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Influence of sodium hypochlorite solution on dentin bonding
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ABSTRACT

Influence of sodium hypochlorite solution on dentin bonding

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

Graduate School of Chosun University

The purpose of this study was to evaluate the influence of 5%
sodium hypochlorite (NaOCl) solution onto the dentin surfaces that
had been treated with phosphoric acid or self-etching primers or
self-etching adhesives.

The occlusal superficial dentin surfaces of 42 extracted teeth were
exposed. Slabs were made and polished with 600 grit SiC papers.
They were divided into three groups by the adhesive systems used
(One-Step Plus, Clearfil SE Bond and G-Bond). Each group was
subdivided according to dentin treatment: A) manufacturer’s
prototocol and B) the application of 5% NaOCl on the conditioned or
adhesive-applied dentin surface.

Composite resins were bonded to dentin surfaces of each group using
Tygon tubes for microshear bond strength (uSBS) test. Also composite
cores were made for observing the interface of dentin surface and
composite resin under FE-SEM. After storage in distilled water for 24
hours, the bonded specimens were subjected to uSBS test with a
crosshead speed of 1 mm/min. The mean uSBS (n=20 for each group)
was statistically compared using one-way ANOVA and Tukey HSD test
and independent t-test. Fractured patterns were observed under

FE-SEM after testing.



In conclusion, when One- Step Plus was used, the application of 5%
NaOCl s increased the bond strength and showed the close adaptation
and numbers of funnel-shaped long resin tags. Whereas, in cases of
Clearfil SE Bond and G-Bond, the application of 5% NaOCl decreased
the bond strength and showed gaps between the dentin and composite

resin and a few of short resin tags.

_Vi_



gelel Ahgol A

A s &

o] | o}
Z]f

9

8}

g

Al

);]1—
& oFell 4]

=

[eig
S}

I. A
Aol we} 58

=
T

T

9
ol

|HGGelM Ao Ad2 AdS Ha=
.ol

R

ol

ol
A

g

o

No

=zt

galgdomn ot

o

=2

ob2

~

o
n

)

o

ojy

3N

[

‘g]

3f <l

[

FuM bR

S

73

o} Alzko]

(wet bonding) ¥}

o

olo

oy

e
g

—_—

~
e

—

X

!

)
oj
B

o

4
o

N~

1

.

Alzdlolg, 2@A 2 A &

-
.

2 st 1dAZ A&

Z}ol™ (gself-etching primer)E =%

[}

.

adhesive system)

A7}

=0

of

—_—
o

o
T
Jo

)

o

w-
o
oj

_&o

Al 3
A

1=}
T

=1
=~

dotAl B AT

L

moderate (pH 1-2)

= 2}o] v

ed
2ol v

T

@vel Ao gAA

[e]

CEZ I9AR AeEHE dddA At
=

mild gk

al

(pH 2°]4h),
A

Aggressiv
lo] Qato g7 A e
le)

9

2k}
1 Zo] 28

9]

FaL,

3|
8l

g

] A7
73

(3]
=1
=

w2l mild
#] 3]
el
9
, nanoleakge® WA

)
=

]

<

o

a}

=

=

3l= (hybrid layer)

) BRHEgY

<]

=

aggressive (pH 1°]
2] 1 (smear plug)

3z

9

o

23 =

HHA = ol 23tet

&

Ao 74

A

i

I
el

o <

h=

=

ko3
e

%

=1
=~



7R 1 9‘}]\1:],6,7).

o

=2

]
=

ks

1

.

ey

)
=

CI e
! ' FOW W o
) 3 = — N = BN o
L Eafn: BEowIEI_EEE JRLG
= oT ~ gl dm i el ° \_II.VI X B!
T T B ooy AT T R )
= T o i %o X & W5 = = W o N oo o} mﬁ 7 &R Y
o= & [ ~y — 3 OB T e
W ® S B M _ ~ 5 ® b o o 5 AN
N A oo g m R T B = Wo T "o
] ~ - Ho° s ™ _— o mx ol oW ™ KA
- N = sl o = K=y \;Io,ﬂ " oR — T _UI —
o} W = T A 3. N o (o) b S = N
. 7T - o 7o c X =~ o
OT ;OT Eﬁ ,wu ,m.ﬁ © Xﬁ JI_H_ = 1 1_,@! o =~ o< o ey
vt T g 4P e R 2 o Ao o ¥R
Tamow R o oz éﬁ%ﬂ1v ) R
= = o o = e og Lo W o 5 T . KoY
X — T = —~ =~ o = ™ ~ _~—
) _ N S o W T 0 X o ol m Y ©) o) mﬂ N
Wy Jm % il W oﬁ oo o < ofp ﬂ 2 odo T g = W _1% M )
p o K o N (! N X LC _ o ™ No v}
W o o g TN Wﬁﬂ@dr%ﬂz%M;% TR W T
o e W F N N R oo W2
< Mﬂ X oy "o o ~ = r S - No =T o Ao o)
~U o o)) . W o 5 S B Lok e X m
(E I ule: il = = & QBN % o) R o T
- 9 X O ool == o o~ < " =
RN o ™ T w 2 o .
— = o)) — o I Ulo ~o e J
X __ o \Mu_l © &) .m-L N OT = i _VL N Of ol EE T . J
iﬁw@%N% Exwgrw Hog e =W oo BT
TR oe * o < < 7 W Yo o g O e
! M T o ° W el z W < S 7 % = % 75 P T o XH W " TH
T e o Tt SR ETTE NG5
w B X o o}J B X BR w g oAy o
T T = B TR < S T o B2 o m No ol
g o CF S Ta S TR E % o Moy KR
: =B I o
oy o s mNa = m K & m % ol % = <7 Nlo = m s o ML_“ A . i
ﬂe_ﬂrEdr(\n/} E]%d.mmaﬂeocwuﬂaaNWJamﬂWm
d.mMaTmM%.mu ol X & B Z oA 5.1orwmimmxﬂlo
a— S owoe Y O e P T oA oy
Howl S oo e ¥ 0o L ow S ®g bz
W W T E S R e I culite B
il g ™ R ooy <= 5 O i
of D MoH L © o T Mo v or o WO s o
SO =k X 5T o Ao T oo o o o z =
< 4 2 s T o B oy 8RS NS T gl
SR R o o O T i o % ol = oR - © S K
c B HT IR oW og 4 R L R
- ® 3 e S B B . Ty
Xz N o W I
N M ® W

NaOCl<&

<
T

A ¢

Py =]
SRR

ZEA] 2 Hl] of] A

8}

&

7% NaOCle A&l &



g F 5% NaOCle 3
3 4 IS S e PN B K 3 |

ot



1. 434 %

A @/ Agolt} FHE0] e FHZo
Aotz AbESAT. HAAI 2" H B3
Universal (Bisco Inc., Schaumburg, IL, U.S.A.), Clearfil SE Bond¢t
Clearfil AP-X (Kuraray Medical Inc., Okayama, Japan), G-Bond®} Gradia
Direct (GC Corporation, Tokyo, Japan)Z AF&3I3th (Table 1).
H2A e By =32 98] Spectrum 800 FFAM7]  (Dentsply Caulk,
Milford, DE, U.S.A)E AHgstglon, #4=E 500 mW/em’S | &3k,

)

A st TN 4248 29

rlo
)

Table 1. Adhesive system, composition and manufacturer

Z} One-step Plus® Aelite

Adhesive system Composition Manufacturer

One-Step Plus ) . ) Bisco Inc., Schaumburg,
Uni-Etch: 32% phosphoric acid

(two step total- IL, U.S.A.

Bond : BPDM, HEMA, aceton, glass
etching adhesive
frit, photoinitiator
system)

Primer: 10-MDP, HEMA, water, hydrophilic
Clearfil SE Bond o .
DMA, photoinitiator Kuraray Medical Inc.,
Bond : 10-MDP, Bis-GMA, HEMA, Okayama, Japan

etching adhesive
hydrophilic DMA, microfiller,

(two step self-

system ) .
photoinitiator
G-Bond ]
GC Corporation, Tokyo,
(one step self- 4-MET, phosphate ester, monomer, UDMA, ]
. . .. . apan
etching adhesive silica, water, acetone, photoinitiator

system)

BPDM: bisdimethacrylate, HEMA: Hydroxyethylmethacrylate, 10-MDP:
10-Methacryloxydecyl —dihydrogen phosphate, DMA: Dimethacrylate, Bis-GMA:
Bisphenol-glycidyl methacrylate, 4-MET: 4-Methacryloxyethyl trimellitate, UDMA:
Urethane dimethacrylate.
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7h uAAS AR E SHES AT AEAF
1& G tolotzE WE AREste] 30709 A, St dFA Y AZe Add T,

THE HFAAE ol &3t Aot HdWg HNEF HASATH FFshedA

Isomet Low Speed Saw (Buehler Ltd., Lake Bluff, IL, U.S.A.)E

o wPHZFo HEgd AW HoldE w=EFAIZl ¥, FFH  digital caliper

(Mitutoyo Corp, Japan)E ©°|&3te] 1.2 mm F7A< Aold AHE A%t

o Z7te] A9 F £F5 dolEW 2 600 grit silicone carbide (

Attt 30782 FAARE AdYste] 6709 Lol wiA sttt A-1 o+,

A-2 T, A-3 #& FAAN2G S AR dwo] wel A& Folx, B

B-2 &, B-3 &2 obdel W A ¥ 5% NaOCldl 2%t &3 F A

T & A

AE AL Zolth AR s7] W, 7 Afe Aold WL
]

i

[¢]

d

fijd
o,
o

ol
o

o
i)
r&:\
tlo

air-water A|HA| 2 7] RLo

(1) & 7 dotd #W A
1) A-1

air AlAA 2 7FEAl A 239 . One-Step Plus ¥ &

7ol One-Step PlusE &3] AAM Aold #We AHH o=z 23 4
AT 1023 37IAAA 2 d23t3, Spectrum 800 FERAVIZ 1
At (Table 2).

2) A-2 T

Clearfil SE Bond® Zalolm= Z3® Zo AAM Aold Euld AL3m 20
2 WA w5, 52 air ARAR ZheluE JhAl Azl Clearfil
SE Bonde A#A =S zadE &d AA o)
WA Bo] Aold T 283 HAEE 3 S, Spectrum 800 FEAIZ 10

27t FxAeQA T (Table 2).



3) A-3 &
G-BondE Aobd FEWel AE&sta 1023 7Ivdd vs, F7IA-FA R ZsiA

A 233 Spectrum 800 FEAZIE 10%7F ZARISET (Table 2).

4) B-1 &

Uni-Etch& “old Wl A g3te] 15%7F 252 A2 st air-water Ald
A2 FBAS 1023 AHst 223 air ALAZ 7PPA dxs}AT. 5%
NaOCl& “dobd #EHdl 283 483 F 22 28 AHsv. dotd IS
air AlAZ 7FEA Ax3 & B 4o One-Step PlusE F&3] M Jopd
AW A&HHoz 23 AEIIAT.

Spectrum 800 FZAIE 1027 ZAFSIA T (Table 2).

2% 1023 F7IAYAR Hdxsha,

5) B-2 &

Clearfil SE Bond® Zdlol & FFE Sol A Aold x| A&l 20
27 X3 og, 5x7 air AlEAE ZgonE JMEA Az, 5%
NaOCl& Zdold HHe] 2837 A8 & B2 28 AFHAT. dotd ¥
air A1FAZ 7MEA A23 F, Clearfil SE Bond9 HFAAZS ZFE <o AA
dotd FWd A&sa air ADAR JPEA Bo] Aold Fwe RS HA=®

2 3 L, Spectrum 800 FZAWZ 1027 F2A849F (Table 2).

o
QL
o

6) B-3 T
G-BondE Aehd FE®d A&atn 10237 710 b, F7IALEAR

Azsgch. 5% NaOClE Aobd Ewld 283 483 & B2 287 A5

gV deld EWE air AlAAZ A %

&ot3 1023 71 B, 7A€

712 10&3F Z2AEE Y (Table 2).

PN
&
L
<
v}
(@)
=)
[oN
il
oX
o]
o,
2
=3
ne)
2
O
>
m

)
fru
ol
o
X
A
BN
o
fl
w
3
D
(@]
a
S
c
8
®
S
S
g
BN
~
>



Table 2. Group classification

Group Bonding procedures on dentin surfaces

A-1 Uni-Etch(15s)—0One-Step Plus(2 times)—LC(10s)
A-2 SE Primer(20s)—SE Bond (1 time)—LC(10s)
A-3 G-Bond(10s)—LC(10s)

Uni-Etch(15s)—5% NaOC1(2m)—One-Step Plus(2

B-1
times)—>LC(10s)

B2 SE Primer(20s)—5% NaOCl(2m)—SE Bond (1
time)—>LC(10s)

B-3 G-Bond(10s)—5% NaOCl(2m)—G-Bond(10s)—LC(10s)

)

b o] W] wEt HElE Agotd ZWA WA 0.5 mm, %°] 2 mmY

Tygon tube (Saint-Gobain Performance Plastic Co., Beaverton, MI, U.S.A.)

g AAAZ v, A-1 3 B-1 2 Aelite Universal (A2 A=x)<, A-2 3

B-2 ¥ Clearfil AP-X (A2 M%), A-3 ¥3 B-3 ¥ Gradia Direct (A2 A

)E F73ta Spectrum 800 FZRAZIZE 20%7F ZAIE Y. 4 79 25 20719
P

S FAY T, el ZH50 24N 0T BAFHGY

AJREE SHst7] A EFaEze F2E Tygon tubeE #15 bladeZ A7
stk Ald Aol AlAE cyanoacrylate HZA (ALTECO Korea Inc.,
Pyungtaek, Korea)E AF&3le] HZAZ1 F universal testing machine
(EZ test, Shimadzu Co., Kyoto, Japan)®| jigell A& XE nA 3t FF
°of ARG F EFEFd 0.3 mm FAY nF¥E HAHTomy
International Inc., Tokyo, Japan)E H3I3IA AUt Adold TWHoA B
greol 22 uw 7412 £ 1.0 mm¥ cross-head speed® A G} FS 713514
skt

o

nAlAE 234 =25

N\
ol



(4) SAEA
Zh o] Aobdel] digk mAlAYE AFAES FoA

SPSS (ver. 11.0)°14 one-way ANOVAE °]&3t] vlustR o, Tukey<

HSD WY+ ol &3t 2+ & 3t AF4=E p=0.05 FF<

g L JHAAE ARG Lo mAAYE AT e ol A e 5 t-3F

2 ol gete] p=0.05 FolFEelq BAAT

. A2 Fee] 22
nAdE A Es

=%

ot

ZF 9 ZF AJHS stubel ¥&S] 12 KV A
st A 138 &< W5S 700A FAE =53 &, FE-SEM (S-4800: Hitachi
High Technologies Co., Tokyo, Japan)= ©°]&3le] Auj&or zZ A|H I

A e BAATH

o, goba
4§ tholobEE WME Mgl 12749 4, shet
s

S
242 A9 AAALY FL B

A

2gdd AW 2 Ae| Jold W BAL AT ABAH
9

]
nAlY Ad =

= H

lo

|
2.0 mm F7A¢ gotd AHE A 45‘}51, 7t e BF god W
iC paper® Avtstch. 2t w3 270 HHE wiFsta o] & 172
obd iy EF# e AW #FS fa A o e wep dotd W
2.0 mm F49 AL =%t Spectrum 800 FFAZIE 20
stk 4 AEe Ao F

£ ol&sted Z AHE AAAE FHE odEUTh Isomet Low

£ ol gst] 7 A Folds Bgede] TFHUEE o] 5EE T

2
== §
rit S

A}
(e}

=

z
33
Speed Saw

%)
Atk 2 AlEE 6 mol/Le AAHEdd 30%3 AAG b, FFFA AFH

5
1 1% NaOClel 1087 A43 & oAl 75 Adan air AdA=Z Az
SHA T

72 F E Oe e 2he 4 29 Pdel we goid e B9 e o

=, 5% NaOClZ AHg3st7] A3} Fo THHIE vlw, #FA7] 98] AlHS
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H-S stubdl F&E3st] 12 KV A stellA 18 < W3S 700A
T3 3 FE-SEME o] &3sle] &= 7z #9 Aotz Haly z o
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1. vAAE 2R3 =

2y el ot Wik mAldY AdAdree] HFdA e FEHAE Table 3¢
FABIAT 7 2o mAlAY 2R EE A-1 wellA 24.34 + 3.12 MPa, A-2
ol 43.13 + 6.34 MPa, A-3 ¥lA 35.62 = 4.20 MPa, B-1 oA
43.08 * 6.67 MPa, B-2 wolA 37.06 + 7.84 MPa, B-3 w4 26.36 *
5.855 WEtHol A-2 o] 7MY E& AJAES vYErHon, A-1 wo] Mg W
< 2¢4 =5 Yl (Table 3).

Fotd s FUAYT F 5% NaOClE A&sHA de A5 A& 2 $A
HAA ] FFHA wE wAdG AFA=e Hols AHIY] 98 one-way

ANOVAE Ad% ¥ Tukey HSDE A% AH S skt 5% NaOCl+ A &3}

A e AL A-2 TS A-1 7T A-3 TET EAFACR o AP ES
etlem | A-1 & A-2 3 A-3 FEUY EATGZH R do AP S
getde (p ¢ 0.01). 5% NaOClE A&3 A$or] B-1 +& B-2 +3

B-3 #HY EAgHcw w2 AFAUEE YeWdew, B-3 +& B-1+%
B-2 #EY FAgH R e AFAEE Jedth (p € 0.01).
T HAA AN FeoldS FAUAYTF F 5% NaOCle A& /7o e 7t
T o] mAAY ARAE ze]lE LolrV] fstd 59 t-HAA S Aldd A
-1 #& B-1v¢ Btk BAFdH R e ARAEE Ul en (p € 0.01),
-2 73 A-3T2 727t B-2 ¢33 B-3 TR EAGdHcE o AAYPES
Bl (p ¢ 0.05) 5% NaOCle # &L A&
& T/ AY F2AFH T (Table 4).

D>D>



Table 3. Microshear bond strength (MPa) and failure mode analysis of each group

. Microshear bond Failure mode No. of
roup strength Adhesive Mixed specimen
A-1 24.34 £ 3.12 " 15(75%) 5(25%) 20
A-2 43.13 + 6.34 " 11(55%) 9(45%) 20
A-3 35.62 + 4.20 ° 12(60%) 8(40%) 20
B-1 43.08 + 6.67 ° 7(35%) 13(65%) 20
B-2 37.06 £ 7.84 ¢ 14(70%) 6(30%) 20
B-3 26.36 + 5.85 " 13(65%) 7(35%) 20

Different letters (“"°) indicate statistically significant difference between

groups at p=0.05 (by Tukey HSD).

Table 4. Comparison of the microshear bond strength (MPa) before and

after treatment of 5% NaOCl in same

independent t-test

adhesive system by

Group Microshear bond strength t-value Sig.
A-1 24.34 + 3.12
B-1 43.08 + 6.67 11.381 0.000
A-2 43.13 £ 6.34
B-2 37.06 £ 7.84 2.630 0.011
A-3 35.62 + 4.20
B-3 26.36 £ 5.85 0.752 0.000

2. APy

FARARE A SolA A2

s b s
B-3 #oA 65-75%7F #&=E T
[e)

(Table 3, Fig. 1, 4, 6). €84

(adhesive failure)< A-1 +#, B-2 &,

%
()

(mixed adhesive failure)& B-1 &, A-2 , A-3 oAl 40-65%7F &5

At} (Table 3, Fig. 2, 3, 5).

3. 4otan BFHA AW 2 3

obd mWe FA}
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11). B-3 ¢ S dobd A2 60 my =] L3 H=0]
I, BEFEUACAAM Aoz g2 dAH AV a7 #EEAT (Fig. 12).

2) 5% NaOCl® Hadt7] A7 Fo Aold FHe FAAAAWA A7
32% Qe w AP A-1 TollM e w9 oA da FEg e dotd W
| B2HJG (Fig. 13). 32% AAE § 5% NaOCle A& B-1 wolA
= A-1TEY Aol & oAl # A AR Aot FWlol #AHITH (Fig.
14). Clearfil SE primer® 23t A-2 A
PaEo] Aobd BHS Y3 Uddew, FopAde #FHA Fdtt (Fig. 15).
Clearfil SE primerx g & 5% NaOCl& A &3 B-2 A
dotd FEHol mofsiA #FHUDL, YMAIFEL FEuds HoR AJotd W
93 AdTt (Fig. 16). G-BondE A &3 A-3 ToA e vHluzd & 437 2
= FHol oaf Fobd Wol #AHJD, BE Fo= HuH AN Hor AJopd
o] 2odtt (Fig. 17). G-Bond&d & ¥ 5% NaOCl& &
dotd e tFEe] A Weg do i, &5 22 E3t7 o o8] A
otd wWo] metA =EHAY (Fig. 18).
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EUAEE AAIA e THE

29 €A & & 9.
592 5% NaOCIE Abgste] AAHA e w2d Zed < A7

o gy Aotdd Y3t HAAEES Z/AATL Hudldth. NaOCle A Lo A

T ES EAHor AAste @&y, = FuAE&e A2 o
A

& Y74 (durability) S H7Hst7] 91 &Aooz Abgxm o,
2 ATE gold EWAY F 5% NaOCle Hgo] dobd FFd ne o
¢S HrEstr] Y3t Al B AFdA 5% NaOClS ¥

2
A2 & A1 7 A-3TEY FASHCE =2 AFUEE Yo
5% NaOClZ& AE3 Ao B-1 o] B-2 ¥ B-3 ¢ET} SATH =
52 2R EE vl (p € 0.01)(Table 3). & AFIA One-Step Plus
B AMEE A, dolA s Qdatem RAAHEG & NaOCle A& AFA=E
FEAN e Aoz depdled, oy A oAE I HAAE ol & HF

oAl Aold & <lakx g3 T NaOClel A go] AF7
Cobb ' de PA Saboia £2” € Inai 52
B AR FALAAEAR A &AAA 32% Aite =z A
olAl #F FHrg g Adold FHol #AFEA T (Fig. 13), Bz Aold AW

Lo
2
-
oo
o
S
e,
R0
o
38
o

< #9d FFe YRS (Fig. 7). 32% Ql4te g A= & 5% NaOClE
A& B-1 w2 A-1 TEY FAo] Z Aol A oA FEweo] #EE

T (Fig. 14), SFa64 JotdZom 27 e 21 @837 #2499
9 (Fig 8). 5% nAAY AQFEE 2485 A8 AddN £34 AL



B-1 @A 65%, A-1 el 5% 5 YEtllo] B-1xelA =34 3 H &9
=4 YEtE s (Table 3).
Adrto =z FAA e Fdobd £ 2}
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Fig. 1. Representative adhesive failure to Fig. 2. Representative mixed failure to
dentin surface in A-1 group (X 100) dentin surface in B-1 group (X 100)

Fig. 3. Representative mixed failure to Fig. 4. Representative adhesive failure to
dentin surface in A-2 group (X 100) dentin surface in B-2 group (X 100)
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Fig. 5. Representative mixed failure to Fig. 6. Representative mixed failure to
dentin surface in A-3 group (X 100) dentin surface in B-3 group (X 100)
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Fig. 7. Interface of dentin(D) and resin Fig. 8. Interface of dentin and resin in
(R) in A-1 group (X 2,000) B-1 group (X 2,000)

20.0um-

Fig. 9. Interface of dentin and resin in Fig. 10. Interface of dentin and resin in
A-2 group (X 2,000) B-2 group (X 1,000)

3.0kV 18.3mm\:§Q.0>0k SEM) ) i
Fig. 11. Interface of dentin and resin in Fig. 12. Interface of dentin and resin in
A-3 group (X 2,000) B-3 group (X 2,000)



(

3. OkV 186mm x2.00k SE(L)

Fig. 13. Dentin surface treated with 32/ Flg 14 Dentln surface treated with 32/
phosphoric acid (X 2,000) phosphoric acid and 5% NaOCI(X 2,000)

1 : ! I e Old/ 18 9mm 2, 00K SE(L), ¢
F1g 15. Dentln surface treated with Fig. 16. Dentin surface treated with Clearfil

Clearfil SE primer (X 2,000) SE primer and 5% NaOCI(X 2,000)

3 OkV ’18 Tim?) b OOK SE(M

Flg 17. Dentin surface treated with Fig. 18. Dentin surface treated with
G-Bond (X 2,000) G-Bond and 5% NaOCI (X 2,000)
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