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1. 95 A=
oo oA AFE3 A F+= Table 19 YEFNAT AlHOo 2 X2 FHY
oHLava,3M ESPE,Stpaul MN,USA)E A}&3t9 3, U3 AWMEZ=

bis-GMA Alde ol FT& #HR AWEBiscem, Bisco Inc.
Schaumburg, IL, USA)S A}&3&dct. 3F7F9 =Zgolne zZH7

Zirconia Liner(Sun Medical Co.Ltd., Furutaka-cho, Moriyama, Shiga,

japan), Alloy primer(Kuraray Noritake Dental Inc. ,Sakaju, Kurashiki,
Okayama, japan), Universal primer(Tokuyama dental Corp., Taitou,

Taitou-ku, Tokyo, japan) & A}&3}%3

2. A5 W
1) A 23y ol AlH A2
BE A2ZA" YH 19mm Ze°] 60mm A2 FYolHLava,3M ESPE,

Stpaul, MN, USA) &% 27}=, diamond saw(KDCO-550, Kyung Do
Precision Co.Ltd, Siheung, Korea)& A}F-&3te] T 3dlo] F7 < 2mm
2 g F 6079 AHE eI, AzARY] AAUR & AAsHA
o 283 BE Ao wddd 1H AHVNE JHHA 7] 18k, 1500
W AbEe] 82 FElE 153 A Anfshoh

2) BRAY 2 A

60700 Azl AW Zejolmo] ALE T U ALEF Zejo]r]
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o] Fiol w409 Fo= Yo, 747t ZL(Sun Medical Co., Ltd,
Furutaka-cho, Moriyama, Shiga, japan), AP(Kuraray Noritake Dental
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Table 1. Materials used in this study

Material Product Abbreviation Composition Manufacturer
name
Resin Biscem BC Bis(hydroxyethyl-me Biscem, Bisco Inc,
cement thacrylate) [ USA
phosphate,
Tetraethylene glycol-
dimethacrylate,
Primer  Zirconia ZL 4-META SunMedical
Liner Co.Ltd.
Moriyama, Japan
Alloy AP 1 0 - M D P , Kuraray Dental
Primer VBATDT Inc. JKurashiki,
Japan
Univers up MAC-10MTU-6 Tokuyama dental
al Corp., Tokyo,Japan
Primer

4-META: 4-methacryloyloxyethyltrimellitate anhydride; 10-MDP:10-Methacryloyl-

oxydecyl dihydrogen phosphate, VBATDT: 6-(4-vinylbenzyl-n-propyl) amino- 1,35

triazine-2,4-dithione; MAC-10: 11-Methacryloxyundecane-1,1- dicarbox- ylic acid;

MTU-6: 6-methacryloyloxyhexyl-2-thiouracil-5-carboxylate
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Fig.1. Schematic diagram of shear bond strength test
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Fig.2. Schematic diagram of failure mode
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Table 2. Mean shear bond strength in each group

Mean Minimum Maximum
Group Number (Mpa) SD (Mpa) (Mpa)
Control 15 0.60 0.26 0.10 0.96
7L 15 1.39 0.40 0.83 2.27
AP 15 1.03 0.30 0.42 1.57
UP 15 1.38 0.41 0.85 2.03
_ 10 _
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Surface Treatment

Fig.3. Mean Shear bond strength values of all experimental groups
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Table 3. Proportional prevalence of fracture mode

Group Number Adhesive Cohesive Mixed
Control 15 12 0 3
ZL 15 4 3 8
AP 15 1 11
up 15 3 10
— 12 —
e 2
i =1 A =



-

Fig. 4. Failure patterns of the groups (X35). A: Adhesive failure pattern of
control group, B : Cohesive failure pattern of ZL group, C : Mixed failure

pattern of AP group, D : Cohesive failure pattern of UP group

_13_

2 A ee

SECUL MATCMAL LIWINWERSTY



Azzjole] HAS ¥ EW ALWHe, v 2 F2E wSE
AAR g, B AT FRATS F4A7E S8E gyow

¥z Gz AWE Aol wAl 71AIA A2 (micromechanical

retention) S S7FA AETE SHAIRE air-abrasion®] & WA= FH

A, BAA AsEe] BT EAST. 3 A= air abrasion©] A Z3 4o}

ARolE Uo7 =S (compressive layer) A st o= <2l3|

ZRAEE 9 F7MAA v TS AT 3% air- abrasion
o

gl o] FEUS S4AA, A=Y

T gE 7AA Ay T 342l Tribochemical silica coating= A
5

Z3Yol FH) silica particles 93 A], silaneol WS- 4= AAHF T
= Wolg e Rk A 23Yol 3He HE wio] a34<Q silica
coating®] ¥ a1, 714 0 & siloxane bond®] 7l&38] wEol = <t

Aol FFE wAE Ao deiA P
ol&A HL st R2F ol A 7 AZ Ay WHHS = F o}
1 ]

Aol B4 Ask A7 B, 2 A wy =§ 29 BHo

ON

3o HoR AR F UdE 54 wFA

4

A2 5ol W AHsS
(functional monomer)E& T2
AdE A3 wHoeE AAHL dn. 2 2!
10-MDP(AP) , 4-META(ZL), MAC-10(UP) & 7]sX 9=HA=Z 714
© Zepo|r & Abgeler, H2 dlX] AMER bisphosphate A€ ¢
o]% Z3% ¥ A (Biscem,Bisco)S A& 3}t

10-MDP& E2 dFoA gadoz 27 ole}l Yzl AIME 1H9]

i
o
[kl
o &
o
et
o
>y
[
R
v
o
5
=)

_14_



Age zAA0Y

[} LA

JSH Atk Kitayama et al.> 10-MDP7} 2=
2 o] Fxlol| 7Hd a2 AW T sty o
St} Blatz et al. & AlO3 2 air-abrasion #1838t X237 Yo} FH
10-MDPE A &3t dxl AHESE H2sde v 53 a3 2
O Zasdoh v 2 AgoA AP(10-MDP):= ZL(4-META)®]
4 UPMTU-6) HY  fFostA ¥ AdZ2dAd=E  HIoh
Aboushelib et al. == 10-MDP & #l% AlWES} air-abrasion°] 7

}:I

i}

Yol-al7l AHE %

AEEAS o gRFor H2FYol-Hz AWME A3ES ZFAA
om 71AAH #HE Ay glo] 10-MDP & #@x AWEES AMRsgS
A A¥E S 237 gl¥dua AT Tsuo et al. 9 A g ol A

AP(10-MDP) + air abrasion oA APYF AF&-3F o] H|3}o] F<jn|
Al =8 AGZAFAEE B 2 APddA= A2y ol £ Y
VAR A glo], Zetolmut ALgElglomnE Y]Ee] AFEoA B
10-MDPY] & ¥7F Ao et Aztal & 4 Q).
Derand et al. o] W29 4-META 3t @ * AW E(superbond C&B,
Sun Medical)”} 10-MDP 3t #1% A]JWl E(Panavia2l, Kuraray)®.t} $-
T3 A=zsyol F2AHS ®Hua stk 2 AddPolA= 4-META
S Zgfolmel ZLe Aol Abgsidoernw AFs dA|sHA = @A
2, 4-META7}F 10-MDPell ¥lake] {2 zjo} melo] o <
He Hel 2 A3 AyE diddE ¢ v &
AP7F UymA 5§ ool FotA e A
T O olfF2 FY3HA single-bottle system
dol 9tk AP = 10-MDP¢ VBATDT (6-N-4-vinylbenzyl -
propylamino-1,3,5-triazine 2 4-dithione), Acetone®| 3&}4+2] bottled]
7AAtt VBATDTE A4 ZH H3ES 7FA & coupling agent®
A, Azadol g HAdE & JFS vAA g Aow AzEn)’

d

o
S
Rl
oo T
ol
ol
N
=)
Sl
ne
N
.l
ofr

Ikemura et al. o] W=W, single-bottle system®] silane coupling agent
o] ZhrEdElE Qs EAAZH wWE A AsrE yERE ¢ ltar

_15_



Fuhe] bottle ¢Fo

S

lath 18922, VBATDT7}

5]

H3il

o]
i

oo

)

golv s} A= mo} ¥

Ay

3)

i~

s

oA # X Al

T AR E=gH ZLF UPelA AP KTt

oS

e

K

R

¢+
gl

[——
"o

)

ol 4-META Y4 MAC-10¢] A Z3 Yo}t bisphosphate

S

o
T

R

10-MDPel H]

)

Nlo

ol

o)
~

y

e

gz Al

pelld

= A2

Biscem(Bisco)©l

2

o

il

Hom, Azao}

(@)
o

oA ob4]

—_
fife)

i

KH
|
B
o
e

ojp

[m
i
TR

A A

Z=
PN

AP7} ZLolu UP$t H]

o
)

12 7

St

7}4 © 2 sandblasting 8] &

=
T

’

a

==
1o

ol

 single—

A}-&-3

eol v 2

YA

10-MDP 3F&

&

two-bottle systemS % &

Aol 7}

ki3

bottle¥} <]

_16_



B ATE A=svel EWs 3814 Aol h5d Zefelr o] A=
sok-AQ AWME 7 gAZE vAE GES dobnnd sl
tgi ge AR A9

I Zeoln] Aol EW AYE A we Fuvh AvAFYE
9tk (P<0.05)

2. 7L, UP Aelite] AP Aeauct AAGFE7 & Frhp<0.05)
CEW AYE A e wolA WA v vgo] Etm, Leloln)

AN ¢4 2 EHIA gl

4. Zerolvl AT F AGATIEI FAA 2%E ZLUP Aol
ol 4 APH et ¢34 s v gol =gt}

©
i
of
%
)
[rtl
K
o
K
e
[
K
o
Qo &
R
Au)
rlr
i)
™
>
ri
;9
o
iy
By

ol A gwto 7= 71, UPH H]dte] a3px o7 x| =Zx1ol-# Z A Hl
Agg s SXAATIA Edves Ax 4 ¢ Ad}AH npA ko &

single-bottle system®] 3xzZ}o]H HUt}= two-bottle system®] 3Zz}o]w
& Ab&skeE Ao Yot Gz AWME 7+ A3 HES FXA 7=

=

A=
o g Helgt= A &4 AT

_17_



10.

11.

12.

A 3 73

Aboushelib MN, Kleverlaan CJ, Feilzer AJ. Selective
infiltration—etching technique for a strong and durable bond of

resin cements to zirconia-based materials. J  Prosthet Dent.

2007 Nov;98(5):379-88.
Akgungor G, Sen D, Aydin M. Influence of different surface

treatments on the short-term bond strength and durability between a

zirconia post and a composite resin core material. ] Prosthet Dent

2008;99:388-99.
Blatz MB, Sadan A, Martin J, Lang B. In vitro evaluation of shear

bond strengths of resin to densely sintered high-purity

zirconium-oxide ceramic after long-term storage and thermal

cycling. J Prosthet Dent 2004;91:356 - 362.
Blatz MB, Sadan A, Kern M. Resin-ceramic bonding: a review of the

literature. J Prosthet Dent. 2003 Mar;89(3):268-74.
De Souza GM, Silva NR, Paulillo LA, De Goes MF. Bond strength to

high-crystalline content zirconia after different surface treatments. ]

Biomed Mater Res B Appl Biomater. 2010 May;93(2):318-23.
Deepak Mehta, Rohit Shetty. Bonding to Zirconia:

elucidatingtheconfusion. Int Dent SA, 2010 Mar;12(2):46-52
Dérand P, Dérand T. Bond strength of luting cements to zirconium

oxide ceramics. Int J Prosthodont. 2000 Mar-Apr;13(2):131-5.
Di Francescantonio M, Oliveira MT, Daroz LG. Adhesive bonding of

resin cements to cast titanium with adhesive primers. Braz Dent ]J.

2012;23(3):218-22.
Hansson O, Moberg LE. Evaluation of three silicoating methods for

resin-bonded prostheses. Scand J Dent Res 1993;101:243-251.
Hee-Sun In, Jong-Il Park, Jong-In Choi. The study of shear bond

strength of a self-adhesive resin luting cement to dentin. J Korean

Acad Prosthodont. 2008 Oct;46(5):535-543
Heikkinen, Timo. Bonding of Composite Resin to Alumina and Zirconia

Ceramics with Special Emphasis on Surface Conditioning and Use of

Coupling Agents. 2011,SARJA-SER.D OSA - TOM. 965.
Hye-jin Shin, Chang-kyu Song, Se-Hee Park. Physical properties of

different self-adhesive resin cements and their shear bond strength

_ 18 _
% -8
pan 1 =



13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23

on lithium disilicate ceramic and dentin. J Korean Acad Conserv

Dent. 2009 May;34(3):184-191.
Ikemura K, Endo T, Kadoma Y. A review of the developments of

multi—-purpose primers and adhesives comprising novel
dithiooctanoatemonomers and phosphonicacidmonomers. Dent

Mater].2012 Feb3;31(1):1-25.
Jack D. Griffin Jr, Byoung In Suh,Liang Chen. Surface Treatments for

Zirconia Bonding: A  ClinicalPerspective. Canadian  Journal of

Restorative Dentistry and Prosthodontics. 2010:23-29
Jung-Hang Lee, Hyeong-Seob Kim, Ahran Pae. Influence of

sandblasting and primer on shear bond strength of resin cement to

zirconia. ] Korean Acad Prosthodont. 2011 Jan;49(1):49-56.
Ji-Hye Kim, Jae-min Seo, Seung-Geun Ahn. The effect of surface

treatment conditioning on shear bond strength between zirconia and
dental resin cements. ] Korean Acad Prosthodont. 2013 Apr

51(2):73-81.
Kitayama S, Nikaido T, Takahashi R, Zhu L, lIkeda M, Foxton RM,

Sadr A, Tagami J. Effect of primer treatment on bonding of resin

cements to zirconia ceramic. DentMater2010;26:426-432.
Liang Chen, Byoung I Suh. Bonding of Resin Materials to

All-Ceramics: A Review. Curr. Res. Dent., 3: 7-17.
Matinlinna JP, Heikkinen T, Ozcan M, Lassila LV, Vallittu PK.

Evaluation of resin adhesion to zirconia ceramic using some

organosilanes. Dent Mater 2006,22:824-31.
Palacios RP, Johnson GH, Phillips KM. Retention of zirconium oxide

ceramic crowns with three types of cement. ] Prosthet Dent. 2006

Aug;96(2):104-14.
Papanagiotou HP, Morgano SM,Giordano RA and Pober R. In vitro

evaluation of low-temperature aging  effects and  finishing

procedures on the flexural strength and structural stability

of Y-TZP dental ceramics. J Prosthet Dent, 2006; 96:154-164.
Piconi C, Maccauro G. Zirconia as a ceramic biomaterial.

Biomaterials,1999;20:1-25.
Shahin R, Kern M. Effect of air—abrasion on the retention of zirconia

ceramic crowns luted with different cements before and after artificial
aging. Dent Mater. 2010 Sep;26(9):922-8.

_ 19 _
% -8
pan 1 =



24

25

26

27

Taira Y, Kamada K, Atsuta M. Effects of primers containing thiouracil
and phosphate monomers on bonding of resin to Ag-Pd-Au alloy.

Dent Mater J. 2008 Jan;27(1):69-74.
Tsuo Y, Yoshida K, Atsuta M. Effects of alumina-blasting and

adhesive primers on bonding between resin luting agent and zirconia

ceramics. Dent Mater J. 2006 Dec;25(4):669-74.
Wegner SM, Kern M. Long-term resin bond strength to =zirconia

ceramic. J Adhes Dent 2000;2:139-47.
Zhang Y,Lawn BR, Rekow ED, Thompson VP. Effect of sandblasting

on the long-term performance of dental ceramics. J Biomed
Mater Res B Appl Biomater, 2004, 71:381 386.

_20_



Abstract

Effect of primer on bonding
between resin cement and zirconia

ceramic

Kang Seok-Hyung
Department of Dentistry
School of Dentistry

Seoul National University

1.Purpose

Recently the development of adhesive primers on stable bonding
between zirconia and resin cement has been on the increase. The
bond strength of zirconia-resin cement can be effectively increased
with the treatment of primer composed of the adhesive monomer that
can chemically bond with the oxide layer, which forms on the surface
of zirconia. 10-methacryloyloxydecyl dihydrogen phosphate (10-MDP)
that contains phosphate ester and acidic monomer
4-methacryloxyethyl  trimellitic = anhydride(4-META) have been
suggested as monomers that can form chemical bond with the
surface oxide layer of zirconia. Also, these suggested monomers have
proved to be effective zirconia surface treatment for bonding to resin
cement.

The purpose of this study 1s to evaluate the effects of primer

treatment on the bond strength of Zirconia-resin cement by using
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three different kinds of primers on the market.

2. Method

Zirconia blocks were prepared into 60 disk-shaped specimens by
using a diamond saw. specimens were divided into four different
groups: first three groups were treated with zirconiaLiner(Sun
Medical Co.,Ltd.,Furutaka-cho,Moriyama,Shiga, Japan), Alloy
primer(Kuraray Noritake Dental Inc.,Sakaju,Kurashiki,Okayama,Japan),
and Universal primer(Tokuyama dental
Corp., Taitou, Taitou-ku, Tokyo,Japan) respectively. The last group was
the control with no surface treatment. Dual cured resin
cement(Biscem,Bisco Inc.,Schaumburg,IL,USA) was luted to each
group of specimens. And then, shear bond strengths were measured
by universal tesing machine. The significance of the result was
statistically analyzed by one-way ANOVA and Tukey test. The

failure sites in each group were inspected under a magnifier.

3. Results.

Mean shear bond strength were 0.60, 1.39, 1.03, 1.38 MPa for
control, Zirconia Liner(ZL), Alloy primer(AP), Universal primer(UP),
respectively. Groups with application of each of the three primers
showed significantly higher shear bond strength compared to the
control group (p<0.05). Among the three groups with the treatment,
ZL and UP showed significantly higher shear bond strength than AP
(p<0.05), and there were no significant differences in mean shear
bond strength between ZL and UP (p<0.05).

While the most specimens of control groups showed adhesive

failure(80%), the most specimens of three primer—treated groups
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showed cohesive or mixed failure(80%).

keywords : Zirconia, Primer, Shear Bond Strength, resin Cement
Student Number : 2010-22426
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Table 1. Materials used in this study

Material Product Abbreviation Composition Manufacturer
name
Resin Biscem BC Bis(hydroxyethyl-me Biscem, Bisco Inc,
cement thacrylate) [ USA
phosphate,
Tetraethylene glycol-
dimethacrylate,
Primer  Zirconia ZL 4-META SunMedical
Liner Co.Ltd.
Moriyama, Japan
Alloy AP 1 0 - M D P , Kuraray Dental
Primer VBATDT Inc. JKurashiki,
Japan
Univers up MAC-10MTU-6 Tokuyama dental
al Corp., Tokyo,Japan
Primer

4-META: 4-methacryloyloxyethyltrimellitate anhydride; 10-MDP:10-Methacryloyl-

oxydecyl dihydrogen phosphate, VBATDT: 6-(4-vinylbenzyl-n-propyl) amino- 1,35

triazine-2,4-dithione; MAC-10: 11-Methacryloxyundecane-1,1- dicarbox- ylic acid;

MTU-6: 6-methacryloyloxyhexyl-2-thiouracil-5-carboxylate
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Table 2. Mean shear bond strength in each group

Group Number (1\/[1\/161?; SD M(llr\l/}gl;)m M?ﬁi/[ig;ll)lm

Control 15 0.60 0.26 0.10 0.96
ZL 15 1.39 0.40 0.83 2.27
AP 15 1.03 0.30 0.42 1.57
Up 15 1.38 0.41 0.85 2.03
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Fig.3. Mean Shear bond strength values of all experimental groups
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Table 3. Proportional prevalence of fracture mode

Group Number Adhesive Cohesive Mixed
Control 15 12 0 3
ZL 15 4 3 8
AP 15 1 11
up 15 3 10
— 12 —



-

Fig. 4. Failure patterns of the groups (X35). A: Adhesive failure pattern of
control group, B : Cohesive failure pattern of ZL group, C : Mixed failure

pattern of AP group, D : Cohesive failure pattern of UP group
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Abstract

Effect of primer on bonding
between resin cement and zirconia

ceramic

Kang Seok-Hyung
Department of Dentistry
School of Dentistry

Seoul National University

1.Purpose

Recently the development of adhesive primers on stable bonding
between zirconia and resin cement has been on the increase. The
bond strength of zirconia-resin cement can be effectively increased
with the treatment of primer composed of the adhesive monomer that
can chemically bond with the oxide layer, which forms on the surface
of zirconia. 10-methacryloyloxydecyl dihydrogen phosphate (10-MDP)
that contains phosphate ester and acidic monomer
4-methacryloxyethyl  trimellitic = anhydride(4-META) have been
suggested as monomers that can form chemical bond with the
surface oxide layer of zirconia. Also, these suggested monomers have
proved to be effective zirconia surface treatment for bonding to resin
cement.

The purpose of this study 1s to evaluate the effects of primer

treatment on the bond strength of Zirconia-resin cement by using
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three different kinds of primers on the market.

2. Method

Zirconia blocks were prepared into 60 disk-shaped specimens by
using a diamond saw. specimens were divided into four different
groups: first three groups were treated with zirconiaLiner(Sun
Medical Co.,Ltd.,Furutaka-cho,Moriyama,Shiga, Japan), Alloy
primer(Kuraray Noritake Dental Inc.,Sakaju,Kurashiki,Okayama,Japan),
and Universal primer(Tokuyama dental
Corp., Taitou, Taitou-ku, Tokyo,Japan) respectively. The last group was
the control with no surface treatment. Dual cured resin
cement(Biscem,Bisco Inc.,Schaumburg,IL,USA) was luted to each
group of specimens. And then, shear bond strengths were measured
by universal tesing machine. The significance of the result was
statistically analyzed by one-way ANOVA and Tukey test. The

failure sites in each group were inspected under a magnifier.

3. Results.

Mean shear bond strength were 0.60, 1.39, 1.03, 1.38 MPa for
control, Zirconia Liner(ZL), Alloy primer(AP), Universal primer(UP),
respectively. Groups with application of each of the three primers
showed significantly higher shear bond strength compared to the
control group (p<0.05). Among the three groups with the treatment,
ZL and UP showed significantly higher shear bond strength than AP
(p<0.05), and there were no significant differences in mean shear
bond strength between ZL and UP (p<0.05).

While the most specimens of control groups showed adhesive

failure(80%), the most specimens of three primer—treated groups

_22_



showed cohesive or mixed failure(80%).

keywords : Zirconia, Primer, Shear Bond Strength, resin Cement
Student Number : 2010-22426
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