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ABSTRACT
The effect of solvent evaporation of dentin adhesive on bonding efficacy

Min-Woo Cho, Ji-Yeon Kim, Duck-Su Kim, Kyoung-Kyu Choi*
Division of Dentistry, Department of Conservative Dentistry, Graduate of Kyung Hee University, Seoul, Korea

Objectives: The purpose of this study is to evaluate bonding efficacy by means of measuring the effect of
remained solvent on Degree of conversion(DC) and #TBS and FE-SEM examination.

Materials and Methods: Two 2-step total etching adhesives and two single-step self etching adhesives were
used in this study. First, volume weight loss of 4 dentin adhesives were measured using weighting
machine in process of time in normal conditions and calculate degree of evaporation (DE). Reaction/refer-
ence intensity ratio were measured using micro-Raman spectroscopy and calculate DC according to DE.
Then 2 experimental groups were prepared according to air-drying methods (under, over) and control
group was prepared to manufacturer s instruction. Total 12 groups were evaluated by means of micro ten-
sile bond strength and FE-SEM examination.

Results: Degree of evaporation (DE) was increased as time elapsed but different features were observed
according to the kind of solvents. Acetone based adhesive showed higher DE than ethanol and butanol
based adhesive. Degree of conversion (DC) was increased according to DE except for S? bond. In #TBS
evaluation, bond strength was increased by additional air-drying. Large gaps and droplets were observed
in acetone based adhesives by FE-SEM pictures.

Conclusions: Additional air-drying is recommended for single-step self etching adhesive but careful consid-
eration is required for 2-step total etching adhesive because of oxygen inhibition layer. Evaporation method
is carefully chose and applied according to the solvent type. (J Kor Acad Cons Dent 2010:35(5):321-334.]
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2 AFdA e 5AY 29A AHEAE HEZAA Q] One-
Step (Bisco Inc, Schaum-burg, IL, USA), XP bond
(Dentsply De trey, Konstanz, Germany)$ 74t ©
g AR JZA Q1 S° bond (Kuraray Medical
Inc, Tokyo, Japan), G bond (GC Corporation, Tokyo,
Japan)& AH&-SHTE (Table 1).
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H 48709] $-2l0] gl A e A 3UFAE Tymol &<l
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ESPE, St. Paul, MN, USA)< AH&-311tt.
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Table 1. Adhesives used in this study

Adhesive Type Composition Lot No.
One-Step bis-GMA, HEMA (hydroxyethylmethacrylate),
(Bisco) biphenyl dimethacrylate, CQ, acetone, 900006142
2-step p-dimethylaminobenzoic acid (co-initiator)
total etching Carboxylic acid modified dimethacrylate, phosphoric acid,
XP bond modified acrylate resin, UDMA, TEGDMA, HEMA, 302001649
(Dentsply) butylated benzenediol, etyl-4-dimethylamino benzoate,
CQ, amorphous silica, t-butanol
3 O . . . eqe
S’ bond single-step bis-GMA, HEMA, MDP, silanized colloidal silica, ethanol, 00109A
(Kuraray) . water, dI-CQ, accelerator
self etching S
G bond (GC) 4-MET, phosphate ester, UDMA, acetone, water, initiator 810031
i Measure weight of each adhesive in process of time
‘ Evaporatlon 25 ‘ Calculate Degree of evaporation (DE)
Prepare each adhesive by DE 10%, 30%, 50%, 80%
‘ Raman spectroscopy ‘ Total 16 groups are cured
Examined by micro-Roamn spctroscopy
Rea/Ref ratio obtained by each Raman spctrum
Calculate Degree of conversion (DC)
‘ 4TBS test ‘ If’reparle Iexperimle?tal glroups by air-drying method
under', ‘control', ‘over
¢ Total 12 groups are tested by EZ-TEST
_ 12 experimental groups
‘ FE-SEM ‘ Dry & prepare surface treatment (HCI, NaOCl)
Examined by FE-SEM
Figure 1. Flowchart of experiment.
28t~ (Marienfeld, Paul, Mareinfeld GmbH & Co., 2.2. [%E (DC) 34
Lauda-Kingshofen, Germany)2 FAE HAA4& ohA ] A EAol 7hedt HAagke] 2H ;}Oﬂl\i A& 11
(Libror AEX 200B, Shimadzu, Japan)& A3l = mm, ¥°| 6.5 mm< 953 XI5z (Unimetal
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weight: TSW)-& t oo 77 ¥3l7t §le e (SAvw) e 4 RS FEAAA 24A3FG BEd

oA AFsdtt. 2 AFAA TG 53] e S5 o o micro-Raman spectroscopys ©|&3te] &S =43}
o] of wjg} FE (DE)S ALk (LabRam HR, Jobin-Yvon, France: focal length
TSW = (SA s - S) - (SA 1os - S) 800 nm). 6_32.8 nm He*Ne‘ laserE /\}%16}01 2 mW¢

AER 1202 B 74 2AFIGT 4 Al G RS R
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JKACD Volume 35, Number 5, 2010

The effect of solvent evaporation of dentin adhesive

323



Basic research

em A 1770 em' & 7122 base line 282 3t

Z} spectrum®IA] reference peak (1608 cm?, aromatic
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Table 2. Experimental groups of 2-step total etching adhesive

Aste] gotd FWg w=E2AZ & Aold FHE #320
SiC paperg |43t dnlstay £F EEES 43819
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A4 diamond saw (Isomet, Buehler Ltd, Lake
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2.5. FE-SEM #3#

Fotdat & A #ES flaiA] FFHe FHo=
Adkslo] AlHE A2 #1500 SiC papers AH-S}
TS Avket § 35% Sl4te g AHRAS 3% NaOCl
= 3% Agsta FAl F 2441t FeF Az Gold
sputter (SC 502 sputter coater, VG Microtech,
England) 2 8% 31 FE-SEM (Leo Supra 55, Carl
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£

Adhesive Group Application method
One-Step control . acid etching 15s and rinse 15s
(Bisco) . wet bonding surface formation

. apply adhesive & gently agitate during 10s & apply adhesive secondly
. gentle air-dry approximately 3-4s, form no more shape of wave and even shiny surface
. light cure 10s

XP bond control . acid etching 15s and rinse 15s

(Dentsply) . wet bonding surface formation

. light cure 10s

common to all under

. light cure 10s

over

W N = W N =IO WD~ Otk WD

. light cure 10s

. apply adhesive and leave 20s

. same with control group 1-3

. same with control group 1-4

. gentle air-dry more than 5s, form no more shape of wave and even shiny surface

. gentle air-dry approximately 1-2s, over excess remove and a little spread only

. gentle air-dry additionally 10s, but shiny surface still remained finally
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Table 3. Experimental groups of single-step self etching adhesive
Adhesive

S? bond
(Kuraray)

Group Application method

control . wash & dry dentin surface

. apply adhesive and leave 20s
. strong air-dry bs

. light cure 10s

G bond

(GC)

control . wash & dry dentin surface

. apply adhesive and leave 10s
. strong air-dry 5s

. light cure 10s

common to all under . same with control group 1-2

. gentle air-dry approximately 1-2s, over excess remove only

. light cure 10s

over

W DN = W DN IR W N =R W DN

. light cure 10s

. same with control group 1-3
. strong air-dry additionally 10s

Table 4. Degree of evaporation (DE)

of each adhesive (Mean + SD, %)

Minute 2 5 10 15 20 25 30
One-Step 50.73 61.53 65.24 66.33 66.90 68.09 68.28
+1.62 +1.79 +2.82 + 4.60 + 2.59 + 0.61 +1.11
XP bond 12.20 23.46 31.69 35.42 35.92 36.03 36.61
+1.90 + 1.75 +1.39 + 0.76 + 1.09 + 0.49 +0.32
S’ bond 6.00 10.92 16.86 20.85 24.46 27.53 29.42
+ 0.76 + 0.55 + 0.86 + 0.81 +1.26 +0.83 + 1.46
G bond 34.45 51.87 65.15 71.91 77.09 79.84 81.80
+ 211 + 299 +2.70 +2.26 + 1.62 +2.34 +1.67
Day 1 2 3 4 D TSW in bottle
One-Step 88.25 95.59 97.33 98.54 100 69.45
+4.36 +1.34 +0.91 + 1.57 +1.62
XP bond 69.51 87.04 95.63 99.13 100 60.43
+ 3.65 + 242 +1.92 +1.24 + 0.61
S* bond 63.26 75.10 84.15 90.39 100 49.5
+ 1.46 +1.08 + 1.86 + 1.60 + 0.54
G bond 97.52 98.83 98.66 99.65 100 55.01
+2.16 + 0.42 +0.14 +0.31 +1.08

2.6. BAEA

A9 g2 B8l AlE dgE (DC)3 vl 2
%ol 3l one-way ANOVA, Duncan’s multiple com-
parison test& A3 (p € 0.05).

AI%—{A-IJS]I

1. 3¢E (DE)
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Az AEdA AE A mE F
Table 4, Figure 29} Zt}. oMAES vz
One-Step™ G bond®] 7% Z7] 5i <ol &ule] 50%
ool T = Fde HoFglon, desy Fees
2 AH83t= S? bond9t XP bondellA= 30&714]
40% olste] THES EAFUT (Table 4, Figure 2).

HAA &7] ko] F o] & (TSW)& 22 At E 7]
TO R opES AMEE HFAITAA B BSkth One-
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Figure 2. Comparison of DE for each adhesive.
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Figure 6. Rea/Ref ratio of S* bond.

Table 5. Degree of conversion (DC) of each adhesive
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Figure 3. Comparison of DC for each adhesive according to DE.
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Figure 5. Rea/Ref ratio of XP bond.
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Figure 7. Rea/Ref ratio of G bond.

(Mean £ SD, %)

Type DE10 DE30 DE50 DESO

2-step One-Step 39.23 + 11.67 56.92 + 843" 84.62 + 2.72 83.08 £ 2.11°
total etching XP bond 48.11 + 2.65° 54.81 + 0.45™ 82.41 = 1.14° 83.04 = 0.74°
single-step S? bond 92.26 + 2.34* 93.43 + 0.52* 93.28 + 1.40* 93.87 + 2.17*
self etching G bond 25.24 + 1.63° 51.94 + 5.26° 71.12 £ 2.33° 86.17 + 1.38"

*The same superscript letters in each adhesive type are statistically not significant.
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Table 6. «TBS for each experimental group

(Mean = SD, MPa)

Type under control over

2-step One-Step 48.32 +19.87° 59.89 + 10.43 61.01 + 17.54°
total etching XP bond 40.38 = 17.56° 60.86 = 10.53" 73.21 + 11.18
single-step S? bond 26.14 + 12.51* 35.01 £ 9.35° 45.97 + 9.44°
self etching G bond 6.18 + 4.37° 28.04 £ 9.02*® 55.05 + 10.14"

*The same superscript letters in each adhesive type are statistically not significant

Q0

of ( '

60 i -
50 ot P 1 1 BN
MPa [
40
30
20 ] . 1 = o
10 =
0 a | a b | b b | c
under control over

OOnestep o XP

Figure 8. #TBS of experimental group (2-step total etching
adhesive).

*The same letters within graph are statistically not
significant, *Error bar means SD.

Stepd 2% 69.45% % 7b% 2%, XP bondE
60.43%, G bond 55.01%, S’ bond 49.50%9] o2 =
ATt (Table 4).
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Figure 9. 4TBS of experimental group (single-step self

etching adhesive).

*The same letters within graph are statistically not
significant, *Error bar means SD.
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Figure 10. Comparison of #TBS for each experimental group.

B AAFE AFEC] oS Heoln rletsln (p <

0.05, Table 5).
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under©| control2tt A =r) Ya FEHA} A
A= e B (Table 6, Figures 8-10).

One-Step®] - control, over AtelollAl f-2 27} ¢l
Hen (p) 0. 05) overol A EFHAL AR = A
Ho]39t} (Table 6, Figures 8 and 10). XP bondel| A
+ underwolA control, overt & ZA4E FoAHS
Hol A7} =rt F7ketdtt (p < 0.05, Table 6,
Figures 8 and 10). G bond®} §° bond¢] %% under
oA controli, overe o2 ZFE FoA & AT
S7F7F FEE AT (p € 0.05, Table 6, Flgures 9 and 10).

G bond® underv& vi-¢ 2 AFAEE Hlow,
S’ bond®] underw#} Hlwste] o3 9)= i} |& BofF
Aot (p € 0.05, Table 6, Figures 9 and 10).
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ojm A Zol ErFstal B #Xlo] 4o ExEe B¢
Ag Fejz #AE AT (Figure 11). controlel e A
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EHT= 500k Detector=InLens PhotoNo. =101 Kyung Hee
L

2 pm = ”
2o StageatR= 57.5° |\ - 500KX WD=48mm  Date 3Nov2008

Figure 11. One-Step under (x5,000).

Incomplete hybrid layer was observed (between vertical
arrow). Resin tags were poorly formed (R, composite resin;
D, dentin).

StageatR= 575° EHT=500kV Detector=InLens Photo No.= 135 Hee

2 pm
— Mag= 500KX WD=48mm  Date 3Nov2009

Figure 13. One-Step over (x5,000).

Resin tags were well formed but adhesive resin was not
certain. Notice continuous gap between composite resin and
dentin (oblique arrows) (R, composite resin; D, dentin).

EMT=1000Kk/ Detector=Inlens Photo No.= 4388 Ky Hee
Mag= 500KX WD=48mm  Date 24 Nov2009 L

2pm = s
’_l" Stageat R = 57.5

Figure 15. XP bond control (x5,000).
Complete hybrid layer and uniform resin tags could be
noticed (R, composite resin; D, dentin: HL, hybrid layer).
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EMT= 500K/ Delsctor=inLens PhotoNo.=110 K Hee
Mag= 500KX WD=48mm  Date :3Nov2008 e tes

2 = °
=il StageatR= 575

Figure 12. One-Step control (x5,000).
Complete hybrid layer and uniform resin tags could be
noticed (R, composite resin: D, dentin; HL, hybrid layer).

EHT=1000kV Detector=Inlens Photo No. =4402 Kﬂﬂ“ﬂ

2um S ER
bl StageatR= 575" | - G00KX WD=44mm  Date 24 Nov2009

Figure 14. XP bond under (X5,000).

Resin tags were well formed. The thickness of adhesive
resin was 2-3 #m and clearly distinct (between vertical
arrow) (R, composite resin: D, dentin; A, adhesive resin).

EHT=1000K/ Detector=Inlens PhotoNo.=4398 | Hee
Mag= 500KX WD= 48mm Date :24 Nov 2009 Mg

2 = °
'_l”;' StageatR= 575

Figure 16. XP bond over (x5,000).

Complete hybrid layer and uniform resin tags could be
noticed. adhesive resin was thinner than under group (R,
composite resin; D, dentin; HL, hybrid layer).
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2 e S e obE e B sman-ss L M aian MRS
Figure 17. S° bond under (x5,000). Figure 18. S* bond control (Xx5,000).
Hybrid layer was not certain but tight connection could be The number of resin tags were slightly higher than under
noticed. The small number of slender resin tags were group but there was no clear difference between control
observed (R, composite resin; D, dentin). and under group (R, composite resin: D, dentin).

2pm EHT=1000kV Detector=InLens Phota Na.=4330 K Hee

StageatR = 57.5° f:::‘:gg:vx m;:.:m m:ﬁ;‘ggn m Zep StageatR= 57.5° Mag= 500KX WD=48mm  Date 24 Nov 2009
Figure 19. S* bond over (x5,000). Figure 20. G bond under (x5,000).
There was no clear difference between control and over Large and continuous gap was formed (vertical arrows),
group (R, composite resin; D, dentin). droplets were formed in adhesive resin (oblique arrows)

(R. composite resin; D, dentin: A, adhesive resin).

A

Ip mpuns s BDIGEN Damwem pwoot it B mwarwe STIONN Gewie DoMISL  fuge
Figure 21. G bond control (x5,000). Figure 22. G bond over (x5,000).
Hybrid layer was not certain but tight connection could be There was no clear difference between control and over
noticed. The small number of resin tags were observed (R, group (R, composite resin; D, dentin).

composite resin; D, dentin).
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