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Development of ceramic adhesive system of resin to dentin with a high bond
durability

AIDA, Masahiro
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The aim of this study was to develop a zirconia bonding system and clarify
its adhesion mechanism. A zirconia primer was prepared using tetra-n-propoxy zirconium and water. A
silane primer was prepared using y -methacryloyloxypropyltrimethoxysilane and hydrochloric acid.
After the zirconia primer was applied to the oxidized zirconia surface, the silane primer was
applied to the ZrO2-layer and resin cement was applied to the silane-modified layer. Shear bond
strengths was measured. X-ray Photoelectron Spectroscopy analyses were performed. When the zirconia
primer,consisting of 10u L zirconium alkoxide and 13p L water, was applied to the zirconia surface
that had been oxidized by H202 above 10%, the maxmum bond strength of 8.2 Mpa was obtained. The
novel zirconia bonding system enhanced the bonding performance of the resin, and showed a greater
bond strength than a MDP-based ceramic primer.
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Table 1
Tablel Description of the materials used.
Material Code
GC adhesive system GC

Primer: Ceramic Primer
Resin: Linkmax

Ivoclar Vivadent adhesive system v
Primer: Monobond Plus
Resin: Multilink Automix

Kuraray adhesive system KU
Primer: Clearfil Ceramic Primer Plus
Resin: PanaviaV5

TOKUYAMA adhesive system TO
Primer: Tokuyama Universal Primer
Resin: ESTECEM
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Fig. 1 The application effect of the primer of each adhesive
system to the mirror-polished zirconia surface on the contact
angle of awater drop, before and after THF wiping.

(A): before THF wiping; (B): after THF wiping. Cont:
non-treated; GC: treated with the primer for GC adhesive
system; 1V: treated with the primer for Ivoclar Vibadent
adhesive system; KU; treated with the primer for Kuraray
Noritake Dental adhesive system; TO: treated with the primer
for Tokuyama adhesive system. Error bar represents the
standard deviation (SD). Asterisks show a significant
difference (p<0.05).
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Fig. 2 The conditioning effect of the primer of each
adhesive system on the shear bond strength of the resin to the
mirror-polished surface, before and after sand-blasting.

(A): before sand-blasting; (B): after sand-blasting. GC: GC
adhesive system; IV: lvoclar Vibadent adhesive system; KU:
Kuraray Noritake Dental adhesive system; TO: Tokuyama
adhesive system. Gray blocks: without the primer; white
blocks: with the primer for each adhesive system. Error bar
represents the standard deviation (SD). Asterisk and different
character (a-b, and c-d, ef) show a significant difference
(p<0.05).
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Fig. 3 The effect of the thermocycle on the shear bond
strength of each adhesive system to the mirror-polished
zirconia surface.

GC: GC adhesive system; 1V: Ivoclar Vibadent adhesive
system; KU; Kuraray Noritake Dental adhesive system; TO:
Tokuyama adhesive system. Gray blocks: before
thermocycling; white blocks: after thermocycling. Error bar
represents the standard deviation (SD). Asterisks and different
character (a-b) show asignificant difference (p<0.05).

GC

IV KU TO

Fig. 3 p< 0.05

GC 5.8
MPa IV KU T0
Fig. 3 p<0.05
0 MPa
4

THF



Fig. 4

THF

in 14
13 13 ‘]’Déi&iférm729
12 2 y=0210x-5.912)
Re = 0.634
_n _n .
T ) i
c 10 & 10
= =
S S
E=] £
o 8 = = j=J
g ¥R i85y = 01024 1904 g3 o a
£7 R = 0821 =
@ @
o 6 o6
8 s 8s
2 A 2
3 4 34
2 2
n 3 0 3
2 2
1 1
0 0
20 4 60 80 100 120 20 40 60 & 100 120

Contact angle (degree) Contact angle (degree)

(A (8)
Fig. 4 Relationship between the contact angle, before and
after THF wiping,and the shear bond strength of zirconia
adhesive system.

(A): without the sand-blasting; (B): with the sand-blasting.
Before THF wiping; o: GC system, A: Ivoclar Vivadent
system, 0: Kuraray Noritake Dental system, :TOKUYAMA
system. After THF wiping; e: GC system, A: Ivoclar
Vivadent system, m: Kuraray Noritake Dental system,

‘:TOKUYAMA system.
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Fig. 5 Effect of the concentration of H,O, on the contact
angle of a water drop to the zirconia surface.

Error bars represent standard deviations (SD). Same
characters (a) show no significant difference (p> 0.05) by
one-way ANOVA.
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Fig. 6 Effect of the surface wettability of oxidized zirconia
on the ability of the zirconia primer to enhance the bonding
performance of the resin.

White circles, triangles, squares, diamonds and inverted
triangles show the bond strength with the zirconia primer, and
black circles, triangles, squares, diamonds and inverted
triangles show the bond strengths without the zirconia primer.
Error bars represent standard deviations (SD). Same
characters (a and A) show no significant difference by
one-way ANOVA (p> 0.05). Asterisks show significant
differences observed between with and without the zirconia
primer by t-test (p< 0.05).
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Fig. 7 Typical microscopic images of the fractured zirconia
surface.

The magnification of the images is x 32-fold. The category
in each image denotes the fracture type of the corresponding
sample. FR shows Fracture and ZS shows the zirconia surface.
Scale bar = 1 mm

H,0,
H,0, 4 MPa
category 0
3
Fig.8
GC cP

H0,



6.0
6.5 MPa

8.2 MPa (p< 0.05)
category 1

H0,

y-MPS

The novel zirconia adhesive system

Oxidized zirconia H—<
(2110/4/0/0)
The MDP-based_ceramic primer adhesive system

Non-oxidized zirconla
(1610/0/0/0)

Oxidized zirconia

(1610/010/0)

0 2 4 6 8 10 12 14
Shear bond strength (MPa)

Fig. 8 Comparison of macro-shear bond strengths of the
zirconia adhesive system with the MDP-based ceramic primer
adhesive system.

Error bars represent standard deviations (SD). Asterisks

show significant differences by one-way ANOVA (p< 0.05).
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