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ABSTRACT

EFFECT OF CHLORHEXIDINE ON MICROTENSILE BOND
STRENGTH OF DENTIN BONDING SYSTEMS

Eun-Hwa Oh, Kyoung-Kyu Choi, Jong-Ryul Kim, Sang-Jin Park*
Department of Conservative Dentistry, Division of Dentistry,
Graduate of Kyung Hee University

The purpose of this study was to evaluate the effect of chlorhexidine (CHX) on microtensile bond
strength (#TBS) of dentin bonding systems.
Dentin collagenolytic and gelatinolytic activities can be suppressed by protease inhibitors, indicat-
ing that MMPs (Matrix metalloproteinases) inhibition could be beneficial in the preservation of
hybrid layers. Chlorhexidine (CHX) is known as an inhibitor of MMPs activity in vitro.
The experiment was proceeded as follows :
At first, flat occlusal surfaces were prepared on mid-coronal dentin of extracted third molars. GI
(Glass Ionomer) group was treated with dentin conditioner, and then, applied with 2 % CHX. Both
SM (Scotchbond Multipurpose) and SB (Single Bond) group were applied with CHX after acid-
etched with 37% phosphoric acid. TS (Clearfil Tri-S) group was applied with CHX, and then, with
adhesives. Hybrid composite Z-250 and resin-modified glass ionomer Fuji-II LC was built up on
experimental dentin surfaces. Half of them were subjected to 10,000 thermocycle, while the others
were tested immediately. With the resulting data, statistically two-way ANOVA was performed to
assess the #TBS before and after thermocycling and the effect of CHX. All statistical tests were car-
ried out at the 95 % level of confidence. The failure mode of the testing samples was observed under
a scanning electron microscopy (SEM).
Within limited results, the results of this study were as follows:
1. In all experimental groups applied with 2 % chlorhexidine, the microtensile bond strength
increased, and thermocycling decreased the microtensile bond strength (P ) 0.05).

2. Compared to the thermocycling groups without chlorhexidine, those with both thermocycling and
chlorhexidine showed higher microtensile bond strength, and there was significant difference
especially in GI and TS groups.
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3. SEM analysis of failure mode distribution revealed the adhesive failure at hybrid layer in most
of the specimen, and the shift of the failure site from bottom to top of the hybrid layer with
chlorhexidine groups.

2 % chlorhexidine application after acid-etching proved to preserve the durability of the hybrid

layer and microtensile bond strength of dentin bonding systems. (J Kor Acad Cons Dent 33(2):148-161,
2008)
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Zo] FAd| dolvte 2 AF o2 Y vt AHA zinc-dependent T &l F Ao, w}a‘r/ﬂ ot me
g o4 X“Lxﬂh Fotda Hgd & FAlo Zefoln A 2 g ARl Zaf S wid B g AAA e e
gohs #A7F o gle A 9RAE X3 Ak Aad 4 9leH, o] MMP A7} iﬂ%A ERRCEE.
215 Agotd HAA = A4 9 B pH, 28aL AJold *“’V]JJH At £ F sivke Ag ovlgitt
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7F 28 OPE’i TR Zo] MAdE o] Aol R R (gelatinase B)¢] @42 AT, weba] gzleo] A%
o]l A% 7wt 249 4 9t Hashimoto 522 974 g AolAd| A 7] 7149 37 Z chlorhexidine® AHE:
ofbd & F Azte] Astd oA vjo Fepile] o7 HAA grl-Aotd A2 Fel B E dAlsto
=3l Hol ekl d s s HEAzIv Bast A Y7HES 272 F 9
Fom Okuda 72 #Z-"gold AW 7|17 W43 a3 B2 MMPs 94 = °Laﬂ_ chlorhexidine®] %2}
of gt Aol EF W e 74 Rl = sk 3 #RlE} ol 7 FAE AT B ofugt 4
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2ol fla e Zﬂ(ﬁﬂ‘?ﬂ 3270& A8t 1%
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3L FARAARE )7 o] 01 &t

2) & ofol 2 AW E gl Arold &

& Aol AHEEE Sl ofo] Qe AMEE #7743t
& Y2 olo] =19l Fuji II LC (GC, Tokyo, Japan)
g, Jotd AFAE 39A dobd HZAAIR] Scotchbond
Multipurpose (3M ESPE, St. Paul, MN, USA), 2€7
AHEAE Aol A A Single Bond (3M ESPE, St.
Paul, MN, USA) 3 194 A7H-AE Aobd HEA
Clearfil Tri-S (Kuraray, Tokyo, Japan)s % 4%< ©|
Lot o5 AT #4482 Table 1914 He uf
o 2t

A4 diamond saw (Isomet, Buehler Ltd, Lake
Bluff, IL, USA)E ©]-&3le] 32719 A3tl+x]9] wd
= HPFAS AAG T #600 SiC paperz Avkste] 714
g gobd S =&Y G, SM, SB, TST-2
2 UFaL, o8 2% CHXS A 83814 e o3 283 &

Table 1. Materials used in this study

o2 YFa, A s oA g2 7 deds
10,0003] Algdet o & 74 o 27] 2ot} 31_
o] F 167] 9 Aoz BEH390 (Figure 1). G
T2 dentin conditioners 20_% 2‘1%0}@ A, A% f,f—
2% CHX<Z 30% &<t &85k blot dryAlZiTh. SM
37% Qo2 A2 % 29 CHX= 30% &<+ 4
blot dryAlZl AejellA] Zetolw 9 HAH NS &3
1023 BEFaAT. SBEE 37% QAtom A
2% CHXZ 30% &<F A-83kaL blot dryAlZ] & A2
Exsta Pt TSTE 2% CHXE 30% A&
=, blot dryAl7]a F2AH S z—i% <, FEgetaint.

b AET Kol Aold A GIEL-% g2 7rsle
2 ofo 1 Q=mQl Fyuji-II LC (GC, Tokyo, Japan) =
/5] Lxﬂ;h/]. xp].tmhﬂ 2421—11]%8 7L7L_g] /\}o].
A2 54 T, £39 53R Z-250 (3M ESPE,
Alo].z] }\1— oﬂ E.E‘L

mlo

7}
=
A
A
St Paul, MN, USA) 2.2 F43}9]
A7 (Z-250)& 242y 2 m AZsta F= 600 mV/eme 3
il (Spectrum 800' Dentsply, USA)E A8l 40
27t Bt & A= F 4 m=2 39t 16709 2
] XV‘% AlHE 24/‘]{} T TR 2R & AL
dlamond saw (Buehler, USA)E o|&3dto] Aote] A=
£=3 W}E} 1T m A2 Hekgh & ]E‘i oA 72 Atsto]
% ) oF | o] ¥ =2l 3 /\] < A&sdn.

7+ Agate] Al F ARk 10,0008 dedteta v
=]

A%

o

A @JE e 54| @itk 2 A Aggk e
(&427], TaeWon Tech, Seoul, Korea) = 5C % 55
€Y g Fx2 FAAHM, AJHo] 2ol HEZE ATt

& 247} 15%0l9, o5 ARHe 627} 2889t BE @

Materials

Characteristics Compositions Manufacturer
(codes)
Fuji 1T LC Resin—‘modiﬁed P‘owc.leriﬂuoroalumino.sﬂicate glass. o ac
@0 glass ionomer Liquid: aqueous solution of polycarboxylic acid, (Tokyo, Japan)
(Two-bottle) TEGDMA and HEMA
Scot.chbond 3—step.tota1 Primer (water, HEMA, Polyalkenoic acid copolymer), 3M
Multipurpose etching Adhesive (HEMA, Bis-GMA, CQ, EDMAB, DHEPT)  (St. Paul, USA)
(SM) (Two-bottle)

Adhesive (HEMA, Bis-GMA Bisphenol A

Single Bond 2-step total etching

glycerolate dimethacrylate, Polyalkenoic acid

3M

(SB) (One-bottle) copolymer, water, UDMA, ethanol, CQ) (St. Paul, USA)
Clearfil 1-step self Adhesive (Phosphate ester monomer (10-MDP), Kuraray
Tri-S Bond etching Bis-GMA, HEMA, hydrophobic dimethacrylate, (Tokyo, Japan)
(TS) (One-bottle) di-CQ, ethyl alcohol, water, silanated colloidal silica)
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Experimental Groups(16 Groups)

Glass lonomer(Gl)  }—;
Without

Scotchbond | CHX f—e No Thermocycle
Multipurpose(SM)

- I With Thermocycle
Single Bond(SB) — A% (10,000 cycle)

Clearfil Tri-S(TS)
CHX : 2% chlorhexidine

Figure 1. Diagram of experimental groups according to
the modes of specimen treatments.

3 e T2 g osle] AHEo
o} (Figure 2).

Z Ao == 5%

AR

2 10709] g Al & Adgste] A
AL EE =439t Universal testing machlne
-~test; Shimadzu, Japan)®| tensile zigel A3
2813l cross head speed 1 mm/mmi =R 7}6}01
Aol ggkd w7 o] s dHA e R Shitat
of MAIIAAREEE A& F4E 0.05 level®l
A two-way ANOVAE ©]&-3to] FA &4 0}3’51‘3}.

He %7}6}71 ot FARRAANA (SEM) &2 32
Ak 10% Qi+ 523 Aed F 5% NaOClell 3#3t
Aelste] el o dd FEE AASAT AlHE 1z
g % aluminum stubel A8 gold sputter (SC
502 sputter coater, VG MICROTECH, England) =
ato] FARAAAN 7 #EE Al At SEM
(Stereoscan, Leica cambridge, England)& ©]83}4]
1004, 1,000809}F 2,0008) 2 shebdH & Fasi T,

[[PNLIPEES

1. olMelR Hatzte
Table 2& GI, SM, SB, TS| CHX ¥ €3t
friol w2 1671 Agate] nAJIAE e Ht
LEUAE SLE Uohd lolt), G T 4o}
blol Wael nlAl 914 2esl AReA R v

o> of M
X,

N
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Lo
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=4

Chiorhexidine X{2[7} ArOIE FEHA|S| O|MCI&ZsrZH=0 OjA|= st

= |
P &= S ™
| 1 J_.IJ [} |-| F
1, ._.l' Wl __..-'I =L v § E | E
Bondlng Composite i
__.-_, e procedure /Gl build-up e I
ﬁ—..'_-l'.—_.'.-r.'

i
1

1mm serial sectioning

Thermal Cycling Machine

" dwelled for 15sec at each
" bath (5C55T), interval
for 6 sec
: 0, 10,000 cycles
1 1mm? cross sectioning

Figure 2. Specimen preparation for microtensile bond
testing and thermocycling procedures.

CHXS 243 BE AgTe 28s7] &2 Ag vl
ato] ARAE7E S7ksITh. 28y o5 2l oA
E Aol it (P ) 0.05). 10,0008 g3 Alg)eh
BE AgdA deshe AldekA] @ AdTET vl
NAAFET} st on, o5 7l oA e Aol
E %tk (P ) 0.05). CHXS #&3 & 93 7&
CHXE A43stA ¢ dedst 2ol vjste] Ag=e

7V, GIg TSTlAE fA Al S7HEe (P
(0.05, Figure 3).

2. FARHALSO|IE (SEM) 2H2

3T AHEAE AEA SMTe] Fold S s gl gt
FAPAALAR 32 Figure 4-A, B9 o] &4549
HAA Y2 UgEh. deste Add doA =
Figure 4-C, D9 2] &85 7|4 57} 2= g3]d
FotdEn wede] ko] 3t CHX= A& &
dqre &85 FHFAAAY HAE I E ﬂf‘a 15
om YA tagell o) AFolHTo] Yol H2A 7 B3 A
ofde AT e Ae & F AUth o= Figure 4-E,
Folld #2590t} Figure 4-G, HE CHX 24 39
10,0003] €371 SMe] g o s A5 A3
A€l 9437} Vel

29A ARRAE A 2A SBie] AoldZE shdkw] fjgh
FAPAARE R 7401 Figure 5-A, BllA £4F0)A4 9] 3t
Y7 deytony o5 10,0008 A7 Toll A
Figure 5-C, DS} o] A2 71427} 25 st oF
2 Uehdigith. CHXE A4 F+ Edhet oA o] Aol
A gdddr s 4359 A7 AHHAY (Figure
5-G, H).
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Table 2. Microtensile Bond Strengths (., mean = SD) of 16 Experimental Groups

Adhesive Glass Ionomer Scotchbond Single Bond Clearfil Tri-S
/Group (GI) Multipurpose (SM) (SB) (TS)
without/with  without with without without with without with
CHX CHX CHX CHX CHX CHX CHX CHX
No 594 £312 682+ 125 4293 £ 13.44* 4429 + 18.20" 43.38 £ 10.99" 4343 £7.93° 27.11 £9.50° 29.41 £ 8.96°
Thermocycle
(Thermocyde) 4794179 665+ 164 3958 +16.36" 4117+ 851 3459+ 162 4021 £4.96 2000 £543 2771 £573
10,000 cycle

Different superscript letters were significantly different (p  0.05).
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Figure 3. The microtensile bond strength (M) with/without CHX and thermocycles (10,000 cycles).

EF A RN FER g 47 $AVRE fARE &4
Ao & eyttt (Figure 6-G, H). GIToAE Aopd =
o] g2 H AE sttt (Figure 7).

Aolsk 1A Alele) e PR hTHel F
2% 22olth I AL AY § E459 ¥z A%
o AGYETt gavln AT el Ak Hrb,

162

ATllM Hasta e,
94 71Rel = MMPs (Matrix metallo-
proteinases) 2 EA433}o] 9Js| dojdtt MMPsE €3]€
Ao} Zotdel f71718E eI TR Eio|t)
At 2219 AXE (fibroblast, osteoblast, odontoblast) &
MMPE st Axe71d= gt of2{gh MMPs
= 47419 Btz Xe X2 o] EAget, A7t
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LEGENDS OF FIGURES

Figure 4. SEM images of fractured surfaces after microtensile bond strength testing of SM.

(A) No CHX/No Thermocycle (X 100) (B) No CHX/No Thermocycle (X 2000)
(C) No CHX/10,000cycles (x 100) (D) No CHX/10,000cycles (x 2000)
(E) CHX/No Thermocycle (x 100) (F) CHX/No Thermocycle (X 2000)
(G) CHX/10,000 cycles (x 100) (H) CHX/10,000 cycles (x 2000)

A,B show adhesive failure. C,D show adhesive failure at the bottom of hybrid layer and resin tag are broken or left out of

dentinal tubules. E,F show adhesive failure at hybrid layer intertubular dentin seems to be completely covered by adhesive
(DT dentinal tubule, C: composite resin, HL: hybrid layer).

Figure 5. SEM images of fractured surfaces after microtensile bond strength testing of SB.

(A) No CHX/No Thermocycle (X 100) (B) No CHX/No Thermocycle (x 2000)
(C) No CHX/10,000cycles (x 100) (D) No CHX/10,000cycles (X 2000)
(E) CHX/No Thermocycle (x 100) (F) CHX/No Thermocycle (X 2000)
(G) CHX/10.000 cycles (x 100) (H) CHX/10,000 cycles (x 2000)

A,B show adhesive failure at hybrid layer. C,D show mixed failure at the bottom of hybrid layer. G,H show mixed failure at
top of the hybrid layer.(HL: hybrid layer, DT: dentinal tubule)

Figure 6. SEM images of fractured surfaces after microtensile bond strength testing of TS.

(A) No CHX/No Thermocycle (x 100) (B) No CHX/No Thermocycle (x 2000)
(C) No CHX/10,000cycles (x 100) (D) No CHX/10,000cycles (x 2000)
(E) CHX/No Thermocycle (X 100) (F) CHX/No Thermocycle (X 2000)
(G) CHX/10.000 cycles (x 100) (H) CHX/10,000 cycles (x 2000)

G,H show the shift of the failure site from the bottom to the top of the hybrid layer. (DT: dentinal tubule, HL: hybrid layer,
C: composite resin)

Figure 7. SEM images of fractured surfaces after microtensile bond strength testing of GI.

(A) No CHX/No Thermocycle (X 100) (B) No CHX/No Thermocycle (x 2000)
(C) No CHX/10,000cycles (x 100) (D) No CHX/10,000cycles (x 2000)
(E) CHX/No Thermocycle (x 100) (F) CHX/No Thermocycle (X 2000)
(G) CHX/10,000 cycles (x 100) (H) CHX/10,000 cycles (X 2000)
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