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* A thesis submitted to the Council of the Graduate School of Kyungpook National University in par-
tial fulfillment of the requirements for the degree of Doctor of Dental Science in June 2000.
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I. AT % 24 Zalo]M 2 MDP (methacryloyloxydecyl

' dihydrogen phosphate)& F4E 22 3l Cesead

1. AlgA= Opaque Primer (Kuraray Co., Ltd, Osaka,
Japan)¢t MEPS (methacyloyloxyalkyl thiophos-

A7g F-o-Bade FFozE =4 Jental. phate derivative) & T3 £ 22 3= Metal Primer
TM® ((3)$-2] 592 A4 Au 3.0%, Pd 25.5 (G-C International, Chicago, USA), 282
%, Ag 68.0 %, 71€} 3.5%)% AH&-31 Tt VBATDT (6-(4-vinylbenzyl-n-propyl)amino-

Table 1. Primers and bonding resin investigated in this study

Trade name Manufacturer/trader Functional monomer
Primer
Cesead opaque primer Kuraray Co., Ltd, Osaka, MDP
Japan
Metal Primer G-C International, Chicago, MEPS
USA
V-Primer Sun Medical Co., Ltd, Japan VBATDT
Resin Material
Super-Bond C&B Sun Medical Co., Ltd, Japan Powder
Liquid 4-META
Initiator
CHs : Ci*3
|
= 0 CH2=
CHe =¢ i =¢ . |
COO(CH2)10 OP —OH G Ao
OH 0 :
MDP
MEPS
»)
CHz= CH—O—CHZ—T—% ) -
SH | o
I CH2CH2CHs CHa—C :
_{S COOCH2CH200C \Oz(,\
H
CHemCH={_ p=CH—N—4 H EP
I N
VBATDT  CHZCH:CH: | 4-META

Fig. 1. Structural formulae of MDP, MEPS, VBATDT, and 4-META.
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1.3.5-triazine-2,4-dithiol,~dithione tautomer)Z&
FAEoZ 3= V-Primer (Sun Medical Co.,
Ltd, Japan)& AH&-3IA T

A4 w2 e 2= 4-META/MMA-TBBA #1x¢]
Super-Bond C&B (Sun Medical Co., Ltd, Japan)
£ AH3E T (Table 1), 34 Zlo|nle] FAE
ol MDP, MEPS, VBATDT, 18|a H2A4 71l
4-META/MMA-TBBY] #A}+24]& Fig. 13 2t}

2. AUy

1) 4ZA1H ] A2

a8 549 BHeg F239 Imm FA9
10X 10mm®} 6 X 6mm =712} A4S d2ag
ZtzF AZEE T 10x 10mme] Al H L A ZA] g A
oz xuj 3t nFsACt. F T/ AlEE #600
SiC drAl 2 dAntela, 50ume] AstdFnlEe s
1027 M=H2E A & ofdEcz 10587

229 A A3A MEBBAE H2)E 05MPagl

Poz Asmetae AA9 EH 5mm
SEEREDREREEEE-CE

Age YaERe) FARY PR v} 47} o
2 BRad Qe uA AsEaaE A
F 27149 A2E Ao e A vETow

Shearing load

4

Resin luting cement
Alloy

Fig. 2. Schematic illustration of shear bond strength
test.
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39, M=Bgl~2E A2 & Cesead Opaque
PrimerE TX 3 A& | &, Metal primerg £X
FAAE [, V-primerg EX FAJHE [F2
2 3¢len (Table 2), Z42e] F4 Zatolele 15
Zo] AA AlHo| o2 s¥sln 52 AR
718 EARI AzAIFH

A AALE P 10X 10mme AlH A4 5
mme] o] = 50um F79] masking tapeE #
Zejed G2 AFHe 2719 #HRe) FAE e
A skt

A8 Y3 R ZulE 4 19 vER &
ska1 zbzte] Al B g 3 PMMA 225 of &
st 7 AlEe FAAZAY AAE AHELS 3
FoAA 3084 BRI & S/ Yo 37¢C g2
Zol| A 24113 BE@3IT.

g -2l A &l oj 3t thermocycling®] &3}
£ goli 7] 93 Fulgk AlH ] ¥hE thermocycling

&
AAAIA 10,0008 9] thermocyclingZ A &5}
o AR MHZ 33 o) AAEA A, 13] 57

o N HE AHg BTt

2) A A7z 247 A A

AlE Az & 37C FZoA 24217 BAFE A
A (thermocycle 0)3} 24417t & & ThA] 10,000
3]9] thermocycling= % A]H (thermocycle
10,000)8] AGHAZ=E WFAE7] (Instron
Co., USA)°|A 2mm/min9 crosshead speed® &
A3t o] W wrEAlET] doA Ao BF w
< Y79 iAo R o] HART ZhE Albst
Aot AT ARAA e NEFEE Fig. 29
Yebsith, A3l ofaf ol ARH AT a2
dAdZE BMW (one-way ANOVA)S o] 319
7k 2 7] o3& ASsT

3) AlHEEH 3 B

F2% F-2-Zgtl$ F5-E #6007E #15007
2] SiC AviA 2 dAntdt &, 6umFE 0.1 7HA] o
olo}EE Fo|2EE o] &3l st dniet
Al & 250 A2 1083 38 o3 AAstg .
e EHE ESCA (MT 500/1, VG Microtec,
England)9} FT-IR (IFS120/HR, Bruker Co.,



Germany)< o] &3t} BAstgitt,

- ESCA ¥4 (33 234 £4)

ESCA &% £ electron spectrometer2.&, turbo-
molecular pump® 2% 10° Pa2] &3 3l A AlKa
WHA} (1386.6 eV)el ZZoA A=t 48
B3R 532 285.0 eV AoLix] oA hydro-
carbon contamination®} C-1s 3l &} 33
o},

-FT-IR #4 (A9A £ 35 £4)

FT-IR 24e MovgrE A3 §3 U
TAl Zizte) Zejolul2 g ERd| di@ dHE
27047} 203, laser wavenumber 15798 cm?e} &
oA HAIREE o] &3ko] A3l

4) A% A 5%

A& duix FHL AHLE 45mm X4mm X
1.7mm 3719 AAE F23k AR #600
SiC AviAE o] &3t Anl ¥, 50ume] AHELF
o) Eo R 10237 M=ETPAE X sy, oM e
2 280 AF7]0A 1083 Yttt =B
2E AYE 0.5MPas] &8 selA M=HH{2E
9] wZA Smm Boid Fo| AlHES HX|A|
A Yot

AH g Aol Zzte] Zolvlg =X & F 4-
META/TBB-MMA #l%l°} 100~150m®] 2% ¢
FAN =2 SAM AHS FAAZHSD A& F
3087 oM ZAEAA 37 CY 2z 2443

Fig. 3. Configuration of wedge test specimen.
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BEsa A, Al Ao a7 F AdF
A7 < 400um! FEH 715 H A F AlHAe] 9]
ojg] z2tE Fol AT o= Adsta, 37T
gazoM 149, 29 A3 5o FL9| AolE AW
9] FZol|M x80 wige] e or FA 6,
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_ 3ER S
ETYE
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1. 843 Epe] 42 24
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O-1s¥& 60%, P-2p& 2.6%, Ag-3de 374%%
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3d3/27} 373.9eVol A vehkow, FEwdst Lt
olmje] OH%e) 2EE 7FssH dlFE 482 3
E O-1s7} 523.6 eVoll A A=A}

Fig. 5& 5, Zejolv], 28l 3ol 442 =
glolm & =¥ 3 7o g3 FT-IR #4232 4
el gt} a9l Cesead Opaque Primer®] #4172
3}, 3500~3200cm el A =223 2t OH 2%
o}, 3100~3000cm™eollA] &ze] A7ol, 3400~
2400cm™ A FH2E-7] el OH Aol vrebyt
t}. Cesead Opaque Primerg &2 Tl X2 &
BAZ A3} 42450 23 OH 23 71254
7] 8829 OH Aol AlegfAln &4 782 Jdie
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Fig. 4. ESCA survey scan spectrum of Au-Ag-Pd spec-
imen.
a, total: b, Ag-3d: ¢, O-1s.

t}. b9] Metal Primere] ¥4 A3}, 3500~3200cm™
ol A A gl 23 OH A%o], 3100~3000cm
oA 4AY] A7 3400~ 2400cm oA 2847
Hiol OH Zjte] st 28x o 2829
C=07} 1750~1730cm™ el A, <lg29 C-07}
1300~1000cm™A = 3327} YEPstTE. Metal
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Fig. 5. FT-IR spectra of the surfaces of speci-
mens treated with each metal primer, a, Cesead
Opaque Primer: b, Metal Primer: ¢, V-Primer.
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PrimerE 33 B A2l & $A] FT-RE £3
S o, N-H 232 AleAn, S-H 289 v
o BjElA| g WS L7t 7 HAtte]
ot AN, V-PrimerE 35 EHol H2)sln 1=
AlZ) 39| BAdTE g5 EW Ui AFe} F
U3 vebiTt

F-o-gud g §F9 3% Zateln] A u}
2 4-META/MMA-TBB #29] Aetd 373 % ghs
A= (Table [, Fig. 6), A4 A& ther-

mocyclings 3Fx] &= 7% (thermocycle 0), =

Table 1. Shear bond strength of 4-META/MMA-
TBB resin to Au-AgPd alloy treated with each met-
al primer

HHAE AT & 2T Fi 39.12MPag
7hE @gka, Zatolw] A3t Yuiz] 3/ FellMe
Cesead Opaque Primer2 213t [ 7oA 43.69
MPa, Metal Primer=2 A8 g [ o] 46.49MPa, V-
Primer2 A2 [9)A 41.69MPa®, Metal
Primer2 A2 [FolA M £ JAA=E
Yerla, diz 23 12 AloldMe EAZ
Fo]Aol AN (pC0.05), WA FE Dole &
ool gt

4ce 60CcAN 27 184 AA3ste] 10,0003 2]
thermocyclings 38+ 7% (thermocycle 10,000),
MEEHLG2E Ae|qh ¢ tf2Tol|A] 25.34MPaZ 7}
2 AGHAAEY H3te Bk Zeloly A

Group Thermocycle 0 Thermocycle 10,000 -
mean+SD"*(MPa)* mean+SD** (MPa)*
Control 39.12+3.65° 25.34+2.3%
Group | 43.69+6.92* 32.02+1.83°
Group [ 46.49+5.06 33.76+2.02°
Groupll 41.69+4.20* 29.02£1.40°

* The same letter means that there are no significant
differences at the level of 0.05.
** SD: standard deviation.

Table 1. Lengths of cracks and adherence ener-
gies (mean+SD**)

[I Thermocycle 0 [ Thermocycle 10,000 l

@
(=]
1

1

<
(=]

&
(=]

n
<

Shear Bond Strength (Mpa)
° a8

<

Control Group | Group 1l Group Hll

Time Control® Groupl* Group 1* Group I*
(days) '
Limm) 1731 169+9 1711 179411
Wr(Jm?) 323148 349+4% 324172 290453

5 L{mm) 264+2.1 184+2 183112 29+25

WrlJm?) 61124 26246 266165 4517

* The same letter means that there are no significant, differences
at the level of 0.05.
** 8D: standard deviation.

Fig. 6. Shear bond strength of 4-META/MMA-TBB
resin to Au-Ag-Pd alloy treated with each metal
primer.
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Fig. 7. Lengths of cracks and adherence ener-
gies.



2] g+ 3] Tl M E 29.02~33.76MPas] HAY =S
VER) 2 Metal Primer2 A 2)3 1 oA 33.76
MPaZ 7} =& HAAEE e 2, Cesead
Opaque Primer2 A 2lg [ @ BAH felAdol
N3 (p=0.05), V-PrimerZ 23 [Tde= E
AR FrefAdol AT (p<0.05).

7t Fo| A thermocycling A %9 A AT
“\JJ-O}U% Zalolo] A& A ¥ 2T
£ ot 3% A JaAAL 7} 2HASEa, Zelo
™ 7‘1\“43 gk 37 FollM e o 28% H =] HA
ZEe] ZaE Yepid e, 24 ZolA thermo-
cyclings 33 Fo] A=
Ao v FARCRE {4 UA
(p<0.05).

ol

—

thermocycling

Fastdn

3. B ofluix] 5

Wedge testell 2J8ix] & Zajo)w 23 F-&
e g §53 4-META/MMA-TBB #2e] H3
A=) gt& F8ldtH(Table I, Fig. 7). 32 oy
A 54 AgA 19 Fo & oA e 4 23
(290+53~349+49Jm®)ell & Aol 7} VIA] sk,
29 o 2 (61+24Jm™) 3 V-Primer® A
g [ 45217Jm 2N F23 H3t ozl 9
727 Jebgth. Metal Primer2 Agld [ 2
(266+65Jm*) ¥} Cesead Opaque Primer® A g] gt
[ (18.3£1.2Jm?) oA = A2 x|l Hsrt
ARt 29 9] Ao A gz [+ 543
A ool g, 12 [T Aleld= BAH
Q1 FrejAdol giitt.

Fig. 8. SEM photographs of the fractured surface of dlfferently treated Au-Ag-Pd specimens (thelmo-
cycle 0), a, sandblast only, b, Cesead Opaque Primer treated, ¢, Metal Primer treated, d, V-Primer treat-
ed.

423



3 . .
Fig. 9. SEM photographs of the fractured surface of differently treated Au-Ag-Pd specimens (thermo-
cycle 10,000}, a, sandblast only, b, Cesead Opaque Primer treated, ¢, Metal Primer treated, d, V-Primer
treated.
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Az@n A o 2 #2819 =) thermocyclingS 38t
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Tanaka 5, Barzilay $'9& Z=3}A 4tslte] §
AEe Ade 238 FEAUTI) Bolds Bu
g} Qi) o3 FHE Heste HEAAEA 4-
METAE 3§73 #|7lo] 7id=lo] 7], 3hehA 4t}
Al B34 HH S AXA Fobe st o
g slebd Aol 7hestAl Hu.

HZ 2 XL A 2 HAZSH g
AL A3 I T/ AFA 43 AHNETL
A, AT ok H2E g3 ARERE 7E
A4 Exw 2 MDPE X#3t= Panavia EX
(Kuraray Ltd., Japan), Panavia 21 (Kuraray Ltd.,
Japan), 4-METAE ¥33h= Super-Bond C&B
(Sun-Medical Co., Japan), MAC-10& E£¥3sI+=
Bistite Resin Cement (Tokuyama America Inc.,
USA) 281 4-AETE ¥83t= Imperva Dual
{Shofu Co., Japan) %°] At

AEA A ANEE dR-E 34 J3 B
g F3tn oy, #4533 By e A
A ol A71ePE ShA 9 vks-ald Azt HA
A, B g BE Fod FHA vhgo] doju,
sigtd o2 A 7ol HA 4 E3 JFS A
t A4+% S 7 k. o) AME] 3t 55
AR BerE fujjd] Fo] Hax) EAe} HER
& 344 Zeolmrt EEIY. 34 Zelolr Y
ol o8 FH SFES HE 9 HA gl o] &
7VedtA Hol BHE MYAE FEE F ve A
ojt}, F& Zglo|H 2 4-METAE &Hsle
Super-Bond Liquid (Sun-Medical Co., Japan),
MAC-10% ¥3¥s+= MR Bond (Tokuyama America
Inc., USA), 4-AETE ¥3sh= Acryl Bond (Shofu
Inc., Japan), MDPE ¥3&3%l+ Cesead Opaque
primer (Kuraray Co., Japan), MEPSE ¥33t=
Metal Primer (GC International, Chicago, I11.),
VBATDTE ¥&3l= V-Primer (Sun-Medical
Co., Japan) 5o @7&olA ol AHgs 1 3le}. ¥)
A% 3o 783 2uv2 7t2E847] (-
COOH) %= 2719 ¢l4t (-PO(OH)2) 59 AHd &
57171 den | 4-META @7} v|A34e] 337
AE F2 FALAHCE A1 et? ofd st
o Ag44 A4 B2, Ex U 738 (9%
Fishe HHEY (SHe 28 $3 gy e
Ay Basx gick?
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B AgoM e g7 -2 R ga 3%
o g4 xajo|w & A5t 4-META/MMA-TBB
groz HAANHE v ADGHAZ= wedge
testoll &gt 2 AU & SA o, A4l 54 =%
gto|m e} FAE H| WA}

EFE A Atds 24 Zaolnlo] dgk
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NevngtrE Aut & hixdolM Hd 39.12
MPaZ 7} ¥3ka, Metal Primer® X &3 [ o]
A W e AFREE YERlo], 34 Zeo|y
7} g5l gt dAe AGFIALEE SIS
& < 4 8lt} 10.00089] thermocyclingS & 73
2. (thermocycle 10,000), =B HAE 22| qt 8t o
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=& St
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ABSTRACT

EFFECT OF METAL PRIMER TREATMENT OF THE Au-Ag-Pp
ALLOY SURFACE ON THE METAL-RESIN BONDING

Kang Lee, D.D.S., Kyo-Han Kim, Ph.D., Cheong-Hee Lee, D.D.S., M.S.D., Ph.D.,
Kwang-Hun Jo, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, College of Dentistry, Kyungpook National University

The purpose of this study was to evaluate the effect of metal primers on the bond strength and
durability of 4-META/MMA-TBB resins adhered to an Au-Ag-Pd alloy. For this study, the spec-
imens were divided into 8 groups as follows: Thermocyle O : (1) control group : sandblast: (2)
Group | sandblast + Cesead Opaque Primer; (3) Group I : sandblast + Metal Primer; (4) Group
Il : sandblast + V-Primer; Thermocyle 10,000 : 5) control : sandblast: (6) Group I : sandblast
+ Cesead Opaque Primer: (7) Group [ : sandblast + Metal Primer: (8) Group I : sandblast +
V-Primer. The shear bond strength was determined using an Instron were observed with the use
of scanning electron microscope. Finally, the strengths of bonded joints were evaluated with regard
to their adherence energy using a wedge test. The results obtained were as follows:

(1) The shear bond strength of 4 META/MMA-TBB resin to the Au-Ag-Pd alloy was signifi-

cantly improved in all the groups treated with the primers (p<0.05).

(2) Regardless of the adhesive primers used, a significant difference was observed in the bond

strength of the thermocycle O groups and 10,000 groups (p<0.05).

(3) Both before and after thermocycling, the strongest bond strength between the resin an the

alloy was obtained after treatment with a metal primer containing MEPS (p<0.05).

(4) In the wedge test, the adherence energies of the control group and Group I decreased more

rapidly than those of Group I and I during the 2nd day of storage in water.
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