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Microshear bond strength of adhesives according to

enamel cutting direction
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ABSTRACT

Microshear bond strength of adhesives according to

enamel cutting direction

Jong-Jin Kim, D.D.S.

Advisor : Young-Gon Cho, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School, Chosun University

This study compared the microshear bond strength (ISBS) to
end and side of enamel rod of four adhesives including two total
etch adhesives and two self-etch adhesives.

Crown segments of extracted human molars were cut
mesiodistally and 1 mm thickness of specimen was made. The
outer buccal and lingual surface were used as specimens cutting
the end of enamel prism, and inner slabs used as specimens
cutting the side of enamel prism. Each surface was ground with
600 grit silicone carbide paper.

They were assigned to four groups by used adhesives: Group 1
(All-Bond 2), Group 2 (Single Bond), Group 3 (Tyrian
SPE/One-Step Plus), Group 4 (Adper Prompt L-Pop). Each
adhesive was applied to enamel surface as per manufacturer’s
instruction, and three composite cylinders were adhered to enamel
of each specimen using Tygon tube. After storage in distilled water
for 24 hours, the bonded specimens were subjected to USBS testing

with a crosshead speed of 1 mm/minute. The mean USBS (n=20

- il -



for each group) was statistically compared using one-way ANOVA,
Tukey and t test.
The results of this study were as follows:

1. The uUSBS of Group 2 (16.50 + 2.31 MPa) and Group 4 (15.83
t+ 2.33 MPa) to the end of enamel prism was significantly
higher than that of Group 1 (11.93 + 2.25 MPa) and Group 3
(11.97 £ 2.05 MPa) (p € 0.05).

2. The BSBS of Group 2 (13.43 + 2.93 MPa) to the side of
enamel prism was significantly higher than that of Group 1
(8.64 £ 1.53 MPa), Group 3 (9.69 =+ 1.80 MPa), and Group 4
(10.56 = 1.75 MPa) (p < 0.05).

3. The mean USBS to the end of enamel rod was significantly
higher than that to the side of enamel rod in all group (p ¢
0.05).

_iV_



I. A &

T

Ao B et Qe FHA2DLS 94H A0 o 2
22 Ag, zol B P AL st AP 39 WA 2D
AR Az ¥ Tajolvs AAA EFY 2L $4L FaAAY 4
4 Aee zaode A ABD F AT Agste 294 I
9 @ 3oge aud Adce v 9 AANagos A BRE 4
ATV, Eg ol MWL 434 Aelsts Yol vl A4E o4 total
otch AAA 2R 44 GFAS ol §F A7t 49y FAAN2Goz BF
%E}IB).'

WPAL Bysn Add P4 =T2L AANS] ske total etch
A 2de R 30-40%9) AL AHgsn YT, ol FEe <
Ao WFLFE AYAR BHNA WFA E30| 5-50 m Lole) vlAR
zze F45n”, o 489 Re PR A2 FRA I Py
SAZIARY FAE BV, WE At 44 ARAze A Hel

£ datol A4 KEAS e 44 BFAe) I3 AuBT FE Aol2
HgAe 2IAA AFAE BDS AT, SA0 AW dFAe) A
=

I~

AARA Fe WAL total etch AN LA g AWAoz 7
bRy FAA2ERG e 2RSS YBITHY, 28 Aol total
etch A zuo] A7} 454 PAAsduc WFAA A S48 2
o AYREs AA2YE A3edn Rosdn e A 4%y
FA 2Hle] B AYRES AMASI] Aste] WPl Zetolm S A &)

A, A4re AALAAU ZaolmE 5 (active) 22 A g™ 49



AHA ATt o] FojHTt.

a8y Kanemura 522 AtA® WA Mg A7} A2 A FA) 26 7
total etch HFAI2H AR AFAE o] SATAHA o]zt it
B39 3, Hannig S¥3 Toledano 2= W= g o] T HFA
€] Ak AFAEZA o7t gl&S Bandta Ayt AR Zolee
A fAl AeE £ lotm stk E=E Perdigao $'9€ A AR =
gholn] wHg L3 A9-9} Avt AR ZeolwE A §317] Mo A4 &
L RAAE AL 2SS, HFH g dFF=EE 18.1 MPa-25.9 MPa
HAE Jdehfo] Ayt AR Zlolne FAAE AMESHA gt HZAE
253 AFREE AT st HFE U3 uAdd AR R
#% Shimada 5'°%¢ dAFolx @¥¥ A (Single Bond)$ A7}
AR AZA (Clearfil SE Bond)9 vlAdY AR =e BF 42 MPa
A=g Jehlo] F HIAA o] BAFHA ztol7h glkn Baatgith. o3
3} o} total etchs} A7} AAF-2A HFAA2gle] HFHo UF ARA=E
AZ AN dFAF4E el o

HFaFe Wik FAAN29H JF2e] ARAZ & 4% vAe A
o2 ¢eA 3t Munechika $'9& HFaFo] Wi wel 40% A2
2 6027 B HA A, HFaFd Aoz FDd Lol HsA A
gd TRt BAHCE £& AdD AFA=E JEHUR Hudien,
Cavalho $?% Single Bond FZAE ol 4% vlAUA 22 E HAAA
ols} £Ud AFE etk AT EF lkeda TV UFA W¥AA
Waase W HygsA EFHlel HAHR HFA uAR F
(micro crack)oly 3 k3] dojgd F USS AAT uk Uk

uely 2 Ao FFAET Wl BE total etchst A7 AFA F
A Aol AgREe] zolE Dolry] Hdtd, HEghFd 7 EE HIY

fr
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37 A AWl 2zt 3TAISE 297 total etch HEAA 2T 28kA o}
vd A A7t AR FALAE L olgd NI AMNY AYLEES

25 ¥l a3
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1. dExz

@R Aol FEEO] gle HI LAE A - stk 74 200E
A x| ot2 AHESIATH

2 AddMEe 384 HEAAQL All-Bond 2, 294 FHFAAQ] Single Bondst
Tyrian SPE/One-Step Plus, ©% ©4 3 &9 Adper Prompt L-Pop< At
231, Egude 5Y AHAIEJ] Micronewst Filtek Z 250 (B A3)E
AR} (Table 1).

At B F3E ¥ FERAPI= Spectrum 800 (Dentsply
Caulk, Milford, DE, U.S.A)& AM&3I93 500 mW/em®e] 3 Z=S |83
Aot

Table 1. Gloup classification by adhesives and composites

Group Adhesives Composites Manufacturers

Bisco. Inc.,
Schaumburg, IL, U.S.A.

3M ESPE Dental Products,
St. Paul, MN, U.S.A.

1 All-Bond 2 Micronew

2  Single Bond Filtek Z 250

3 Tyrian SPE Micronew Bisco. Inc.,
One-Step Plus © Schaumburg, 1L, U.S.A.
Adper Prompt ) 3M ESPE Dental Products,
L pop Filtek Z 250 o paul. MN, U.S.A.




2. dEuy

ok

(1) ARAARTG & &7

Ao AMEE A -3t A X2HE DT F, AlEE AR 9
3l Z+ X#e F¥oluvk A¥W-E cyanoacrylate A &# (ALTECO Korea
Inc., Pyungtaek-City, Korea)& At&3t9 #H3A EZo HAsA. F¢
stoll 4] Isomet Low Speed Saw (Buehler Ltd., Lake Bluff, IL,
U.S.A)E o83t MR & 72 Aot 439 F o3 Jz3
< WHsHA A F, digital caliper (Mitutoyo Corp, Japan)®& Al¥ 2]

S5 1 mm A2 FUAES 2Psa AU 2, 94 PPoz Ads

o

Ack. 1 F Z ARNe F4 ol 600 gritel silicon carbide paper® ¢
slstch A9E AW 5 gus AW $9re 3 930 AAE AUS WIaF
o] o] =EY AU 0|43

<]

)
oL,
412

op

1, A& oy AW fSelA dojRl Al
WFAEFY S0l =g AHoZ o853t (Figure 1). AYE Al¥e 74
TN HEd o FRANZE 47 T4 dgstd Abed
HEA e TR wet e & (12, 27, 3T, 42) 22 £/
HAAE A L371 A ZF Al¥ HFd BUL air-water A|AAZ 7%
o] M¥slm Azt & WHd FHAA AFAY Hey E3PAe H
22 o33 o] AAle] AW S ukel At
1) 1+ (All-Bond 2)
Hetd EH-L Uni-Etch (Bisco. Inc., Schaumburg, IL, U.S.A)Z

1532k 474 APstn A3 ARt 37 AdAZ HFE Fd S

filo
e

J

u
e
2

ol &% AHE

b

1-2%7F 3712 A% &, 233 Primer £9% 3-53 A &3t1 5-627+
2

sttt HAAE WHetd Edo| Al ¥E23 Spectrum 800°2.F 207+

o
by



AgA7 489 HFgd Edd WA 0.5 mm, ¥°l 1 mm® Tygon
tube (Saint-Gobain Performance Plastic Co., U.S.AD)E SANZ T,
Micronew (A3 MZ)E F#A3slx 30&3t F=A 3t
2) 27 (Single-Bond)

HWad AL Uni-Etch2 1523 452 Astn 1023 A&t

71 N2 dgd EHE 1-227 3712 A2% F, Single-BondE €

ol

>

Aoz 93 Hedm 2-527F 7PEA ARS8t Spectrum 8002 10&7t
zZA} skt
AAA7F Aed Hakd B9 WA 0.5 mm, =0

1
AN O, Filtek Z 250 (A3 Ax)E FAL 2027 F2AE St

ot

3) 3% (Tyrian SPE/One-Step Plus)

A zAre] AHAd wel Tyrian SPEE £§3std I 2EXA HA
the, W3 Ewo) 1-23 #H&szm 1027 EARY. One-Step Plus H
S 3-527 £5°] FFH &7)d £4& ¥ ¥, Tyrian SPE7} A &4
WZa o] One-Step PlusE 23] F&3lm HAT 10%3 37 A-A
2 Azsgrr. B Fdo] JEstE F2lF 3 1037 Spectrum 8002
2 FzAetgch HFA A" H3E ZE990] Tygon tubeE HAAAT|2
Micronew (A3 M 2)& FHsta 30%37 F=2AF st
4) 47 (Adper Prompt L-Pop)

A ZAe] Ao ulel &8-S E3teled FFE applicatordl F5=9 ¢#HE 7F

A2HA g3t 7] AlRdAE FH3AA
ALE 3§ F, Fwo] Feho] ud

FH9o) Tygon tubeZ XA

3 H2AES WHakd EHA 15%3
A Bol HEBE FEHY FE9
Spectrum 80022 10%7r F2AFSIAL

713 Filtek Z 250 (A3 MZ)E A 20&3F F=A}L 3FA Y.
2E A Z HFE Fdd 3709 BEFuUaRAS JFAIAT (Figure 1).
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Aste A vAAY ARAEE 2457 AARAA FRF UNNEN

kst

Zb A S testing  apparatus©l] 1A AlA cvanoacrylate HEFAA R A -

A7 % (Figure 2). Universal testing machine (EZ test, Shimadzu

Co., Kyoto, Japan)®] zigol nAAIZT. ¥ By 3Fe nAH

ol 0.3 mm FAe wAELE HAF (Tomy International Inc., Tokyo,

Japan)E HASA Am, HEd EWelA Bgedel waw A B 10

\
ad 1

mm9| crosshead speed® HGstFS 718t 72t Al#He) 3bA- A 3FLS

MPa® $H3Hs it

Figure 1. Specimens: end of enamel rod (left) and

side of enamel rod (right)
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adhered

2. Specimen

[Figure

shear testing apparatus

(3) BAEA

2k A2
H oA

o
EAREA ZRa9 SPSS (ver. 10.1)o]A4 one-way
Hlul BAgtgon, AIFAAL Tukey AP =7 2%

p=0.05 F-e]F=Fell A A8ttt

3

7 wea) 96 g 7 2o nAAY ARBENY fe

-
I~

the

o] §-3}e]

ANOVAE

-

=



gaTe BuT 90 4@ 4 29 vAAY 2FREe] FEHE Table

Feke] tig 4 7o uAAd ARAEE 1FAA 11.93 ¢
2.25 MPa, 23914 16.50 + 2.31 MPa, 3Z°1A 11.97 = 2.05 MPa,
43X 15.83 + 2.33 MPag& Yell 23°] 7P EA vedlth (Table
2). HEAF g g &4 7o vAAG APA=E ds vngd A4, 2
#3472 129 3TET EAgH o2 =4 vyeggen (p < 0.05), 2T
I 47 T z2l: 17F 37 olle SAFgHoE fog Aol gl
(p > 0.05, Table 2).

Table 2. Mean microshear bond strength (MPa) to end of enamel rod

Group uSBS(mean * SD) slj)z.cigrfens
1 11.93 + 2.25° 20
2 16.50 + 2.31° 20
3 11.97 + 2.05° 20
4 15.83 + 2.33° 20

Group 1: All-Bond 2, Group 2: Single Bond, Group 3: Tyrian
SPE/One-Step Plus, Group 4: Adper Prompt L-Pop

Superscripts of the other letter indicate values of statistical
significant difference by Tukey test (p < 0.05).



HghE S8 U Z F9of vAdE A= 130 8.64 £ 1.53
MPa, 22904 13.43 + 2.93 MPa, 3ZlA 9.69 + 1.80 MPa, 47
A 10.56 = 1.75 MPag el 2T 71 ¥2 ZFA=E et
(Table 3). & T ZHd g ZF 9 vAdAE Z2FAEE 45 v
A3}, 238 1T, 3T, 4TET 283 472 1R EAgHe=2 &4 U
eldow (p € 0.05), 1% 3¢ Ztol a8lz 37 47 ol 5AH
2§23 Aolrt glAdet (p ) 0.05, Table 3).

Table 3. Mean microshear bond strength (MPa) to side of enamel rod

Group uSBS(mean * SD) No. .Of
speclmens
1 8.64 + 1.53° 20
2 13.43 + 2.93° 20
3 9.69 + 1.80*P 20
4 10.56 + 1.75° 20

Group 1: All-Bond 2, Group 2: Single Bond, Group 3: Tyrian
SPE/One-Step Plus, Group 4: Adper Prompt L-Pop

Superscripts of the other letter indicate values of statistical
significant difference by Tukey test (p < 0.05).

2E

M

A HFAEF el dF vAAE ARREE YFLF SH)
W@ AYFERT EARH o $i0 ekt (p  0.05, Table 4).
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Table 4. Statistical comparison between uSBS to end and side of enamel rods in

each group by t-test

Group
Enamel

Group 1

Group 2

Group 3

Group 4

End of enamel rod

'—,*

-]*

_,*

_l*

Side of enamel rod

]

]

]

_

Group 1: All-Bond 2, Group 2: Single Bond, Group 3: Tyrian
SPE/One-Step Plus, Group 4: Adper Prompt L-Pop,

. statistical signigicant difference(p ¢ 0.05)
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Autd o2 YPFAd Y AYATE HAY AXE AHsA Al &
A @S oy A WgaFe BFe AW g £Hoz Aud
o o Q3R BdeAste] FFe fEE gEa
A B SSolA ol Rl BTHY, o) o] WA W ARFEE
Waazee) wepe] whet WEE = glemz WPaFd FPsd 49 @
3 el Mg FAste] g7 wlwatedof Ht,

Sano 'V o8 nlA AFAE FAZL AEE o, B AN A
o W EuA AFREE wAAF AFF=C o HrrEATG
L1220 - g1y oAy FPAEE 2] A Fe AEL AFa
e 2dW FPo] Beatx, olAF FFoH REE Frd2 T
HWPAe AF (cracks)el A71AY o] dojg £ . niAAw A
A= AAlE AE AF A 2T FFo W8 glemz AU 44 AF
& & 00 geky B dpdMe d3Ed 9 43F=E Prlshr] 9
3 oA AFBE FAES olLtAeH, WFAF W wE AN~
del ARFEE vlmwaly] siste T FH9 AUL AFadd. & FH
ANBL WFaFd $29 AR A7) Jatd @] P A 59
ol g 922 Hyosle WFAF FTAHoR o] gAY, FFAF
o] B AWL AFAsp) dotd B WS BE AgFozn ¥

0.

b

E AFoA HEihF Wk nZ ZF HaAA 2o uMAY AFAEE
2E FoA HFAFo Wtohd EdHAS HZA AJAH (11.93 £ 2.25
MPa-16.50 + 2.31 MPa ¥9)o] H&ZAF ZHd EFHYI S HaAg A
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H (8.64 * 1.53 MPa-13.43 + 2.93 MPa %) 2t} 5AgH22 #A
Uelttt (Table 4). ©181d Ads A4 Baxez Hidd H&d
ANBA HFiaF wad Rz HAYE AHY A ZFPA= (18-19
MPa)7} B33stA Add AlHe Ad AFAZ (10-11 MPa)Rot AT
Aoz ¥4 vewctn BE31d Munechika 59 d3ZA7s}t Single
Bond® Z 100& ol &3t WFaFd HaPstA zela FHoZ JAF A
HolA HFaFo F3A AR mgdd AFA= (24.7 £ 9.6 MPa)7}
BPg AR uHAG AEASE (11.4 + 6.3 MPa) Boh A4 et |
Fazo] wekd wat AFREY oyt Y& Bng Cavalho 579 <
FAF AT, WEAF HPoz HAY AW £ FHAJ
AE Bt AFAES @A Jehd ol g thate] lkeda 5V WHE Alo]
o ofgt AF =2 QA WFH A9 FHFA WjEolFa A

Shimada$t Tagami®& ¥@Fde Aw W W A7} 44374 Lo
¥ (Clearfil SE Bond)® ©¥* F&A (Single Bond)d FFAFE 1
AAG 2¥2=2 vad 27, F JF4A RFAA HFaFo] B 3
o2 HAY ZAsrt HPF ARG F3o] #A JENGAW, At A
Zalolnle AP EE G HAARY HYgLF Wd @ 4GS ¥

3 Baste] B Ao Anee oa g2 Jetg.

E dFold HgaF 2dd oid 4 2o nAAT ARAEE 1704
11.93 + 2.25 MPa, 2794 16.50 + 2.31 MPa, 334 11.97 =
2.05 MPa, 424 15.83 + 2.33 MPaZ 297 total etchst @Y &
HAA7F 394 total etchst 2€A A7t AR HHA Ho SAFHo=R
=7 YElt (Table 2). Inoue $'V& WFdd] dig @d @7, 297,
394 AFAA L vAAG AFHEE 3.2 MPaolA 43.9 MPa7t#| thd
o, F A total etchet A7t 452 JAAL] viqdd A== 3

T}

-{m
1>

11

4y

o}
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A9 total etch A&A S ¥Rt ov ©d dA JAAe FATHLR

o ARAEE vebdy Bnegrt. £ Shimada 570 @YY
ZAoF A7 AR Zabolw] HaA S wiAAG ARAE Lo FAGAA
Folg o7t itz Badte] B A9 Azete v2A YEigt.

HEAD 53R A& g2 o s vAZIAFH R o] FA B
2 {3 g g9 2= HTE He| Y EnE YA 4
th. 22 Gilpatrick 579 @70l 9stA WA N BFAAS) A
ARZ=E 371% Q29 74 Ag 37T = SATHQA Aolrt ¢l
ot RaEH. it Hlu}oq A7d AR malolv|E otF Ao WA
g3 g gogialil® 7 "L‘:'é] zetoloj7t WFA 9 w©3gdolE AT
st o] fol tale] Yoshivama S2Y& $izlzHoz Ry 3¢ 1%
=9 Zgd e ol 2aT S T HEHe HAAY FxAtet AdxE A &
o % Eolgta AU

Adper Prompt L-Pop2 °|A9 Prompt L-Pop°l HEMA® Bis-GMA

ol
r lI‘

& A/t ol 4 U FAZ methacrylate phosphoric acid esters
<} polyalkenoic acid® AM&3slm glom, pHE 1 Axo|tHlld =g
Tyrian SPEE AH4d DA 24 2-acrylamido-2-methyl propanesulfonic
acid®} Bis-(2-methacryloyloxy) ethyl) phosphate® E g3tz o,
pHE 1 olsteltt. metA & AFoA] AHEE 7t 474 HJFA 2" (2%
I 43)2 25 pH 1 A=2 2 FFA (strong adhesive)d] :HFHA
2Dy gg ARy ZIHE total etch FIAANA (123 3D)q
AREE QA FAA] (pH(0.1) BT HR ofstr}, whatr 2 doA ¥

F gd o nARE AR U= AUt AR JZA el 223 total
etch A&A o) BATAcR {od Aol YelAEH, o8 Aoe
ALdelvt A DFAof o HFHe] FAEfe] ot Fojetr] Hope H

_14_



T AFHE H7 JAA Y] FYHAo] WEL Aeg AAd
£ dAFA yHFgaF SR g 4 T nAdd 2@A=e 1T0IA
8.64 + 1.53 MPa, 23F°l|A 13.43 £ 2.93 MPa, 3T9A 9.69 = 1.80
MPa, 4714 10.56 + 1.75 MPag Yetlo] 224 total etch 3 ZA7t
st oz w4 Jelsth g Tl va 53] 439 vAA
9 ARAEE HTLF Tdd B3 FHEAA A FLE JEHY. o]
Hg olfol datdA e F&s] & & AN, oo dF § ¥ A7l

E d7E THAEE HFAF G it vjMdd AFHEE HEL
F ZHRTE Uthd AP A9 2E AFANAHNN BEAGHOE &
vehton, M3de tg APBEE 294 total etch HAFALHo] the

ANzelo] Hl& HlmA #A dewc 2 d7e @F uAdg AT =s
o] &3 AL 2N olF HAA2dd U Bk FEF FrE e A
7 AEAA Welyd 42 AFel 7 HaE FI ol FoF F S
Rog Aztdo.
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AT HgaTe 293 2dd i 39A, 28A 9 9d °A 3
ZAe A AFAEE 35 ¥ ZeATt. Isomet Low Speed Sawd
oj-gdte] HAHE 4 -5t HFANE 2, 94 BF2E 1 mm FAU} HEE
Adatdot. Ad 3 U AW 3959 F IS HTLeTe 2o =FH
Aoz o] &atds, HFdA dojzl AUE WFAFE] FH] =28 AW
o] &3ttt

A H&AA wak 4719 & (1F: All-Bond 2, 2¢: Single Bond,
3i: Tyrian SPE/One-Step Plus, 47: Adper Prompt L-Pop)22 ¥
I &4 7 AFEFY 2o S =2 AHE 47 Y A9
sto] Zbzhe]l HAA 9 Tygon tubed o &5t Egz& H st

A AY AP =e] &AL universal testing machined testing
apparatusel FFAZ A|He] EieAdd] gk AL FALE HYPsA 2
3 HFES EFyYAY gIAHe] FAHE d7tA] £Y 1 mme cross-
head speed®] AaFE 715t Al gttt
Z o ARG AFAE A Fo4d AFLS one-way ANOVAS
Tukey A3 R t FB L2 p=0.05 FAFETINA A9 3 2L A
€ 4t
1. H24F 200 g mAAR AF4=e 279 470 128 3FE

SAdA R A JENHS (p € 0.05)

2. 2T S g nAdY APAEE 2FE 12, 3T, 428} 183

472 1TEYG BASRH LR FA4 UEET (p € 0.05).

HFaF T @ vAdG AFA=E HgaF U4
3 ARAERY EAGH oz B4 JYeygt (p € 0.05).

El

kv
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