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Bond Strengths and Adaptation of Various Adhesive
Composite Resin Restorations to Cavity Walls

Masashi Komatsu

Department of Operative Dentistry, Tohoku University School of Dentistry

Abstract : A good clinical outcome of adhesive composite resin restoration requires
high bond strength and good adaptation to cavity walls. Material and technical factors
affecting clinical outcome are discussed. The elution of environmental estrogen bis-
phenol A (BPA) is also discussed.

To measure bond strength in vivo, freshly extracted adult bovine first and second
incisors should be used. The bond strengths of many commercially available bonding
systems have been measured, and the adaptation of adhesive composite resin restorations
to cavity walls has also been evaluated under SEM. The bond strength of experimental
self-etching solution was remarkably augmented by admixture of glutaraldehyde, ferric
chloride, and HEMA (hydroxyethyl methacrylate) with an aqueous solution of EDTA,
maleic acid, tannic acid or potassium thiocyanate ; all tests revealed a bonding strength
of more than 15 MPa. The bond strengths of many commercially available adhesive
composite resin systems have also been measured up to 3 years after bonding. Bonding
systems such as Imperva Fluorobond (Shofu Inc.), Mac Bond (Tokuyama Corp.), Super
Bond D-Liner (Sun medical Co., Ltd.), Clearfil Liner Bond 2 (Kuraray Co., Ltd.), and
Scotch Bond Multipurpose (3M Healthcare Co., Ltd.) had high bond strengths. Some
bonding systems showed no decline in bond strengths for 2 years. Even with these
systems, bond strengths decreased after 3 years. The Gluma system (Heraeus Dental
Materials Co., Ltd.) also showed excellent adaptation to dentinal walls and good clinical
performance.

SEM observation of the cavity walls treated with conditioners showed that the
primers and bonding agents promoted good adaptation to cavity walls. The adaptation
to dentin after application of 4--META/MMA-TBB resin systems was superior to that
of phosphonate ester monomer systems, which was also confirmed with human vital
teeth.

The combination of a three-layer bonding system with a three-increment filling
system showed better adaptation to cavity walls than did the conventional system.
Exudation of internal fluids into the dentinal tubules, which may adversely effect bond-
ing, was observed on all cut surfaces of freshly extracted vital teeth under SEM by means
of the precise replica technique. Exudation however, was not observed on surfaces
treated with 379 phosphoric acid or 3% ferric chloride in 109 citric acid. The amount
of exudation decreased with time and no exudation was observed after 1 hour. A strong
correlation has been confirmed between the accumulated data on bond strength and
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adaptation indices of the adhesive composite resins to cavity walls.
The high molecular base resin for composite Bis-GMA consists of BPA frame.

BPA may, therefore, remain as an impurity and leach out of these fillings.

Recent

improvements in the precision of detection and measurement techniques permit detection

of minute quantities of BPA in liquids.

Various values of elution for the leachable

components of dental materials have been reported.
Adhesive composite resin systems that strongly bond to cavity walls with no BPA in
the eluate from the base resin are required for the a good clinical outcome.

Key words : tensile bond strength, shear bond strength, adaptation, bis-phenol A,

exudation of internal fluids
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A (IFBPA) kvt zuik R »EAImL 500
BEEL, 8o ERA 7/ VAV T YY) T—
TN AY 7V NVEEEAMIIL, BRI THwE, 20
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composite resin
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FEICE > THRBEEICERBALSNS Z L% 0,
AR E L CoFEFERENE, HEBES0E
WIZE3bDEEbhd, BEARMICIZERE, lks, X
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K1 Fiw, @RS RESHS

3% INE—NTNTER, 1% HbE_&aE
0.3 M EDTA ¥ 60 #p41¥, MMA-TBB % &>
7 4 ¥ 78 & LT Occlusin F4E

Tensile Bond

Type of Teeth Strength (MPa)
First Incisor (I,) 17.3 (5.6)
Adult | Second Incisor (I,) 17.2 (3.6)
Bovine | Third Incisor (I,) 176 (3.8)
Fourth Incisor (I,) * 114 (6.3)
Young | First Incisor (I,) * 13.0 (6.0)
Bovine | Second Incisor (I,) * 89 (2.8)

() SD. *: Significant (p<0.05)

load cell
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UHMEIOBERSICS 2 2 EBEERET Lic, £ O
B, b e ES, mEGR D), SRR EREN, T
G L JRaiEE (1), F—oE#RA, LEEO%E
FEZICLY, BEERICELHLIENHLnE
7o 72303 fE o CEEERERRICI, L 5 1, £ TH
HLU Tw 24T, K& 12 RN O F K K
LdsnizL, 0ORFES, FUBETHEETE L TH
v, F—EOBEFERS Y I, EKEZEL iRk
THE@EZ2 T TIMETRETHS Z LML
TWw3,

BEra X miflE
1. EfF Self Etching Dentin Bonding Agent

RIBEBZBCEALTCETHL EEbNEBET, L
POYRFEa T icBEEE2 RV EEDbN IR
B, My LT AT R, #HbE 8k HEMA
(Hydroxyethyl methacrylate) %2 7z Self Etching
Dentin Bonding Agent (LAT SEDBA) %3#fEL 72,
ZfE SEDBA Z S EHIC 1 FEER S ¥ 728, Kk
9 30 OEZIR U 7o BT 2 5 T L /- HE T i
Zllzto 7 —7E2NEIETHEN4mm, §3
2.5mm DEREEE LT, DWTMMA & TBB %

MPa

HEILTI10:1 cTREGLHER PMMA B 26HL T
EBABC IV EERC—BEBMLIEMED 104
BeXESHN Ry b LYY, A 752 (ICT
) ZEZELELOA FRAN) Yy PRARNEER T
BT HEENES 7Y — L &2 W T 60 BRI
LTEGIBLEBAMEB LD 30 2RI s DR
FRZEARFc R L 3TC HERFATICRE Lz, 24 K
Mg 2D HL A > 2 b o v HREREHRE 1123
Mz3EEHL, 7oA~y RXAE—F 0.5 mm/min 12 T
SRS R & 2 HIE L2339,

SEET 15 MPa DL E O @ & %7~ L7z SEDBA
X2 1R LIz k912, 0.3 MEDTA IC3% 7% —
LT IIVTFE R, 1% A hE gk, 18% HEMA %1z 7z
IR (%S 1) (0.3 MEDTA 3-1-18 (1)
PURTER), 509% Hit: V) o BRAZiERk 3-1-35 (2),pH 1.0
D5% 27873 3-1-50 (3), 4% Wile7 > €=
7 N—35% 7 2 U VEE 3-1-50 (4), 05 M~ L A >~
3-1-18 (5), [[3-1-35 (6), [ 3-1-50 (7), 0.5% ¥
= U 3-1-35 (8), 1% & > = 3-1-18 (9), [A
3-1-35 (10), 2.5% % > =@ 3-1-18 (11), & 3-1-
35 (12), [E3-1-50 (13), 5% % > = > #3-1-35
(14), 10% % > =>F 3-1-35 (15), [ 3-5-35 (16),
1% F 4> 7 Y 7 A 3-1-35 (17) ThHh-o7z,

BOTHEHESHTEF AT VHH Y 7 LKEHK
ERIBWERIE S RO ST D830 H»
51 ABREORBORAE & b IcEAaIcElT 3, 2
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DOBRRZNBRFE D AV 7 =)V & § BREEHIC DN T
FERERNTTH %,

2. HERAR>T 0 TR T LDOWEEESH

BREHIRR T 4 V7Y AT AOEBE IS 55|k
BEERI RHE L, RFEESEHCIAROEES
SHEFEDIXSDE WX TIHENRLALVERD
NG TOL b LRL 2, =+ XA NVEESEC
BL»5 L FTHHELTWAREELDL OAEFEAL

MPa
25

20

15

10

24hour 6month lyear

E &

72o ZOEFERERBEDO T F ANVED B WVIZHRS
B % M /KPR T #1000 % T ET 72, BILEK T
FILctu T —7ENESEAR 4mm OS2 8
ERCEE L, DOTRERY T4 VIV AT L%
A=A —DIEREE->TIAVRY Y MUY U REEX
¥z, BELV IO ARICERZ2 1% 707 I THE
WHICREL, 24850, 6,8, 14, 24, 3EET
DOEHMRER, 1 VA b o v HRERBREZ w2
TAANY RAE—F 0.5mm TEREE®RI 2HEL

B DENTIN
m ENAMEL
i O ENAMEL+etch
o

X :significant,
P<0.05

2year

3year

B3 Imperva Fluoro Bond (Litefil Il A) OB[EEERS

MPa
25

20

15

10

24hour

B4

6month

Mac Bond (Palfique Estelite) 08 |iEf#E S

lyear

DENTIN:

B DENTIN: with
PALFIQUE CLEAR

O ENAMEL:

*k:significant,
P<0.05

2year

3year
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25 MPa

20

15

10

@ DENTIN
0O ENAMEL

5
%k : Significant,
0 P<0.05
24hour 6month lyear 2year 3year
5 Super Bond D-Liner (EPIC-TMPT) 0f|iR#EER X
MPa
30
DENTIN
H DENTIN : with PROTECT LINER
25 OENAMEL
20
% :significant,
15 P<0.05
10
3 %
5 33
R
5 3
0

6month

24hour
6 Clearfil Liner Bond 2 (Clearfil Photoposterior) D7 |iR#EEH &

720 KE RBEEHEMR X HIE S )z Imperva  Fluoro
Bond (2 >®RYy by ik Litefil I A 275188) (6
FAE), Mac Bond (Palfique Estelite) (68 b 7 ¥ <),
Super Bond D-Liner (EPIC-TMPT) (%> X5 4 #
NV @), Clearfil Liner Bond 2 (Clearfil Photoposter-
ior) (B9 7 7 V), Scotch Bond Multipurpose (Z-100)

lyear

2year

3year

(R =T ANNVAT T @) OBERBRER 3~T R
[/7':4()*42)0
RAEHEERTIE, RSN KPSORY T 4 >
TYATAEBOT 6 A~3EREBICB U 585
S B 24 RERRERE N TR I I R U
fEF L7z, Imperva Fluoro Bond ¥ Mac Bond @ X
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MPa
35

30

25

20

15

10

24hour

6month lyear

DENTIN
O ENAMEL

Xk significant,
P<0.05

2year 3year

7 Scotch Bond Multipurpose (Z-100) O3 [iEEESER S

I 2EFTRFE T 2EERSDETE RS &
ol HEBEELEELY, SEHIR 3 LEBEICE
WEEBIETRT LI B o, TFANBEERT
i, 3ERAR LEFERSIDMMET T 2HRBZVerolz,
ZOEWE, T ANVEICHEKT 2 ERFECBWT
X, EBEFREMIADOKDIOBABNFERLLTL, #
EREfTEOHEN I D BRI >/ lew e FE 25
nas,

Imperva Fluoro Bond 2B\ TiX, A——$8RT
3774 ~—hH% FB R > N8, XRE2TS 2
LR oTw3, LerLK3kAGNE LD, TF
ANER) BTy F U SAEEEML 2R
RO R T4 TEERITS &, SEBRTOLKRER
BEEBIMHEIN:, 2O S, TF A VED
BRCEENEHGE WL, BEELHEBREEA - —D
BREY TS, TFAVER) VBT Yy F o 7hL
LK IA N, Ko7 4 o TEE2 LI h
73, RIFERAZ L BEERIDETRASNLYL, K
DI SChIBEREEN NGO DEBbiLs,

3. BIMTERE

RFFL VY UREBEMOBEEER2HE T 51213,
SIREEEE S H 5 W ITEREE R S HIEESH 5,
¥, BrEERIHEE TR, HERBEADORHE, BEE
LODLEMED S BIEEEE R HW 2 08— R TH-
7z LU, BIREBEEIHEECBVT, BES 38
FREE L 78 % v 2 EBIfREE L 2 W REE Stk &

load cell
bovine tooth

N

Composite resin

7

crosshead speed
0. 5mm/min

B8 IMrEEE S AlERE

AW THIE LBERICESR, He 2 izEuwHlEEIE
SNEBEREL TWwBESLD, %7, SIRESHRRT
X, BEBIPKEWEES, RV7T4 Y I7HN, av
ROV PV U, RyF4 I HMEarRyy by
VURAEDHDVIIRFENATHESL I oTL E W,
BEEAHCB T 2BE®R IPUE SN TR WLHIns
bhic, 22T, FFEETHMEERSZAETE S
HELHFIICEE, FMEL (K8), HIERTOIL LD
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)
. BTensile |

T ]
| OShear

9 BIREAEES LEWEESRS
SCMP : Scotch Bond Multipurpose (Z-100)
SINB : Single Bond (Z-100)

GLMA : Gluma (Pekafill)

CLB2: Clearfil Liner Bond 2 (Clearfil Photoposterior)
IMFB: Imperva Fluoro Bond (Litefil II A)

SDL2: Super Bond D-Liner 2 (EPIC-TMPT)

SC & B: Super Bond C & B (EPIC-TMPT)

MACB: Mac Bond 2 (Palfique Estelite)

W2, FIRRZ S THIE L 7-5 1RSSR & L Ot
BT,

ZDRERIZE 9 12RT#E D, Scotch Bond Multipur-
pose (SCMP), Imperva Fluoro Bond (IMFB), Super
Bond D-Liner 2 (SDL2), Super Bond C& B (SC &
B) DRERFNC BT, BIMEEER S DIE S 55 [RES
BRIV EBRCKELEERLI, ZOMDY AT A
Th, FEAEDHETMMBSERS DIZ S 05K E % #l
EfEZR LI, BEEZRR-> (5RESHRSHEME
FOREVWERFOZ o, —RICEINBEER X T
BIEIEE [BREEETE S D Z A 1~8 EIFRE DO #i
TREREER L, E-BEROBE T, BIHHR
BCRELAEPFREABETH DXL, FHRR
BCERYT 4 v IHMADDIVIE IRy by
AIZA S, RFEABIESL D o fz31,

# 8
1. BEL ) BERIZL 3ESMD SEM 8=
AVRY Y MY UTEREORKELY ) b R BIE
L, SEM B£%49 21T, X DEFICB T 2 8E81K
REDFHE, BT 21To70 7, 4 RPEREH DULIE,
T4 —DFH, S 5IEER YT 4 Y IM OB,

BEVY Y OBELREP AV RY Y LYV BEDO
HEREBIZE 2 2 RE R HBHRE Lz, =y F > 740
B, 74—, X7 4 v IHMBHLEET-
TROABENIEEREERL T2,

Box type OIREEICELZ DI Y EY Y bL Yy
FHEETT W, Th o OBEEIREL SEM Bl L1, Bigk
L7856 REBEK 10 0 L 5wk L t&Rb L, FHb
W& %217 - 72, Clearfil New Bond i FHEE Tl BERE
2R H 5Tz, Clearfil Photo Bond {5 FBEEC I fHI
BB THENEN - @S RELBEE I N,
Scotch Bond 2 R TIZERHERRR I 5 #ld 1 FifE
B, 31T 10~20 xm DOFEM, 1 i3 BN - S
REZR L2, B-2, HEMA #/H, Graft LC FEERIC

y z

v w X
M 10 XD & 55 & OBF
v BEE O VRS
w: BEREE O
x: 5 um BT OB
y: 5~10 gm OB
z: 10 gm P_E DB
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Photo Bond
Photo Posterior

New Bond

Specimen| Control
o Clearfil F1I

No. | (Clearfil F1I)

Scotch Bond 2
Valux

B2 HEMA
Graft LC

B2 HEMA
Metafil A

Super Bond
Metafil A

1 dislodged
RF

S || |

9 | dislodged
RF

L Y g |

| -

L Lt

E il ]

4 dislodged
RF

dislodged r' 1 |

o
Bl

LY
el

| -

S |

M1l FERY T4 v I HMOFWRFERY 7 X
& 4 FERC BT 2 EeREERN

B TREELS CHBEMENESRENEE SN
DIz U BIBEER & AT 3T 12 1 10 pem BT84 D FA R 2381
Z3hz, B-2, HEMA {#H, Metafil A FEHEEETI
HIEE, WIEH & b REBLL#ESRENEHE S L
725050 Super Bond {#/, Metafil A F53E5E T I3 HIEE,
BEHE B CTELESRESBREIN: (M
11),

B B IREEDZEIZ, Saucer type i, Box
type BV IFHH Y VBB AFNVHR LD 4-META/
MMA-TBB 0% 5 G RBIE—RICENLTE D,
RFGEFTD 4-META/MMA-TBB Tl 3+ H %
TOHEDEEIFEL, 12> BEE TESLLIZEMLL
72 TFANVKRFEHEBHTCEIRFEER L Y HLoOFE
JE I3 #ERE C, Saucer type BT 12 A%, Box type
BIETO6, B 69413 5 Z L 25HERL 7257,

ERE (Gluma Bond) Hi2 5% Vg — 7T
t F & 35% HEMA #&t GLUMA ¥ A7 AWZDW

TRET B1To 720 TF X NVEZ2E& L ERTGLUMA
¥z New bond %R L 72 EBREE T Saucer type,
Box type BIAWTFHICHBWT b BRI BIFT 4-
META/MMA-TBB 8 & 1ZIZEEE OB IREE
DOFHmBES> T2, L L 4-META/MMA-TBB T
Aohd &) REIEERE™ FaonT, RFEENR
TOHESREBIZE PR DNT Y FRHS T4,
¥7:, GLUMA®EZHWL 2Ry b LY U EE
LUMIFOR i, ©—27 VR %2 B mERE CHiaR
BIEIEHETEXI2BEOLDOTH S I £ (£2), 58
0B 108 BIRAOFRIERFIT b EHEOBRETIE £
RS HE» - 12F, 2HFEBROBE (R3) T, Ck
HE 2 N ERD 9 FIT, ZDOWRIX, BiEks5 6, &
B, ¥v v 7HEAFTHoT2Z L5 ZRPEINT
W5,

FrieR RARTERARE I K/ N FIREER 2R L, A
Ay FRYR2EFERALIOBENT Y 7 ABFEL R

#2 GLUMA ¥ 27 L DR

Pathological
assessment Days A B C Total
10 13 ( 86%) 2 (14%) 0 15
LUMIFOR
28 14 ( 93%) 1 (7%) 0 15
10 15 (1009%) 0 0 15
SILUX
28 13 ( 86%) 1 (7%) 1 (7%) 15

A=Alpha; B=Bravo; C=Charlie.

LUMIFOR : GLUMA ¥ X 7 . (Heraeus Dental Materials Co., Ltd.)
SILUX: SILUX ¥ A7 A (3M Healthcare Co., Ltd.)
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#£3 GLUMA ¥R 5 A®D 24 7 H ¥ TOEEKRRKE
Cavity Total 1 Wk 1 Mo 3 Mo 6 Mo 12 Mo 24 Mo
NO'ABCUABCUABCUABCUABCUABCU
Class1 3 /100 230003000200 1100 2/1 00 2
Class I1I 56 (44 1 0 1154 1 0 1|52 1 1 2|44 2 2 81|46 2 4 4|34 6 3 13
Class IV 4 [ 3 0 0 30014000300 1/220 0/1 2 1 o0
Class V 31 |26 0 0 292 0 0126 3 0 2|20 2 0 3[22 3 0 6|17 3 1 10
WSD* 14 9 2 0 3|10 1 1 211 11112 11 ol 8 23 1|8 1 4 1
Total 108 |83 3 0 22|99 4 1 419 5 2 5|8 5 3 13(79 9 7 13!/61 12 9 96
A=Alpha; B=Bravo; C=Charlie; U=unavailable for evaluation.
* Cavity preparation for wedge-shaped defects.
Cavity S cavity L cavity
Boniing on| 1 layer(thin) |1 layer(thick)| 3 layers 3 layers
Flggﬁgm 1 increment | 1 increment |3 increments 3 increments
4 l”ﬁ“J¢J-J L__J L.--l]
5 u ;-,l .‘ r i J
Group a b C d

K12 K¥ 74 > I7HO®HE, BS, TEMR, BROKE s
R T 4 >~ 7% Scotch Bond 2
AVRYy bVrY o valux

T4 Y ITMOBHE, FRBOES XS CHEMR
AT MERFEREE DBESREZYrDL > 72
HEEZE2Z200 D0 TORITbIT- 72,12 10557
TEIE, WTFhb RV T 4 M 3E%AE, 3V K
Vv b Y UTEE 3 RISEFEET 2 L EARER 1 E
FEIERRIC S SRS LB T, $72, AHE
i (L cavity) IZ3EZE LU 2B &R T4 > 7% 3 [
B, IVRY Y PUYUBEEBIRSEHEEL CHE
JEFRERATITIZ 30 um BB D 9372 D K X e PR 28
LR N T25960)
4-META/MMA-TBB RV Y v H 5 0wid, AR
YT A VITMEEEME L CABHEES VYV BT
ANVE % & T Box type BiIIZFoiEe, AEFHHIC 7SR

T4
Ry 5

\’

//

YIRS E 5 5 50 kef, 5,000 Bl D K LA E %
Z, BRHRBERORIE L OFEIRE, BEE > 2
VEOBRAFLRN 2 BHE L7z, 4-META/MMA-
TBBRVY UEAMCBIT 28 FE L DOBEAREC
VR LUHEARBEOVWTHORENC b Bz s S
NFVTNG RIF2BESREZRL THuz0rstL,
U rBr AT VRERETIE, BSREBIARETAN
DEIZDNOTNOEHTHIE L AL TRTORE
W IR B S 728y,

oI, FHZT TR AFEEREED 2 WAL
%ﬁgbz 4-META/MMA-TBB &R > 74 v 7 # % H

, BRI Z VRO VU YU EFRELUTCER D
%A& REB L VBB T+ A VEROBRORAEIREE
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E &

FrieTh 8080, A, F
6i 18k box type EEH
Super Bond + Palfique Light(Y)

ZICHE L 123558 DEAINE

ZHN, BRICH L7258 0RMTHREZ LT 72,

AR 8 Box type Eid T Super Bond C &
B2 Ry T4 v e LigEOREES 213 12,
Super Bond D-Liner 2R > 7 4 > 7# & LI2SEED
REEH (WFhdarRIy b vy rid Palfique
Light 2 738) 2K 14 1R LTz, Wihd BIFRES
JREEZIR L7245, Super Bond C& B DAS L hiEN
T726209  BEEER T ) X VEIZ B 1T 5 BZUZ Super
Bond C& B T5 #4115, Super Bond D-Liner ¢
5B 3 PNcBIZ S iz, K 156~16 1R LT NS
TOBERRD o bRROERIN A S iz,

Super Bond C & B & % \» |3 Super Bond D-Liner
ERT 4 7P E L THRBESEEICI Y RY Yy MY
PUFHELUEFOERICH ) 2 FRBE 2T 12,
BV 3NV BT SEREEIE, R4RTHED T
Holze #HIWHRT XS, Super Bond C& BEHA
BETCIE 36 Bl 6196 D 22 BRICHEHS A 5 41, D-Liner

13 & MHERARE R Y 7 X8 A B TO Super Bond C& B 24K > 5 4 7% & L Palfique Light

EFEECIE 32 8B 509% O 16 BEICBiE DS A & Tz T
FL TS EFOFEERE H 0 Super Bond {# FHEE
D> WSDEW 2797 H, 5{/EWT3,152 HT
Ho1z, —7 D-Liner i HEETIX WSD &[T 1,982
H, 5B T1397T HTh -7z, REIBREERTIX
Super Bond {#H#, D-Liner fHHE L b T XTOE
BlTHBGHC ATy S EEORRED sz, & B,
Super Bond #EREIZ 81T 2 BB ORFEBECI1Z T
T OFEFNZ BT Super Bond DEDFIE, BEEH
OS5I, Super Bond L a v RY w b YUk
L C{EH L7z Palfique Light & 0#EESRmEOHEZER
ZEUONES S KRB EIREZEINL DO LEEDbR
5,

2. BIFMERRDZH LBAEDZE

AERE T, RFMEPNCIE b — 2 A OBMEDTFAE
L, ZOMBERIMEANBSHLZLTBY, RIH
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Bkt - £O£0, &, 30T
18 1#k box type FEi
D Liner + Palfique Light (V)

14 b MEFEHEFER Y 7 X2 ¥ A FEIETO Super Bond D-Liner 2R > 7 4 > 7#f & L Palfique Light

ZIIR L 1258 DEREIRE

ZYIHIT % £ ZORFMENBEIEHL T B L
BlHI>N T3, Brannstrom M. I3FEEL-V Y >
BEYMNECSHBOWRA SN Z L 2REL, RT
MENELPBHE LD EHRELTWDEY, ZORYF
HMENBEOBERNEEY 2 7 VICBET 27018
HEMEIRMHM (522> RTV501: Fva—=>2
) ERAWT, UHIRFEREZAREG LI, oK
FUMPREEAL, EEELsE, BELV 7Y H 2R
€, SEMBZ2{To7-%¢7, 17T WCRT L3, T

NTCOHFFHRERVIHRFE TS 5, HENBOBH
BRIz X5z, 37% V) UEEALEE (M 18) H B
Wi 3% bS8 EE10% 7B ToyF v
WIBRITS E ZDBHIZASNR L RBES, K19 12
RT LD, ZOBHITBERENCEA L, 1 FFE#ICIX
FEAEADNZLS DI LY, EEEEHIKRER
HERPRIZL TS I L™ 2HE LT,

e

# 4 WSD, 5 fRER DRI R

Total 1 Wk 1 Mo 6 Mo 12 Mo | 24 Mo 36 Mo 48 Mo 60 Mo 84 Mo 120 Mo
NO'ABCABCABCABCABCABCUABCUABCUABCUABCU
WSD 28 2800 01280 0128 0 0128 0 028 0 01213 3 0|8 14 3 3|6 11 5 6|0 7 2 19|10 4 2 22
Super Bond
\% 8§ |80 0800|806 0[(80O0|800t7 1006 2003 50006 1 1100 2 6
D Li WSD 23 230 0123 0 0§23 0 01(23 0 022 0 1|6 8 8 1(4 100 91 11 2 9|0 3 0 20/0 0 0 23
iner
A% 9 |90 0[900[900[90 09003 2402 304(0 20 7|00 1 8000 9

A=Alpha; B=Bravo; C=Charlie; U=Assessment unavailable
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HiER CROEOTF. $83F

D] 58 saucer type#H

Super Bond + Palfique Light (YD
80H% Ext

15 b FEERIEZRTO Super Bond C& B # R8> 7 1 » 7# & U Palfique Light 2 7EL 7256
DEEINE

HEH L POZO, $50F

|4 :5% saucer type@M
DLiner + Palfique Light (YD
FeHEE  Ext

16 bt hAFEEIIAERTO Super Bond D-Liner 4R > 57 4 > 7#f £ L Palfique Light #FE3EL /2%
EDEAREE

‘ T 5 HEL L O EEME CRET 2 D
3. BEESRECHEERS SEM B2+ 2 it L ST 5, BELDMN L BE
TV ETy NV Y ORFERCHT 2 EEREEY DIy NI v arFry FERHET 3 HEY, B
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#5 WSD, 5 @B EIES)

WSD ClassV
Super Bond C & B 19/28 3/8
Super Bond D Liner 10/23 6/9

P ZBE T 2 HENHFEIR TV,

1) B

MNIEEEF #600 H— R T T AR—1N—=THEL,
RUEBErBHEIELE SEX7 70—V %2
Xy NUTHEREY T4 vy 7o —Yx2 v bBLUa VR
Ty NUYYERTEL, 15 438 ICEIH B L U5 |RE
EWI BT LT, 512, AROEHFTRELIZA
WEEE D —RT VT L= — I T LR
FEEAZEH S EEECEFEY 3.0mm, S 1.5mm
OMERER R L, #EE S HER & REROMA
EbETIAVERY Y P VY UTEEIT 72, 15 04
A AEACEBER BE&HEOa vy NI 7 vary
Xy v FENFEEMEE I THIE L2777

GLUMA i 38 X 72 5 > @ Dentin Bonding Agent

Freshly extracted

human tooth
+Y.S. : Female, Age22
» Tooth number(FDI) : 38

DL TRLIRNT, HEBRIVPHESIN, Frv
FRERSHIE S Nz, F v v TOXEIE & BIRiESE R
X AaOMEEEGEsA SN (r=—0.88), Lo L
959 prediction line DIEHSIAV> T & 2 & BIMTEEE 8
ESPITE, LTLESREEFRLET, #
Xy FIEISESEBRIETFTRLEBTVWEIIKED
Nz (20), Lo LESEROBEERS D, B
DaAvrIrvarFey ZOHERERCBIT Y
SGMEOFMEL L THELTWS D EBbhb,

(2) EELmEIE

() TR ESRI, BERY T4 VI Y AT L%2H
WTIAYRY Y b LY I EITL 3T°C ARHFERE 24
s, MEOBELY 7)) H 2R L CRFE &£ 0#F
AIkEER SEM BIZ LTz, BABEIC LV EITIRY
EDIC0~6 F TR 7HELIREERS L OMHE
BRI BAEOESID S b, BRKFEHR L 2
VRS Y LY YRl EELTuEVDLD,1: EE
A 0~209 KD H D, 2: 20~40% KD b D, 3:
40~60% FiED L D, 4: 60~80% KiFD b D, 5: 80
~1009% KEDH D, 6: 1009%), WEEHGIRE & A

17 b bR 5 D R OB HRR

a: T ANVE
b,e: T+ A N—FRFEME
c,d: RFHH

T AVETH S I RFEERROBLE A 5Na vy, RIEES S IRIMENBOBE

BHOND,



18 ERALBHME & RALEE OB D SEM
H¥45y: 37% V) B 60 FOULTEE
¥4y JEALEE
BAOHE TERIMENROBEIAONE
WS, JELER CREFMEANROBH A 5
ns,

MRS OXEUER IR BEEOHENR s>z (R=0.66
~0.88, P <0.005) A%, ZHDATIZFHBL &N WL
SGbHolz,
BHETREAIMEOEE R L V55 21T 2 AHeMER
HrIl, BRVT 4 VIV RATALHAGDY T
FLZav Ry My OBEIA I YFRHH T
7 O BEHIEE I X 2077, BEENNESE, BokERER, B
BIGED XY —>, EERED 70—, #ERERENR
BoTWB I EERERELTEZSND™,

(i) BELV 7V 2 DOSEMBZEICBWTI VK
Vv bV OEREEEIREE & BEL U SER T 4
YITYAT LADBEEGERERD, BEYV AT LDER)

T4 % LR L 72,
&8 (Adaptation Index)
=WEICBIT 2BEEHLORIWCLDELAIT 10D
EE (%) X1+RAa7 05 DEDBLEE (%) X
05+2a7 0 DL ZEIE (%) X0
BLRAa7 1: BRI(-), 227 05: BREE
DOk, Za70: ¥&% (+)

UDMA Za >Ry y by v OBEGEREEER
BT, X6 WRT XD WA SN2 57283,
Imperva Fluoro Bond, Super Bond C & B, Super
Bond D Liner 2, Super Bond D Liner Dual iZ\v23°#1
b 14 MPa Ll FO#E#ERX #~ L, Imperva Bond,
Imperva Fluoro Bond, Super Bond C & B Ti3,
Adaptation Index 1% 88% LA ED(ET, BERIZHEER
REERL TV,

UDMA R YRV b Y VDS DBEESY AT A
WKDOWTHRR LIRER, REE—EicE { 0%
EERNWCFHITE, BEYATLDHESR, BHOHE
KB AETH D Z & NHEBFL 7,

EX7x/—JL ARE

EA7x /=) A (BPA) 7 & DIMAMENS AR
MEPEOLTE L FE BT 2 AN EET
ZEEMOH D o N D Lok, Vo4
FROFE, WEHMYORMEESESFTEIN TR, &
b OFEECR L T, ISR 23RS o8, B
MW T 2R TFROBAFICEEL D LD TR EV»H
LEDHHV D,

1996 ££12 Olea N. 59 %, ¥ —F » b O—Hl}, % 1&
ELBEOEK T 5 BPA 28 1 Bl icmt s h
7o £ DL ETV, THESRICO 2 ICEBH RO 4%
FHLRRUENHRRBINTE 2, TRIENL T, BPA i

%6 Adptation Index & BEER

Bonding System Composite Resin | Adaptation Index | Bond Strength (MPa)
Imperva Fluoro Bond Litefil IIA 95.6 ( 2.5) 14.3 (6.0)
Super Bond C & B EPIC-TMPT 89.0 ( 9.6) 25.9 (4.0)
Imperva Bond Litefil IIA 88.4 (19.8) 8.5 (3.5)
Super Bond D-Liner 2 EPIC-TMPT 50.0 (14.4) 14.1 (3.6)
Super Bond D-Liner dual+polymer| EPIC-TMPT 44.2 ( 6.8) 20.3 (5.2)
Super Bond D-Liner Dual EPIC-TMPT 296 ( 3.6) 12.3 (2.3)

( ):SD.
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SKY

19 t MFEEFE BT 2 R FHENREHOERFNEL
EREZICRTIECA S NI RFAENROSBHIEFEORR L & HIcEPT 5
a: T ANE
b: T F ANV —FFBEfHT
c,d: RFEH
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SHEAR STRENGTH
(MPa)

25+

20+ .
.

15+

.
..

10+

E &

10~ 10°

T T 1 T

MAX. GAP (%)

20 BIMWTEEESE & ¥ Marginal Contraction Gap
K5E#R . Regression line
FHSERR : 959 Confidence interval
SR 95% prediction interval

BHEINZ» o7 & S $Re151618192D 5 (Olea N. 5
DFEBEEFICERES F LT3R LD BPA 2
BNTVWDLELTERHERTPI TV IME RN
T 313,

KEBREMSTE, 2045 —3y bA—A
N—Y T, ZORETOBEHREARLAEERLT
W5, FNICE D EARRFADOHKR 2Dy —F > b
M OB 21T- T, 11 855 513 BPA 2 &
Nigpolzds 1 Bi» S HMED BPA st s h, %
NIZEEORBEREINE LTV S, X5, ¥—
TV NEEEL TN 30 ZOWEEIEL &, LTy
10 HOERIEAOME T D BPA OFHEZ2FH N, W
NOERHERD S b, BPA iR I ol & %
WEL TV, BEHY—S Y M2 s T MED
BPAMBBEH Lz LTH, MIEH»omH SR do
Trenwd 2, FRAKREAITA by U HEEERE
TELRZVWEEERL, BEANOEELTEL, ¥Y—7
YIMOWBIEZE ETOFRIEELZZRVwEVRS
fBE L ->TWwb,

Lo L, BREBRFYERE 2.0~2.5ng/ml O EBE TH
Hrdde, METIEIHD, BRFVICEAIZT %28 BPA
PIEH L, B3N B Z EHRE ST 3202229

HABRE T¥4® T, BisGMARZIDLSIT

BPA B2 2@ FHREMETH 5 UL, Bt
Lo T BPABRTRMY & L TERET S2EEVHY,
Fhd BPABEHIC O R A AREHIZEETE R WL &
LTWw3, S, SR OREBE LHIERM DR
k&, BPARHEOBEXEZ D, ThE TOBH
BREFERZ VT DARINZAEEDEZON
%, ESIERNCBIT 2 EHE, b5 VLIdEHEYE
THECERICH 7 2 BPABHZEENICET 27 —%
EZDEEANOHECE T IMELLETHL L LT
W5,

BEbH I

IRETaAVYEYy by rE20REOMENCE
T AHEAFHRIE, ORI EICEE ARV E VLR
E—NTHEITLTETW S, SRIIBELE2Thk
CTHHRE LbENCEEL, EAMEBSRED D
I &sww/hal, BEERERESEE LRLC a3 VR
Py MUY OBAFESS NI NG, XA —H —HER
WY ORI TRL, ZFAVERMLTY VB
Ty FUNBEEBMT A5 SEBTHES
BMEDETHEDOSNR LSV RATAND D, D
LI REA X, MER Ty FEHMEIL TH, B
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BEZRIT o123 &0 RUBRTFREE B O NS b

DEBbhb, Chnrd b, BPABHREED &0 TH # &

AOBANICER L XA =4 —DFHAES DA TS I L EMRZ DD VBB EE LD IRREEZ TR
w<, MHEICZOYM, BEEEESF =y 7 LTl WIRIEAFERFESOER, Wi ul BEE—H
CEPRLETHS 5, 8720 CICBEDOHIRBAD, ERERTEMEZECO & T

5 HEEEEOWRICHEb W -5 A B Bl £ 7,

RBEE: 2V RYy MUYV BERTIBIC, BRIFSBERBERZE 22013, B8 LS ESTE,
RIF2BEREEE T2 2 e8EE L, 22T, BREECEEL RITTEIEM, ik, BRI
% > Bis-Phenol A (BPA) RIEIZ DWW TS L2,

F9, BRCTERRTITORGETEEES 2HET 270101, REOHEHRETEIEL 20
L ORFEEFEHAIARETHE I ERHESLIT LI,

RAT, ZHOTIRA Y T4 TV AT LAOEEBSHERTIO L LI, BELV I AKICLS
BE XT3 2 EAIRED SEM BE 217 - 12,

#A1E Self Etching Dentin Bonding Agent Ti%, EDTA, <~V A V&, > = B, FAV7 2Bl
DO LAZBIZ IV =77 e R, bS8, HEMA %0z -SRI T, 45 & 15 MPa
U LDOBEEBRI BRI,

WA T4 Y AT ATIE, 3SEZFTOESEMR 2HIE L 72, Imperva Fluoro Bond (#) #A&),
Mac Bond (8 + 7 ¥ <), Super Bond D-Liner (¥ > X5 4 4 @), Clearfil Liner Bond 2 (68 7 &
L), Scotch Bond Multipurpose (AU —TZ ANLAT 7 8) S0k S RESHI 2R L, BE
S IR L2 2S, 2FEBBAL THE T LEWR Y T4 Y Z Y AT b H o, L LIS D
SHBIIIME T Lize JVRYRAT A (NVTATYINRT )TV EH) bRFIEICH L TENEES
PREE L EEREGE 2 R L 72,

SEM#8Z»roix, =vF v, 74—, R> T 4 v THEHRUEZTT-> 125D S SR
ROMENT W 72,V VBT AT VR ED 4-META/MMA-TBB D% 5 B — B I B RENENT
BY, ABMTHRBEOERBAONTI, R T4 v M%E3E®A, 22RYy LYy 2ER 3 ES
FIFCHET % &, BEARREIX 1 HFEEEIC S SRELLIZERTHL,

ERERERELY 7Y 2 O SEM B L D, FEHRERUHIRTER» 5, #E - BAte ks wEEs
RIZTHERNROBH 2RO, 37% Vv EHD 503 3% HALE_#ESH 10% 7 = VBUEE{TS &
ZoBHEASNEL R, RENCEA L, 1FHBCIZEAEALRZL B 5T,

F7z, BESESIREBEHEERI KOV THMEAL, MBCEEWEESR N Z L 2L MIT LT,

R=ZAVIYELTHLWLNTWEESFED Bis-GMA X BPA B#%2G L Twa 725, BPA 28R
WME L TURET 2858050, 20 BPABEHIZ DR B EREMED B 5 o SRS Ok HURE R HIE
oM Eick D, TS MEO BPABPRIHTE L X5 R->TETHEY, MUK T 22 OHIE
EPHEEINT WS,

REFZEGREE 2B 5701013, BPABEHIE L, RE T 2 #5 - En 8t a v R
VY PV YEROWTEBEEZTI TEBNEX L,

e ik WDWT, M EREE 33 1-10, 1976
3) AEHERE: avEYy MUY OIBEEE
1) ALRHER, BEE—, MEE T, 7l &, Bt — B3 2 RHsE 20 1. EHMEFEICL A8
O N—AhA, BHE—: 3Ry bLryro B DORMEY 7Y HEOHER, Rtk
EEPRRRAE. HEEtRTFEE 23 73-77, 1980. 257-268, 1977.

2) RHEZEMH: 20KV y LY rOIGERESE 4) ABEHE: 2RIy vy OB EA



5)

6)

8)

9)

10)

11)

12)

13)

14)

15)

16)

140 7N
B9 2RI 202 BEEEBLIULE
PLERER U 7ES O G HE AR D W T, B
2555 34 . 253-264, 1977.

IR Frv Yy R, KKRENE, =, 1977,
pp. 165-181.
Bowen, R.L.: Properties of Silica Reinforced

Polymer for Dental Restorations. J. Am. Dent.
Assoc. 66 : 57-64, 1963.

Bowen, R.L.: Adhesive Bonding Various Mate-
rials to Hard Tooth Tissues 1. Method of
Determing Bond Strength. J. Dent. Res. 44 :
690-695, 1965.

Bowen, R.L.: Adhesive Bonding Various Mate-
rials to Hard Tooth Tissues II.
Dentin Promoted by a Surface-active
Comonomer. J. Dent. Res. 44: 895-902, 1965.
Bowen, R.L.: Adhesive Bonding Various Mate-
rials to Hard Tooth Tissues III.
Dentin Improved by Pretreatment and the Use
J. Dent. Res.

Bonding to

Bonding to

of a Surface-active Comonomer.
44 : 903-905, 1965.

Bowen, R.L.: Adhesive Bonding Various Mate-
rials to Hard Tooth Tissues IV. Bonding to
Dentin, Enamel and Fluoroapatite Improved by
the Use of a Surface-active Comonomer. J.
Dent. Res. 44 : 906-911, 1965.

MRS . REFEETER. AREE, 5, 1989,
pp. 65-75.

HAIER, W OB, TH ¥, HEHEX: REE
B 21, AOREE, HH, 1998, pp. 115-116.
WS AT RRES . NOWEEERVED
W3, EA7x/—VAZTEETHLEWEEHE
R E E OB b D IO WT, EHEEE18: 302-
331, 1999.

Olea, N., Pulger, R., Perez, P., Olea-Serano, F.,
Rivas, A., Novillo-Ferttrell, A., Pedraza, V.,
Soto, A.M. C.:
Estrogenisity of Resin-based Composite and

and Sonnenschein,

Sealants Used in Dentistry. Environmental
Health Perspective 104 : 298-305, 1996.
Nathanson, D., Lertpitayakun, P., Lamkin,
M.S., Edalaptour, M. and Chou, L.L.: In Vitro
Elution of Leachable Components from Dental
Sealants. J. Am. Dent. Assoc. 128 : 1517-1523,
1997.

Hamid, A. and Hume, W.R.: A Study of Com-

12

E

—+=
ith

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

ponent Release from Resin Pit and Fissure
Sealants in Vivo. Dental Materials 13: 98-
102, 1997.
AAERIEY AR RREENERNER S . R
BieBd 2 “PEA7x/—VA"RIEICODWTD
RfR., SEMEEE 17 261, 1998.

Bk =, SHEZ: avRYy by rdior
A7x/—NVARZDWT, Wi 2L 17 Special
Issue 32: 117, 1998.

HEE—: Rl Ex7 2/ —v A, M8
$£ 17 Special Issue 32: 118, 1998.

ARG, R E, —EFE . i L 2ERA
VY v ERRE ST, A 3R 58 1T Special
Issue: 119, 1998.

WAME, Y8 H: 74y vry—y—F b
BUA2EAZ7/ —NVASHR, WHBEEIT
Special Issue 32: 65, 1998.

ETET, EHEEE, HRERT, ErE, P
g, EMER, Xt A, FIAKXEE, HE B,
HHRZE: BRI E 5 5 O bisphenol-A B H O
AJREM: % 1#f 7HEK dentin bonding agent &
fissure sealant % fl /- HEABR. HEfRTFEE 41
KRR - 35, 1998.

G, RBEE, fHCE, HEIER : 754
~—, KT 4 YT M5O HPLC 2 & % [F]E.
HBGPRTEEE 41 KRS - 36, 1998.

‘| #F, SE B, R, [ME E, R
T, BLEHEZ, HEFE—: ViR—¥ —#ETFHC
LBV UMEBEOI A oy UREEOKS. H
RS 42 BEFERAIS 34, 1999.

ST, KRR, HEEET, LB, FiE
e, HERESR, 2O A, ARSI, BEE 1,
HHEZE. Fissure sealant 22 5¥EH &N 5 bis-
phenol-A OEM & EE. HURFERE 42 BRH
= 35, 1999.

MR ¢ [Bisphenol-A | #FHFE DR, A5
D L HEFEEE 29 26-27, 1998.

RS E I ERR IR AR/ BT iR & & 11405 B8
B — B OBERERCE T 2688 - BRERORZ
W, EEEY 13 48-52,1995.

il B SEEEMEOASE LRI S8
&7, K6 491 31-40, 1982.

HiE B REEEMEOAR L FHRICHT 5%
A7 (). BeAfERaE 31 85-94, 1984,

&E OB, DMER, HHE—: FFECHT S
MMA-TBB V¥ > OEFERS — VI —NT v



31)

32)

33)

34)

35)

36)

37

38)

39)

40)

41)
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7E R, BLE k& HE EDTA BRI & 2 HiAE
ZhR—. Hefr7ERE 31: 533-542, 1988.
THEZ, IVE I, SEEE, MAEE, BHE
—: RFF3 2 MMA-TBB VY v DS
FHE 23 FeCl,, GA, EDTA BWRIZ &
ALEEZH AR, HERRTFRE 321 899-909, 1989.
g B, INE B, TEEZ, EEEERE, BHE
—: SR OFEERE CBETENPRFE LV Y
MEOBEERI S 2 2%, HERE®S
1412-1421, 1992.

INVE B, LR, EEGERE, IMALEE, BHE
— FHEONEL S VICHENRFE L VY v
BOBEBEIICEZ 28, HMRTE 34 203-
208, 1991.

BEURT, 147NV E Nuv, hEIF#, fifH
Aoad, H ENER, EEER . RFE O & sl
SOWEMEBEN 2> RSy bLY v DEECES
ZB5HEBWOWT, HERAFESS: 172-179,
1995.

Suzuki, T. and Finger, W.].: Dentin Adhesive :
Site of Dentin vs Bonding of Composite Resins.
Dent. Mater. 4: 379-383, 1998.

hETER, SHIEE, HEEX, fEHRE: BEs
JUHWBEORZRIRFBIHT I VvY rOEEE
B9 2SR, HERERTFSE 341 266-274, 1991
Tagami, J., Tao, L. and Pashley, D.H.: Correr-
ation among Dentin Depth, Permeability and
Bond Strength of Adhesive Resins. Dent.
Mater. 6: 45-50, 1990.

IMRIERR, BINE T, £fF B, LHEEZ, 2k
f#, BRHE—: Self Etching Dentin Primer 3
TEPR =V, VA VBRI VT A
YT UBRA Y v AREKEIRIC X BHINE DO RHE
—. BERAERE 35 BRKERHIS : 107, 1992.
Komatsu, M., Abe, S., Kudou, Y., Endou, T. and
Okuda, R.: Tensile Bond Strength of Experi-
mental Self Etching Dentin Primer to Freshly
Extracted Bovine Dentin. Transactions Sec-
ond International Congress on Dental Mate-
rials: 252, 1993.

EEGER, S B, TR, MAERE, BHE
—: RO T VTV RTLAORFEB LV F X
VBT 2 BEHRE2FHME CORERBE
—. HeRFRE 37 KERRI5 « 92, 1994.
EEERE, 7S B, LERZ, IMALERE, BHEE
— R T 4 VI VRTLORFEB L UL ) R

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)

53)

VBN T 2BEMR2FEHME cCOBERLR
(2 D2)—., HERFHEIIKERF S 140,
1996.
ERGERE, BEASLE, SHEE, BEiti, &fF
B, LR, MAIEE, BHE—: Rv 747
VAT LADRFIEBL VT F ANVBICKRT 285
FHR—3 FM & TORERR—, HRRFE42E
FRFRIS 114, 1999.
AT, &fE B EBGER, IMATEE, BHE
— FHRFEEmE VY CREBEMOESER S
—HIMTEEE S LR EEEM S O —, Hif
REEEE 39 TKFHERIS 139, 1996.
Takahashi, S., Abe, S., Endou, T., Komatsu, M.
and Okuda, R.: Measurement of Shear Bond
Strength Using Non-embedded Bovine Teeth.
Transactions Third International Congress on
Dental Materials: 158, 1997.
Al-Salehi, SK. and Burke, F.J.T.: Methods
Used in Dentin Bonding Tests: An Analysys of
50 Investigations on Bond Strength. Quintes-
sence Internatinal 28: 717-723, 1997.
A &, WHES . RIEZEZROENE S
B LU OB, A 858 14 445-453,
1995.
Kitasato, Y. Burrow, M.F., Nikaido, T,
Harada, N. Inokoshi, S., Yamada, T. and
Takatsu, T.: Shear and Tensile Bond Testing
for Resin Cement Evaluation. Dent. Mater.
11: 298-304, 1995.
fIREAC, /NEF B, RHEHE— . SERTELEE
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