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[ Abstract] Objective To compare the effects of 10-methacryloyloxydecyl dihydrogen phosphate (10-MDP)- and si-
lane-based primers with those of MDP-based primers on zirconia-resin bonding via multiple levels of aging. Methods
Zirconia blocks were divided into 4 groups (n = 21) according to the primer used: MDP-based Z-Prime Plus (ZP), silane-
based Monobond-S (MS), MDP- and silane-based Clearfil Ceramic Primer (CCP) and no primer (Blank). After pretreat-
ment with or without the primers followed by bonding with cement Duo-Link, each group was subdivided into 3 sub-
groups (n = 7) according to aging level: 24 hours of water storage at 37 °C (24 h), 30 days of water storage at 37 “C(30
d), and 30 d plus 3 000 thermal cycles (30 d/TC). After aging, shear bond strength (SBS) tests and failure mode analyses
were conducted. Results ZP, MS and CCP groups had greater SBSs than did the BLANK group (P < 0.01). From 24 h
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to 30 d, the shear bond strength significantly increased (P < 0.05); however, the shear bond strength decreased signifi-
cantly from 30 d to 30 d/TC (P < 0.01) and fell below baseline (30 d/TC vs. 24 h, P < 0.01). Within the primer groups,
CCP exhibited a higher SBS than ZP and MS at each aging level (P < 0.001). The bonding strength of ZP was greater
than that of MS at 30 d (P = 0.029) but lower than that of MS at 30 d/TC (P = 0.037). From 30 d to 30 d/TC, the
percent decrease in the bonding strength of ZP was significantly greater than that of MS (82.43% vs. 64.90%). Conclu-

sion MDP-based primers function better for zirconia-resin bonding when they contain silane coupling agents.
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cle aging
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Table I Two factor analysis of variance on the effect of aging

time and primer type on the shear bonding strength of zirconia

Factor Sum of squares df  MS F P
Primer 1243.787 3 414.596 464.985 <0.001
Aging time 494.254 2 247.127 277.162 <0.001
Primer X aging time 94.917 6 15.820 17.742 <0.001
Error 64.198 72 0.892

Total 5135297 84

K2 BALRT )5 R TR 7R 2 7 Xk 4 A B 5 DIRG9 52
11 5.9 28 5 22 3
Table 2 One-way analysis of variance on the effect of aging

time and primer type on the shear bonding strength of zirconia

Factor Sum of squares df  MS F* P*
Primer
Between groups 974.231 3 324744 23.829 <0.001
Within groups 1832307 164 11.173
Total 2806.538 167
Aging time
Between groups 1099.116 2 549.558 56.479 <0.001
Within groups 1707422 165 10.348
Total 2806.538 167

*Indicates corrected values because of heterogeneity of variance
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Table 3 Shear bond strength of zirconia with different

primers and aging time x +s, MPa
Aging time*
Primer B Total
24 h 30d 30 d/TC

Blank  2.34 +0.40 " 2.45+0.07* 0.00 £ 0.00** 2.67 +2.35
zp 563+041% 922+128% 1.62+0.46"% 4.87+282
CCP  11.82+1.21“ 1688+ 1.13"™ 8.05+ 1.45" 9.35+4.89
MS 6.08+127"% 7.92+1.19"% 278 +0.88 5.46 +2.70
Total 6.16 + 2.57 8.40 + 4.23 221 +£2.55 5.59 +4.10

One-way analysis of variance showed that SBS differed within the 4 lev-
els of primers (P <0.001). Within the 3 primer groups, CCP exhibited
the highest SBS compared with those of ZP and MS at each level of ag-
ing (P <0.001). *: same uppercase superscript letters within the same
column show no statistically significant differences among the primers
(P >0.05), same lowercase superscript letters within the same row show
no statistically significant differences among aging treatments (P >
0.05). #: specimens debonded spontaneously. 24 h: 24 -hour storage in
water at 37 ‘C; 30 d: 30-day storage in water at 37 “C; 30 d/TC: 30-day
storage in water at 37 ‘C followed by 3 000 thermal cycles; blank: no
primed; ZP: MDP-based Z-Prime Plus; MS: silane-based Monobond-S;
CCP: MDP- and silane-based Clearfil Ceramic Primer; MDP: metracry-
loyloxdecyl dyhidrogen phosphate

BaasEt oo ARWESE L T MDP R Be iR & B
WA 5B — DB LS MDP JIE R ) | 5 — ) E A
3B St JER TR R AE AN [R] & A I 18] 5T X S A - i
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Bl A B TR M RE
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Prime Plus (ZP 2H ) 2 B 1 5 & %) SBS, X 1] HE &
T CCP JiE ¥ 7 b Ak e 5 3K 55 (3-MPS) I 7 7E .
HSCHR B o 9 I ) T v AR A B R 2 1 T
RE , L HE B IR Ak 2 1T R R 2 R > TR
B, AR AIF 5 8] 42 3 Re fk o B R 57 5 MDP 3% 75 42
AR R R T A RER L, S E R
WFFE—350's . CCP B fik e A 186 751 ] LA AE MDP ()
PR P PR B OIS T R A di A RO, Kl A 1-Si-0-Si-
O SEUE I T ROBR 2 A 0T AR VR A PR LB
R, Rk AU E I A 45 4 T Ze-O-P Ak 2 B i 3|
PRI R s 22 A VR ) K TTTT R 8 K 2 45
B T A AL T, M A R A i A TR R $ 580

el
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a-b: representative failure mode of the zirconia-resin adhesive sample after shear observed by stereomicroscopy (20X). There was more residual

cement on the surface of the primed specimens than on their nonprimed counterparts. a: mixed failure mode (CCP group); b: adhesive mode

(Blank group). c-d: representative mixed failure mode in the primer/cement groups observed by SEM (50%). There was more residual resin on

the surface of primed specimens (CCP group) than on their nonprimed counterparts (Blank group); c: mixed failure mode (CCP group); d: almost

entirely adhesive mode (Blank group). Zr: zirconia; Ce: cement; SEM: scanning electron microscopy; Blank: not primed; CCP: MDP- and silane-

based Clearfil Ceramic Primer; MDP: methacryloyloxydecyl dihydrogen phosphate

Figure I Representative failure modes of zirconia with different primers
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42% , AT 38% ~ 97%" o XA 7, A5
Hh B VA BRI A S 0 0 AR TR B B 2 AR R R R 4 HL
A8

Blank Cccp

&2

Failure mode percentages (n = 7) for all groups after different levels of aging.

cycles; Blank: not primed; ZP: MDP -based Z-Prime Plus; MS: silane - based
Monobond -S; CCP: MDP - and silane - based Clearfil Ceramic Primer; MDP:
methacryloyloxydecyl dihydrogen phosphate

Figure 2 Failure mode percentages of zirconia with different primers
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