Original Arficle

OEtZ0| HIDt Xl Z=IC| XZo] OIXI= 9%

w ATolM e A BEolA FaA AR HAAE A8 W) R o dess Hrlekla o2
ghol A7 A2 e Zg&el vAE < AT A HA ] BES Hrhetr] Hsf AL LA
o

[
ok

lo
o,
N
-~
o
=
by
o
Qo

o rr 2

1

=
r (e}
o3
il

o
ol
i
it
)\
o,
ofr
ol
j4°
o
Y
B
N
—_
o
=

g,

}

> 1o
[
tlo
)\
o
ol
=l
i)
B
2
lo,
2,
rE
b,
]
o)
B
[0
MR
o
=2
2
riet
o
i)

ofN o
=il
S
w
=
=
i)
By
2
—_
o
=
i
)
ofp
rob

p

2 A
e elel 4Ee TPl F sl HEEoR BRAd seolE Fes
Z

offl u
o

-0,
ok
N
oY
N
% b
=l
b L
1Y
)
o
i
o
Hr
o
)
tlo
N
o,
ol
2
v
e
<
AN
>
i)
=
lo,
>
i)
BN
o
=2
=)
AL

=
= A7k one-way ANOVAS} Tukey HSD testS AH&-3f 95% 52
AT o] Aol v 22 ATE Atk = IR Foll oA 12+

2 A3te] Z7hael ek vl ARAESL ST (p < 005). FEHAPIH BAAAST, 6T, TE,
ZNE5E et 245 E ol HRHAT oo 5 eelA FeA A
BAA 2R oR AR S bk A $EE AA%D YRELS Foltd] EHY Aoz ARTh

FR0{: e a4, dekg, A7) nAJAAARAE (FASSSEUSIX 2011:27(2):161~174)

M E e 9 werte dolth gduA A

A 25 Zefolnd ofsf F&d oA

2|3 Fobd HAA 9 eI FH Adgs Zepd Ao A o] JHssA) FHA At
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Table 1. Materials used in this study

Materials . Specific gravity
Composition Batch Number
(manufacturer) (H,0=1)
Etchant : 37% H3;PO,

. . . 3182430
OptiBond solo plus Adhesive : Bis-GMA, HEMA, GDMA, 145 3089661
(Kerr, Orange,CA,USA) GPDM, CQ, ODMAB, BHT, filler, '

coupling factor 174, ethanol (20-25%)
Filtek Z250 TEG-DMA, UDMA, Bis-EMA,
8NBJ

(3M ESPE, St.Paul, MN,USA) Zirconiafsilica  filler

Ethanol

100% Absolute ethanol 0.789
(Merck, Darmstadt,Germany) 0 solufe ethano

Bis-GMA : bisphenol A diglycidyl methacrylate, HEMA : 2-hydroxyethyl methacrylate,

GDMA : glycerol dimethacrylate, GPDM : glycerol phosphate dimethacrylate, CQ : camphorquinone,
ODMAB : 2-(ethylhexyl)-4-toluidine, BHT : butylhydroxytoluene,

TEG-DMA : triethylene glycol dimethacrylate, UDMA : urethane dimethacrylate,

Bis-EMA : ethoxylated bisphenol A glycol dimethacrylate

o Al5IZ0| 22 27, g3 7] BrbR o2 100% olEeS
Lueld 6 w7 1 gAReR 3o
el Gl gl Aue QA 10w g 3TN $TNE F el dPTon PR
& A3 1, B5E U E A A8 = ATH(Table 1),
3 uE A8 ¥ A2 10 uE HED

Table I. Group classification according to adhesive procedures

Group Adhesive procedures

1 Only Adhesive 10 pl

Distilled water 3 ul + Adhesive 10 ul

Distilled water 3 wl + Adhesive 10 ul + 100% Ethanol 1 ul
Distilled water 3 ul + Adhesive 10 pl + 100% Ethanol 2 pl
Distilled water 3 ul + Adhesive 10 pl + 100% Ethanol 3 ul

Distilled water 3 ul + Adhesive 10 ul + 100% Ethanol 5 ul

o 9 N W AW

3
3
Distilled water 3 ul + Adhesive 10 ul + 100% Ethanol 4 ul
3
3

Distilled water 3 ul + Adhesive 10 ul + 100% Ethanol 6 ul

FLUI=SEUSAl 27A 23, 2011 163



n

O| Ot éé
HA 24 T Y| e= dolA &ifolE
2 (76 mm X 26 mm, 1 mm in thickness,
Marienfeld, Paul Marienfeld GmbH & Co.,
Lauda-K6nigshofen, Germany)2] 7| (S whE %
UA L (Libror AEX-200B, Shimadzu, Japan, 0.1
me& AHgelel SRaich ol Fool=
Z22 9o Zztel Agel A9z u
7, AFA a=ln o E-ES micropipette
(Discovery, HTL, Warsaw, Poland)S A}-8-3}o] 2}
Az 48¢ % oA BAS 2, o] %
AoA &etole Sk FAE wio] HA ¢

(T wty= 2HE3HTh

71 Az W2 JE WY EY G
Z43817] 9135t hair dryers A3l 6 m/se] &
T2 10%, 30%, 602 & o] 37] ?
stlem Ax A% FAS 346t
AR Eegpo|l= Fexe FAE w z
9] < (A wys A=A 3] AxvF 2
Al bl AFES] dry ovenoll 48A1%F <t
wsto] g Eo] fds] FEE F A
7F 2 d w7iA v oe HE
wE Sttt 2 AT 4 3
37 A& 53] wrEsil o, thao A w

o AE Pudiel ¥ AEadch

A v3]¢dE (non-volatile part)e] % (NVP
wt) = C wt - S wt

AA LA E (volatile part)2] % (VP wt) = T wt
- NVP wt

7k 3 B (remaining volatile part)2] %F (RVP
wt) = A wt - NVP wt

4. DINOIE ZERiE =5

= o
#]4 diamond saw (Isomet, Buhler Ltd, Lake

Bluff, IL, USA)Z AE A3l 749 i3
HFA S A 7Asle] oA & w=EAF|L #600

164

grit SiC paper= A v}3l %
S 37% AAC R 152 o AkR2
S FASt g3 | dotde] &
218171 98l blot dryE Al&sl o, 2
AdxAd wet F/HF, JE2AA, o
micropipette (Discovery, HTL, Warsaw, Poland)
o] g3kl A&t mfo|AR B4 E o &
al 7PEA FAZ 110, 30, 6022 UFo] 919
U3 o r F7|7x3 T Spectrum 800
(Dentsply Caulk, Milford, DE, USA)S A}-&3}o]
600 mW/em’e] FHERZ 20% B¢+ FEAEY
t}. o] Zofl A3 A Ze] 7250 (3M ESPE, St. Paul,
MN, USA)E ©]&3] 2 mm o]ate] FA= 23
247} 202§t Bt AlHES A
T 3% Aol 37C SR/TAA 2443 Bt
Fict.

AN A= S ddll AL
diamond saw (Isomet, Buhler Ltd, Lake Bluff, IL,
USA)E A3t AlAS Aof A5S whet |
mm FA9 slablZ HAE3la o] S tA] 4
Ahsled | mm’e] GAA S Zhe vy AE S
Azretant. AE A A 2R =
=< 93 jigol cyanoacrylate adhesive (Zapit,
USAE o &ste]  FF% £
Microtensile tester (Bisco Inc., Schaumberg, IL,
USA)° A 0.5 mm/min®] crosshead speed® <17
g5 bl 2¥A=E S48 (Fig. D).
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Pt

Fourier W3 ZHe|A E337] (Nicolet 6700
FTIR, Thermo Fisher Scientific Inc., USA)E ©] &
sto] AgkeS ST WA Sefol= 22
2 gl Adzxdd w2t S/, JEAA, odw
25  micropipette (Discovery, HTL, Warsaw,
Poland)2 ©]&3to] A &atal F71Ax2E A3t
Aot 3719 ZnSe ATR cystal $]ol] &o]
crystalZt A F3HA ¢ oh5 WA 23 ] 5

i FFEE S HEtels G

“S=SEUSAl 27A 25, 2011



HE=9 2D AE EXKC 280 OIXs 98

Blot dry Distilled water 3 ul Adhesive 10 ul Ethanol 0~6 pl

Composite build-up 1 X 1 mm sticks uTBS test

Fig. 1. Schematic procedures of uTBS test.

1= Spectrum 800 (Dentsply Caulk, Milford, DE,
USA)S AM&-8te] 600 mW/em’e] 2 =& 20%
Tt FxRARIL T T HgNE FFEE

Light

%;g] 6]'9\1‘4 (Flg 2) 6‘H }\O]’E‘l_‘___: 4 Cl']fl_1 %‘ﬂi 6]’ Adhesive guide end Slide Glass
Ao 323] scan dto] HAAE 71 E8k ) 7t
NP2 A 37 S 53 e, D
A8HES A HE B0 543 (aliphatic C=C) Re—
3} "hEkE Ao S A (aromatic C=C)2| & Rb
= N 1 ’ - ZnSe ATR crystal » . eam
TE 747} 1636 cm’' T} 1608 cm” oA 5 =
o] A8 o] gdle] AFES A Abslsd o) 2 Fig. 2. Schematic presentation of ATR element

in FTIR spectrometer.
Degree of Conversion (%)

polymer aliphatic C=C abs. / polymer aromatic C=C abs.

X 100
monomer aliphatic C=C abs. / monomer aromatic C=C abs.
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6. Ralpi0z 2
sofole 2ot o] AdzAd gt Z7
S, AR, e Aesn EHS 27|
Aze AYearh. £3E Lole) HEE W)
317 918l #3+&n)7 (Olympus BX41TF, Tokyo,
Japan) & ol &-3le] 10002] vl &= BETAT

7. SA 24

SHE AE ATEEY F dgE 2 v
A A AdPaE FolFT 95%ClA

one-way ANOVAS} Tukey HSD testE ©] -85}
FAA R EAs

Z2
ZF AF T A 10%, 30%, 602 B9 1A%
F 549 A AL FE Table I, Fig.
3] UER Atk 7= 3jEg o] oFof 9lojA
1T 37102 Azt S/t s FAA e
2 FostAl astA] RA T (p>0.05), 1 ¢
o] g2 FEAHE BATHRE oA 7

28ttt (p<0.05) (Table ). 2 +E537He] Hlm
Al ZF A% A BE\A 23, 3, 47 BTl 5
ﬁf 6, 7o BATHCZ FofstA T Fe

FS YERNTH (p<0.05) (Table IM).

18 o A 10%, 30%, 60 Bk 7%
ZAgH&9] 2 Table IV, Fig. 49 VE}
o} 1T, 2, 33, 4, 7, 8TolAE &7
Alke] F7hgtel whel BATH R o
JE AEEe W BEHA Fod)
(p>0.05) (Table IV). 18y 577 6 & &
717 % A Zte] STkt wel FATSA R &

10

[110 sec
@ 30 sec
W 60 sec

RVP (mg)

o N A O

)

<
S @o" ©

Q
‘)G\o <5\0

& & o

Fig. 3. The weight of Remaining Volatile Part
(RVP) for each Experimental Group by
different air-drying times.

Table . Amount of Remaining Volatile Part (RVP) for each Experimental Group by different air-drying

times (mg)
Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8
. 4.80+12 922+0.67 8.66+0.57 8.70+1.12 6.34+0.77 6.12+2.40 6.34£1.05 7.30£1.20
Air-dry for 10 sec
aB aBD aBE aCDE aCD aCDE aBCE
Airdry for 30 430+1.14 7.5240.64 6.90+0.53 6.62+1.10 4.10+0.75 3.58+1.10 3.30+0.59 4.58+1.00
or 1 see bB bB bB bA bA bA bA
. 3.78+1.21 5.38+036 4.94+0.88 4.86+0.75 2.84+0.52 2.54+046 2.28+0.55 3.72+0.51
Air-dry for 60 sec
aAD cB cAB cAB cCD bCD bC bACD

Mean+SD

Same lower case letter indicates no statistical difference among air-drying times (p>0.05).Samecapital letter indicates no

statistical difference among groups (p>0.05).
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Table IV. Degree of Conversion (DC) for each Experimental Group by different air-drying times (%)

Group 1 Group 2 Group 3 Group

4 Group 5 Group 6 Group 7 Group 8

52.90+5.33 37.60+10.17 18.52+7.446 28.09+5.45 35.89+3.33 27.41+6.47 24.51+8.10 24.00+7.53

Air-dry for 10
dry fo see aB aC

aBC aB aBC aBC aBC

53.96+7.75 33.10£10.29 28.22+5.33 24.97+6.45 45.29+8.85 26.85+3.47 26.12£6.54 17.00£3.61

Air-dry for 30 sec BC cD
a al

aCD acAB aC aC aCD

55.49+4.97 25.12+£12.1423.67£13.90 27.99+2.74 46.96+2.32 38.07+2.03 29.84:2.31 19.02+7.39

Air-dry for 60 sec A aBD ABD

aBD cAC bBC aBD aD

Mean+SD

Same lower case letter indicates no statistical difference among air-drying times (p>0.05).

Samecapitalletterindicatesnostatisticaldifferenceamonggroups(p>0.05).

010 sec
& 30 sec
M 60 sec

DC (%)

%) X & o A >
SRR R

()\)Q

O
(.’} O

€
Fig. 4. Degree of Conversion (DC) for each
Experimental Group by different air-

drying times.

OfsHA HgH&o] STttt (p<0.05) (Table V).
102 Az Al 1] & TEET BA 8-
2 fFYstA =2 HEES UehdoH
(p<0.05) (Table IV), 3029} 60% AZ Al 19|
M Ee ASteES EAov 5u ) SAIEA o

2 @ Aol UEA 29Tt >005)

(Table 1V).

7+ AR T A 10%, 30%, 602 FtF 271A%
T A9 A A= k-2 Table V,
Fig. 5o YepIth 12, 252, 3, 4+, 8ol A
= 3711 % Agto]l Fhge| whEt FAEAH e
2 Fo4 e vAdY At =e] Weke #

&

[SI=SSUSAl 27 25, 2011

10 sec
30 sec
M 60 sec

N
(=]
 —

fEi 1

NV Y X S o A ”
R RS K K K K
& &

& & & &

Fig. 5. Microtensile Bond Strength (uTBS) for
each Experimental Group by different
alr-drying times.

ZE A kot (p>0.05), 5, 6, Tl =
EAgH R foai nAAY AFqA=EI S
7}steith (p<0.05) (Table V). 10%9} 30% A%
Al 1] e 25 2o §AgH R frolst
A = ATAEE HAT (p<0.05) (Table V).
602 Ax Al 1, 5, 6, 7°] T2 FERT
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ot
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1ZAAE B2 AZke] #AIgle] A
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Table V. Microtensile Bond Strength (uTBS) for each Experimental Group by different air-drying

times (MPa)

Group 1 Group 2 Group 3 Group 4 Group S5 Group 6 Group 7 Group 8

42444597 12.27£1.95 19.57+2.20 19.70+2.34 19.76+5.41 20.66+4.62 18.14+4.25 17.85£1.57

Air-dry for 10
ir-dry for sec JB ABC

aC aC a C aC aC

43.6619.01 13.69+4.30 21.59+2.33 21.27+3.21 30.02+5.90 30.69+2.23 25.96+5.97 22.98+6.09

Air-dry for 30 sec A B BD
a a a

aBD bCD bCD aCD aBD

40.7846.91 16.42+4.32 20.90+3.01 22.99+4.50 38.03+6.44 37.92+3.17 37.33+2.62 23.77£3.77

Air-dry for 60 sec
aA aB aB

aB bA cA bA aB

Mean+SD

Same lower case letter indicates no statistical difference among air-drying times (p>0.05).

Samecapitalletterindicatesnostatisticaldifferenceamonggroups(p>0.05).
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Fig. 6. Light microscope images of Groups according to the air-drying times.
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Effect of Ethanol Addition on Efficacy of Dental Adhesive

Jeong-Bum M.inl, Hee-Jung Kim>

'Department of Conservative Dentistry and
*Department of Prosthodontic Dentistry, School of Dentistry, Chosun University, Gwangju, Korea

The purpose of this study was to evaluate the effect of ethanol addition on efficacy of two-step total-etch adhesive under
over-wet condition by measurement of remaining volatile part (RVP), microtensile bond strength (UTBS), and degree of
conversion (DC). Two-step total-etch adhesive, Optibond Solo Plus (Kerr, Orange, USA), was used. Experimental groups
were divided into 8 groups: Group 1 (only 10 ul adhesive), Group 2 (mixture of 3 pl distilled water and 10 ul adhesive),
From Group 3 to Group 8 (mixture of 3 pl distilled water, 10 pl adhesive, and ethanol added inl pl increment from
1 ul to 6 pl ). The mixtures were placed on slide glass and evaporated for 10 s, 30 s, and 60 s by air-drying. The
weight of RVP was measured by precision weight. Same procedures were performed for pTBS test and measurement of
DC. The condition of mixed solution was observed under light microscope. For RVP weight, the weights of experimental
groups except for group 1 decreased with the increase of air-drying time (p<0.05). The DC increased with the increase
of air-drying time in only group 5 and 6 (p<0.05). The uTBS increased with the increase of air-drying time in group
only 5, 6, and 7 (p<0.05). The phase separation was examined and water blisters were diminished with the increase of
air-drying time in group 5, 6, 7, and 8. Within the limits of this study, ethanol additionally applied to adhesive decreased
RVP and increased DC and uTBS under over-wet condition. It was shown that the addition of ethanol to two-step
total-etch adhesive under over-wet condition would remove water and increase the efficacy of adhesive.

Key words: over-wet phenomenon, degree of conversion, ethanol addition, ©'TBS
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