=8 ¥AHE BE B

AR

— A HFLAGA Vol 24, No. 1. 1986—

A AYA AT

DAL 3o ek 82 s

1 -
an 78] . O] E __g_
1. H 2 A gE22A 4 Silane coupling agent = 1960 o
& MFgor AFe 4/Msle] 1963 composite re-
3-8 A9 TS BHFLAoR HAMST  sing] Aol AREEYU T D0 P 3} sy 285 gl
PP4 composite resing o] -Fahi whyfo] Azl th YALEAT 24 wxe) YA 5 g

of sj=o] &= gch

7 dz0l A Aol Fx AsjHor o4
g =M= 22 & EX), porcelain laminate veneer.,
EA LA, EANAR Pl 2 AREEo] Pou)
e $ash A2\ 4 A, el o}, FLhe]
A4 e A7+ ek

Jochen 3} Caputo = 928529 slxa] ofolr]F

o]
%‘t‘

£ AHESIAY B3l 44le s B4 ste] sl e
23 ¢ Hoigle] 35471 ule] s musigm
2930, Newburg ¢+ Pameijer *®, Dent!®, Barreto 2}

BottaroV¥& £ 49442319 3144 Rehany 5 5
2 =AY otds] sl de] Silane  cowpling
agent & E¥ale] 31547 uhyle) dla nwsige
=, Highton 5 2" Nowlin% %’ Ferrando 5"’ Na-
A-&5h po-
rcelain repair system$ ¥ aed 8 Rslg e}
stz 21y =] 9] Ale)Y 3|22 $]5}e] Oppenhe-
im3} Ward 4= composite resin & X %313l Fa-
unce 9+ Myers'®> Ronk 5% = acrylic resin ven-
eer & AMgslgl on} vk WA FPY 5] wAsF )
gt} olol Simonsen 3} Calamia-+ porcelain lam-
ra4sgoz RARgo Ry 3

yyar 5 %P2 Silane coupling agent &

inate veneer &

e 7}Mxl9ﬂ 480 Horn ®, Calamia 9} Sim-
onsen”’, Calamia®, 0]%V%& B3} 44l3} Silane
coupling agent 9] Z{ 2l & porcelain  laminate

veneer o E31A1A dA-g-8o] 7M53 AFHE
2 St k) D}-'

a3l

E.XH ’].El jl_/q 1,12, 21,29,42,13,50)’ ng_g_ bracket g] 7‘3

22193, ole 284 B, porcelain laminate ve-
neer ] 24| 5 0730 S-85lo] AHgRe] Fal=gm
HAFEE 2h4sglel

FEEY FRYLE FAA77] A8 2ot 4F #A
Wol Mursigla, FAx|0h, BT He|, -‘%*4—‘?231
A2 e 47, 40 s & A7t gl fo

u% 2,36,48,49, 58) Sllverstone o 30 % _‘g_ig] o‘_]_,ﬂ.ol'l
gk z|okdo) 4 vigsiim B sy oo

xtga];q ZxA 9 composite resin® o] A

A2 B opg ] WIDFT 2 s 65 gyl 20 Ly T

W 22 e o3} Ao} AT GbyFel s
2 gow el
59 o 10
A4 E A2 R Yw AAFATEERA Ro-
chett &= 19731450, Howe = 1977 wi*®
1980uf{ 24X & Hoidt FETFEES ol Seid oy
HEd, A9 v, FE£72E9 sl 5o AW
of F4Fz8Y Hajidgol ALHek Tanaka
%6“% 1975w &4-2

osion A g} 3}ed, Livaditis £} Thompson3®’-2 1982 4

&4 composite resinE® 4l

sLivaditis &

electrolytic pitting corr-

F4E AAIAA otk $214E Asshn w23}
%
FIFLAL 429 EAE 2445 ST 54

o] glo} A3hE EM WY 2ol ]85 HEh Ca

lamia 5 & 5%,7.5%, 10 %9 28544002 2
2 3029 2087 =) ‘“‘*1 AHP2AE E v aod T8
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RAY,R WL 25%,5%.7.5%,10 %, 15 %, 20
%2 EaiAbd A& L4 sHzwe Fd
Axve] FAd wagel FE] 344 F
g al Fr)9 B4 Foll olAel Fasht 5% A
22 345 B34 sltel &34 4ok f9
2-go] glel Molol Fakgt e 5% E3T440 R
R 7 gelshe] A2t F BAHES  wE
FAFAE FalAl Al Ao e AAsln, 48
AMEHe| H§EA A9l Silane coupling agent 5 £.X
AV 228k 2 & AYA composite
BIS-GMAA Y9 Comspano]i} 814} esther A4
Panavia 2 A8 4 A7 F4a AR 7 FHPAL
& §-Aslel 43 vladTih s AL dUrldd =2

Tt wpolch

resin )

I. 970z 3 g

X

7t ATHE

L A7 2l SR ALTEE 24 E,
Silane coupling agent & Silanit®™ 2, z,jfg’f]"ﬁ co-
mposite resin © 24 BIS-GMA#A 49 Comspan™*
3} 414} esther A 99 Panavia*%—, EA A= 9] 7
Ak} F4ARY B4L Rexillium I, 434
£8 50% At 2RRa* e 2542 g4

AA 5%l o Alzaf AR

LR A !
1. AlsgA =)
(7h) =AHAH
105 789) EAAH-& A Z5tr] #3822 gauge she-

Porcelain specimen

et wax 2 Zo] 2m A 6me Y53 A 12m
o 4y el 4Y T L5 B g A
38 meq4d ofEAMR |E F Ni - Cr - Be
alloy 9l Rexilliumi@l 2 Fz3tgct 4% Wad 4
Hogoly TAEE Aokt F 50 um AT
Ear2 blasting 3ha, 253} AH 7)ol A AHsl F
74 Bg ARsiget FEAARE AsAeg F
EAE 452d3 22 o] A Fylol wel 24
sha 13 £4 F £3u48 A8 54tz 23
443 ek 400 grit ¢ AsFelE oAl E HdA
of 3 Foslel dRAWFe 2 sAL4AE witat
BstAl vtz 1087 293 A A4 AHE
1760 ° Foll 4] self glazingdle] TAA)HE A 2Hs}
gt =AARE =S el FFslA) shel  base
plate waxol]l ZAA|Z)}E PVC ring®] & &l &
olm £33 Felolrd £ Ere] TAART A3
3 TAHS wax solvent 2 95% methyl alcohol,
F52 AHstd ok (Fig.l).

(W) 2445

EA Bl H2ZAH FE5AR 1007 base plate
wax S 27 6 mY¥P 08 ubEe] 12 gauge round wax
2 123 wkEel 2 HuE mecldd w2 u)
E4 ¥ Rexillium 08 Fz3stgct =2t 3asHA|
A 32ta)7] 71 1%
de dm}=] Sl A Frdloll YA 2 wietal s}
Al duketn AHsd= (Fig.l),

Z431d-E 400 grit silicone carbi-

2., A" ¥
(7}) =A A4
105709 AHE 20704 EFsld HS 2AHE

P : Porcelain
M Metal

Metal specimen

Fig. 1. Schematic representation of specimen.

* Ceramco, Ceramco. Inc. (U.S.A.)
** Silanit, Vivadent (LIECHTENSTEIN)
s** Comspan, L.D. Caulk Co. (U.S.A.)
* Panavia, 54]8] 4} 771 (JAPAN)
#* Rexillium I, Jeneric Industries (U.S.A.)

##% Hydrofluoric acid, Shinyo Pure Chemicals Co. (JAPAN)
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A g delAE a4 &
ool A LEZAY 5% 559 Sasdle
30%, 54, 74 30%, 1087 HAA7) 5=

oA 187 A5,

(h) B4

Exet A2 g A T4 A7]7] HE A S
FEARE $ AT APAL AAY A RAE
sticky wax 2 ¥t} ol A 300mA o

10 % 3hAbed
A

o AFE 524 ste] 347 H4 F 32 ElA
A

FHSHI 18 % Alod -85} A7)0l 4 10
$7 AA B 525 BelA sticky wax B A A}
FUt s4e YYde BUeh okl Bol  malskgch

Table 1. Number of specimen of each group

2909 100708 SN S 25704 $Rsed 1E
& Panavia &, 2T-& Silane coupling agent & =
E3tn Panaviag, 3F2 Comspane, 472 Si-
lane coupling agent & £ X3} Comspan & A}-23)
A 23 Ae) ANRE AHEAA7 BEARS) 22
Zit} (Table 1),

AHAA7) Al A&7l M 103
b AFAAZ A, olF 1783 239 AH-L Oxyguard
2 Z7E Al & AAZH (Fig.2,3). 743kl 4
2 37T Bl 2427 B3} F AAE Z37]
(Tensilon, Toyo DALDWIN Co.) ¢ A} cross head
speed 2mm/min, 2} chart speed 100m /min, & EZH'
A3 F4AH0] Helda o] AZEE Aty
(Fig.4).

Specimen No.

Group B:gncc:!i?g ti;zh(l:lgm) Control 2.5 5 7.5 10
1 Panavia 5 5 5 5 5
2 Panavia ¢ silane 5 5 5 5 5
3 Comspan 5 5 5 B 5
4 Compsan ¢ silane 5 5 5 5 5

SEM 1 1 1 1 1

Fig. 2. Bonding with compressor

EZH 9| ﬂJ%"é 5o w}% -“r’%' FAE st H
NEzT 5% E3T44eR 28 30X, 5—.‘*:, T

IAE FAR7 Qe d oz Bashd

Fig. 3. Specimen after bonding
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Mpa 2 7b¢ Za, F445) ¢
8¢ Ay AR 2=
AT e

@3L Panavia 5 A}
7b 0.22 MPa 2 7t abgte} A
Fele A7t dglex (PC0.01),
Eee Ay H441zE Aol wle} Fol

745k, Silme coupling agent & S X3 2,4

o APHEE Ex57 P 1,379 YPrec

LS paun

A
HEE

B ol

ZAtt 53] )2 T4 Silane coupling agent & £
3 2,479 AAES £2kR ¥ 1,379 A3
ZFErel 4538 Avh FAA Foel] W2 g AE
9] Z7}4-2 Silane coupling agent & T 3E3F 2,4-F
o] =xshy) & 1,37 xrt gkt Comspan-2 Af
23t 3,474 #3457l Panavia§ AHL8E 1,2
o Az ne Fef
e————= Panavia
Fig. 4. Testing bond strength with T e ot 44 Ponavio ¢ silone
the Tensilon machine k comepan -
{MPa) a——4 Comspan & silane
201
. oA
b AgHE o L
AP Ee] wg AT AgAse Hdghe Table i =
29 goe] AFe) HEs ¥4 ARnAA S /
stoyalzlgla A sl #utgd4 & Fela fol4 dA 9 [ , )
LzokarE M grel (Table 3, Fig.5). 0 2.5 5 7.5 10
10 37F 2412 g]sl3t Silane coupling agent & = Etching time (min.)
33t ¥ Comspan& AHE&-3 A9 Ag74=st 18.38 Fig. 5. Bond strength related to etching time.
Table 2. Bond strength between porcelain and metal
Bond strength mean (MPa)
Bonding Etching Total )
Group agent time (min.) Control 2.5 5 7.5 10 mean S.D.
1 Panavia 0.22 8.11 11.50 13.43 14.44 9.54 5.34
2 Panavia ¢ silane 10.38 11.54 14.62 16.15 14.55 13.43 2.65
3 Comspan 0.63 7.79 13.24 14.01 15.38 10.21 5.64
4 Comspan ¢ silane 11.75 15.33 16.32 17.43 18.38 15.84 2.59
Total mean 5.75 10.69 13.92 15.26 15.69 12.26 4.95
S.D. 5.52 3.31 2.23 2.13 2.12
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Table 3. Linear regression equation

Group Regression equation r r F Value P Value
1 2.79 + 1.85 Time 0.91 0.83 115.26 <0.01
2 10.85 + 0.52 Time 0.71 0.50 22.96 <0.01
3 8.07 + 1.43 Time 0.91 0.83 117.35 <0.01
4 12.77 + 0.61 Time 0.86 0.74 63.67 <0.01
Table 4. F-test and homogeneous subset to the bond strength
. Homogeneous subsets -
. Etchu}g F Value P Value
time (min.) subset 1 subset 2 subset 3
0 354.67 <0.01 1-3 2
2.5 45.51 <0.01 3-1 2 4
5 10.79 <0.01 1-3 3-2 2—4
7.5 8.16 <o0.01 1-3 2—4
10 7.86 <0.01 1-2-38
All 11.64 <0.01 1-3 2 -4

2 FAAzke) A gAE e kg st gl A Du-
ncan % 44 -& 0]—8- S LA homogeneous subset 0. 8 X
3 o} (Table 4) . R P e o) [ K B RN R )
2k7F Qsiem (PCO. 01>, % FAAA7N A 1,339 A
Y7=7t fakshAl etk 28 R4zl E 1.3
23 2,479 WYBEsb a5l ebd Silane
coupling agent &] T FojHol] wlB Agt7bg 9] 2lo] )
FREE o+ doe

. Al dlel ) wE

2 s 29L& el o} (Fig.7a),
£ 3027 F4xelgt A Bl porert RYm
(Fig.7b), 537} & 7% pore & T} 7|
7} 748l A (Fig.7e), 72 3037 H<lxzjg 7
% pore ] o} A7 7t & Fokelglon (Fig.7d),
1087 FAA I 749 A Eadell Fyio] 48 %4
% B (Fig.7e) HAA47 ZHale] o} wa)o] 24
o

o FAFAEE ¢ Ao

o n:iq

HA A 2]3t S EHoll Silane coupling agent & %

Fgoe4 APAT FAAA 4ol =1 gk
°] Silane coupling agent = A3 ERA & 113 E o)

Tl 43

Fatsle] 2d-g WsiAA sle A 3y s FelA
EAEE FRA7I e o] FaER g

35l $ET QA Bk SAE B W Si-

lane coupling agent F-oll 4| r-methacryl oxypropyl

trimethoxy Silane o] 2] A5 1 glon c}23}

Zro] =419 Silica 9} ub-g-ghch 0

Composite
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H3C--0-8i—0O—CH;
|
o}
|
CH;

coupling agent & = 33t} #2743} Fo

ol 33540 9)x]-85x] el Silane coupling agent
£ =323led Qa4 At el FAsm HdrE

o] 7tA=E ¢t} 475 Myerson®<  Silane coupling

agent 3 5x3F 9X]-&5x o x5 2]z 4l
Aol AF3 x4t «2 APt A

7} Silane coupling agent off A3& »]Alchy

CH, CH,
! I
C-CH; -H,0 C—CH;
| |
Cc=0 C=0
| |
0] 0
| |
CH, CH,
l |
CH, CH,
| |
CH, CH,
| }
HO-Si—-OH HO--Si—-OH
| |
o O— — — surface of the
| I porcelain tooth
H — 0-8i-0—
| i
H |[surface of the o
| | porcelain tooth |
o]
|
0-Si-0
{
0
A5 3k Abo]u} Silane coupling agent & AR2-dH F-3F
AgES dolop wusl YU 1,12,17,21,30, 41, 42,43)
Z#lo) = porcelain laminate vencer & E3b-4Alo]
v} 834443} Silane coupling agent & AMgsi A
2] 21 2] 2k 7] = gk o] i7H51%"’P.3“'25":1H3] Eule] =3}
g3} 2 4 4l3} Silane coupling agent 5 AF%-8] Calamia
B s} o} Slmonsen”O 2078psi o] AFFEF, Hsu® -

gk B A4 N xEe] e Silane coupling
agent & E23L3 composite resin &2 A3 A4
A FEAADG AR F FAAR LA £ A=
A e s ged ole EAe @A AHie] EAEc

o 7bsbelm w238 Newburg 9f Pameijer £

x| ahel o @

Bor4ALe AS RE T $4780)
A5k ohadol obrrel yAAgel g F, W,
2g dlna kel E3esarel el

1

E_z}]oﬂ fy_}—r_/gz A7} Silane couwpling agent &

LB}

2 4

st whye] 2] o wwmslgiel =49 stdA &

3485 psi 9] ¥ BY AYHEE, o] % 3747 psi 2
ARZHEE el P4rd ol Assieky wastyd el
71 e Balgi el 23k maAl A FAA ko] A

gkl wz} =2 BazEst FUkstT 10 % ol 4
]’{1 %‘1{\ Si 7}' UL\_J'D]'?— I’?S‘]»ﬁ‘;]-. Cala—
mia¥s S E Hari4k - &Fa Stripit 2 2%

30%, 5%, 104, 2083 RA-A FAA2 A
Spell whel QAZREIF Sobstd A, S ek o] ¢
wioll Zhasle) Aol & A8) Agro) MRt st
3 »mslgdet Calamia$ 92 =al 344 Feldspar
type &) £42] %727} Aluminous porcelain Bt}
ax, =49 A9 A3e] Wkas WAy Ao
kit 3wk el  Calamia 9 Simonsen™-&olzf3}
Halzle) g Fap HAlxe]skal Silane coupling agent
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§ 5Ea 9 HUZEE AnATU A% $977
3t3L Silane coupling agent & =23 F9¢| AHIYZE

7k 7P Avka B askgl B}

2 A4 5% E3FL4tor HAA G A E
FARAI AL 3l w] A el 4] —“L;‘JEP Sd HA44] )
o HA4lel HAR pore 7+ B3 Brhetod
'SVMI-E £ A T4 kg wol 1037}

FAMEE APAEE SAGEHE APYPREE

A 7o) gl e} Frhsld 2w Silane cou-

pling agent =% o] £ ¥3lx dezuc) 7at 4

e ¥ Calamia 9} Simonsen 9] ®R.79} < x|s}

24D, pelw g A uf A EE S} o1y

& & F UL HZFo] Silane coupling
F3hA] ¢

_>i

—[m

319

E
_'E\_ OE ol-
agent 5
Alsdol Aul Ta)el 212 Aol &
el Calamia 9} Simonsen 5

o Rael odx ls}aiu} £ (Fig.6).

& Fm ™ bonding agent & 4}
0

Aol A 0 23

2 bonding agent & I}rlstA] AR

shd FE B9 Wolo] AN T nlmafsle] riE T
B39l qhggel wobA)m Asgo] Ax w2 srie
2 A Asfopgtela B35tk Composite resin&
Rgel A H7|7E x{AA A KA S aksisle] Ashot 7|
Axli A A3e AN By S0 4s
232 FE7)ZhHA AR obste AR absbeA]  fE
.6]_\./]_'31)

2 of Foll A} AF£8 Comspan 2 BIS-GMA A A ¢
composite resin © % two paste systemo]n] &} =2 3]
e BB s Muslo] FRA oko] A3 (k65 %),
FAA 8 dxba7| 2k, 26 pme| g TR E
7t FE-Ee] 2hxidl A8 g o} gl )

R xfglo] o o}t ) Panavia= QlAb esther A &t

Fig. 6. Separate specimen surface

EZH BER

FRAUS) ol E ohe 4

I g3 l@]'iul'ia! rﬂvl» 1‘|ﬂ°] AR =k
42 71232 91wk 3 Alumina crystal & 50
% d7hsled 40 % x| ezt FAs

porcelain &

ZFH T A g gl
°o] ¥
b

Aluminous
porcelain laminate veneer &} =2

12l core £ AREE|T ek Hobo?» & Zael &
ZHQP A, Al zekye] g F24
< Mudsho] 48t}

’“i}zﬂ" ol Aobd, +8-8o AHdsta 7
A MAedel Arlam fAFels) ol FEES A
Aol R AF F Qlolok e} P AP = o
& BIS-GMAS| 72352 Fr71527  » 7=
composite resino]t} Composite resin- 8] 3x]a)
Anch Bed AAH Bho] Ex D,

apatite ceramic

silicate ¢}

A A Sm R el Hesl 23
AARAA) A5 dgeta 244el Gaobd 19um
o SEA T AT G4 4RSS A A
F Sheg 3 A AL golahe
AR EE FEE AN RAANA FHEE

o8t AE=2 19754 Tanaka 5 &  Ni-Cr-Cu
alloy® 5% 3P }E-FEie] 537k electrolytic
pitting corrosion A|# resin facing fx]o] 3 873k
HolE dod A £33 Livaditis 2 Thompson®® &
Biobond & 0.5 N A ARgolol 4] 250mA h 2] A F5
S87 o4 o FAAA £ FaA il £
x]x]—y]. —7—10] H4lo @10]% o} i_‘p_g—],(/ar,}.. Thom -
Biobond C& B2} Rexillium [ =3y

pson & 83).2.
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Ay wEgict 258 RexilliumIE 10% 3
AZolol| A 300 mA k2] AFE 387 Eal & 18
% GAEA el 1087 289 AH 64 AlH
F 4R dn) A4 @233 A3 high Beryllium
! content interdendritic eutectic o] AASe] Y7 3
A aHAY F X329} A4 ganma prime
phase o] 87} A A= 47 A {x 4T g
o224 Hiddo] Fri= ei{lzd@%l 7hEsteta 2
39 ct ® Eshleman 5 92 33 A 4s129x]9
AEE wlaed Fated A A A A2 EY
A Hel 374 Fake] fAH Wrrl Avin wwsligleh

£ dToll A Tafe] B4 HE9 Silane coupling
agent A18e] HE AYAEE RS LAH e G
EAS AHLAA ] FEE H A dFY o} A
Helgh Aol AHEAlAlgL 2o}, olzd  eAlwlel A
el aat A7t of AP Eo] Yabell Tgo] oo}
s}

% K

V. &

5% E3}FA44ate] g 2419 B4 Az el Silane
coupling agent &] £ ¥oj 3, g4 composite re-
sin® FHo wWE = AYAEE FH5tn =4
2] Hxlz4§_§ a7 Y, 105702 =
st AT APToR 5% BT 44E o] B3]
o 28 30%, 5%, 7 30%, 10&

i, —‘?—4 AEE TAAA HeiF ez A,
1007 2] EMARE 2544 FE5le] 1L Pan-
avia 8 2F-& Silane cowpling agent £% & Pan-

rHi

avia 8 372 Comspan o8 4F2 Silane coup-
ling agent £% ¥ Comspan 2 & sl L7 2%
Aol A2 F AAAE FH7leA Le|NHES ’%ﬁé‘
Ak e 2 AEE 9

1. 5% &3brdibel 23}

['}

2. A HA A7 —;L%t ol A TZI*P—TL I Fof
FAR kel FaARL #Hn| Al oaf  abats
o e}

3. RETY HYAEE B4 Al wde) e
o] Frletglm, ZEToA foe A7b At
(P<0.01).

4. Silane coupling agent & 53‘_}} o Ag7R=

€ xR ¥ Tav g

5. X227 Aol w2 Z*‘S‘”.E"] =712 Si-
lane coupling agent £ ¥ 7o) = xs)x go 7
_‘i’_r’}‘ u-ol;]_
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6. Comspan 4879 H 47257} Panaviash-879
He74Ere Ak
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ABSTRACT

AN EXPERIMENTAL STUDY ON BOND STRENGTH OF ETCHED PORCELAIN

Kyung Cho., D.D.S., Ho Young Lee., D.D.S.,M.S.D. Ph.D

Dept. of Prosthodontics, College of Dentistry, Yon Sei University

To investigate the bond strength of etched porcelain, porcelain specimens were etched by 5%
hydrofluoric acid during the time of 2.5 min., 5 min., 7.5 min., and 10 min. at 23°C and observed
by SEM. Also, electrolytically etched metal was observed by SEM. Etched porcelain specimens
were treated or were not treated with Silane coupling agent and bonded to etched metals with
Comspan and Panavia. The bonded specimens were stored in water at 37°C. 24 hours after bond-
ing, the bond strengths were measured.

There were four groups of 25 specimens each. Group 1 was bonded with Panavia. Group 2
was bonded with Panavia after treated with Silane coupling agent. Group 3 was bonded with
Comspan, Group 4 was bonded with Comspan after treated with Silane coupling agent.

The results were as follows:

1. he etched porcelains were obviously observed by SEM.

2. The dendritic arms were observed in etched metal by SEM.

3. The bond strength in relation to the increase of etching time increased and an analysis of
variance shows significantly different at the 0.01 level in all groups.

The bond strength of Silane coupling agent treated groups were higher than the untreated.
5. The ratios of increase of the bond strengths of Silane coupling agent treated groups in relation

to the increase of etching of etching time were lower than the untreated.
6. The bond strength of the groups used Comspan were higher than Panavia.
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Fig. 7. Scanning electron microscopy of etched porcelain surfaces
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Fig. 8. Scanning electron microscopy of etched metal surface
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