-SEMO 2 stk AR
(F=2 20,0008], =2 50,0008))2 Figure 13} 2t}
AIdICMZ) 2 241l (PzH) A 23U ole] uA| 2= A3
A2t P4t =27] Fol FABHA #EE AL, 3AU(SZL)
g AA(PES) A 23 oke] WA 2= 1Atk 24t
A2sdolet ge] ARYA} G4 717 = $E Y
Atk 7HEAE JRAE(Y, Nb)-TZPE thE AFTFET]E=
A3 e 2AAA BT 2719 Adeld A x2S
B

el

geleg A 9 Asgees F ke ke
=49 Aok

melael Afele 7t A A2 sek

2 Aol wel wH AL RS
Table 3%} 2t} Mk

WD
10.0 mm

det HV curr mag o | dwell HFW

2um
ETD  10.00 kV 0.10 nA 50 000 x 50.00ns  8.29 ym SNU_Dentistry

CMZ (1% generation)

5 um——

SNU_Dentistry

det HV curr mag O  dwell HFW WD
ETD 10.00kv  0.10nA  20000x 5.00us 20.7 ym 10.0 mm

Py pe—

SNU_Dentistry

)
det ;\% curr mag O | dwell HFW WD
ETD 10.00kv  0.10nA 50000x | 500ps 8.29um 10.0 mm

PZH (2™ generation)
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# det | HV curr mag O  dwe HFW \ [ — T L — det  HV curr dwell HFW WD

ETD 10.00kv 0.10nA  20000x 5.00us 20.7 pym 10.0 mm SNU_Dentistry ETD 10.00kv  0.10nA 50000x | 500ps 829pum 10.0 mm

# det | HV curr mag O ell HFW WD | —— det  HV curr mag O | d HFW WD [—— Ll —

ETD 10.00kv 0.10nA | 20000 x 50.00ns 20.7um 10.0 mm y ETD 10.00kv 0.10nA 50000x | 50.00ns 829pum 10.0 mm SNU_Denti:

% det | HV curr mag O  dwell HFW WD det | HV curr mag HFW WD  —

 — d
ETD 10.00kVv 0.10nA  20000x 5.00ps 20.7 pm 10.0 mm SNU_Dentistry ETD 10.00kv  0.10nA 50000x  500ps 8.29pm 10.0 mm NU_Dentistry

PFF [(Y, Nb)-TZP]

Figure 1. Microstructure of zirconia blocks after polishing [(left (x20,000), right (X 50,000)].
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Table 3, Surface roughness (Ra, um) of the zirconia blocks after surface treatments

Blocks Sandblasting SB + HF-acid t-test (SB / SB+HF)
CMz 0.519(0,050) 0.549(0,083)° p = 0.241
PZH 0.531(0,058)° 0.550(0,065)° p = 0405
SZL 0.488(0,054)° 0.512(0,075)° p = 0323
PFS 0.485(0,082) 0.519(0,070)° p = 0232
PFF 0.961(0.135)° 0.872(0.103)° p = 0052

Note: Means within columns with the same superscript letter were not different (p>0.05).

Table 4, Contact angle (o) of the zirconia blocks after surface treatments

Blocks Polishing Sandblasting SB + HF acid
CMz 67.52(7 25)° 65.05(9.17)° 66.32(6.94)°
PZH 68.85(8.32) 66.40(6.23)° 67.32(7.04)°
SZL 69.16(8.70) 67.30(8.57)° 66.57(6.78)°
PFS 68.70(7 .82 65.72(8.65)° 67.97(7 90)°
PFF 69.17(8.56)° 67.11(6.92)° 65.34(5.79)°

Note: Means within columns with the same superscript letter were not different (p>0.05).

Table 5, Surface energy (mN/m) of the zirconia blocks after surface treatments

Blocks Polishing Sandblasting SB + HF acid
CcMz 27 .65(8.54)° 30.48(9.98)° 29.01(7.84)°
PZH 2594(9.77)° 28.97(7.19f° 27.86(8.22)°
SZL 25.58(9.98)° 27.77(9.84)f° 28.75(7 .84)°
PFS 26.17(8.99° 29 59(9.89)° 27.04(9.12F
PFF 25.62(9.93)° 28.09(7.74)° 30.23(6.72)°

Note: Means within columns with the same superscript letter were not different (p>0.05).

o] W AZ71(0.485-0.531 um)= gk o]z} Il Avpet AR AT (polishing), M E=E-2kAE-A g
v, 7}3Ale] A E PEF (0.961 um)ek 25 2 A7) (sandblasting) 2 F7}2 B4k 2] $HSB+HF-acid) A 251
E HAHp<0.05). MEEe2H § F712 Bqb-A e Yo} A 543 2K contact angle)¥} A
A23Yo} Al tF-E2 Ht A 717} oa ST (surface energy) Z3}= Table 4 2 59} 2t} A =250}
Fs B, 7]**40] 7Wd€ PRRe] A5+ Ht AR Al B dAupl-Aert AR B9 1A A 234 o)l
7} Fashe e Blod, FUIE *‘*]?1 2Ak-A 27} CMz8] Bt HE2H67.52°)0] 7§ whgkont v& AT
TR A= :’HOH 3 7%%‘71011 Folgh FFE FA (68.70°769.17°)3% o] g 2tol= HolA] G9thp>0.05).

28 502 HATHp>0.05). 7} Az avel AReA 3 714 ERAe] we P57}
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SRIEE FoIT Ao] & HolA] Ahskrhp>0.09). A=
ehoel e e MsBey F 3k B} g

st 139 A2}l HEd= st TS T4 Kt
Ao Brt A 2o} Al BHE AvpA gk AAgh
79 14 A2zYelel cMze] HiF T A (27.65
mN/m)¢] 7F Egkot thE AFrH(25.58-26.17 mN/m)
I frefgh ol HolA] &9ktH(p)0.05). 7+ A| 2o}

A4 3 712 AR wE e et
2fo] S Kol A &UTHp>0.05).
MEBerE] § F712
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55«] universal adhesive® HIEAE #X

FHEPFE 42 Table 60l A2lstaich
o|ME L3R ¢k A AFHAAEE
H 2 17.18 MPaol|A ) 23.25 MPaS B YL,
£ 283 Aol AR Es & 3t glo]
18.52 MPaol|A] FHtj| 21.84 MPag Kol Ag Zalo|w o]
F7F Agel W& J3Y F7F e HEEA &kt

243} AR =

_"'L

Table 6, Shear bond strength of the sandblasted (SB)

Alzsol A 2 g
oI 2fo]E HolX]
T B B A=
93, SBUE A&
(20.83-23,43 MPa) ] ﬂ‘i,
o W= H2EL £-9]3F x}o]E Ho|X
R e ki

zfo]d
SFFTHp>0.05). EZUS} PBUE Z]
uh

¢

T RAGEE e

it
32
o

D)
ro

i} tlo oo
U‘.N

]2 /\174 SChis
2ElA2)st X251 o} HS
oAM= NS RSP LY

32

PUR=R=1

v
*e‘d:r’f

27T —

12} =
ok %32%@, <7t EA»— WA 2ok,
E B AT Aol whe AT diFE fel AelE

Kol §ItHp>0.05). PBUE A43+ 7

lLl

= Ke)
35

zirconia blocks

Universal Adhesive

Blocks Si!ane
Primer ABU PBU SBU Ezu HBU
no 20.69(4.30*'* 18.94(3.94)°°% 23.25(3.43)" 18.56(3.71)° 20.25(3.82)"'
o yes 2053290 19.87(3.71)°°° 20.68(3.47)*° 19,69(3.58)°° 21.76(3.89)"°
no  2087(391)% 19.78(3.95)°%* 21.46(3.92)** 19.74(3.65)* 20,93(3.75)"
P yes  21.23(422)° 18.52(3.60)"° 20.83(3.65)"° 19.72(3.86)*° 21.36(3.55)"°
no 19.14(4.11)291° 17.18(3.93°'° 22 .45(3 55)"° 19.77(3.15)°91° 18.95(3.30)"™°
S2- yes 20.81(4 51)2" 18.43(3.61°¢ 21.76(3.98%" 19.69(3.51)%" 20.13(3.80)""
no 20.61(3.83*% 18.21(2.98)°" 22 .46(3.62)"° 18.43(4.79)° 20.03(3.72)"%
PFS yes 20.92(3.76)28 19.78(3.84)P°8 21,73(4.55)%8 19.34(3.15)°8 21.09(3.96)"8
no 21.70(4.77)*" 19.91(3.83)>" 23.43(3.51)*" 19.84(3.49)°" 20.95(3.91)""
PrE yes 21.37(3.707™ 21.78(4.09)>"® 20.73(4.48)%" 19.58(3.54)%"® 21.84(3.33)""®

Note: Means within columns with the same superscript letter were not significantly different (p)0.05), and means within rows with the same

superscript number were not significantly different (p>0.05).
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Table 7. Shear bond strength of the HF-treated zirconia blocks subsequent to SB-treatment

Silane Universal adhesive
Blocks )
primer ABU PBU SBU EzU HBU
No 15.20(3.91)*' 15.49(3.15)P" 17.39(3.07)%" 16.03(3.95)%" 16.70(3.45)%"
cMmZ
Yes 17.73(3.89)*2 14.41(3.22)°2 16.30(3.75)%2 17.59(3.26)*2 17.76(4.10)%2
No 17 14(3.57)%2 16.53(3.15)°2 17.62(3.07)%° 15.50(4.37)%3 16.88(3.79)°°
PZH
Yes 17.31(3.91)** 15.75(3.39)4 16.41(4.11)%4 16.93(3.23)%4 17.32(4.01)%4
No 16.25(4 14)*7 16.54(3 20" 17.66(2.85)°" 16.22(4.30)*" 17.73(3.12%7
SZL
Yes 17.58(4 52)*8 14.05(4.94)°8 17.75(3.81)%8 17.14(3.42)%8 17.65(3.87)°°
No 17.08(3.85)*° 17.46(4.35)°° 18.89(4.42)°° 15.81(3.98)%° 16.26(3.78)°°
PFS
Yes 17.41(3.91)28 15.49(2.94)°® 16.77(3.88)°° 17.19(2.35)%6 17.36(4.03)%°
No 17.87(4 24)%° 17.42(3.51)°° 17.99(3.54)° 16.43(3.69)%° 17.05(3.33)°°
PFF
Yes 16.03(3.43)>™° 15.43(2.42)°1° 17.24(3.22)%"° 17.20(3.67)*'° 17.45(4.31)°1°

Note: Means within columns with the same superscript letter were not significantly different (p)0.05), and means within rows with the same
superscript number were not significantly different (p>0.05).

Table 8, Result of the paired t-test for shear bond strength of zirconia blocks between the sandblasted(SB) and

the hydrofluoric acid-treated subsequent to sandblasting with different universal adhesives without silane primer

application,

Zirconia Universal Adhesive

Blocks ABU PBU SBU EZU HBU
cMZ p = 0001 p = 0013 p ( 0,001 p = 0,063 p = 0012
PZH p = 0011 p = 0019 p = 0006 p = 0052 p = 0,006
szL p = 0065 p = 0629 p ( 0,001 p = 0086 p = 0307
PFS p = 0018 p = 0586 p = 0022 p=0179 p = 0010
PFF p = 0028 p = 0074 p ( 0,001 p = 0033 p = 0,006

= Tk 9(14.05717.46 MPa) THH UL, SBUE 2185k Ao R & d F2EES Bl SBUR HAeE AT
A5 W JdEE o $7(16.30-18.89 MPa) B 9] A A=sole] Aol BAIgle] - M=Eet
SAIRE, 482 universal adhesived] The HAHLE Fo3t 28 F F7IR SARAERE e S MEETRE-AE
Aol S oA % THp>0.05). RH AR AP v A Ho
Azsvel 55 aus eSSty Aed ddwa At |20l CMZo} 241t A =514ol]] PZH=
MEEef g3t the Exk-Aeleh Ao A= EZU (p=0.063, p=0.052) HZAE A| Qg+ 452 A
& paired ttest® 418 A= Table 89 Ae|shrt, (ABU, PBU, SBU % HBU)E Z&3F 4204 F7t=2 Bk
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=7 MeEepg-A v AAgh
HEE A tH(p<0.05). 34 A=
FSE PBU(p=0.586)¢} EUZ(p=0.179) HZA|=
g-5-oll v & SVt ExkAE]d e P =

Megelag Hele AN EE

E HYtp<0.05). 4AIt) AZFUolel SZLL SBU
(p<0.001)& ALJg 452 FZA(ABU, PBU, EZU
HBU)E 283+ A5-olX 3712 E4k-A23h A
T s B dFEA oY, AeEepae-A e
AAEE -9} Folgh Aol YIATHP>0.05). (Y, Nb)-TZP
?l PFFE= PBU(p=0.074) HAAE A Q|gt 452 H2A|
(ABU, SBU, EZU @ HBU)E #8353+ A9+ F7t2 24k
23k Agrre] HAgert Mebelag]-Aenk e A
AT ET oAl SktHp<0.05).

3

)
Yol & AlZS 918k W
cubic}t S7F 9 2 AkstE 37 5 rA FRE
A A|23ote] FHEHEE
S ATh13, 15, 40). o] Z2A 7|
ALO; FHES skl
T TR = o Alnd SR o= o4
TH40), ©]F ZFolA cubickt
HA7kshk= Y05 3Hks S7MA Tt
ol 4Y-PSZ & 5Y-PSZ7} A=At
cubic’y SheFo] F7ste] AR YA B
FRHEE A IR, w1

RS
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I J2AH F= FEFS BIFEIAHG). o2 =Tk izl A FEE Sl elAE 10% wTe] AE=
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= 9E 1A FEANE 5Y-PSze] EH 3kt 2 z-o) Ruales-Carrera & I-WHEH X2 FYoH5Y-PSZ)7} 7]
UAE A3t 7Is Zlo] dEEflon, Sk vl =y e &9 3y-TZpo] Hlel HIRIAHE} ] {&eo] vk Ao

7 R GEe} QAR MsRelaE sy-pszs ke SRHAT, Aean Aee nukEy A2}
Az mefolvlE AR Zlo] Waslthn stk MDPE o FAS skl D 5 ATk shark6),
_('_Dr
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v JAE eEukadste] 3 AV S H]ﬂff}oﬂl“ﬂ] L& AzFYole] {3y} Mgl ARE3 L)L}
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