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Effect of the application time of self—etching primer
adhesives on the bonding of enamel
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ABSTRACT

Effect of the application time of self—etching primer adhesives
on the bonding of enamel

Cheol—Hee Jin, 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 normal and two times of
application time of six self-etching primers applied to enamel using microshear
bond strength (uSBS) and the finding of SEM.

Crown of sixty human molars were bisected mesiodistally and partially exposed
buccal and lingual enamel of crowns with Isomet Low Speed Saw and slabs of 1.2
mm thick were made and polished with 600 grit SiC papers.-

They were divided into one of two equal groups by norml and two times of
application time of self-etching primers applied to enamel surfaces and subdivided
into one of six equal groups (n=10) by self-etching primer adhesives.

Groups applied self-etch primers to enamel for normal time were TY group :
Tyrian SPE (20 s), AD group : AdheSE Primer (15 s), OP group : OptiBond Solo
Plus Self-Etch Primer (15 s), CL group ' Clearfil SE Primer (20 s), UN group :
Unifil Bond Self-Etch Primer (20 s), and CO group : Contax-Primer (20 s).

Groups applied self-etch primers to enamel for two times were coded by
adding -2 to each group. TY-2 group : Tyrian SPE (40 s), AD-2 group :
AdheSE Primer (30 s), OP-2 group @ OptiBond Solo Plus Self-Etch Primer (30 s),
CL-2 group : Clearfil SE Primer (40 s), UN-2 group : Unifil Bond Self-Etch Primer
(40 s), and CO-2 group @ Contax-Primer (40 s).

After enamel surfaces were treated with six primers for normal and two times of
application time, and applied with each bonding resin, same manufacture’s
composite were bonded to enamel surface using Tygon tubes. After storage in

distilled water for 24 hours, the bonded specimens were subjected to uSBS testing
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with a crosshead speed of 1 mm/min. The mean uSBS (n=20 for each group) was
statistically compared using two-way ANOVA, one-way ANOVA and Tukey HSD
test, and independent t-test.

Also crown of six human molars were used. After flatten buccal and lingual
enamel surfaces of crowns were treated with six primers as same as above groups,
same manufacture’s composite was bonded to enamel surface. After storing in
distilled water for 24h, the specimens were vertically bisected. SEM observation
was made in interface of enamel and resin.

The results of this study were as follows:

1. The uSBS for groups treated with two times of application time of self-etching
primers was higher than those for groups treated with normal application time
except for OP group and OP-2 group.

2. There was no significant difference between uSBS of TY group/ TY-2 group,
AD group/AD-2 group, and OP group/OP-2 group, respectively (p ) 0.05).

3. The uSBS for CL-2 group, UN-2 group, CO-2 group was significantly higher
than that for CL group, UN group, CO group, respectively (p < 0.05).

4. Whether self-etching primers was applied with normal or two times of applica-

tion time, interface of enamel and resin in all group showed close adaptation.

In conclusion, generally two times of primer application time increased the enamel
uSBS in self-etching primer adhesives, especially with the statistical increase of

bond strength in adhesives involving high-pH primers.
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1. 2gA=s

A HHo Agoly FEEO] g FHIdd TAH A5kt A 66715 AE A ol2
ArEsl o | ApPEAl Zetoln] A A~E (Table 1, 2)3 E5tdl7 (Table 1) 7+
7t 6%3S AT, WAAeh Egteldlel SRS A9 FEAPRE Spectrun 800

(Dentsply Caulk, Milford, DE, U.S.A.)S A28 500 mi/cn’e] 3 ZA%E o]-&a19lct.

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

Group Adhesives Composites Manufacturer
3 Tyrian SPE . Bisco, Inc., Schaumburg, IL,
T, T2 one-Step Plus  Teronew U.S.A
AD, AD-2  AdheSE Tetric Ceram Ivoclar vivadent AG, Schaan,
Lichtenstein
0P, OP-2 OptiBond Solo Premisa Kerr Co., Orange, CA, U.S.A.

Plus Self-Etch

Kuraray Medical Inc.,
Kurashiki, Okayama, Japan

GC Co., Itabashi-ku, Tokyo,
Japan

CL, CL-2 Clearfil SE Clearfil AP-X
Bond

UN, UN-2 Unifil Bond Gradia direct

CO, CO-2 Contax Ecusphere-Shine DMG C.P.F.GmbH, Elbgaustrasse,
Hamburg, German




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

Composition H of
Adhesives primer
Primer Bonding agent P

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

AdheSE DMA phophon.lg acid acrylate, HEMA DMA, silicone dioxide, 1.40
initiator, stabilizers, water initiators

OptiBond Solo . .

Plus Self-Etch GPDM, camphoroquinone, ethanol, Bis-GMA, GDM, HEMA, 1.48

water GPDM, ethanol

10-MDP, Bis-GMA, HEMA,
hydrophilic DMA, microfiller, 1.92
photoinitiator

UDMA, HEMA, TEGDMA  2.00

Hydrophilic and Bis-GMA based
. . 2.40

resin matrix, catalyst

DMA =Dimethacrylate, GPDM=Glycerol phophate dimethacrylate; 10-MDP=10-Methacryloyloxydecyl

dihydrogen phosphate; HEMA=Hydroxyethylmethacrylate: 4-MET4-Methacryloxyethyl trimellitic

acid: BPDM: bisphenyl dimethacrylate: BissGMA=Bisphenol-glycidyl methacrylate: GDM=Glycerol

dimethacrylate: UDMA=Urethane dimethacrylate: TEGDMA="Triethylene glycol dimethacrylate

Clearfil SE Bond 10-MDP, HEMA, water,
hydrophilic DMA, photoinitiator

4-MET, HEMA, ethanol, water,

Unifil Bond S
Initiator

Contax Maleic acid, sodium fluoride, water

2. A3y

. wAdE ARFE AL A AUAZ
(1) WA AAA

04§ tololEs ME Aol 60/ skt WEAe) A2e AAY T, Awe 2
-4 WRreR 54 duste] olFRadn. A

acrylate &4 (ALTECO Korea Inc., Pyungtaek-City, Korea)E A}8-3}

£
=
>
A
!
=2

H&sg . = sloll A Isomet Low Speed Saw (Buehler Ltd., Lake Bluff, IL, U.S.
ADE ol &3sto] Ao Huy Ao W AdRE HGsHA Al &, oAl HE

A& xgste] 1.2 mme] FAe ol == digital caliper (Mitutoyo Corp,
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silicone carbide (SiC) paper& ©l-&sto] HZ4 FTHS Avleidit.
120709 AlHs FARR AdEste] 659 ZofolnE AlFAlA FHE A{ARME e
T (AAQ Zefoln] ABAITH I AlZALl A g A A 7hET 202 FIPAA Zefolr
(2uje] etoln] ATl 22t 60704 & i siolth. iR E Al 3 E

o) FHol weh oAl 10708 wiAgske] B 12709 o2 BFaIgi (Table 1, 3). 2F =

ol & A&st7] Aol MFE WL air-water A/RA R 7)5ro] AlF kil 7115131

2

(7D AlzAR A =35 Zefolm o] HgA gl mhe I 2

DY

AlzAbe] A Afell whet Tyrian SPE part A<} part B 815 870l 10-a4 wllsta &5
st MR muls Ha 53t Axek ¥, EgHEAS 29 (foan pellet)ol AM W
, FHEgh e AR TP Fskoln

al
22 £50] 4700 §912 ujg T, Tyrian P 4 &

F
1

2 e EAEHA 20§k 23] 285t
(Table 3). One-Step Plus ®S 3-5
H HaEbd ¥oll One-Step Plus H&AAS 10-15%7F 7PHAl EA2WA F835] 183130,
air- syringe® 7P| Axstar W o] Feo] = 7S Felet - Spectrum 800
FAPNE 1027t FZ2AV8H00

2) AD T

AdheSE®] Primer& &7]0l 1% Euistal & M W2 swwlol 15%3F 483
LT HrtH o7 15%7F FXE2WA Primers A83%F S air-syringe® #sHAl dAx
&F31Th (Table 3). AdheSE BondE &7]0l 12 #uliste] £ol 241 §, AdheSE Primer
7 A8 WFE Bl AdheSE BondE 283kt Air-syringe® BondE 7HHAl &
o] QFAl H A== 3}al Spectrum 800 FZRAV|E 10%27F F2A}6HS

3) OP

OptiBond Solo Plus Self-Etch PrimerE £7]o 1818 Eujsliz <o PrimerE A A
Mg qol 15x37F FAXZWA HE9t 3 air-syringe® 3%7F 7FEA A x363

(Table 3). OptiBond Solo Plus W& 7FHAl EE5oA &7]d 198 &Eulsto] &ol 4
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Al B Primer7) A-83FH WHHZE ZWHo| OptiBond Solo PlusE 7FHAl EX2WHA 15%

b AE3A Y. Air-syringe® 3%%F 7FHA A Sl Spectrum 800 FRAP|Z 10%3F

e €9l Clearfil SE PrimerE A4 W2 Fwol A83)3 207 7|tk oS-, air
ARAE Primerg 7AZ28I9ITh A28 o] Clearfil SE BondE #A] Primer’} 2-8-¢
FHo] A3t} (Table 3). Air-syringe® BondZ 7P A Eo] HEd To] 879
YA E=Z d}al Spectrum 800 FFA|E 10%27F 3FALSA T
5) N

Unifil Bond Self-Etching Primer& £7]o] 138 Eujsla
A mdel AHgskar 207t 7|H o, air-syringe® 7PHAl 71Z3klth. UniFil
Bond Bonding Agent& &7]o] 18 &wsto] &o] XA Primer’} A&d W
o ZA AL3HT) (Table 3). Air-syringe® BondE 7PH A Eo] ¢k HAEE 3l1
Spectrum 800 FFAV7|= 10x27F FZ2AVSHE T
6) CO T

ol
i

OH

8 o 44 P

=

Ol

i)
]
=)

Contax-PrimerE &7 14

m-lo
S
=
ol
k1
b
=2
X
R
L
o
i
=5
g
=
Do
(e]
P\
L
)
oo
ol
32

o, HEgE X FHEo] 9= JME @9lgk ¥ Contax-BondE &7]o 1W& E4ls)
of & AM Primer7t A&H WHFE FEHol 20x3F AE&S3UTh (Table 3).
Air-syringe® BondE 7P A Eo] SkA HAE=F 3}l Spectrum 800 FFAM7|E 20337+
FxAFAT

(Lh) 2ufe] Zefo]m o] AGA Tk wWE o W

Table 30lA1¢} o] TY-2 w, AD-2 +*, OP-2 #, CL-2 «, UN-2 « % (0-2 & #A|*
Abell A F gk AlzhE Y 22 Foksto] W d Fdol| ZejolwlE A&k & air-
syringe® ZZshet. gk Zb ol A HAAle] A8y FAls AR T

CO @7HA 9] Wk FASHA AWk,



Table 3. Application time of primer in each group

Group Application time of primer
1.Application of two coats of Tyrian SPE with slight agitation (20 s)
TY .
2.Blot dry with foam sponge
1.Application of AdheSE Primer (15 s) and additional application of
AD Primer with agitation (15 s)

2.Dry with strong stream of air
0P 1.Application of OptiBond Solo Plus Self-Etch Primer with agitation (15 s)
2.Lightly air dry (3 s)
1.Application of Clearfil SE Primer (20 s)
CL .
2. Air dry
1.Application of Unifil Bond Self-Etch Primer (20 s)
UN .
2. Air dry
1.Application of Contax-Primer (20 s)
CO .
2. Air dry
1.Application of four coats of Tyrian SPE with slight agitation (40 s)
TY-2 .
2.Blot dry with foam sponge
1.Application of AdheSE Primer (30 s) and additional application of

AD-2 Primer with agitation (30 s)

2.Dry with strong stream of air
0P-2 1.Application of OptiBond Solo Plus Self-Etch Primer with agitation (30 s)
2.Lightly air dry(3 s)
1.Application of Clearfil SE Primer (40 s)
CL-2 .
2. Air dry
1.Application of Unifil Bond Self-Etch Primer(40 s)
UN-2 .
2. Air dry
1.Application of Contax-Primer (40 s)
CO-2 .
2. Air dry

-2 mean two times of application time than normal primer application time

ZF o] HAAAr Aewn A FTwdol WA 0.5 mm, o] 1 mme] Tygon tube
(Saint-Gobain Performance Plastic Co., Beaverton, MI, U.S.A.)Z XA v}, TY +3
TY-2 & Micronews, AD o3 AD-2 & Tetric Ceram=-, OP 3 OP-2 & PremisaZ,
CL ¥3 (L2 +& Clearfil APXE, IN ¥3 IN-2 2 Gradia DirectE, (0 ¥3 (02 ¥
Ecusphere Shine H3tel|%l (Table 1)& 77} Sdskal 20%3F FxA18QIth, olgjgh wWhajo=
ZF igd gWle] 2-3709 BedE ek 7 21 T 20709 HeuxlE A A

4

ol

oAl e At EE
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7] A4 F5Ra0l 24475 W s



AW TS =As7] A g o] F2E Tygon tubeZ #15 blade® A 73} Th.

Al Ao A|HL cyanoacrylate HZA|E HZA71 ZF | Universal testing machine
(EZ test, Shimadzu Co., Kyoto, Japan)®] jigol Al@HFAXE At Ao E9Hd
A & o mAR Aol 0.3 mm FAY AL HAF (Tomy International Inc., Tokyo,
Japan)E s AUt (Figure 1). W74 fWolA Hiexlo] #ejd 7H4 9

1.0 mm9] cross—head speed®@ H&tslE2S 71slo] mA AT A E =359},

Figure 1. Microshear bond test of

specimen

(4) SAEA

A7HEA] Zepoln] ALl F Bl Zefo|w o] AGAIRE (AFAbl A 3R A8AIE
I 2nfo] HGAzhol we WA S vade A= ke
FAEA TR SPSS (ver. 10.1)9A] two-way ANOVAE o]-&3alo] Hlul #A18}3) 0.

™, AR one-way ANOVA9F Tukey©] HSD Wi¥} 5% (-4 & o838k p=0.05 2]

TTHETo



FAAARE A B2L AT NAAZ

1},

Isomet Low Speed

TR

g olgste] Avalict.

ML 600 grit SiC paper

hyA
ar

FA AFA

495

i

Saw®

ejol

(Table 3),

g 5
21 2 mH 23]

&

3|
4l

=
=

il

I FHow Adal

Ardol s

Az AW

[somet Low Speed SawE o] &

o 35% <14+ (Bisco,

=
=

%l-

W 8

ol A

Inc., Schaumburg, IL, U.S.A)& 30x% %<

A

i

7 A

5

Fol AF Ral Agsa AlZ, Az

A4

FollA 13 &<k M58 700A FAZ

o] 12 KV A9 5

stubell -zt

o
=

AW FE-SEM (S-4800: Hitachi High

Fol aimf& (X 4,500) &

& o83

Technologies Co., Tokyo, Japan)



1. vAdg A4 =

7 ol e ek mAlde AgAdEe] Pt et %
Ak, AzALNA F3dk Zefoln] AGA[ghe] wmE 7} o] mAldY AFAEE TY
ol 4 20.38 £ 5.69 MPa, AD wollAl 25.04 £ 5.22 MPa, OP oA 25.91 + 3.36
MPa, CL ol 4] 27.37 = 6.13 MPa, UN 4] 27.06 + 6.08 MPa, C0 ol 4] 21.64 =+
6.79 MPaEs YERdo] (L o] 7} 2 AA=s dedlen, TY o] 7P we
AR EE YEMIY (Table 4).

T Bl BATH oz G el on (p<0.05), AD 79 AgALE U2 BRE
FATA O R folgk zolE YERNA] 2&okTt (Table 4).
2] etolw] AZAIZbe] whE Zb o] mAAYE AgAEE TY-2 Tl 23.77 &
5.31 MPa, AD-2 o4 27.71 + 5.46 MPa, OP-2 o4 25.17 + 7.58 MPa, CL-2
oA 36.23 £ 4.94 MPa, UN-2 ol 4] 35.72 £ 4.67 MPa, CO-2 oA 29.39 + 6.01
MPaE utEfo] CL-2 o] 7M w2 AFAEE vebllal, TY-2 +o] 7b w2 As)
FEE YERHAT (Table 4).
20 o] Zefolw] AGAIZF] wmE 7 o] wAAT ARAEE Tukeyo] HSDE ARS-
AR Axp, (L2 o3 IN-2 79 A9 es TY-2 o3 AD-2 o, O0P-2 &+ 2 (C0-2
# =7 YERa (p < 0.05), TY-2 79 AFHE=
2, C0-2 w9 AdAE wuh SAStH o uA UEgen (p <
05), 02 w9 AFALEE V-2 w9 Ag4de Hop #4 e (L-2 3 UN-2

¢

X
S Zeto]lmE ARG Tl A Al ZAbel A Fdgh A& AIZFR 2uf o] Eejoln] A
WA oig vAddg 293 e 0P o P25 Alele &
== oA Hup Zejolm o] A EA

t
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M
=
>
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F
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fru
ol\
N
)
>
ny
M
o
o)
td
—n
H

Al YEFHTE (Table 4). sdg Zgo|w & Alg3t
2

A Agdes 59 44 23, Y 4 V-2 +, AD ++3 AD-2 *, OP
I OP-2 o AAE o= FATTA R fogh AfolE dERA ko), (L
T, IN o 2 0 & Z2F (L-2 o, IN-2 & 2 (0-2 ¥Rt EAgHo s o Agt
s YERY (p < 0.05, Table 4).

Table 4. Microshear bond strength (MPa) to enamel surface by normal and two times
of application time of primer

Crou Microshear Bond Grou Microshear Bond No. of
P strength P strength specimen
TY 20.38 £ 5.69 " TY-2 23.77 £+ 5.31° 20
AD 25.04 £ 5.22 "¢ AD-2 27.71 £ 5.46 "¢ 20
OP 25.91 + 3.36 "¢ OP-2 25.17 + 7.58 "0 20
CL 27.37 + 6.13 ° CL-2 36.23 £ 4.94° 20
N 27.06 £ 6.08° UN-2 35.72 + 4.67 " 20
00) 21.64 £ 6.79 M CO-2 29.39 + 6.01° 20

TY=Tyrian SPE/One-Step Plus, AD=AdheSE, OP=OptiBond Solo Plus Self-Etch, CL=Clearfil SE
Bond, UN=Unifil Bond, C(0O=Contax. Different letters indicate statistically
significant difference between groups at p=0.05 (by Tukey HSD and t-test).

2. FAAARAY A &4
AzAre] F3dol wpel gl ZefolmE A8ek v Zefoln] HEGATES 2R STt
AA BEzlE HHAAT T BFolA]
HolFEdeh, BE 25 TY 3 TY-2 =& 2 0
AAAE YE A A AHAASE Figure 29} Figure 39 YERNSIT.
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HEAIbe 202 S7RAR A Al g At el datdn A S Esko] A
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Figure 2. SEM micrographs of interface of enamel(E) and composite resin (R) treated with
Tyrian SPE for normal application time (20 s) and two times of application time (40 s).
Close adaptation was seen between enamel and resin in both groups, TY group (A) and TY-2 group
(B)(X 4,500).

A4 3.0k 174mm x4.50k SE(L).& :

Figure 3. SEM micrographs of interface of enamel(E) and composite resin (R) treated with
Contax for normal application time (20 s) and two times of application time (40 s).

Close adaptation was seen between enamel and resin in both groups, 00 group (A) and CO-2 group
(B)(X 4,500).
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