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w =

2= N—HP LT Fe—v 71X, YOI NVAT TN T F T AT A
MHOFBRELIELOT, WEIZH LTy F&I VX, BTy F 7D
LT 4Ty F D, BigbhryF o e NTCHEMATLZ L&A
LTWb, £/, A RWBERICR L CRTLEEZ LT LT 52 L 5%
T 2L2A0E, TOICHFEEBIENE W) FEERLTND

HEEMa Ry PV UVEBICBNTE, BEEELPL LY N—X |

D EAIM S D2 VIZTEREE IERS L OWFEE 72 L2 X o THEE FLRITER © 72t /1)
amEsnsg, — 5, VVINAT TN T F U T VAT AL, 2 AT v
BN T 2y F T URAT A L CTHEEAEICE D Z ERERSATWD
ZIT, VUITNAT T VAT LAOMBEEE LM ESELZ 2 EBNE L
T, HRx REREEIRFI SN TWVWEI OO, 2= =% )LT7 Kb —T 72D
W, A ORI A L &2 5 TRPIZR AR Z 0,

FTITEHL, a=R"—HP AT e —v 7Dy F L 7E—RBLIOT Rt
— VT OBAMIEDR, T T AVEITKT D MBI KT TRV TG
L7z, 612, 7 e — v 7B, #5 f i K OBE B 1 1% o Rkl i o
EREFBHME (SEM) Bl222175 2 LI0Lk» T, ThoaBLEER L LT,

MR L7222 = =¥ )7 Fb— 7%, Clearfil Universal Bond Quick (CU,
Kuraray Noritake Dental) , G-Premio Bond (GP,GC) , Scotchbond Universal (SU,

3M Oral Care) 35 & Of Tokuyama Universal Bond (TU, Tokuyama Dental) T %,



Flo, L LT2RATy SNV Ty F Vv A7 LD Clearfil SE Bond (CB,
Kuraray Noritake Dental) % H\ 7=,

AR ORMER X OB W2 7R SERBRIE, 1S029022 ([2#E L TITo 72, #
BWIZK LT, 7 Fe—v7BAANCY VBB Yy F U 72 I5PRITS =y F&
Jo2E—F (LE, ERE—F) 203 ZhafTbRrnweELrTy oy F 7 E
—F (L%, SEE—F) O2&HE2RELL, RWT, ThAfhoTyF o7
FNFEDOWERIZT N — 3 7 2 FMEF R RRMEITE > TR L& (DL,
SUONT IV —ay) LEbID, T Re—Y 7B, SR A 10 BRI
ToltkiZ, 7 Re—v 72 BERM L, KRN LS8 (Btk, ¥7 4077
r—3ay) ZOoWTHLRBE LT,

RNT, Ultradent #2745 slBRIG R 25 wmHICHEL, LYo ~—X b&IR
E, M 21T CTHEAER T & Lic, BELZ28ER L, 597, 1, 6, 2 BXW
24 ¢}, 37°C AFHRUKHITORE Lo, FTEDRE RN T Lo gEER IO
T, HHERBE AT 7 2 2~y FZAE— F 1.0 mm/min O 5t T 57 B4 55 78
SEBMELE, #ERBRKTHEORAICHOVTIE, EERBEMELZHVTL Y
PIme W &2 BlE2 L, AR A S LTz,

A= NR—=H LT R =T O F A NVEICKHTH0HEERSIEL, WTFho
ToyF Ul E—RFBLOBMECOHIPDLLT, REYHMOERICHE-> CTH LY
DMmAER LTI, =07, FTNT 7V r—a rORIE, 2="—% LT Kt

— T2 AT TSHEEIATLAD CB TlHEALAMEMEZ R L, Fl—0OHE



M CHE L #EERSE, ZEAEODZ="—P LT Fe—v 70T ho
Ty FUTE—RIZBWTCHOHETITAT AV = a R TVT 7Y r—
Val it L TARICEWMEEZ R L, iR L2 == LT Fe—v
TIZBWTHE, WTFnoZyF 7 E—RIZBWTHLT ReE—v T OX T LT
TV —va v FEERION LICHFET LI ERHALMNER ST, LL,
ER T— RTIE7 FE =Y T7OREEAICL > THTIAT T r—a ORI
R HMHmMEZR LTz, SEE— FTOMERNL, LT hoaxr=—%
VT ReE—v 72BN TH, BAEBLIOREHMOE NI NDLT, T
THRIEWKETH 72, ERE—FNIZEWT, 2=""—H% LT Fe—vT7D 558
JOV 1 R ERE T, WThoBMEICEWTH T X TREMKEL R LT,
L7L, GP #F< 6, 12 B X024 RFHIRERE TIX, BMEC» DL T Rim
ks & = A VE OREEMEE L ORGENB L Iz, £72, SEMBEND
A=ZNR—H LT Fe =7 D7 Fe—Y 7 BOERIVTRLOT v F o 7 F—
RIZBWTHREETHY, o777V r—va VEETIEMN 10um, ¥ 7 v 7
FY r— a3 VBTN 20 um TH o 7,

UEDOXIICAREROERNS, = F ANVEOEEINHICBWTL, WT'h
DT Fe—=37IZBWNWTH 24 Ktk & U CTHER L THEAER I MRV Z & 23
L7z, LR T, 2="—H LT R =T O F A VEYMEEREOR
FicE, Voo T OB LOTY Re =T 0X T VT 7Y r—3 3

VAT H DT EBTRB I T,



72k, ANim TR E F L Hirokane E, Takamizawa T, Kasahara Y, Ishii R,
Tsujimoto A, Barkmeier WW, Latta MA, Miyazaki M (2021) Effect of double-layer
application on the early enamel bond strength of universal adhesives. Clin Oral Investig
25,907-921. ZHEiwmX e L, T—HZHIIMAD I LICL > TRIELEZL D

Tdh D,
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2= RNR—HP LT Re—v 7, VI NAT v TN Ty F TV AT A
MHOFBRELIELDOT, HEICH LTy F&Y VA, ATy F U7 H L0
YLV IT ATy TF D, BRLxyF U 7E-RFRTHEMT L2 L2 mEE
LTWo 1, F7z, bRa s RIicx L TR 2z 03 & 95 2 L2 < A
FRHTLEZANL, ZTOISHBEANLNE VIR ER L TVD Y,
HEAMaRY Yy P Yy (L, REAHL YY) BEICBW T, B1E
SNH LY U= NOEAINNED D VITTEEBELEB L OHER Y ICL - T
A REIRA RIS NARTSND Y, =0, YOI NNRT v TFerT Ty F
VIVAT AL, 2 ATy T RATZyF U VAT ST LTl A M
IZHDHZEREHMITWD 20 22C, VU T NVAT v T VAT MO Y
EMEEM ESEDL L EZHAME LT, Bx RERBIESRF ST 9,
LrL, 2=R"=HP L7 Fe =3 2oL, #WIHEEEORENENLEE
DA KN Z N,
TZTEHFX, =mvF 7 E—FFBILOT Fe = T OBMIEN, 2=—
YT Re =37 O AVEITK T 2 W5 I RIE T BV TG
L7z, &HIT, 7 e — I 7sim, #5 5timd L O E B 1 1% o b i o

EEBFHMBE (SEM) BEEIT) ZLICh-T, TRLEBEERHE LT,



MR L OJ5

1. BEEAHT B I L OVRT et B A 5

R L7z = =% /L7 Kb —3 7%, Clearfil Universal Bond Quick (CU,
Kuraray Noritake Dental) , G-Premio Bond (GP,GC) , Scotchbond Universal (SU,
3M Oral Care) ¥ L OF Tokuyama Universal Bond (TU, Tokuyama Dental) T& %,
£, HRELT2AT v TRV Ty TF 7V AT LD Clearfil SE Bond (CB,
Kuraray Noritake Dental) Z fu 7= (Table 1) , — v F > 7 #l& L T Ultra-Etch
(Uitradent Products) %, =AY > kL ¥ & L T Clearfil AP-X (Kuraray
Noritake Dental) % M 7o, FIEDEHE RS ZF (Optilux 501, Kerr) X, % @ JLiRfE
2 600 mW/em? LA ETH 5 2 & 2 fs8 LT LTz,

2. AR

1) 75 v i o> F5 &

=

AR BRICER Lok, v (2~3 mkin) FHERTHE T, KEKEHIZHK
L, WRZGIM L CHREROAZFIRESM L (Tray Resin 11, Shofu) 26
U7z, RWTT, B 4~5mm OF A VEVFHEAHFOND L 2IcET L K
U~—% HWTEMR R Z0E] L 72%, P 2 MK PSR O#320 2 H v
THFHIL, = A VB Em & Lz,

2) B SMERRA (BEERA) ORER X ORE S

BEERTORAER X OS] W B2 2558 S BIE, 1SO 29022: 2013 Dentistry —

Adhesion — Notched-edge shear bond strength test' )2 U CHT o 7=, #7451 12 %t



LT, 7Re—=v78BMENCY vy F 7% 15 BHITo =y F&Y A
E—F (L&, ER £—F) bor0wWidhzitbhnwktrrv7zyF o 7E—FR

(Litg, SEE—K) O2&MFEZRELTL, IRWT, ThENDOZ v F 2 754
DPEMEIZT N — v 7 2 K -EF R REMITWE > TEAM L& (BE, v
YIONT TV r—vay) LEbIC, T Re—vTBAR, LR E 10 B
fTolothls, 7 Re—v 72 HERML, XBE LZ&H8 (L%, 70T 7
Ur—ay) o0 THBiaf L7 (Table2) .

WNTC, Ultradent #2735 3B 1A B (Ultradent Products) % # 75 o ifi 12 [E & L,
LYV R MR, BT TEERA L Lz, BYE L2858, S
43, 1, 6, 12 B X0 24 B[, 37°C FEEUKTPICHRE Lo, ok, WA ORI
ZEiz o T IS fEE LT,

3) AR S OHIE

AT E DR E RN T LA R I2 oW T, HRER B (Type 5500R, Instron)
EHWTZ B ANy RAE— K 1.0 mm/min O CHIFrEE5R S 2 17T L7,
BEAERBE THRORAICOWTIE, FERBME L VT L2 kR 2 852
L, WA oL,

3. SEM 152

T Re— VT @A O A VBRI, PEE R X OHEERBRE T H®%O

W IOV T SEM Bl 21T o7z, T7bb, =7 ANVERHEEIZOWTIT,

T Re—3 7ML ETRAE T E N BXOEYEAT 15 BRETHORZ ARG



THZELAE3EMVIRL, SEMBIEHART & L, = A VEEE RO SEM
BEMRA T, AR L RBRICREL, =R UBI5ICEE L7, #5228
L 7=, HER % 9 (IsoMet 1000 Low Speed Saw, Buehler) % V> THielr L,
COHELAYEY RA—Z ORI 025 um F TIERFE L /-,

TS A VERHE R X OEE R mBIE AR X, tert-7 % — v BRI
NEREIE LI=1%, MAEf (Model ID-3, Elionix) 1T - 7=, #235 F B2 R
AL, INEEE 1.0kV, A FVREE 1.2 mA/em* DRGETT VI A F T
> F 2 (EIS-200 ER, Elionix) % 40 BT o 7=, F£7z, #2358 T 5% DM
MO SEM BLZRICES L Tk, V¥ AR A 2 3 ol E vt L, Thai
w7,

FTRTORFIZR L TIE, 44> a2 —%— (Quick Coater Type SC-201, Sanyu
Electric) # W T & &K EL, 74—/ R I v 3 SEM (ERA-8800 FE, Elionix)
ERWTIEEE 10kV OFETHE L,

i

=P

4. AT

k=(11

RO AEBSICONT, FEoBMEZ MR Lok, —nhlESBmires &

Y Tukey HSD test & H W TH EIKAE 5% DKL TELEEBMREZIT - 72,



1. BAEMRS

HBHpboyF o 7E—RFBILXOBAEN, 2="—H 1T Fe— 7 DHH
T AVEREERSICKIETRBEORNA % Table3 B L4 1TR L7c, =ohliE
SHASHTDFERNS, WTFROT v F o 7E— FIZBWTHBAME, RE 5
BIOT7 Fe—v 7 OfEIX, BERI~OFRRZERNTTH-72(p<0.001),
F2, FRTFTOHAEERIZIVWVTRAOZ Yy F LU 7 E—RIZBWTHLAETH -
7= (p<0.05) .

ERMICBT DT A VEREE®RSX, SEE— R (Table3) TOY > 7 LT
T =g VEEICBWTIE, CU T 16.5~26.9 MPa, GP T 21.4~28.9 MPa,
SU T 14.8~28.6 MPa, TU T 15.4~29.6 MPa 55 X (U} CB T 30.5~41.6 MPa T&
Sl BTNVT 7V /r—va VEETIEL, CU T 22.6~34.1 MPa, GP C 25.4~34.4
MPa, SU T 24.8~36.4 MPa, TU T 21.8~36.1 MPa 35 X 1" CB T 32.3~40.9 MPa
Tholz, TRTDZ=R—HP LT R =TT, XIAT TV r— a5
i o7 7V —va R L TEWVMEZ R TR v,

—J, MBELE2 AT v TEEVAT LD CB Tk, WIFhofEHMIC
BWCHOY U INANT T r—va rFhe X707 7V r—va R EDOM
CHBZETIRO N oTc, £, TXTOT FE—v7ICBWT, WTh

DBAAIEIZB W THEAER S IIREHH ORI > T LA 268m AR L,



VOITNT TN = a CERIICBIT D 5 ETOEERS & 100% & LR
DAt O RE I T 288558 X%, 99.4~245.9%CTdH > 7= (Fig. 1) .

ER T— F (Table 4) TOI I AT 7V r— g U RFIC2BWTIE, CUT
28.0~46.8 MPa, GP T 26.4~35.0 MPa, SU T 27.2~39.1 MPa, TU T 26.6~42.8
MPa 3 XN CB T 37.6~44.8 MPa Th o7z, ¥ 7 NT 7V r—3 a3 VFETIE
CU T 34.9~47.5 MPa, GP T 29.7~34.5 MPa, SU T 30.0~46.4 MPa, TU T 30.6
~50.3 MPa 3 LN CB T 37.2~46.6 MPa /R L7z, §_XTHT Kb — 7 T,
WTFNOBAMAEMHEICB N THEERIIREYHOLER I TEF Lz, 7
FE—vT7OBMETHERT DL, WTOBMEMEITE WY TS R — R HH
THEENRED b2 WELE (GP, CB) , REMMOEEIC o THE T LT
Vor—va EUETHBRICEWEZ R LR (SU, TU) &5 WIidg#i ity
TNT TV r—va FETARCEWVMEZ R LIEbOO, REHMOERIZ
Eo TEMNBOLNRL o8 (CU) LicKkBlEn, Y I AT 7077
— v a URUEDOREWIMN S 5 TOHEERS 2 100% & L72BR, il frE I 2
D EEETR S1X, 98.9~189.1%TH »7- (Fig.2) .

2. WAoo

SEEt— RTOMEERIT, LT hoa="—Y L7 Fe—v 7128
WTh, BIEBS L OERELHEOEICH 1D LT, TRTREWETH - 7=,

— 7, IBWTIEHY IV T ) r— g TR EBEN KB A2 5D

TboO, FTNT TV = a URETERREHMOERICHE - T, Ak
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LT e — 7 OUERERE - ORAKIER I F A VE TOREMEDNH
MU7z, ERE— RIZEWT, 2="—H% L7 R =70 50801 Kk
BERETIE, WThoBMEICEWTH T X THRmEMELRLE, L2»L, GP %
fr< 6, 1236 LV 24 R RERETIX, BB DL T RmEL =) A1
B OWEMIE & DIRABEE P S T,
3. SEM %2

TF A VAL O SEM 14 % Fig. 3 (2R L=, M AKPERTEERCAIEImE 1%, M4
REEBICAIT—EREE L T\ (Fig.3a) » —F, UV vz yF o 7R
miL, AIT—EIREERICRESN, ABRRT y F o 72— RlEshi
(Fig.3b) , SEE— RTOZFT A )VENEEILX, 2=""—H% LT Re— 7D

CU TIIMR ey F U I RE = 3BEZSNT, SOOI AI T —@NEE L

pals

7ot %~ L7 (Fig.3¢c) . —F4, ®IBE L7 CBTIX, AI7—EBOREL LD
2, FHBETCIZIH 20Oy F o 7= PEE S (Fig.3e) ., ER &
— FTIEWTIhOT FeE =7 ICBW TR vy F o 72 — U R EIE X
7= (Figs. 3d, ) ,

T AVEBEE R O SEM 4 % Figs. 4, 512~ L7=, CU D SE £— KiZBW
T, VOUE/ B AIT—RBERVIALTIER SN 7Y v AR
7 —J& (HSL) 2@zt v7z (Figs.4a,b) ., —J7, ERE— RNTIX, AI7 —JF
MERICRESND L EBICHER LY 2 IRl Sz (Figs. 4c,d) . 7

Ke = T7REOERE, WInoxoyF o 72— RIZBWTHLRE%ETHY, v~

11



YIONT TV =g VEETCIEK 10 um, X7V T U r— g URETIER 20
um Tho7z, *HE L7 CB D SE E— KTiX, WTILOBMIEIZE W T
R A I T —BOERRIIBEIN o7t DD (Figs. 5a,b) , ER T— NIZE
WTEa ==Y LT Fe—v 7 B LB ZRL, ARV Y% 7038
22 x i’z (Figs. 5¢,d) .

BAERBRZO LY I EE O SEM 2 % Figs. 6,7 (28 L7z, CU OLRE 5 5
BT AV I NT T r—va VT, BEETEVWTAOT Yy F T E
— Rl Tb&RmAE R &N (Figs. 6a,e) . —J, MESHOXTNLT
U —va UBETHE, BEFERcnTInozyFr7E—RZBWTH7 FE—
VT EWNICRZERNEE ST (Figs. 6b,f) . £72, & 24 B Tl h
DBEFEBLIPT v F o 7E—RIZBWTHLT Fe—v 7 ENICARERE X
N F A )VE DB DN B2 S U7- (Figs. 6¢,d, g, h), kML L7~ CB DRE S
BT DL ITNT T r—va VEETH, BERTHIhozyF 7%
— NIZBWTH ) FH R MR EZ 2 L2 b DD, ER E— RO EGERTIX
7 Re—v 7 BN TORIERE L O A VE OREMENEZ S - (Figs.
Te,f) . £/, RESDICBIDETNT TV r—va VBT, BRERICBD
THL7 FE =V 7N TORKAERB IO T A VE COREMENBEIN
7= (Fig. 7f) . —7J, W& 24 B Ti1Z, WPFhokfikks Loy F o 7/ E—
FIZBWTH7 Fe =Y 7RATORAERS IO A VEOREMEZ S

AT HE WA 2 & L7 (Figs. 7¢,d, g, h) .
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pih

D= N—=HP LT e = 7 ORKRERT R E LT 280 —8RE LT, =
v FUTE—RBLOT Fe =V T OBRMENYIH = F A VEEEMICKET
EENCOWTHRET LT, FORE, 2=_"—H LT Fe— 70 F A LVEIZ
ST HUMEERSIL, Ty F /T — FBLOBRMECH»D LT, REH
M DOFERAZE > CTlal B9 B @A & R LTz,

R 72 B2 S O ERBEIAIE, 7 Re—Y 7 OFBEIC L - TR S EA %
R U, Thbb, Yo IAT TV r—va YRFICBIT D S A ERN—RT
AT BL, 2=R_R—PLT Fe =T OREERSORELEIT, 2 2T v
THEVAT LD CBICHEL TERLHBEMERLL, 2= =% LT Rt
—v7E, 1R LIWE 2O E R HY, 7T Re =7 2BMT5H2 &
T, WEOMIK, LYUrE/)v—OREBIVCEGBMILZATRRE LTS 19,
T2, WAMEZMNGT2201C, TRe—v 7RIy Iy 7V THIER
MLzl EbHY, T DOMRITEMETH L, TODIZ, 2= "—F LT
RE =Y 7BV TIEIREN R ESEBRIOLERRELS ol bDEEZ BN
776

—Ji, ZINT TV r—a rOHRIE, == ALT Re—v 7 &2 R
Ty THEEVATLADCB TIEELR LB EZ R L, T4bL, FA—0OREH
MITHE LEZ#EERIIE, FEAZODZ=R_R—Y LT Fe—2 7 T, WT©h

DTy F U TE—RIIZBWTCHQEINT T ) r— g RN TVT U7
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—va VBB L THRICEWEEZ R L, ZOMEIE, 2= =17 R
E—Y T DETAT T r— g S ONWTESETRRN OB LRE &
—HTHHLDOTHo7W, ZOHBELT, TRe—VTREOELNETZ L
IR o TEEREAETEL ISR IRT B LD, Mfke LTHE
BRI AW E LTRSS 2 bz 1719,

ALl ="—H% LT Fe =728V TIE, WFfhooyF o 7E—FR
WZBWTH T Fe =T DX TAT T r—va VdEERS DR EICHET
LHZENHLMNERST-, L2L, ERE—RFRTIET Fe—v 7 OREICE-T
ETNT TV r—varyO/FRITRR LM E R LIz, T7bb, GP TiXRF—
REHH CRAAEDOBEVIC L 2EERSICAERZTRO LN RN 2T DD,
SUBLOTU TRHAREHHEOERICH S THFTIVT TV r—va Y RIETHE
IZEVMEZ /R LTz, £72, CURBW CIIRESM oY gy 77 7Y r—
aURETAHRIZEWELZ R LSOO, REWHIKOLERIZE > THBAmMEM
THEEZETIRD N o7, TOXIRENRAELCZEBE LT, Hnk=
=N—H LT Re—v70OpH, Mk, =778 —b25WX7 77 4 TUHEHOF
W2 ONEBERIT LA RENE X b 202, LI, ks t=T7 7
n—i%, 7R =Y 7 ORBHL2EAMEICEEL KIFT22DL L2, pHB X
OCT7 77 4 7WBROFEIT) VB F o 7l Lo TSN Yy F U IR

S = & OWBAIRE T L OMAERBRICEEERET DO LER LT 27,

14



U EDOEIICAREBROERNS, = F ANVEOHEEVNHTICBNTIE, WTh
DT Fe—=y 72BN TH 24 Kfilfg & LT L THEER I RV I & A3f
AL, LER->T, 2=_"—=% LT R —2 7 OxF A JVEHHHEEEDmE
Fizix, Vo= F U OMRABEIOYT e —v T OXTAT Y r—3 3

VAR THDL ZEBRIRBINT,
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A
TYyFUTE—RBIORT Fe—y 7BAENZI=AA—F LT Fe—2 7D

TF A VEMBEERSICRIETHEBCOVWTHRI LR, UToMmae 5

77

. 2= =YL 7 Fe =70z F A VEBBEEEom B2, Voo y
FUTOHRHABEIOTY Re =T OXTAT 7V r—2a VB AEHTH-
77

2. WIFNOZ Yy FUTE—RIBWTYH, A—ORELEMETIE, =2=—H%1
T Re—=Y T OETAVT I r—a I IV Y r— g R
I L TEWnW T A VEEERS 2R LT,

3. LR LT R_RTOT Fe—v7ZBWT, =Ty F U 7E—FKHDHWIT KE
— VT BAEDOENI DD DL TIRERMBOERICf > T F A VEEE
g S X BEH L7z,

4, 2= R—H LT Fe =707 Fe—v 7 BoORERIWVTROTyF 7
E—RIZBWTbHRZETHY, Yo IZAT7 7Y r— a3 UFETEN 10 pm,

XTNT TV r—a FETIEN20um THh - 72,
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Table 1 Materials used in this study

Adhesive

Code (Lot. no) Main components pH Manufacturer
bis-GMA, MDP, HEMA,
Clearfil Universal Bond hydrophilic amide monomer, .
CU  Quick filler, ethanol, water, NaF, photo 2.3 Kurara,i}glljogl?akear]?emal’
(9T0050) initiators, silane coupling agent, Y0, Jap
others
G-Premio Bond MDP, 4-MET, MEPS, BHT,
GP acetone, dimethacrylate resins, 1.5 GC, Tokyo, Japan
(4G0011) L
initiators, filler, water
MDP, HEMA, dimethacrylate
SU Scotchbond Universal  resins, Vitrebond copolymer, 97 3M Oral Care, St. Paul,
(41256) filler, ethanol, water, initiators, : MN, USA
silane
Liquid A: phosphate monomer,
bis-GMA, TEGDMA, HEMA,
TU Tokuyama Universal MTU-6, others 59 Tokuyama Dental, Tokyo,
Bond (004067) Liquid B: acetone, isopropanol, ' Japan
water, acryl borate catalyst, y-
MPTES, peroxide, others
Primer: MDP, HEMA, water,
Clearfil SE Bond initiators 20
CB  (Primer: 5852494) Adhesive: MDP, HEMA, (Pm‘ner) Kuraray Noritake Dental

(Adhesive: 5847004)

bis-GMA, initiators,
microfiller

Pre-etching agent

Ultra-Etch (G017)

35% phosphoric acid

Ultradent Products,
South Jordan, UT, USA

Resin composite

Clearfil AP-X (380094)

bis-GMA, TEGDMA, silane barium glass
filler, silane, silica filler, silanated colloidal
silica, CQ, pigments, others

Kuraray Noritake Dental

bis-GMA: 2,2-bis[4-(2-hydroxy-3-methacryloyloxypropoxy) phenyl] propane, MDP: 10-methacryloyloxydecyl dihy
drogen phosphate, HEMA: 2-hydroxyethyl methacrylate, 4-MET: 4-methacryloyloxyethyl trimellitate, MEPS: met
hacryloyloxyalkyl thiophosphate methylmethacrylate, BHT: butylated hydroxytoluene, TEGDMA: triethyleneglyco
1 dimethacrylate, MTU-6: 6-methacryloyloxyhexyl-2-thiouracil-5-carboxylate, y-MPTES: y-methacryloyloxypropyltr

iethoxysilane



Table 2 Application protocol for pre-etching and universal adhesives

Etching mode

Pre-etching protocol

SE (self-etch)

ER (etch-and-rinse)

Phosphoric acid pre-etching was not performed.
Enamel surface was phosphoric acid etched for 15 s. Etched surface was rinsed with water for
15 s (three-way dental syringe) and air-dried until white turbidity was visible.

Adhesive

Adhesive application protocol

CU

Single layer

Adhesive was applied to air-dried enamel surface for 10 s and then medium air pressure was
applied over the liquid adhesive for 5 s or until the adhesive no longer moved and the solvent
had completely evaporated. Light irradiated for 10 s.

Double layer
The above application procedure was performed twice, applying the second coat of adhesive
immediately after completing light irradiation.

GP

Single layer

Adhesive was applied to air-dried enamel surface for 10 s and then a strong stream of air applied
over the liquid adhesive for 5 s or until the adhesive no longer moved and the solvent had
completely evaporated. Light irradiated for 10 s.

Double layer
The above application procedure was performed twice, applying the second coat of adhesive
immediately after completing light irradiation.

SU

Single layer
Adhesive was applied to air-dried enamel surface with rubbing motion for 20 s and then medium
air pressure was applied over the liquid adhesive for 5 s. Light irradiated for 10 s.

Double layer
The above application procedure was performed twice, applying the second coat of adhesive
immediately after completing light irradiation.

TU

Single layer
Adhesive was applied to the air-dried enamel surface for 10 s and then medium air pressure was
applied over the liquid adhesive for 5 s. No light irradiation.

Double layer
The above application procedure was performed twice. After air blowing the first layer, the
second layer of adhesive was applied for 10 s. No light irradiation.

CB

Single layer

Primer was applied to air-dried enamel surfaces for 20 s followed by medium air pressure was
applied to surfaces for 5 s. Adhesive was then applied to primed surfaces and was air thinned
gently. Adhesive was light irradiated for 10 s.

Double layer
The primer was applied once, followed by two applications of adhesive, as above. Applying the
second coat of adhesive immediately after completing light irradiation.
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Fig. 1. Changes in shear bond strength (%) in self-etch mode.
Abbreviations: CU, Clearfil Universal Bond Quick; GP, G-Premio Bond; SU, Scotchbond Universal;
TU, Tokuyama Universal Bond; CB, Clearfil SE bond
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Fig. 2. Changes in shear bond strength (%) in etch-and-rinse mode. Abbreviations: CU, Clearfil Universal
Bond Quick; GP, G-Premio Bond; SU, Scotchbond Universal; TU, Tokuyama Universal Bond;
CB, Clearfil SE Bond
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Fig. 3. (a) Representative SEM micrograms of enamel surface ground with #320 SiC paper.
(b) Representative SEM micrograms of enamel surface etched with phosphoric acid for 15 s.
(c) Representative SEM micrograms of enamel surfaces treated with CU in SE mode.
(d) Representative SEM micrograms of enamel surfaces treated with CU in ER mode.
(e) Representative SEM micrograms of enamel surfaces treated with CB in SE mode.
(f) Representative SEM micrograms of enamel surfaces treated with CB in ER mode.
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Fig. 4. Representative SEM micrograms of the resin-enamel interface of CU.

(a) Single-layer application in SE mode at magnifications of x 2,500 and x 20,000.
(b) Double- layer application in SE mode at magnifications of x 2,500 and x 20,000.
(c) Single-layer application in ER mode at magnifications of x 2,500 and x 20,000.
(d) Double- layer application in ER mode at magnifications of x 2,500 and % 20,000.
Abbreviations: AL, adhesive layer; HSL, hybrid smear layer



e v e
102038 20um_x1.000 NU1845 20um x1,000

e e e
WU2021_1uim 220000 MBS Tua 520000

19002 20um 100N WMI46AN AR~ .1 00N

Fig. 5. Representative SEM micrograms of the resin-enamel interface of CB.

(a) Single-layer application in SE mode at magnifications of x 2,500 and % 20,000.
(b) Double-layer application in SE mode at magnifications of x 2,500 and x 20,000.
(c) Single-layer application in ER mode at magnifications of x 2,500 and x 20,000.
(d) Double-layer application in ER mode at magnifications of x 2,500 and x 20,000.
Abbreviation: AL, adhesive layer
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Fig. 6. Representative de-bonded failure sites of CU.
(a) Single-layer application in SE mode at 5 min at magnifications of x 40 and x 1,000.
(b) Double-layer application in SE mode at 5 min at magnifications of x 40 and x 1,000.
(c) Single-layer application in SE mode at 24 h at magnifications of x 40 and x 1,000.
(d) Double-layer application in SE mode at 24 h at magnifications of x 40 and x 1,000.
(e) Single-layer application in ER mode at 5 min at magnifications of x 40 and x 1,000.
(f) Double-layer application in ER mode at 5 min at magnifications of x 40 and x 1,000.
(g) Single-layer application in ER mode at 24 h at magnifications of x 40 and x 1,000.
(h) Double-layer application in ER mode at 24 h at magnifications of x 40 and x 1,000.
Abbreviations: Ad, adhesive; En, enamel

Arrows indicate cracks and cleavages.




Fig. 7. Representative de-bonded failure sites of CB.
(a) Single-layer application in SE mode at 5 min at magnifications of x 40 and X 1,000.
(b) Double-layer application in SE mode at 5 min at magnifications of x 40 and x 1,000.
(c) Single-layer application in SE mode at 24 h at magnifications of x 40 and x 1,000.
(d) Double-layer application in SE mode at 24 h at magnifications of x 40 and x 1,000.
(e) Single-layer application in ER mode at 5 min at magnifications of x 40 and x 1,000.
(f) Double-layer application in ER mode at 5 min at magnifications of x 40 and x 1,000.
(g) Single-layer application in ER mode at 24 h at magnifications of x 40 and x 1,000.
(h) Double-layer application in ER mode at 24 h at magnifications of x 40 and x 1,000.
Abbreviations: Ad, adhesive; En, enamel.

Arrows indicate cracks and cleavages



