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o

¥rs - ome - 4Ms - BEa

.M £ = g2A Aefy §? l’f‘i‘l olie} 2 7leE &

A B FA AL sk T8 onE Y2 ). o]

A HEHe A4 7T 8BS st Xote] A& 2 BE X85 7}” ZF8A AAAE ATy 3
RS By 2 AHYE e AR 75 5L B U7t A2 (adhesives) o] t}.!

2 973 Avde] nEL Uk A& REE A7 BE X 5olA HEAA 7} 71 Bo] AMRE = R

Eile B3E Xge X7 2FH ¥n oplg gyt o] Rl#FHwA (orthodontics) 3} 4=E-(restoration)

T BollME ded AA 4FE 35317 93l Eofolt}t. 7wy BollAe A& ARIL A
Bol o] & U} 3 A} »ELS e 2 olg 54 FAE ol &3t Aofdl HE T
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Aujgsteen 715 FAATIE Aotk AEn
HA AREE e 23 o]Fdo| AUth L
Ay AX = Aol A & FUehr] 3o
B 7] (brakets) & ©] &3l x|ole] HF2HA7]H, o]
o X248 HIAAE o|&3te] 2 V1S TN
Aok’

A A75FNA F2AA 7L 7P Bol AMEEHE *
& 8 Rololr}. FEARAE F4, Age 18
Iz B3R F e ABse] AMgH. ol d
FEARE ol ALY o XL HIAA = HF
A(enamel) Btl= Aol HEZ Aot (den-
tin)e] Aol 938& T MU o Hao
2%, A9 #Held 5& FEE ASHd 97
7} f@ gt

A AEsE1 e A48 FFA= FFEE,
A7Ved8 £ SAl sHed AlEel Utk & 1
MM A1} 2 gl ol &= MR A4g HE}
A FAFA7IA 4 HZ FF daA rlsstas
L=

2. |22 AR HA|H

2.1 ®Xjote| =

ok A AF-2 AS A WA FotA =R o]
FolA UTHE 1). FFALE ol visix F7
A o] B3 Ut L, slo| =52 o}ig)
o] E (hydroxyapatite) 7} FAE o2 Fo|gl7] W&
d] Z1AA Ado] $dta e FEEA s
A A 548 Belrh

W Aobd e oM R R et B B
o] WFgte] glowm, W{HA H& Fr1A Fko
S YR e A5 ojFoA] o Aol Wi
FEge H2A o vlaste vs gk w138 4
ot 71AF AHE HHEe] JAF 4 1
o #ofsirt.

2.2 Rt Fatd|el v

A = 71 ol AMSE I lon Hie A%

E 1. x0to| sjatae ula
oA (%) HeaA (%)
7 71 A 70 96
% 7 4 20 1
F 10 3

OEX st 71E Al 12 ¥4 5 200103 8Y

gds Jehll= H&Al 2= (bonding system)2 =
A 372 UYHeld 24& /AR U

AAH 74 845 o P49 =LF (smear
layer)& AAsL Adotd B EIF(FH)E&
959 micromechanical bonding& 7}s38HA sl
APELAA) (etching agent, conditioning agent)©]
ot B2 Z2lo]u| (primer) gt 3heH I4A
AR (HEFA 9} guj)oz o|FoHA FHE HH
3 F&AIZI HolHe B 4oln AX Fiol
Ydojuis FHel| A =& o]t whAH Al
WA L HEAA R Ko} HH AFH Zetoln
o} AwHARQl &4 FEANE AZAZE F Ue o]
Fo] HEoz FAH Ut

19955 E 7|28 o] HEA 2] T4o] ¢
23 o] ®siE Utk 37K AEAl 44
system : etching, priming, bonding)e|A] 27} 4
B(A 54 system :etching, priming-bonding
Y= etching-priming, bonding) 283 thA] 17}
2 B (A 64t system : etching-priming-bond-
ing)o 2 HA g1 Qth

2.2.1 HIH I

HZEL 96% 71 T34 Flo|=Z A o}stElo| E
AP0z ool YoiA 30%9] Axald] oF 15-
30% B =FAIA % 50 mm ZHo|Z F& AR
t}. Buonocore:® 4to] 1) W& 7M%elA sz,
2) 394& 371712, 3) o Hel wegd 5+ %l
T BEUS ATz HAS A% A 74
g DEYT itk 28 19 () A4 A3
Ao Hade AN A Aoz HIPaAF dd
o] Aol ¢ 0.5 o] 3-6 ume| THEE v ds
o] qth. (b)e AR Mg garae] AxduA
ARlo2 HEAaFErt 3-5 pimeo] thidA g3i=x
Aakzl o) A 7]Z (microporosities)o] A=A
EEE BAE AR AEE H3E r1gez &
g7t #Fe #HZH L(resin tag)E FA 3o
Hgdo G2z s F&4& (a8 2).

2.2.2 Ato}xl H&

Axtel-g ol gdted HAAE Heldhs &2lol &
R0z JFHoly] Wi Aot HIE 72
waoz P =AU v 2719 Aepd
Az A A uf 9 e AR E el

HEgde oide Ao ¥dsin A &L Wt
9, Aotd ride §He 17%7F F=hl(colla-
gen) 0.2 FAF ] Ut EHAL Fle|=FAlotg
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(b) A7 A2 ¥ EHd
a7 1. HBES| EXEH0IE AL

Surface Loss

(EEAAA)
Etched Forosity

(348 713)

Composite(&3+a) 1)
Resin Tage (g Alej1)

Organic Matrix Organic Matrix

Yinorganic Enamel Rods Inorganic Enamel Réj‘;ﬂ 713D
719 27) T (25) g

Etched Enamel Surface __

Etched Ename! Surface
A¥AE dga 29) -

Cirad

(a) (b)
33 2. MFA XMel2 galaMo ajMZE20] 8=
{a) DiMIZ|S0| 5= HZIEH L (b).

ks

Hole Aol Feso] Ur] WEe] Pl 4%
gt} #7l0] Aoldel %Y & A= FAR 52
£ Aol soly Aoldel F2A wele Aol @
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a3 4 A0HES| E,

o2 Aotdat WA FARAN AFAA] B
T2 oA o] A7| W] dFde F=2E ZAe
o AZ 1-2 o] opl@e AellA HgE
2] A4 (pulpal fluid)& SRR 3). °l=
AJote] 43}(hydration) & FAAA S| oA
=g F7MRIAT dotdl#e A5l gk
ZFo2 E8Y U o5 Aol AR F
AHA ATHA” 4). Hold e HFEA 2] §F
3 dlgto 2 7R % IR % gt} (isotropic). B
& Ao} 58 L ARA e} 71 FEE Hobdel A}
&8 o el Be Agdles =gFoltan de 5
3 S e o] & Xof AH, g, Al
2 Oe 38 ME EFeEA Fobd #Hd) 7}
WA RaEo] ol we AN AR 5).4°
Fotde] & T, B4 2 uEEAA 22 o
FE A A2 HEFA oM B BAHE Y
Rt B Xof ERAA Yehles =EF £F
H3 o22-g Er Aokt HAE YA =
A= 1) 774 e 33 A 39 77 siAd &
8 B, 2) FHES AFHY b= 0~50C B=
o] 2= ¥} don FEAES} xote] YA
2] zjold wat FFAAE o717 A9H, 3)

o
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20~100 kg/cm?e] & Igto 2 AAR ] H&
%37} 4o,

utdoz Aol PAAE Agde] Aolde
H3&s7] 9lsl A= etching, priming ¥ bonding€]
A QAE AR 1A A& o83t FolMas
g3 e =UES AASNL ot s FEFHER
GIAA F2 ez AR dokde {714
BEE =2A0Y. O g 54719 274718
giste Zejolns FE 72 U2 JFAA
FAA7E Fed Ao A¥sln a5l o
WAl FeEHe JAA dH 29N @
o2 ZFstd gotd el AHA a1, =EFY
FAEE F7HRIA =dFd o JHA e AFE
Hedrh. AAe 254 EFAAA FAAE
AAAN7) s Zelolnish FHAYE s BB
pel A% BEE FAAY} Aole BRAHE We
A se] Aole} Aol e AYHES Fo2A
AH AgEE FABTH I 6).

BeH7} Aokl A1 el 2l BHEE AR
g w FPFgE SolRE=e hybrid layer,
resin-dentin interdiffusion zone? Ti= layer of
modified dentinelatxn® Bz23 it} old dA&F
= T8 ZAAZ dolde El HH=E Aed
71 TEIE 34" o] FolR=EFe
1982'd Nakabayashiol]” ¢J8] B3ugdx 1990
oo ZAIH oz AAFEL woren) AR Aol
AN HALEE €& F Ue 842 ¥Hn
At

3. 28 MAH|S o7 £

3.1 Michd 67 S8
Fotd ARAE ERste 71EE =ES A

DEXNEIR 2)a A 1294 5 20013 8¥

BONDINC TU DENTINE : DENTINE BONDING AGENTS

Conditioners and Primers Are Used As An Interowmdiary Betwasn Compusite
Resin and Dentine

The dentine is typically treated with a mixture of low concentration

acld (e.g. maleic or nitric) in a hydrophilic rasin mixture such as
hydroxyathylmathacrylate {HEMA)

N CH
LN N /TN M W
- . +

IL CHZ [ IS
o HEMA °
The hydrophibic part bonds (o the . [ resin
the hydrophilic part bonds o dentine restorative maters
H H /""k.g‘

|
R——C — CH, —C ——R
1 }
coo <
o V)
ca¥; HoO 0
‘€00 NH,

VVVV VVVVV e Hema rasin tags

Dentine surface {603 organic, mainiy collagen)

8l 6. Aojale| Mty |0

i R
HZC=C—COOCHIC'I-ICE‘.OOGC=CIIQ
o
]
(OH)2
Glycerophosphoric acid dimethacrylate (GPDM)
CH,
CHy=
COOCH;?HCHZ-N-CP&COOH
OH
N-phenylglydne-glycidyl methacrylate (NPG-GMA)
CH,
CHy=C

i =
COOCH;-CHa0F.O- < /)
OH

Methacryloxyethyl phenyl pt (Phenyl P)
cHy- ccod $-cy

CDOCH; CH00C ) COOCH;CH,00C

COOH
Pyromellitic acid di{meGacryloyloxyethyDester (PMDM)

CH, o]
C
oy §=< 2
COOCH32-CH300C- / co
4-Methacryloxyethyl trimellite ankydride (4-META)
HOODC
H2C=(fOOC-CHzCH2000- — -COOH
CHs GHs
COOCH;CHaCO0C=CHa
3,3',4,4"- Biphenyltetracarboxylic ack di(methacryloxyethylester (BPDM)

a8l 7. cHEAR! XNE MAR cRidel 58P

W Ade] wEte AltiE g ALE e
AEg 712z AdE FE3I Utk dixFEd
X7 AAA o @A E a7 7o) ekt A
I = ozl 1980ty o] def st Aoz Ao}
A EHY 2UE S &d3] AAN=E o ok
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1At A EEL glycerophosphoric acid dimetha-
crylate(GPDM) 3} N-phenylglycine-glycidyl me-
thacrylate(NPG-GMA) & A}&-313 glom AMA
o2 u)$ AsiA ¥ AAE AUt A 24
£ methacryloxyethyl phenyl phosphate(Phenyl
P)¢} hydroxyethy! methacrylate(HEMA), 2,2-
bis[4(2-hydroxy-3-methacryloxypropane)phenyl]
propane(Bis-GMA) & o]&3lgt. =24 R
Aoz AAsL dotdel FrA FFE FIMAA
FH, dotd HAAeAr} dotde] Few A{Y
F URE 3 vk o] EF AotE A Erhs
E=UZd HFAzh= Aol YA R HAAEE
Jehielr). Tao $-&!? Scotchbond Dure-Curez}
€8S %S o #HAo] obd =LF AAE &
g3 E dozon, Auue ¢F BFN xUE
Q2 o} Aohe Aoz Hof =iEe] o3t 7|F
& B3] BoFgir) A 3AdE =E3S 93
3] AAGAY HHAT= A RE @t F,
A 34 Aold HAA = N-tolyglycine-glycidyl-
methacrylate(NTG-GMA) ¢} pyromellitic acid di
(methacryloyloxyethyl) ester(PMDM)d]] 7]%3%}
o Folds FANA =UFE FEHoz A
Ad ARAZL Releh ol A 24 H2A A ul
3 FAR=TE FkelE dded dXe FaAd
o] o} Aoz B3tk

A 4N Aol A AAZAR =UF S
@83 AAse Aox, Fusayama T 40%
AAgd oz Aotz HEds JdB7A st 4
A A= NTG-GMA ¢} 3,3 ,4,4 -biphenyl-
tetracarboxylic acid di(methacryloxyethyl) ester
(BPDM) & AMg-3ttt. g3jd Aotd=zof 29
250 23 solnal=zo) YA LY, ol A&
3 Nakabayashiol]” 2l&] -0z xAIdHA R
gith. 8-A}3t dAte] Gwinnett® Matsuid]!® &)
in vitro2 AL #FEEon Fd Simmelink %
o|'® ola) x93, Gwinnets Ripad]'’ &&
in vivoZ FRHAG. dold EHES FRT Y
2 9AA A #5& PASA s olE
AdM e e Zejoln] fdo] mgd Fle
Z Fatse] slojHel=e PP ST o
Rz 7 AT F& e Aot BEsd
Aoz gopde HEa" e Hdz Y7t =
7] dtt.

A SAIY dold HAAE HIF &2 BAE &
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o gdF oz WA e FAld E3d Aol
9] g2 #5& WA 4% oz ALHY
o ol B Aadoz e 4 g, Zab)
ot A #Ro] ZF= o] S9qo] g WA
3 gobde] &= HAA (one-bottle system)
o} g e @ Zeloo|E o] A WA Ao}
Ag AgozM &4 & HH 3= FAld F
HA F5o] HEE WA HAA (self-etching
primer system)o]tc}.%

HZd Al 6M Aot HEAA 7l =g,
@ oA Sdo oAz yFAL A s A
A3 HJEAE olF F A = Aoz AAF 9y
o gd @A FF Aladdelgxn & 4 v FE
49 AL deEsizte guda B o 3
o] 43 HEAA A"l & 5 glon} ot
goldm g i FAA=e A Sl o
e Bt B2 4 dAolrh 1987d 3Md
Ae  ARA Hg](self-etch)9} A7} priming
system& AEAT. oA & primingdh= ¢ F
o2 EUZE AAY FET e Z2A
THEo] A A Folt}.

32 ey AF

ZHol= B Rt ople 34 ¢ A=,
7et & REEL Xop7t AFTIsT AR Al
do] FAAE MBolx ot 257 #Hzle AE
o AFEE9lY 4-methacryloxyethyl trimellite an-
hydride (4-META)E Z37)AJA|¢l  tri-n-butyl
borate (TBB)& Al&-3te Aolda A7 A=
S48 APAEE vebd e B th? Tagami
5o 71&e] Aol gHAE A7} 10 MPa Hx9]
ARAEE Jepd vl 4-METAE 15-20 MPa9]
ARFEE 7HE Bl

Etching @Al& Aolde A=rt ol 434l
o YA pHrE 1o] golo Wdl= A
etchingg & & A v} v & 39 &
A dFE ATt FEFE £2 F70] oY
o g gkl A5AoEA AAold BEFSL
oA Sl 7)ol oA HAF-$7F FopA
A7 BA Aok B8 AP =T FUFEE A
g7] whgo] dojur Fiell e rt Aoy FF
g AS FFEAA Fo oplAdfe] Aol <% o
7} doju} S-S xpHo] AP 4 k. 28
o2 F& Axdlo] geErE FEH LY A
Aol Az} Eolvia Ut
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E 2. EEQ XS BEH xloete| Metzgzie Y

Bonding Strength
Product Manufacturer Components (MPa)
Kerr Co. HEMA, GPDM, PAMM, ethanol, water
Optiobond Solo Orange, USA Bis-GMA., silica 16.71+459
Sunmedical Co., Methacrylate monomers including
+
AQ Bond Kyoto, Japan 4-MET A, p-toluensulfinic acid sodium salt| 1946+4.16
Sunmedical Co., Dimethacrylate, monomethacrylate,
EG Bond Kyoto, Japan 4-META, acetone 12.81£7.80
One Step Bisco Dental Products Inc. BPDM, Bis-GMA, HEMA, acetone 12.48+2.63
Itasca, USA
. L.D. Caulk-Dentsply UDMA, PENTA, bisphenol A,
Primeé&Bond 2.1 Milford, USA dimethacrylate, acetone 12.76+4.24
Single Bond 3M, St. Paul, USA Bis-GMA, HEMA, water, ethan, 15.75+2.02
polyalkenoic acid copolymer
Primer: HEMA,
Polyalkenoic acid
Multsi(—:;’tl(x:?lz)osgdplus 3M, St. Paul, USA Copolymer, water 10.14+4.84
P Adhesive: Bis-GMA,
HEMA

#%x9| phosphate HEAE 1952 7)a=g]
3, 29 #F AFE 1956139 Buonocored] % 9
3l A 270 AREHJAYE FFAE F
FRoz & syt F, FAA vead
Yole dekdlE Phenyl-Po} HEMA % 5 A<
HeladHolE7IE Ze dHAE ALY o
gl Z3PRAA2E benzoyl peroxide (BPO)E&
AAgstg o o] systeme ¢ 5-6 MPae] FxE
B FAh

19831 d9] 3Moj A+ Phenyl-PHET}= @38 3
A9 717t Bis-GMASQ] phosphate ester& ©
FH 2 AM-Eth Bis-GMAS] 1HEE o/ =
A= g3 dRAs ol 8=AR, sEEAAMAIA
Q1 BPO<} #Z37AlAIQl camphorquinone(CQ)
agla 335 FF3H AF BTN AEHE
sodium benzene sulfonates} & A& ¥ ¥3}
o gt F5EE 2F 7hEsA st o
A 2EE A Aol =S dsiAA #HRle 3
FE& FANLo2ZA APAEE 9A s, §
Z4e o 6 MPa, Ao}d& o 3MPas] ZEE B
o4t}

Kerrdld& Ax7l w2 Bis-GMAUA4!  ure-
thane dimethacrylate (UDMA)2} triethylene
glycol dimethacrylate (TEGDMA)E W2 A}
43t FFINAAQL CQE 74E FEE AF

DEXNED Tz A 12d4 % 20019 8¢

AE Argrh o]Fdx Bis-GMAE WIAIZ] A
2& 9 E0] T FE5EY F AT 2ol Al
£593 9t T3 Bis-GMA: bisphenol-A
(BPA)$} methacrylic acid2 @450 dA43=
2o g 227} A7)=Em Qo] Bis-GMAE diH
8 F dE M2 vEA Ade] XY=n s A
otk & 2= EAHY XL HEA S} 4
A, 28 Xolole] AGHIAEE YePR Ao
o} 2621

4.2 2

e A A AE FE qF 2 AT
=352 HA Bxd #ald @Hel FuHz ¢
ot Xoe ¥ xote] 7]FH e 3o of
g AvAd X F5, R ¢ g E Fol
Azl dAS e HIole AHEA] 9] xglo
Heol HAAE gy gdoz The A2 HFY A&
o] A= Ha g a Aol vlay de
A AAHY 13 =¥ 3 (one-step) 02 HAHIY
ot % FTFHA A Hge Hxe] Aopd A
A& AMR-EHA] g FHA A A RS &
3le $E AL 2 Aoz Mydr)
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olgi g A 7-g HAA A #E 2E A7, AL B
g AFA g A7 dH 9L &3 o HF
Al2gle] deshiEnt opet Aojste] A(AE F
7t 2 AU FAAE Az A A=
& Az AL 938 wE SxE AYPFoH &
R Bt o} Aete, 718t & AEs
7 ot Aobd, WA BT HAZEE Ze
M2E 27154 A4E J2AA 7 AdE Aoz 7]
e o

o AP
=,
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