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ABSTRACT

Morphological findings of dentin interface applied

self—etching primer adhesives

Jong—Uk Kim, D.D.S., M.S.D.
Advisor : Young—Gon Cho, D.D.S., M.S.D., Ph.D.
Department of Dentistry, Graduate School,

Chosun University

The purpose of this study was to compare the morphological
patterns and thickness of hybrid layer in superficial or deep dentin
applied 4 self-etching primer adhesive systems using scanning
electron microscope (SEM) and optical microscope.

32 human molars were used, divided into two groups of 16 and
prepared for evaluation by SEM or optical microscope. Occlusal
superficial or deep dentins of 16 were exposed. The specimens in
each group were further divided into 8 subgroups of 2 specimens
each to evaluate the 4 adhesive systems in superficial or deep
interfacial dentin. The adhesive systems tested were Clearfil SE
Bond, AdheSE, Unifil Bond, Tyrian SPE /Ond-Step Plus.

Shape, length, diameter and lateral branches of resin tags in
each group were observed under SEM. The thickness of hybrid
layer in each group was evaluated under optical microscope.

The results demonstrated morphological differences at the

interface, depending on superficial or deep dentin and adhesive



systems. Shape of resin tags in superficial and deep dentin applied
same adhesives was not different. Generally length and lateral
branches of resin tags in superficial dentin were longer than in
deep dentin, but the diameters of resin tags were thinner. The
thickness of hybrid layer in superficial dentin was thicker than in

deep dentin.
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A ApA $4@ A%E dghn AR, A2 AR BN e
QFEA L dea A7lEd 29S 9D g oldd BES Ad A A AH

(self-etching adhesive)7} o] €51 St} o3 HAA = 294 = 194 <
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1. 48As

Aol $AZolg £BE gl H2d TAW 4 et g7 3242 A

gAotz AERAT. WPARE 4R 20A AR mefoln] P HA 28

fr

(Clearfil SE Bond, AdheSE, Unifil Bond, Tyrian SPE/One-Step Plus)¥
Az A29] B3 A (Clearfil AP-X, Tetric Ceram, Gradia direct P, Aelite
LS Posterior) & AM&3tdth (Table 1, 2). A&AIS 5Fee $35 93 =
A712E Spectrum 800 (Dentsply Caulk, Milford, DE, U.S.A.)& AM&3I¥

500 mW/cm®] % Z=E ol g3tsiet.

Table 1. Group classification by self-etching primer adhesive systems

and composites

Group Adhesives Composites Manufacturers
S-CL, Clearfil SE . Kuraray Medical Inc.,

Cl fil AP-X
D-CL Bond cartt Kurashiki, Okayama, Japan
S-AD, . Ivoclar vivadent AG, Schaan,
D-AD AdheSE Tetric Ceram Lichtenstein
STUN. Ulifil Bond  Gradia direct p CC CO Itabashizku. Tokyo,
D-UN Japan
S-TY, Tyrian SPE Aelite LS Bisco, Inc., Schaumburg, IL,
D-TY /One-Step Plus Posterior U.S.A

S: Superficial, D: Deep



Table 2. Composition and pH of self-etching primer adhesives

. Composition pH of
Adhesives - ;
Primer Bonding agent primer
Clearfil SE 10-MDP, HEMA, water, 10-MDP, Bis-GMA, HEMA,
Bond hydrophilic DMA, hydrophilic DMA, microfiller, 1.92
photoinitiator photoinitiator

DMA, phophonic acid acrylate, HEMA, DMA, silicone dioxide,
AdheSE o . o 1.40
initiator, stabilizers, water initiators

4-MET, HEMA, ethanol, water,
Unifil Bond UDMA, HEMA, TEGDMA 2.00
Initiator

2-Acrylamino-2-methyl
Tyrian SPE propanesulfonic acid, BPDM, HEMA, acetone,

0.40
/One-Step Plus Bis(2-methacryloyloxy)ethyl glass frit, photoinitiator

phophate, ethanol
10-MDP: 10-Methacryloyloxydecyl dihydrogen phosphate, HEMA: Hydroxyethyl-methacrylate,
DMA:Dimethacrylate, Bis-GMA:Bisphenol-glycidyl methacrylate, 4-MET:4-Methacryloxyethyl
trimellitic acid, UDMA:Urethane dimethacrylate, TEGDMA:Triethylene glycol dimethacrylate,
BPDM: bisphenyl dimethacrylate

2. Ad9y

(1) AH8S A5 e ¢+ 57
skt giFA 32709 XS AAdnE L C.B.C. ¥ (Complete Blood
Count bottle, Sewon Yanghang, Busan, Korea)dl 322 mj&Este] X HAE

W= ES ST B33 4% Jobd s Pas 4us] sl 4 Ao

)
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Foll ] Isomet Low Speed Saw
(Buehler Ltd., Lake Bluff, IL, U.S.A.)Z o] &3t zZtz} 1670% %= Ao}
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1) S-CL + ¥ D-CL

Clearfil SE Primers 3w5% <ol AN Jobd xHd A&t 2023 7|t o
W, air AFAIE Primers stk A2 &l Clearfil SE BondE AAM
Primer7} &89 Aobd IEWo| AL}t Air-syringe® Clearfil SE BondE 7}
A Eol old Erle] 23] JAES & g, Spectrum 800 FEAIR 1023 3
ZAFaEA T

HAAZE 88 dold ®¥e Clearfil AP-XE 2 mm FAZ 23 & Fx2Ap]

2) S-AD & % D-AD +#
AdheSE®] Primers &7]d 1%L Eulsta & AA Aold FH 15x7F

Agsly, FrlA o2 157 EAEZWA PrimerE A £33 T air-syringe® %



stAl dx3s . AdheSE BondEe £7]e 1%& Hujste] £ A4 £
AdheSE Primer7} &% Zold HWo] AdheSE BondE & &3ttt
Air-syringe® AdheSE BondE 7FHA B9 A HAEE 3dlal Spectrum
800 FEAZ 1023 F2AI8I T

HEA 7 A9 AJold FWol Tetric Ceram= 2 mm FAR X3 & FRAPV|Z

2023 B2

3) S-UN +# ¥ D-UN +

Unifil Bond Self-Etching Primerg &7]°] 1W& FWistz 359 &d 4
M Zdobd mWel H&sta 20%3 7Iv™ v, air-syringe® 7PHAl A %331
t}. UniFil Bond Bonding AgentZ &7]d 1L Euldled £ AA Primer
7 Ag" Aolzrl FwWd =4 HL3II}YY. Air-syringe® UniFil Bond
Bonding AgentE 737 Eo] ¢ HAA ==
Z23F FRAEA T

AaAA7E Agd Aold FWHA Gradia direct P& 2 mm FAE X3 F

3F1. Spectrum 800 FZAIZ 10

PB2A 2 20% 7 BEASG T

4) S-TY + % D-TY

Az re]l Ao wel Tyrian SPE part A9 part B £9& &7]q 1%4&
A st EFe Tt Adotd ZWE HA bR Axd ¢, £ &d5 ~
AAl (foam pellet)dl AAM Zopd Fro] FAZWA 20% &<+ 23] A&,
et A AAXZ 7MEA F55A Y. One-Step Plus WS 3-5x3 &5
o] &7]d fHME Eud F Tyrian SPEZ} A &H Aopad EFwWo One-Step
Plus &A1& 10-15x%F 7FEA A 2HA FE39] A&319 . air- syringe
2 7MEA Adxsta Adold dHd #Fgo] e 7S #9l3 F Spectrum 800

FRAZIZ 1023 FRAEA Y. H&2A 7 489 Aol W Aelite LSE 2



Zh o] Aop= AR FRT 24A e gk & C.B.C ¥ A
= XARE AAs g, Acrylate H 24 (ALTECO Korea Inc., Pyungtaek-
City, Korea)st X ESS o] &3l AlHE HAsta, diamond wheel saw®
o &ste] AN &, A4 WFor Addte] Aotdd EF# o] E3IH 2 mm
FA AHe 5704 A&t

Zb AlHel EHL 600 grit SiC paper® Awksta 253 Al # 7] (JAC-Ultrasonic
1505, Kodo Technical Research Co., LTD, Whasung, Korea)olA A& 3} t}.
6N HCLelA 2zt AlHE 583 g3stn 583 B2 AHS g3, 2.5% Aoty
24t YEEE QoA 15E3F o g3t

ZF Al stubel FASte] 12 KV A% stellA 1# Bt W52 7T00A 77

=

2 ZF39 Y. FE-SEM (S-4800: Hitachi High Technologies Co., Tokyo,
Japan) < ©|&3te] 7z 9 Aold Eg A AW e #X e neF, A

7, Aol FA T& 1WlE& (x 4,000, x 6,000)= #HZ3H.

3) FFAM AR AT ARAZ
7 29 204 F 16709 AokE Auste] 4]

Z+ F9 ANHE 4CAAN 4% paraformaldehyde&do] 1497 w3k Th.
Phosphate buffer saline (pH7.4) &doA 143t FA3 F 5%
trichloracetic acid &HolA 49 F<t 23t F4 F &5E 9t &=
= 2 SAEE 24134 Al e, tolueneolA 30%3 T3 RS A

T Bt AFAA Ev STt
o] A

P

6 me FAZ FAHoRZ HWEI F ethoxysilane (Sigma,
H &gtol=d &8 &gol=E Al 2T
g2\l ¢ AF S AR ZT 1% toluidine blue @A &AH
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R
o

oﬂ

A

~—

o7 =
S

G
o)

£
™
)

n
o



3

iui

27 A48AT. #4 F 90% alcohol® 527 2N T 2

174 (Carl Zeiss Microimaging GmbH, Zeiss, Germany)< ©]

AN HEAA G Fobd AW £8F TS BASAG



wF, ol X7, A R FIFAMAAAN wIE 2 T EHT FAE

Table 3¢l YEH AT

Table 3. Shape, length, diameter, lateral branch of resin tag and

thickness of hybrid layer in each group

Resin tags (um) Hybr(igm)layer
rou Shape Length M lateral Thickness
Base End branch

S-CL funnel 6.0-11.7 2.0 0.7 0.2-0.3 1.2-1.5
D-CL funnel 5.0-10.7 1.7 0.7 not found 0.6-14
S-AD long funnel 23.5-123 20 09 0.6-0.8 1.0-3.0
D-AD  short funnel 3.9-7.9 2.3 1.1 not found 1.0-2.0
S-UN long funnel 12.7-44 2.3 0.8 2.3-4.5 0.6-1.3
D-UN long funnel 0.7-15.7 3.5 1.4 2.1-3.2 1.0
S-TY rod 6.9-10.7 0.7 06 3.0-4.5 1.6-2.0
D-TY rod 3.9-11.7 1.4 1.3 0.7-2.1 1.0-1.3

1) S-CL &+ ¥ D-CL &

S-CL & ¥ D-CL A dAeae 2% Zur] 2goez #FFHAT. 4d
Bl29] ol S-CL #llA 6.0-11.7 m, D-CL FlA 5.0-10.7 m H=
Uels s, #3839 442 S-CL ¥ 7IAFANE 2.0 m EFEAME 0.7
mE, D-CL o9 7/AFAAME 1.7 m EFEAAME 0.7 mE YeElo S-CL
T % D-CL & EFolA #gxd e dolet AL vs=siA #&EUtt. S-CL
T YFH AN SWer Yrte 0.2-0.3 me #HL A7 25 BFEHUA

9t D-CL oA A& &2 Ut (Figures 1, 2).



Z3lZo FAE S-CL #ollA 1.2-1.5 um, D-CL A 0.6-1.4 m=z #Hzx
of AZ doldoA Bt B35 AoldolA FAA #ZAHAT (Figures 9, 10).

2) S-AD ¥ ¥ D-AD ¥

78 2E S-AD w4 2 2] mger #AHJ 1, D-AD TodAE &
S Zg7] Rgoz #AHJY. dFH 29 Zeole S-AD wollA 23.5-123 ym
2 Yehfio] 3.9-7.9 mE YER D-AD TR 24 Z2A yebyt. g e 2
27L& S-AD w9 7|AFNME 2.0 mm EFEAAE 0.9 mE, D-AD ¢ 7]
AR E 2.3 m BEEAAE 1.1 mES Yegdo] A= AolAdr HT} E=
ol © giA #EHJT. S-AD T2 dAH AN SWoer Yite
0.6-0.8 me &< SA7F &2 YetgAIRE, D-AD oA FA
kot (Figures 3, 4).

z3Fe F7%E S-AD FolAM 1.0-3.0 m (Figure 11), D-AD oA
1.0-2.0 ;m=z #F&A=AJ Y (Figure 12).

rr
8]
by
w
N
82

3) S-UN #+ ¥ D-UN +#

#2812 S-UN ¥ D-UN & EFdA 2 Zd7] 2oz #FHA
e o] Aole S-UN wellA 12.7-44 mE e 6.7-15.7 mE YERA
D-UN wxt} 4 247 vewoh. g 1o 274 S-UN &9 7| A A =
2.3 m BFEANAE 0.8 mE, D-UN w9 7|AFAME 3.5 m EFENA=
1.4 mE YUY, S-UN 2 dxg oA SHoez Yrles 2.3-4.5 m
=217} g4 #25 A3 (Figure 5), D-UN #odAE 2.1-3.2 me] A7} o4
A2 AT (Figure 6).

z3tFo F7AE S-UN ZolAM 0.6-1.3 m (Figure 13), D-UN 24 1.0
m=z FZAEA TG (Figure 14).

o)

4) S-TY «+ ¥ D-TY

M



e 1E S-TY w3 D-TY & ZFNA Hofr] mefez fdH . # 1
a9 Aole S-TY #olA 6.9-10.7 mE, D-TY #dME 3.9-11.7 mE e
Wdoh @382 A S-TY 2 ZIAFAME 0.7 m EFEANHE 0.6
m=, D-TY ¢ 7|AFANNE 1.4 m EHREAME 1.3 mE YeERHAT.
S-TY #& dde oy ez Urte 3.0-4.5 me ¢ D-TY #odAE
0.7-2.1 me A7} &2 #FAHAY (Figures 7, 8).

E3t=o FAE S-TY ddA 1.6-2.0 m (Figure 15), D-TY *ollA

1.0-1.3 mz #FZHATD (Figure 16).
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[

B ATolA dxlE e dole &5 dotdddA S-AD ol 23.5-123 m, A
ot oM D-UN o] 6.7-15.7 m= vh& ol vla] ZA #Z= o 2z
of AotAdlB® o] FFHJES ¢ F dJvt (Figures 3, 6). E3 #H 1

H

dole 74 7 WRolA EF Fobd

4
lo

i

>
>
ofo
ok
M
2
>
o,
H
o
)
o
o,

FEHAA Ve
}  (Figures 3-6). 3% C(Clearfil SE BondE AF&3 #3 Tyrian
SPE/One-Step Plus& A&t oA TS5 AS FoldddA zZ+2t v 4
ol #AY 27t #ZEJY (Table 3)(Figures 1,2,7,8).

z Ve FAAAAn AR APl AF Aok H&F Clearfil SE

53] AdheSE¢ Unifil Bond&

Bond¢t UniFil Bond¥ #z" 29 Zeole 77t 5-13 met 3-12 m= YEFS
Ta BEmste] & AFe] D-CL welA #Zle e Zeol7k 5.0-10.7 m, D-UN
oA GARE e ZHolst 6.7- 15.7 m=z yeEld Azkel FAEA vElyt
(Table 3)(Figures 2, 6).

Q mejolme ¥AAG AAAe] ATE Ay o] §H o& LHH Ao}

St Ao &3lzlol= Zetolwo] EZFE Abe] TR wEe o dFE WA
b, AR Zatolw = A #REEA Y del (pKa)A e vl 98 pH
1 olat= A3 A4 =Zalolm, pH 1.5 7 ¥4 Zgtolw, pH 2

EoAFeA HE a1y e %
T3 AF AobdelA S-TY o D-TY w2 =7l Rgez FAHIn
(Figures 7, 8), t2 ¥ E5F& ZuU7] 24E YeUAT. & AFodA xlE
e BekS Hrbste] & W S-TY w3 D-TY o Hld] & BRE Fo] #F
Aotd S o ®eol 23A17] AL & F AU Greoiredt Millas'”E FALA A
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S-CL 1.0kV 15.7mm x6.00k SE(M) & D-CL 3.0kV 20.8mm x6.00k SE(M)

Figure 1. Micromorphology of resin tags Figure 2. Micromorphology of resin tags
in superficial dentin of Clearfil SE in deep dentin of Clearfil SE Bond

Bond (S-CL group, X 6,000). (D-CL group, X 6,000).

St

S-Ad 3.0kV 20.8mm x4.00k SE(M)

D-Ad 3.0kV 19.5mm x6.00k SE(M)

Figure 3. Micromorphology of resin tags Figure 4. Micromorphology of resin tags
in superficial dentin of AdheSE in deep dentin of AdheSE (D-AD group,

(S-AD group, X 4,000). X 6,000).

o W S

>
nu,.:‘;::,r‘uuwﬁ’uu

S-Un 3.0kV 20.3mm, x6.00k SE(M) 5.00um

Figure 5. Micromorphology of resin tags Figure 6. Micromorphology of resin tags
in superficial dentin of UniFil Bond in deep dentin of UniFil Bond (D-UN
(S-UN group, > 6,000). group, X 6,000).




Figure 7. Micromorphology of resin tags in
of Tyrian SPE/
One-Step Plus (S-TY group, x 6,000).

superficial dentin

b
UM

lay

in superficial dentin of Clearfil SE
Bond (S-CL group, x 400).

Figure 11. 1.0-3.0 gm of hybrid laiyefr
(h)in superficial dentin of AdheSE
(S-AD group, x 400).

erth

D=Ty 3.0kV. 20.7mm x6.00k SE(M, HA)

Figure 8. Micromorphology of resin tags
in deep dentin of Tyrian SPE/One-Step
Plus (D-TY group, x 6,000).
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Figure 10. 0.6-1.4 um of hybrid layer
(h) in deep dentin of Clearfil SE Bond
(D-CL group, x 400).

e ‘L5 : patey [F4) da ¥/
Figure 12. 1.0-2.0 m of hybrid layer
(h) in deep dentin of AdheSE (D-AD
group, x 400).




Figure 13. 0.6-1.3 um of hybrid layer Figﬁre 14. 1.0 m of hybrid layer(h)
(h)in superficial dentin of UniFil in deep dentin of UniFil Bond (D-UN
Bond (S-UN group, x 400). group, x 400).

| |\ \\’
Figure 15. 1.6-2.0 um of hybrid layer Flgure 16. 1.0 1.3 £m of hybrld layer
(h)in superficial dentin of Tyrian SPE (h) in deep dentin of Tyrian SPE/One-
/One-Step Plus (S-TY group, x 400). Step Plus (D-TY group, x 400).
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