Ty F U TE— RBLOT Fe—3 7 BAEN
2= N—H LT Re— 7D
SFENHEERIICRITTRE

HARFR A Ge o ATTER e B
BRI SRl

(FE iy B2 #d%, HSAE @ D)



=

2= RX—P LT Re—2 7L, VU INAT TRV T T F o TREE Y AT DI
JBLIZHDOTHY, Fx RPE RO LTI A2 LB L 55 2 L 7 B 3T 5
LK E LTS, ETo, AT O IWEICE ety F 7' — FEERT D
ZEMARETH DT, BRI G IA S LHAPEICENR T D & 2 A DAEHIBEEE &1
MLTW5, —J7, HBEARaLVRY Y LU UAEEICBO T, BEES) D5 R
2LV =2 NOBEANMECERT 5, &2 WITEEEIER L OWHEZ: 12 X 2067008
AffEND, Z=N—PLT Re—v 71, 2 AT v TN Ty F U THE VAT A
Bl U CHPE SRS B Z MR SN TWD L ZA0D, ==Y L7 Fe—3 7
OHEHEENEZ A LSED 2 L2 HE U CTHEA REEREEMRE SN TE 72, Lol
BREZR DAL= =Y LT R =V T OWEBGEEDOFEMIOWTIIARH SR %<, &
ATHIHHEEMEDRIRFH) A HERRAZ DUV TR 22 3 20,

ZITEHEL, =y TF U 7E— FRBLOT Fe—3 7TBRAEDEND), 2= "—HL7
Rt —3 7 ORFEIKIT 2 PIBEE M RIET I OW T, WlBaERRA1TH 2 &
ICE>THEFT 2 L & bic, 7 Fe—3 7R, #55RmE L OSBRI TH% O
HOEEE IS (SEM) BlZa1To7, SHIC, kT FeE— T DX =TS D
RERFHERS 2 ET 5 Z & TS BROELZERL L LTz,

MR L7 ==/ 7 Kb —3 7%, Clearfil Universal Bond Quick (CUB, Kuraray
Noritake Dental) , G-PremioBond (GPB, GC) 5T Scotchbond Universal (SUB, 3M Oral

Care) ThHD, £/, XEEL T2 AT v LTy F 7 AT LD Clearfil SE Bond



2 (CSE, Kuraray Noritake Dental) % F\ 2, #2530 OfYER L OSSR SR,
ISO 29022 |ZHEL T To 7z, WOEHIZK LT, 7 Re—7@BAMANC Y Y ikm v 72 7%
15 TS =y F&YV » AE— K (ER £—F) HHNNIZNEZIThRWEL Ty T
7E— R (SEE®—F) D2/ F2ikiE L, IRWT, SRIFOHGE I REH TR
WoTT Fe—v 7 Z2m LU ORI LR T 7 r—vay) LEbil,
7 Fe—L 7@ A%, JeE A L72%RICT Fe—3 72 HERA L, JeE L5tk (&
TNT TV r—a ) (ZOWTHRRT LTz, IRUNT, Ultradent B2 38R TR B A 5 th
IZEEL, LY _—R NEHEZE, SN AZIT- THEEER T & Lie, BUEL =B
543, 1, 6, 123K 24 W5f#], 37°C FERUKTICIRE LTz, 728, R OBUIASFICH
WT IS E LTz, FTEDERE RN T L= i 1220, JrREBRi% (Type S5S00R,
Instron) ZMAVTZ B A~y RAE— K LOmm/min O CEINHEE IR S 20E Uiz, #

BRI TR DORAITHOWTIE, SRR 2 FIO T Lo Al 28123 L, AP

X—THES OWPEIZEE L TE, SEE— RTOV U TN TVT TV r—y 3 URIET
i SRR ORUEERIT o 72, T70b 6, PELFEm FIJE S 300 um O, HHRIZEL
6 mm DJPBHVET =7 ZAT L, SBHRE I SEE RS> T Fe—
TERBALT, 10 DEDERR 21TV, X—7 SERBARA & L, ATEORE IR A
T LRI LT, MuNsEEEE (HMV-2, BERIERT) 2 FV CRfE 98.07mN, fif EfR

Fiif] 5 BORMFCX =TS EME LT, 728, BT OBIISRFHI VT 12 e L



oo Flo, BHEMHCET DT Fe— 7Bk, 5N KO, #5RBi& T O
[ DUNT SEM B8 51T 5 72,

SItRCE BT ORERD S, WTIOT y F U 7 E— RIZBWCH AL, R IR
BLOT Fe—y 7 OEIT, BEERS~OFERPEBNTTH-oT- (p<0.001) , £77,
BRFZBT HFEERITN T v F o 77— RIZBWTHAE ThH -7 (p<0.05) .
BB 2R EFEAERSIE, SE T— RTOY I AT 7V r—y a3 UREIZBWNT
IZ, CUB T 16.5~33.4 MPa, GPB T 17.6~30.5 MPa, SUB T 16.2~37.7MPa ¥ L O} CSE
T242~469MPa Chr o7z, —F, X7 NT 7V r—3 2 UFETIECUB T23.6~37.0 MPa,
GPB T 22.4~33.3 MPa, SUB T 28.4~39.3 MPa 35 L (N CSE T 34.2~49.1 MPa Tl 7=,
NWTINDL=NR—P LT Re—T 7B NTY, FTIVT TV r—a VR 7n
TV = a VR L CREVMEE R L, 2 AT Y TEEE VAT ATHERTH -
Teo Flo, WTNOT Re—3 72BN T, WAMEDEWIDDL O, BRI
BRI OIERICE > T ERA LT,

ER E— R COY U INT 7Y r— g VFHZEBVTE, CUB T 16.1~33.5 MPa, GPB
T 19.4~29.5MPa, SUB T 17.1~35.8 MPa } . () CSE T 25.8~40.7MPa CTh -7, — 77,
ETNT TV r— a3 VEETCIE, CUB T 22.3~36.0MPa, GPB T 23.8~33.0MPa, SUB T
28.1~40.0 MPa 33 L ONCSE T 322~45.1MPa Z75 LT=, 7 Rb—3 7 OBAIETHERT %
&, CUB O 24 Kf#fER L OVGPB @ 12 FFEREZ BRE, WTHORESFIFZBNTH X T
NT TV r—a b, AT ) r—ya UEIFICHR L TR EICEVEEZ R

L7,



X =T OREFRERN G, WTHOT Re— 71BN ThH, REFIFOIERIZME-
TX—THSII EHT 2L LI, 2 AT v T HFETV AT A CSElF2="—H /LT Rb—
7 b U CIRE RN BIR R < WX — T S AR Uiz, AR 24 B o X —7
il SfEA 100% & L72B, 55300 12 IfE#EOEIAIE, CUB T 2.8~659%, GPB T4.2~
54.2%, SUB T 9.4~56.1%33 L TN CSE T 70.7~99.6%% 7~ L=,

LB PRI O SEM 81225 5%, SE £— K C? SUB ¥ L Y CSE O TIE, #57
(722 A I P —EORRE L & IR FMEN D LW AE» 8L sz, ER E— R
IZBNTE, WINoT Re—T 72BN T O HE OO D Bl S,
ERMEO SEM BN HIL, 7 Re— 7O, Bk L0y F 07— ROEN
b b, BHREIIRIFChHoT, 7 Fe—V T EOEXE, SUB T, v 7
TV = a UBECKI 10 um, X7V T ) =g URECKI 20 um ThoTm, T,
CSE Ty v I N7 7V r—2a UEEC30~40um, X777 ir—3 9 VBT 50~60
um THoto, HEERMTOMIMESEL, WIFhoT7 Fe—v 7Bty F o7
T FOEWZE>TERRDZ D TH -7, £z, ERE— RTINS 7Y v FEE T
BEDOR)GE (reaction layer) 23NHER STz,

LLED X 51T, REBROFERND, 2= "—PLT Rb—2 7 OSFEYNHES R ST
REHIM ORI E > T R L, 24 BERIME & Hle U CIRAE IR 5 oRER L OV 1 REfiEO$z
ERSE, ARICEWMEZ R Lz, £, LT Fe—3 70X =7 SEBRICRB N TS,
PE R & [FERICRE IR OIE R o TX—TIN ER Lz, ZoZenbh, b

7 R b= 7 OB 7RI E oM B, RPEYIEEERSICES LD Z ER



RREINTz, Fiho, 2= =P T e — T O EYlBEE oM g, 7 Re—
YITDEZTNT TV = a Y IPETHH Z ERHLNEIRoT,

728, AGm IR Yokoyama M, Takamizawa T, Tamura T, Namura Y, Tsujimoto A,
Barkmeier WW, Latta MA, Miyazaki M (2021) Influence of different application methods on the
bonding effectiveness of universal adhesive to dentin in the early phase. ] Adhes Dent 23, 447-459. %

Fsns e L, ZAUTHTZRT — 2 2MAL 2SIl TREELTZ b D TH D,



=

2= RX—PILT Re—> TN, VU INART BN Ty F U TREEY AT A B3
JBLIEbDTHY, Hha lePob Rk U TR A LB L 32 2 L 7 S BEEMEA 3T 5
ZEERRHEE LTS Y, FEe, EINARERT DB ORIUTE LTy F oS- R
BIRT 2 Z L WFRETH 57280 2, BRI HEIIA & JA IUHMEICEN TV D & Z A bl
FBEE S EINL T o,

HEATa L RY y ML DUAEEIZBW T, (BEER HIEEY & B8 & OB R
IZL V=2 N OEASIHECER T2, 2WITEREREIER K OWHER £ K 505008
AW EIND D, 2= =P LT Re =TT, 2 AT v BV Ty F U TERE VAT A
(ZHEE U CHE RS TEICS D Z E BRSNS L 2 AND ), 2= =P T R —
VT OB ST AL LT X 2R BREIE MR ST & 72 1019,
LnL, BEEHDOZ= =T R —2 7 OEEHAEIEDOZEMC OV TR S
%<, & ATHHBEEME ORI R MR Z DUV CIIARI AR R

FITEERIL =y TF 7= RBIUT Fe—Y T8BMEOEVD, 2= —H L7
R — T ORFEIHT HHHEEEC R TREICOW T, Bilassiairo 2 &
ICE->THEFT A L &I, 7 Fe— 7R, H55 R L ORI T4 ORI
O EAE TG (SEM) Bl821To7-, b1, kT Fe—3 7 DX =TI D

RIS 2 ET 2 2 & TBAAE RO BZE L LT,



kR K OVFIE

- RS X ORISR R

i L7m2 = "—H /L7 Kb — 71, Clearfil Universal Bond Quick (CUB, Kuraray
Noritake Dental) , G-Premio Bond (GPB, GC) 3T Scotchbond Universal (SUB, 3M Oral
Care) ThD, F£lz, KL L T2 AT v BN Ty F 7T AT LD Clearfil SE Bond
2 (CSE, Kuraray Noritake Dental) % F\ /= (Table 1) , = F> 7%l & L C Ultra-Etch (Uitradent
Products) %, JEEAMI=a LRy hLY & LT Clearfil AP-X  (Kuraray Noritake Dental)
Wz, AIRDERRIRS RS (Optilux 501, Kerr) 13, & DOYHREDS 600 mW/em? LA ETH %
T EEMER LUTTEH LT,
2. AR

1) B i OFEE

P BRI L7z, vy Q~37%in) THERTHE T, deitos a2 FHiEAR LY
> (TrayResinII, Shofu) (ZEHE L7z, RUT, B 4~5mm ORFEFHHHE G LD L
INZET IV U ~—% TR IS A U714, S 2 KM O#320 £ T
NEVRAFAI L, #laTm & Lz,

2) BEMSHERA BEERR) OfYER JOMRE SR

AR ORER L OS Wz ag i S3BRIL, 1SO 29022: 2013 Dentistry—Adhesion—
Notched-edge shear bond strength test [ZHE U CITo 72 9, #EHEICH LT, 7 Re—3 7 0%
MANCY vy F o 7 15T H) =y F&V A EF—F (ERE—FR) HHWITH

itk 7oy F oS E— R (SEEF—R) O258M2FE L, RWT, K540



PN BEEF T RIE > T Re—3 72840 L OB L72§: v o770
—Yay) LEBIL, T Re—vTRBMME, I LERICT Fe—v 7 2 ERMm L,
WE LTS (XTI T 7V r—a ) IOV THiRT L7 (Table2) |

RN, Ultradent #2538 TR E (Ultradent Products) Z#& i Z[EE L, N 2.38
mm, FS 2.0mm O7'T AF v 7 %E—/L K (Ultradent Products) %z fH\NTL Y _—A k&
HESE L, MRS E 30 AORITTo CHEER A & Lo, BUEL BS540, 1, 6, 128
LU 24 Wi, 37°CHERUKHUTIRE LTz, 7eds, A OBUIIHRIFTHOWT IS E LTz,
3) HETRS OHIE

FTE DEERFIAHE T L7zBag oo\ G, RERBE (Type 5500R, Instron) % U
T/ B A~y RAE— R 1.0 mm/min O THBHEETR S Z2HE LTz, BRI 7% O
I ONWTIL, FERBIEEZ T L AR 28122 L, A Lz,
3. LT Re—y 7 OX—7 i SHIE
X—THEOPEICEE LT, SEE— RTOV U INT 7Y r—a VT —T7 1
SRR DIUYEZAT o7, 37205, PERTER FIZJES 300pum O, FHIZEEE 6
mm D7RAWET — 72U L, BHEFEmICREF I REHE>TT Fe—v 7
AT LT 10 BPRDERER 217\, X— 7 SRR & Uie, BYE L7301, Bk
AR L AR TRE Lc, ATEDREBIFIAHK T L72RAITX LT, BuMEEEE!
(HMV-2, HSRUERT) % VN CHIE 98.07 mN, BRI S DO T —T & &
BIE UTe, WESALICB L TiE, Ao 3 il L, 2OV EE R T 55 TH

RAICRIT X =TS & L, 7ok, A ORISR ONT 12 E LT,



4. SEM 52

BRIFBIT D7 e — 7B, Hg it & OaERBRE 1% O >V T
SEM #8517 >7=, 7 Fb—3 7HERE IOV T, SE B— RIB L ER E— R T
WEERREE G IoNT TV r—ay) ([t TR E LR FEmICH LT & B
VB LUK TS ORERT 2 Z & % 3[E# 0 L, SEMBIEHRA & Lz,
BoE RO SEM Bl AR, B2 LRMRICEYE L, —ARF% Rl L7, ci
FHIEAME L L7=#%, BBk 00k (IsoMet 1000 Low Speed Saw, Buehler) % FV N CHigkr L,
ZDMEELA YT R—2 FORIFE 025 ym F CHERHFEE L=, 7 Fb—3 7 0HmE
FOBEERmBIEARANL, tert-7 % /7 — )V EFRENNAIRE LT=1%, #RETZE (Model
ID-3, Elionix) 1T > 7=, 5 R B EHR A 12T, IREE 1.0kV, A 4 7% 0.4 mA/em?
DEECT VA A F T/ (EIS-200 ER, Elionix) % 40 BR{T-70, F72, 8BS
FBRAL T ORGEITE O SEM BIZCER L TIE, LY IR R % 3 RIS e,
REKE L7z,

TRTCORAITHK LT, 14> =—4%— (Quick Coater Type SC-201, Sanyu Electric) % ]
WTaAEL, 74—/ RT3 v 3 SEM (ERA-8800 FE, Elionix) % IV NChILEFE/E 10
kV OFHETHIE LT,

5. R

\
a

ST RERD DG DIV AR SITOWTIL, FoBtEL et Lo, —JohdiEr i

3836 LY Tukey HSD test 2 IV THEAME 5% DS CELERIELIT T2, ET2,



X— T SN ZOWN T TR E AT L O Tukey HSD test % VN CTHEKYE 5%D5c

T CEBEIBREZIT o7,

1. BoFmS

RIpHT o F U7 E— REBLXOBMIED, 2= "—FL7T R —2 7 ORFEOINIEESE
PR S RIFET B OV T ORGRE% Table 3 3LV 4 1R Lz, = IJehE @B OfE R
Mo, WIFNOT Yy F o 7E— NIZBWTHEBME, REHMBIOT Fe—2 7 ofikE
%, HEERS~OFERZERN T Tho7m (p<0001) , £, KRBT 2HALEH
TWThoT vy F o 7E— RICBWTHEE TH-7- (p<0.05) ,

FRIFIZRBT 2R PSR ESE, SEE— R (Table3) TOY Y INAT TV r—ray
FEZHW TS, CUB T 16.5~33.4MPa, GPB T 17.6~30.5MPa, SUB T 16.2~37.7MPa }5
JONCSE T242~469MPa ThoTz, —J5, ¥ 7NT 7V r—a HETIZCUB T23.6
~37.0MPa, GPB T 22.4~333MPa, SUB T 284~39.3MPa 35 L X CSE T 34.2~49.1 MPa
Tholz, WTNOZ=R—PLT Re—TZBWThH, ¥TNT 7V r—a V54
T INT ) =g URRICHIE L CEVWMER R L, 2 AT v THEEV AT ATH
[ ChHoTz, £, WTHOT Re—T 7 I2BOTHBMAIEDENIZONDL BT, #55
MRS TR BB OIERA - T LEF LTn, Yo I T 7Y r—3 a SO E IR 24
I COBERS 2 100% L LTZBRIC, fDORMHIBT 2HER ST 43.0~110.8% ThH -7
(Table 3, Fig. 1)
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ER E— R (Table 4) TOY > ZNT 7V r— a AHIEHBWTIE, CUB T 16.1~33.5
MPa, GPB T 19.4~29.5 MPa, SUB T 17.1~35.8 MPa ¥ . (X CSE T 25.8~40.7 MPa T&
St =, BINT TV r— a2 VEETCIE, CUB T 22.3~36.0MPa, GPB T 23.8~33.0
MPa, SUB T 28.1~40.0 MPa 33 L (ONCSE T 322~45.1 MPa &2/~ L7z, 7 Re—3 7 D%
LTS 5 &, CUB @ 24 FFEERS L OV GPB @ 12 RFEEZFRE, W LOE 1M
BN CHOETINT T r—ya V&L, o INT T r—y g AR L
BlIEWMEZ R L, £77, WTFhO7 Fe—y 7BV Th, BHEEOBE NI
5, HEERIIIREIMOIER I > T ER Lie, Yo 2T 7 r—3a UERIEOMR
B 24 B COBEERIE 100% & LIRS, Mool 285 1L, 47.8~
111.9% Cd>>7- (Table4, Fig.2) .

2. TEERX OS5

WTNODOZ == LT Re—2 72BN ThH, Yo I A7) r—2a R, =
F LT ROBWNNIDO LT, FUmBEEN KBS E G-, —J7, ¥7VT7 7Y r—v
3 VRETCIE, GPB #BR< 2=/ =L T R — 72BN TC, IRAMIER J OHERIEN
BN U7z, 2 A7 v THEE T A7 L0 CSE Tl, IRAMHIER X OVEEEMSEOSHE /32 =3

—H LT Re—I 7k U CEnoT-,

11



3. k7 Re—y 7 DX —7R &

WTNOT Re—2 71280 ThH, REHIMOIERIC o TX—T I T LT L &
HIZ, 2 AT v T HFE VAT LD CSE lE2=/"—H /L7 Kb —3 7 & b U CIRE IR
BIRZR < mVMEZ R LTz, (R 24 RO X — 7T S A 100% & L72BRIZBT 5 5 4
D 12 FEREEOEIA Y, CUB T 2.8~659%, GPB T 4.2~54.2%, SUB T 9.4~56.1%3% X
UNCSE T 70.7~99.6%% 7~ L7z (Table 5, Fig. 3) .

4. SEM %%

R—ATAVBIOE DTy T 7E— FTOT Ne— 7/ E O SEM 14 % Fig. 4
IR LTz, R=RTA L LR AERL, KR L DHIE S & HIcA I v—
el sn (Fig.4A) . —F, VBT 7HORFEmIT, 27 —7 Al
DFEH & & HIZGHME ORHROBI 0 23 8lg2 27z (Fig. 4B) . SEE— RT?D SUB ¥
J OVCSE OALFRE Tl BRI A I Y —JBOBRE L & HIC—ERIMENHD LT 5D
GEESN- (Figs. 4C,E) , ER F— FIZBWTIL, W7 Re—271IcB0nTh
LHE OIRFIROBR D 3 @lZZ Sz (Figs. 4D, F) .

PR O SEM 1% Figs. S B L6 IR LTz, 7 Re—v 7 OfE, BAEBSIOT
v F U= ROBEWNNI D LT, BEREBIIRFCTho72, 7 Fe— 7 EDRE I
SUB TiL, Y IAT 7V r—2a  BECK 10 um, ¥ 70770 r—2 a URETK 20
um Toh 7= (Figs.5A,B, Figs.6A,B) ., —J, CSE Tl v N7 7V r—ya URET30
~40um, X INT 7V r—3 3 URET 50~60 um TdH 7= (Figs. 5C, D, Figs. 6C,D) , #
EFEREHEOBHESELX, WIhoT7 Re—r 71280 Thm vy F U 7 E— FOENI K

12



(reaction layer) 23R8 =417z (Fig. 6)

L AR 0O SEM % Figs. 7 B X V8 IR L=, SUB DY I NT 7Y r— 4
VR RT HERE AR 5 A0BECIX, SE B— N CHlgi EH 2 &2 2 L7 H 0o (Fig.
7A) , ER T— R CI3MIE a2 Lz (Fig. 7E) . P& HAR) 24 BEREECIE, WTho=
Y F 7= RZBWTHT Fe—v 7 BN TORIMERIBIZ SN (Figs.7C,G) , —
5, BTNT TV r—a CREORERIM S 28T, SE B— RN IR i A
2L TW=Ho2 (Fig. 7B) , ER B— R TIET Kb —3 7 @8N TORIIER ) BRI 8142
&7z (Fig. 7F) . B 24 FFRECIE, SE ©— R TIET Re—2 7 BN TORZIN
BB 22 &L (Fig. 7D) , ER £ — RIZBW T L Vv & Z BRI BIER & iz (Fig. TH) o

CSE DYV INT 7V r—y a YT, 2= "—L T Kb — 7 L[EkOMER %
RL, PREHIRD S 08ED SE B — R CITFHRAREWN 2 2 L= 0 (Fig.8A) , ER E—
RTIE7 e — 7 BN TORZER) D S (Fig.8E) , &AM 24 FFEIRETIZT
Kb —o 7N ToORISERE X OSRFE ORMEME EIZ Sz (Figs. 8C,G) ., — 4,
ZTNT TV r—a ST, 5 08D SE B— R OIS HEe B 2 2 1L Cunve
tHDD (Fig. 8B) , MOKMHTIET Fe—r 7 BNIcBZHMER) EE S 7- (Figs. 8D, F,

H) .
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5

pih

L= =L T Kb — U7 ORI E LT 20— E LT, =y T IE
— FBLOT Fe—3 7 OBMEDIBEO PG T E~DYIHHEE M KIETEEIT OV TR
D EEBIS, WET Re— 7 OX— 7 & OHERS 2 RRIFRICHIE LT,

ZTOREER, FHEBGEFRITE, WTHOBSE Y AT MW Ty F U 7E—FB X
EAEDENID DO T, REBIMOIERIZE> T ER Le, £, k7 Fe—
T DR =T EE HIREHIMOIER > T EF L7z, L L, BRI BEE TR S 0Z2kiE
Ty F U 7E— R, T Re—I 7 OfEBS JOMMIEDEWNI K> TRRHHEMZ R LT,
2= N—PT Re— 71, 7 Re—V T OBMMIC L > THEREOBK, YT/ ~—
DIRBEIR L ONA FaF T 372 A~ EOARFRRBEE NIRRT 5 & & IR
Ko THEAMLAZTREE LTWD Y, ZDX 51T, ZHE T AT AT 24 KHLINTOG:
FEPAETRE O FREMCIE, VW= A—H L7 Re—3 7 @ pH, flik, =7 7 n—

DENH LWL VBT T T OFER ENFELRIT LT bD B X L 1619,

T Re—y T OBMEIERTDHE, XTNT TV r—a Oy, 2=—}1L
7 e =Y 7 OZFENHESERE O LA TH L Z E0Rdniz, Thbb, #5
P X Z A REHIM CHR L2854, L=~ LT Fe— 7 D% T, T
NOTyF o TEB—RTHEETINT TV r—ya b FUENR IVT 70 r—v 3 U5
IZH L CTREICEVEZ R LT, ZORRIE, 2= = LT Re—v T DX TNLT 7
U r— g ATOWTHEER SRR GG LT dfE DB L= —H L7 Fe—o 7
DETNT TV r—=3 a PN ) AVEYHIESER ST RITTREBICET D8E P L —E

14



THHLOTH-TZ, ZOFHELT, 7 Fe—Y 7 BOELRNETZ &2 k- TSRl
FHIETHA U DN DRI LT 7201, fEF e LT RE 23 L7 rIREMEDS S
2N 0B, Febb, T Re—Y T EOELMNET Z LI Lo TR EAM ORI CHEE
FH TR S DRI ML R T2 & & BIZHET Kb —L 7 TBOBENE LT 5
Z LTI AR E L b0 LB X b,

LLED X912, REBROMERNDS, 2="—PLT R —3 7 ORFEYHIESERSIT
PRI OIERAC L T ES- L, 24 FERI# & brie U CORE AR S 2088k L OY 1 BeRIRE Oz
EIRSIT, AEIEVEEZ R LIz, £, (L7 Fe— T DX =7 SHBRIZBN TS,
PEE R & RIS I OIER > TX—T IR EF Lz, ZoZ Enb b, L
7 Kb — T ORRH B E O B, RAEEYIMEEERIICEE L TWD Z R
TgEN, £, 2= =YL T Fe—2 7 ORFEMEESEEOm B, 7 Re—

STDETNT IV r—a U INEITHDHZ ERHALNE o7,

15



A
L= N—HLT R =3 T ORFENHHEENS LT Re—3 70X TVT 7)) r—

Tauh, EOEEMIC KT THEII OV TG LICHER, LN Ofim 15372,

. WTFND7 Re— 71280 TH, Ty F U7 E— RdHDWITEBMEDIENID DD
57, REHIMOERIZ > TEFEEERIIT LA L,

2. TYFUTE—ROBENIDPD»DLLT, F—REFRFTEI2=—h LT Fe—7
DETNT TV Ir—a VRIS o INT 7V r—3 g AT L TR
HEARS 2R LT,

3. =Y LT Re—v 707 Re—VTEOERE, Wiz yF o 7E— R
BOTHRETHY, Yo IAT TV r— 3 UEETIEK 10pum, #7007 7Y fr—
va UEMETIEI 20 um Th o7,

4. WTNOT Fe—3 7280 T, REHIROERIZHSTT Fe—3 7O S 53

R

16



)

2)

3)

4)

5)

6)

7)

BN
Cuevas-Suarez CE, de Oliveira da Rosa WL, Vitti RP, da Silva AF, Piva E (2020) Bonding
strength of universal adhesives to indirect substrates: A meta-analysis of in vitro studies. J
Prosthodont 29, 298-308.
Takamizawa T, Barkmeier WW, Tsujimoto A, Berry TP, Watanabe H, Erickson RL, Latta MA,
Miyazaki M (2016) Influence of different etching modes on bond strength and fatigue strength to
dentin using universal adhesive systems. Dent Mater 32, €9-¢21.
Suzuki T, Takamizawa T, Barkmeier WW, Tsujimoto A, Endo H, Erickson RL, Latta MA,
Miyazaki M (2016) Influence of etching mode on enamel bond durability of universal adhesive
systems. Oper Dent 41, 520-530.
Nagarkar S, Theis-Mahon N, Perdigdo J (2019) Universal dental adhesives: Current status,
laboratory testing, and clinical performance. J Biomed Mater Res B Appl Biomater 107, 2121-
2131.
Irie M, Maruo Y, Nishigawa G (2017) Performance of class I composite restorations when
polished immediately or after one-day water storage. PLoS One 12, e018338].
Tsujimoto A, Jurado CA, Barkmeier WW, Sayed ME, Takamizawa T, Latta MA, Miyazaki M,
Garcia-Godoy F (2020) Effect of layering techniques on polymerization shrinkage stress of high-
and low-viscosity bulk-fill resins. Oper Dent 45, 655-663.
Ezaki R, Mine A, Sato K, Fukui KI, Kumada K, Yumitate M, Ban S, Yamanaka A, Matsumoto
M, Van Meerbeek B, Moriya H, Hashida T, Yatani H (2022) Development of dental inspection

17



method: nondestructive evaluation of an adhesive interface by active acoustic emission. J
Prosthodont Res 66, 236-242.

8) Takamizawa T, Barkmeier WW, Tsujimoto A, Scheidel DD, Erickson RL, Latta MA, Miyazaki
M (2015) Effect of phosphoric acid pre-etching on fatigue limits of self-etching adhesives. Oper
Dent 40, 379-395.

9) Suzuki S, Takamizawa T, Imai A, Tsujimoto A, Sai K, Takimoto M, Barkmeier WW, Latta MA,
Miyazaki M (2018) Bond durability of universal adhesive to bovine enamel using self-etch mode.
Clin Oral Investig 22, 1113-1122.

10) Shiratsuchi K, Tsujimoto A, Takamizawa T, Furuichi T, Tsubota K, Kurokawa H, Miyazaki M
(2013) Influence of warm air-drying on enamel bond strength and surface free-energy of self-etch
adhesives. Eur J Oral Sci 121, 370-376.

11) Perdigdo J, Muiioz MA, Sezinando A, Luque-Martinez 1V, Staichak R, Reis A, Loguercio AD
(2014) Immediate adhesive properties to dentin and enamel of a universal adhesive associated
with a hydrophobic resin coat. Oper Dent 39, 489-499.

12) Sezinando A, Luque-Martinez IV, Mufioz MA, Reis A, Loguercio AD, Perdigao J (2015)
Influence of a hydrophobic resin coating on the immediate and 6-month dentin bonding of three
universal adhesives. Dent Mater 31, €236-¢246.

13) Fujiwara S, Takamizawa T, Barkmeier WW, Tsujimoto A, Imai A, Watanabe H, Erickson RL,
Latta MA, Nakatsuka T, Miyazaki M (2018) Effect of double-layer application on bond quality
of adhesive systems. J Mech Behav Biomed Mater 77, 501-509.

18



14) International Organization for Standardization (2013) ISO 29022: 2013 Dentistry—Adhesion—
Notched-edge shear bond strength test. 1st edn. Geneva, Switzerland: 1-12.

15) Van Meerbeek B, Yoshihara K, Van Landuyt K, Yoshida Y, Peumans M (2020) From Buonocore’s
pioneering acid-etch technique to self-adhering restoratives. A status perspective of rapidly
advancing dental adhesive technology. J Adhes Dent 22, 12-17.

16) Imai A, Takamizawa T, Sai K, Tsujimoto A, Nojiri K, Endo H, Barkmeier WW, Latta MA,
Miyazaki M (2017) Influence of application method on surface free energy and bond strength of
universal adhesive systems to enamel. Eur J Oral Sci 125, 385-395.

17) Moritake N, Takamizawa T, Ishii R, Tsujimoto A, Barkmeier WW, Latta MA, Miyazaki M (2019)
Effect of active application on bond durability of universal adhesives. Oper Dent 44, 188-199.

18) Saito T, Takamizawa T, Ishii R, Tsujimoto A, Hirokane E, Barkmeier WW, Latta MA, Miyazaki
M (2020) Influence of application time on dentin bond performance in different etching modes
of universal adhesives. Oper Dent 45, 183-195.

19) Hirokane E, Takamizawa T, Kasahara Y, Ishii R, Tsujimoto A, Barkmeier WW, Latta MA,
Miyazaki M (2020) Effect of double-layer application on the early enamel bond strength of
universal adhesives. Clin Oral Investig 25, 907-921.

20) Wakasa K, Yamaki M, Matsui A (1995) Calculation models for average stress and plastic
deformation zone size of bonding area in dentine bonding systems. Dent Mater J 14, 152-165.

21) Ausiello P, Apicella A, Davidson CL (2002) Effect of adhesive layer properties on stress
distribution in composite restorations—A 3D finite element analysis. Dent Mater 18, 295-303.

19



22) de A Neves A, Countinho E, Poitevin A, Van der Sloten J, Van Meerbeek B, Van Oosterwyck H
(2009) Influence of joint component mechanical properties and adhesive layer thickness on stress
distribution in micro-tensile bond strength specimens. Dent Mater 25, 4-12.

23) Katsuki S, Takamizawa T, Yokoyama M, Sai K, Tamura T, Ishii R, Kamimoto A, Miyazaki M
(2022) Influence of bonding agent application method on the dentin bond durability of a two-step

adhesive utilizing a universal-adhesive-derived primer. Eur J Oral Sci 130, €12868.

20



#35 L UB

21




Table 1: Materials used in this study

Code Adhesive Main component H Manufacturer
(LotNo.) P P
bis-GMA, MDP, HEMA, hydrophilic amide
CUB | Clearfil Universal Bond Quick monomer, filler, ethanol, water, NaF, photo 23 Kuraray Noritake
(9T0050) initiators, chemical polymerization accelerator, " Dental
silane coupling agent, others
GPB G-Premio Bond MDP, 4-1\/[ET,. IY[E.PS, BHT, acetone, 15 GC
(4G0011) dimethacrylate resins, initiators, filler, water
Scotchbond Universal MDP, HEMA, dimethacrylate resins, Vitrebond
SUB | (41256) copolyrmer, filler, ethanol, water, initiators, silane 27 3MOral Care
Clearfil SE Bond 2 Primer: MDP, HEMA, water, initiators 20 K Noitala
E . 3 uraray INOritake
s (Primer. 5852494) Adhesive: MDP, HEMA, bis-GMA, initiators, | (Primer) Dental
(Adhesive: 5847004) microfiller
Pre-etching agent
Ultra-Etch 0 L
(GO17) 35% phosphoric acid Ultradent Products
Resin composite
Clearfil AP-X bis-GMA, TEGDMA, silane barium glass filler, silane Kuraray Noritake
(380094) silica filler, silanated colloidal silica, CQ, pigments, others Dental

bis-GMA: 2,2-bis[4-(2-hydroxy-3- methacryloyloxypropoxy) phenyl] propane, MDP: 10-methacryloyloxydecyl dihydrogen phosphate,
HEMA: 2-hydroxyethyl methacrylate, 4-MET: 4-methacryloyloxyethyl trimellitate,

MEPS: methacryloyloxyalkyl thiophosphate methylmethacrylate, BHT: butylated hydroxytoluene, TEGDMA: triethyleneglycol dimethacrylate,

CQ: dl-camphorquinone
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Table 2: Application protocol for pre-etching and the tested adhesives

Etching mode Pre-etching protocol
SE (self-etch) Phosphoric acid pre-etching was not performed.
ER (etch-&-rinsc) Dentln surface was phosphoric acid etched for 15 s. Etched surface was rinsed with water for 15 s (three-way dental syringe) and
air-dried.
Adhesive Adhesive application protocol
Singlelayer  Adhesive was applied to air-dried dentin 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 10s.
CUB or 10s.
Double layer The above application procedure was performed twice, applying the second coat of adhesive immediately after
completing light irradiation.
Single layer  Adhesive was applied to air-dried dentin surface and immediately 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
GPB for 10s.
Double layer The above application procedure was performed twice, applying the second coat of adhesive immediately after
completing light irradiation.
Single layer ~ Adhesive was applied to air-dried dentin surface (not desiccated) with rubbing motion for 20 s and then medium
air pressure applied to surface for 5 s. Light irradiated for 10 s.
SUB
Double layer The above application procedure was performed twice, applying the second coat of adhesive immediately after
completing light irradiation.
Singlelayer  Primer was applied to air-dried dentin surfaces for 20 s followed by medium air pressure for 5s. Adhesive was then
applied to primed surfaces and was air thinned gently. Adhesive was light irradiated for 10's.
CSE
Double layer The primer was applied once, followed by two applications of adhesive, as above. Applying the second coat of
adhesive began immediately after completing light irradiation.
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Table 3: Influence of adhesive application on early dentin bond strength (SE mode)

5 min lh 6h 12 h

Single layer Double layer Single layer Double layer Single layer Double layer Single layer Double layer Single layer Double layer

CUB 16.5 (1.7)*E 23.6 (2.2)¢ 19.7 (1.2)P 23.5 (3.0)¢ 22.3 (4.2)P 30.4 (3.3)B 26.1 (3.1)¢ 31.1 3.4)® 33.4 (2.8)8 37.0 (2.2)%
[49.4%] [70.7%] [59.0%] [70.4%] [66.8%] [91.0%] [78.1%] [93.1%] [100%] [110.8%]

GPB 17.6 (1.9)*F 22.4 (1.0)P 23.9 (2.6)*P 27.4 (3.2)bBC 25.0 (3.9)beCD 28.4 (1.4)BC 28.2 (3.2)beBC 30.4 (1.4)AB 30.5 (4.1)°AB 333 (3.5)A
[57.7%] [73.4%] [78.4%] [89.8%] [82.0%] [93.1%] [92.5%] [99.7%] [100%] [109.2%]

SUB 16.2 (2.0)*P 28.4 (1.9)*B 20.0 (3.0)¢ 30.1 (4.1)°8 27.4 (4.7)*B 36.6 (2.5)%4 31.6 (4.5)*B 37.6 (3.4)%A 37.7 (5.8)*A 39.3 (2.9)A
[43.0%] [75.3%] [53.1%] [79.8%] [72.7%] [97.1%] [83.8%] [99.7%] [100%] [104.2%)]

CSE 24.2 (4.3)% 34.2 (1.5)° 26.9 (2.9)¢ 35.3 (3.1)® 374 (2.1)®® 43.0 (3.0)*¢ 43.9 (3.8)8¢ 44.3 (3.8)8¢ 46.9 (2.2)2AB 49.1 (2.8)*
[51.6%] [72.9%] [57.3%] [75.3%] [79.7%] [91.7%] [93.2%] [94.5%] [100%)] [104.7%]

n =15, mean (SD) in MPa.

Same lower case letter in vertical columns indicates no difference at 5% significance level.
Same capital letter in horizontal rows indicates no difference at 5% significance level.

Values in parenthesis indicate standard deviation.
Percentage values in brackets indicate strength relative to single layer strength at 24 h.
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Table 4:

Influence of adhesive application on early dentin bond strength (ER mode)

5 min l1h 24 h

Single layer Double layer Single layer Double layer Single layer Double layer Single layer Double layer Single layer Double layer

CUB 16.1 (3.5)*F 22.3 (3.6)°P 16.9 (3.4)°E 25.7 (2.9)¢ 21.8 (2.9)P 29.7 2.6)B 25.2 (3.0)¢ 30.7 (5.9)8 33.5(3.7)bAB 36.0 (2.5)4
[48.1%] [66.6%] [50.4%] [76.7%] [65.1%] [88.7%] [75.2%] [91.6%] [100%] [107.5%]

GPB 19.4 (1.0)°F 23.8 (1.5)P 22.4 (2.4)PP 27.4 (2.5)bBC 24.6 (3.2)beCP 27.8 3.1)B 28.9 (2.6)*B 29.1 (1.5)8 29.5 (3.1)°B 33.0 (2.4)
[65.8%] [80.7%] [75.9%] [92.9%] [83.4%] [94.2%] [98.0%] [98.6%] [100%] [111.9%]

SUB 17.1 (3.0)*¢ 28.1 (3.3)F 22.8 (1.6)F 32.6 (1.6)*P 27.5 (3.0)°E 35.6 (3.9)0B¢ 30.9 (2.9)°PE 38.1 (4.2)bAB 35.8 (4.0)BC 40.0 (2.3)*A
[47.8%] [78.5%] [63.7%] [91.1%] [76.8%] [99.4%] [86.3%] [106.4%)] [100%] [111.7%]

CSE 25.8 (3.1)%E 32.2 (3.6) 28.6 (3.5)% 33.2 (3.3)%® 33.2 (3.0)®° 41.8 (2.9)8 37.9 3.0)*¢ 429 (3.0)8 40.7 (3.0)2B€ 45.1 (1.6)*
[63.4%] [79.1%] [70.3%] [81.6%] [81.6%] [102.7%] [93.1%] [105.4%)] [100%] [110.8%]

n =15, mean (SD) in MPa.

Same lower case letter in vertical columns indicates no difference at 5% significance level.
Same capital letter in horizontal rows indicates no difference at 5% significance level.
Percentage values in brackets indicate strength relative to single layer strength at 24 h.
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Table 5: Changes in the KHN of the adhesives over time

5 min 1h 6h 12 h 24 h
CUB 0.5 (0.1)°F 2.3 (0.6)P 6.4 (0.7)C 11.6 (0.8)"® 17.6 (1.8)"4
[2.8%] [13.1%] [36.4%] [65.9%] [100%]
GPB 0.4 (0.1)°° 0.6 (0.1)® 2.7 (0.2) 5.2 (0.3)® 9.6 (1.1)A
[4.2%] [6.3%] [28.1%] [54.2%] [100%]
SUB 1.7 (0.2)°F 4.3 (0.5)°P 6.5 (0.6)C 10.1 (0.5)B 18.0 (1.3)
[9.4%)] [23.9%] [36.1%] [56.1%] [100%]
CSE 18.1 (0.4)*° 19.9 (1.2)¢ 22.6 (0.6)8 25.5(0.5)* 25.6 (0.5)
[70.7%] [77.7%] [88.3%] [99.6%] [100%]

n =12, mean (SD).
Percentage values in brackets indicate KHN relative to values at 24 h.
Same lower case letter in vertical columns indicates no difference at 5% significance level.
Same capital letter in horizontal rows indicates no difference at 5% significance level.
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Fig. 1. Changes in shear bond strength (%) in the self-etch mode (CUB, Clearfil Universal Bond Quick; GPB,
G-Premio Bond; SUB, Scotchbond Universal; CSE, Clearfil SE Bond; AL, adhesive layer).
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Fig. 2. Changes in shear bond strength (%) in the etch-and-rinse mode (CUB, Clearfil Universal Bond Quick;
GPB, G-Premio Bond; SUB, Scotchbond Universal; CSE, Clearfil SE Bond; AL, adhesive layer).
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Fig. 3. Changes in KHN (%) of the cured adhesive layer (CUB, Clearfil Universal Bond Quick; GPB, G-Premio
Bond; SUB, Scotchbond Universal; CSE, Clearfil SE Bond).
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Fig. 4. Representative SEM images of the initial and treated dentin surfaces ( X 5,000).
A: Ground with #320 SiC paper (Baseline).

B: Phosphoric acid etching for 15 s (Baseline).

C: SE mode in SUB.

D: ER mode in SUB.

E: SE mode in CSE.

F: ER mode in CSE.
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Fig. 5. Representative SEM images of the resin—dentin interface of the SUB and CSE in the SE mode.
A. SUB with single-layer application in SE mode at magnifications of 1,000x and 20,000x.

B. SUB with double-layer application in SE mode at magnifications of 1,000% and 20,000x.

C. CSE with single-layer application in SE mode at magnifications of 1,000x and 20,000x.

D. CSE with double-layer application in SE mode at magnifications of 1,000x and 20,000%.
AL, adhesive layer; De, dentin; RC, resin composite. The white lines indicate the adhesive layer.
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Fig. 6. Representative SEM images of the resin—dentin interface of SUB and CSE in ER mode.

A. SUB with single-layer application in ER mode at magnifications of 1,000x and 20,000x.

B. SUB with double-layer application in ER mode at magnifications of 1,000x and 20,000x%.

C. CSE with single-layer application in ER mode at magnifications of 1,000x and 20,000x.

D. CSE with double-layer application in ER mode at magnifications of 1,000 and 20,000x.

AL, adhesive layer; HL, hybrid layer; RL, reaction layer. The white lines indicate the adhesive layer.
The yellow lines indicate the hybrid layer. The blue stars indicate the reaction layer.
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Fig. 7. Representative debonded failure sites in SUB.

A. Single-layer application in SE mode at 5 min (40% and 1,000x).

B. Double-layer application in SE mode at 5 min (40x and 1,000%).

C. Single-layer application in SE mode at 24 h (40x and 1,000x).

D. Double-layer application in SE mode at 24 h (40x and 1,000x).

E. Single-layer application in ER mode at 5 min (40% and 1,000%).

F. Double-layer application in ER mode at 5 min (40x and 1,000x).

G. Single-layer application in ER mode at 24 h (40% and 1,000x).

H. Double-layer application in ER mode at 24 h (40x and 1,000x).

Ad, adhesive; De, dentin; RT, resin tag; Vo, void. The arrows indicate cracks and cleavages.
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Fig. 8. Representative debonded failure sites in CSE.
A. Single-layer application in SE mode at 5 min (40% and 1,000x).

B. Double-layer application in SE mode at 5 min (40x and 1,000x).

C. Single-layer application in SE mode at 24 h (40x and 1,000x).

D. Double-layer application in SE mode at 24 h (40x and 1,000x).

E. Single-layer application in ER mode at 5 min (40% and 1,000%).

F. Double-layer application in ER mode at 5 min (40x and 1,000x).

G. Single-layer application in ER mode at 24 h (40 and 1,000x).

H. Double-layer application in ER mode at 24 h (40x and 1,000x).

Ad, adhesive; De, dentin; RT, resin tag. The white arrows indicate cracks and cleavages.
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