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Influence of chlorhexidine application
on longitudinal adhesive bond strength
in deciduous teeth

Abstract: The aim of this study was to evaluate the influence of apply-
ing 2% chlorhexidine for 30 seconds after phosphoric acid conditioning
of dentin on the immediate and long-term bond strengths in deciduous
teeth. The occlusal enamel was removed from 40 human sound decidu-
ous molars, which were exfoliated by natural means, and the dentin was
conditioned with 37% phosphoric acid for 15 seconds and washed with
running water. The specimens were divided into two groups of 20 teeth.
The test group received an application of 2% chlorhexidine for 30 sec-
onds prior to a three-step etch-and-rinse adhesive system, whereas the
control group received only the adhesive system. Three cylindrical res-
torations were made with a composite resin for each tooth. Ten teeth in
each group were submitted to a microshear bond strength test after 24
hours, while the remaining teeth were stored in distilled water at 37 °C
for 6 months before testing the microshear bond strength. The test group
had a higher bond strength than did the control group after 6 months of
storage. No statistical differences were found when groups with the same
dentin treatment were compared at different times. Short applications
of chlorhexidine at low concentrations prevent hybrid layer degradation
and positively affect bond strength over time.

Descriptors: Chlorhexidine; Tooth, Deciduous; Matrix
Metalloproteinases.

Introduction

The longevity of restorations is directly affected by the integrity of the
hybrid layer. Degradation of polymer networks and collagen fibrils over
time could compromise the long-term bond strength of adhesive systems.!
One mechanism for collagen fibrillar network degradation is the colla-
genolytic activity of endogenous matrix metalloproteinases (MMPs).!?2

MMPs are a group of zinc-calcium-dependent enzymes that regu-
late the physiological and pathological mechanisms of collagen-based
tissues.>* MMPs are present in the latent form in the dentin substrate.?
However, when the inorganic scaffold surrounding the collagen fibrils
of dentin is missing due to caries and/or acid etching,* collagen fibers
become denuded and express MMP activity, which begins the degrada-
tion process. As in an enzymatic process, aberrant expression of MMPs
could be inhibited with the use of specific inhibitors (i.e., cysteine and
serine protease inhibitors), which preserve the structural integrity of col-
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lagen fibers and could reduce the degradation of the
hybrid layer.?

Chlorhexidine showed inhibitory activities for
MMP-2, MMP-8, and MMP-9,° which are present
in human dentin matrix. Iz vivo® and in vitro’ stud-
ies have shown that dentin collagen degradation ac-
tivity can be reduced by applying chlorhexidine to
the dentin surface after the application of phosphor-
ic acid and prior to the application of the adhesive
system. Studies evaluating the effect of chlorhexi-
dine after acid etching used an application time of
60 seconds.”" In a few studies, researchers attempt-
ed to reduce this time to save both the professional’s
and the patient’s time.'*!>'* However, none of these
studies evaluated the reduced time of chlorhexidine
application on the dentin of deciduous teeth.

The purpose of this study was to evaluate the
influence of applying 2% chlorhexidine for 30 sec-
onds after phosphoric acid etching of dentin on im-
mediate and long-term bond strengths in deciduous
teeth.

Methodology

Forty human sound deciduous molars, which
were exfoliated by natural means, were selected for
this study. The teeth were randomly assigned to a
study group. This study was revised and approved
by the local Ethics Committee. Freshly exfoliated
teeth were immediately stored fully immersed in dis-
tilled water at 4 °C for no more than 6 months.

Bonding procedures

The teeth were embedded in acrylic resin, and
their occlusal enamel was removed to expose the
dentin surface near the enamel. The exposed den-
tin was polished with 600 SiC sandpaper for 30
seconds in running water to produce a standardized
smear layer."

The dentin was acid conditioned for 15 seconds
with 37% phosphoric acid and washed in running
water for the same period; the dentin samples were
then divided into 2 groups (n = 20), according to the
treatment of dentin. In the control group (G_ ),
a three-step etch-and-rinse adhesive system (Scotch
Bond Multi Purpose, 3M ESPE, St. Paul, MN, USA)

was applied according to the manufacturer’s in-
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structions (primer for 15 seconds, air dried for 10
seconds, adhesive resin, and photoactivation). In the
cnx)» 1.5 uL of a 2% chlorhexidine di-
gluconate solution was applied with a microbrush

test group (G

for 30 seconds. The dentin was then gently dried
with an absorbent paper, and the adhesive system
was applied as in the G group. Three cylindri-
cal restorations were made with a composite resin
(2350, 3M ESPE, St. Paul, MN, USA). The mean
bonding area was 0.95 (£ 0.1) mm?. Adhesive res-
in and composite resin were photoactivated with a
quartz tungsten halogen light curing unit (XL2500,
3M ESPE, St. Paul, MN, USA) with a light intensity
of 600 mW/cm2. The power of the light curing unit
was gauged with a radiometer (Model 100, Dem-
etron Research Group, Danbury, USA).

Microshear bond strength test

The teeth were stored at 37 °C in distilled wa-
ter for 24 hours and randomly assigned to one of 4
subgroups, according to the time of storage (n = 10).
Ten teeth from each subgroup were submitted to a
microshear bond strength test after 24 hours (G_
ot 24n A0 Gypnny)
for 6 months at 37 °C in distilled water and then
submitted to a microshear bond strength test (G
trol 6m and Gerix o)

For the microshear bond strength test, the em-

. The remaining teeth were stored

con-

bedded teeth were positioned in a device coupled to
a universal test machine (EMIC DL-2000, S3o José
dos Pinhais, Brazil). A steel wire with a cross sec-
tion of 0.2 mm was positioned in the bottom of the
cylinder, and a crosshead speed of 0.5 mm/min was
applied until bond failure occurred. To express the
bond strength in megapascals (MPa), the load upon
failure was recorded in Newtons (N) and divided by
the bond area (mm?).

Statistical analysis

The normality of the data was evaluated by the
Kolmogorov-Smirnov test. Statistical analysis was
performed using two-way ANOVA and Tukey’s post
hoc test at the 0.05 level of significance. All analyses
were performed with SigmaPlot 11.0 software for
Windows.
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Results

The results of the bond strength analysis are pre-
sented in Figure 1. The control group had a mean
and standard deviation of 22.37 (+ 3.69) MPa at
24 hours and 19.93 (+ 2.05) MPa at 6 months. The
test group (CHX) had a mean and standard devia-
tion of 22.30 (£ 3.66) MPa at 24 hours and 24.48
(£ 2.24) MPa at 6 months. The results show a statis-
tical difference between the control and test groups
after 6 months of storage (p < 0.05). No statistical
differences were found when groups with the same
dentin treatment were compared at different times
(p > 0.05).

Discussion

In this study, the application of chlorhexidine
for 30 seconds after phosphoric acid etching of de-
ciduous dentin influenced the longitudinal adhe-
sive bond strength. The group with chlorhexidine
treatment had stronger bond strength than did the
control group after 6 months (p < 0.05). However,
chlorhexidine showed no influence on the immedi-
ate bond strength in both groups (p > 0.05).

The results of this study corroborate the findings
of other studies that evaluated the re-hydration of
dentin with 2% chlorhexidine after acid condition-
ing.”$12:1316 The chlorhexidine application showed
no interference on immediate bond strength but re-
sulted in higher bond strength values than the con-
trol group after 6 months, even when the chlorhexi-
dine application time was reduced to 30 seconds.

During the bonding procedure with the etch-
and-rinse adhesive systems, dentin is demineralized
by the action of phosphoric acid. This process ex-
poses a dense layer of fibrils of the organic matrix®’
composed primarily of type I collagen and proteo-
glycan,'>"® which must be completely infiltrated with
the adhesive resin to form the hybrid layer.!>'* How-
ever, a decrease in the diffusion gradient of the resin
monomers results in a layer of denuded collagen at
the base of the hybrid layer.”!>'%16.17 These limita-
tions of adhesive systems lead to the disarrangement
of the collagen fiber network, which causes degra-
dation by activating host-derived enzymes, such as
MMPs, by acid contact and water uptake. The lon-
gevity of the adhesive/dentin bond is directly related
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Figure 1 - Bond strength of groups at 24 hours and 6
months. Different small letters indicate statistical differences
between groups at the same time (p < 0.05). Different capi-
tal letters indicate statistical difference in the same group at
different times (p < 0.05).

to the quality of the formed polymer'® and the in-
tegrity of the uncovered collagen.®" The uncovered
collagen may be degraded by MMPs,*¢ which leads
to a degraded bond interface. The degradation of
organic content occurs due to the gelatinolytic and
collagenolytic activity present in latent forms within
the dentinal matrix.’

Chlorhexidine, which is widely used as an anti-
bacterial agent, has been investigated as an effective
MMP inhibitor that does not have a negative effect
on bond strength.?’ Inhibition of MMPs is related to
the CHX cation chelating mechanism, in which met-
al ions such as calcium and zinc are sequestered,?"-??
and its interaction with sulfhydryl groups and cys-
teine residues present in the active site of MMPs.*
The application of CHX as a method to rehydrate
the conditioned dentin seems to be a recognized ap-
proach to minimize the effect of MMPs along the
demineralized layer of collagen. Chlorhexidine in-
teracts with the inactive matrix metalloproteinases
present on collagen fibers.

Preservation of the hybrid layer is necessary to
avoid bond strength loss over time. Chlorhexidine
prevents only collagen degradation that does not
interfere with polymer network stability, as demon-
strated in a previous study? in which polymer deg-
radation was so marked that the effect of chlorhexi-
dine could not be verified. The polymer continues to
be susceptible to water sorption and swelling; there-



fore, the leaching of the polymer from the hybrid
layer creates spaces and exposes the collagen fibers,
which can be degraded by MMPs. A storage period
of 6 months was not sufficient for this phenomenon
to occur, as seen in this study. Both the control and
test groups presented no reduction in bond strength
at 24 hours or 6 months.

Deciduous teeth were used in this study because
they are less mineralized®* than permanent teeth;
therefore, they contain a higher content of organic
material. Consequently, deciduous teeth are ex-
pected to experience more degradation of the hybrid
layer over time. On the other hand, less collagen
network disintegration is expected, which leads to a
less noticeable reduction in bond strength when an
MMP inhibitor is used. Previous studies have shown
that a 60-second chlorhexidine application has an
effect on deciduous teeth.?%:2¢6

Because the microtensile bond strength is a reli-
able in vitro metric to evaluate bond strength?” and
a positive correlation between microtensile and mi-
croshear bond strength tests was demonstrated,?®
the methodology utilized in this study was able to
detect the differences observed between the tested
groups. Furthermore, the common method used to
evaluate simulated bond interface aging is to pre-
pare specimens in beam forms with an adhesive
1 mm? in area and to soak the bonded specimens at
37 °C.?” The restorations made for the microshear
bond strength test are small (0.95 mm?), which al-
lows the storage medium to infiltrate the bonding

References

1. Breschi L, Mazzoni A, Ruggeri A, Cadenaro M, Di Lenarda R,
De Stefano Dorigo E. Dental adhesion review: aging and sta-
bility of the bonded interface. Dent Mater. 2008 Jan;24(1):90-
101.

2. Pashley DH, Tay FR, Yiu C, Hashimoto M, Breschi L, Carv-
alho RM, et al. Collagen degradation by host-derived enzymes
during aging. J Dent Res. 2004 Mar;83(3):216-21.

3. Tjaderhane L, Larjava H, Sorsa T, Uitto V], Larmas M, Salo T.
The activation and function of host matrix metalloproteinases
in dentin matrix breakdown in caries lesions. ] Dent Res.
1998 Aug;77(8):1622-9.

Leitune VCB, Portella FF, Bohn PV, Collares FM, Samuel SMW ™

area efficiently.

MMPs require calcium and zinc ions to maintain
their proper tertiary structure and functional ac-
tive sites; moreover, MMPs could hydrolyze specific
peptides linkages in collagen peptides, thus disinte-
grating collagen fibrils.3® The teeth were stored in
distilled water to promote degradation, which could
reduce the collagenolytic activity of the medium.
However, differences in bond strength between the
control and test groups were found after 6 months
of storage, which indicates that aging occurred un-
der the present study conditions without interfer-
ing with the results of the two groups’ storage for
6-month comparison. In vivo studies of 30-second
chlorhexidine application should be conducted to
confirm the results of the present study.

Despite the advantages of using 2% chlorhexi-
dine for 30 seconds after acid conditioning, the pro-
cess requires one more step in the restorative pro-
cedure, which contrasts with the simplified clinical
technique proposed. Numerous studies have been
concerned with avoiding an increase in the clinical
time of restoration and, thus, have included the use
of chlorhexidine in a previous restoration step.

Conclusion

Even at low concentrations and with a short ap-
plication time (30 s) to dentin, chlorhexidine influ-
enced the degradation of the hybrid layer and thus
positively affected the in vitro bond strength over
time.

4. Chaussain-Miller C, Fioretti F, Goldberg M, Menashi S. The
role of matrix metalloproteinases (MMPs) in human caries.
J Dent Res. 2006 Jan;85(1):22-32.

5. Gendron R, Grenier D, Sorsa T, Mayrand D. Inhibition of the
activities of matrix metalloproteinases 2, 8, and 9 by chlorhex-
idine. Clin Diagn Lab Immunol. 1999 May;6(3):437-9.

6. Hebling J, Pashley DH, Tjaderhane L, Tay FR. Chlorhexidine
arrests subclinical degradation of dentin hybrid layers in vivo.
J Dent Res. 2005 Aug;84(8):741-6.

7. Carrilho MR, Carvalho RM, de Goes MF, di Hipolito V,
Geraldeli S, Tay FR, et al. Chlorhexidine preserves dentin
bond in vitro. ] Dent Res. 2007 Jan;86(1):90-4.

Braz Oral Res. 2011 Sep-Oct;25(5):388-92 391



(o)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

392

Influence of chlorbexidine application on longitudinal adbesive bond strength in deciduous teeth

. Carrilho MR, Geraldeli S, Tay F, de Goes MF, Carvalho RM,

Tjaderhane L, et al. In vivo preservation of the hybrid layer
by chlorhexidine. ] Dent Res. 2007 Jun;86(6):529-33.

. Komori PC, Pashley DH, Tjaderhane L, Breschi L, Mazzoni

A, de Goes MF, et al. Effect of 2% chlorhexidine digluconate
on the bond strength to normal versus caries-affected dentin.
Oper Dent. 2009 Mar-Apr;34(2):157-65.

Stanislawczuk R, Reis A, Loguercio AD. A 2-year in vitro
evaluation of a chlorhexidine-containing acid on the durability
of resin-dentin interfaces. ] Dent. 2011 Jan;39(1):40-7.
Shafiei F, Memarpour M. Effect of chlorhexidine application
on long-term shear bond strength of resin cements to dentin.
J Prosthodont Res. 2010 Oct;54(4):153-8.

Loguercio AD, Stanislawczuk R, Polli LG, Costa JA, Michel
MD, Reis A. Influence of chlorhexidine digluconate concen-
tration and application time on resin-dentin bond strength
durability. Eur J Oral Sci. 2009 Oct;117(5):587-96.
Stanislawczuk R, Amaral RC, Zander-Grande C, Gagler D,
Reis A, Loguercio AD. Chlorhexidine-containing acid con-
ditioner preserves the longevity of resin-dentin bonds. Oper
Dent. 2009 Jul-Aug;34(4):481-90.

Breschi L, Cammelli F, Visintini E, Mazzoni A, Vita F, Car-
rilho M, et al. Influence of chlorhexidine concentration on
the durability of etch-and-rinse dentin bonds: a 12-month in
vitro study. ] Adhes Dent. 2009 Jun;11(3):191-8.

Pashley DH, Ciucchi B, Sano H, Carvalho RM, Russell CM.
Bond strength versus dentine structure: a modelling approach.
Arch Oral Biol. 1995 Dec;40(12):1109-18.

Zhou J, Tan J, Chen L, Li D, Tan Y. The incorporation of
chlorhexidine in a two-step self-etching adhesive preserves
dentin bond in vitro. ] Dent. 2009 Oct;37(10):807-12.
Campos EA, Correr GM, Leonardi DP, Barato-Filho F, Gon-
zaga CC, Zielak JC. Chlorhexidine diminishes the loss of
bond strength over time under simulated pulpal pressure and
thermo-mechanical stressing. ] Dent. 2009 Feb;37(2):108-14.
Ferracane JL. Hygroscopic and hydrolytic effects in dental
polymer networks. Dent Mater. 2006 Mar;22(3):211-22.
Collares FM, Ogliari FA, Zanchi CH, Petzhold CL, Piva E,
Samuel SMW. Influence of 2-Hydroxyethyl Methacrylate
Concentration on Polymer Network of Adhesive Resin. ] Ad-
hes Dent. 2011 Feb;13(2):125-129.

Braz Oral Res. 2011 Sep-Oct;25(5):388-92

20.

21.

22.

23.

24.

25.

26

27.

28.

29.

30.

Erhardt MC, Osorio R, Toledano M. Dentin treatment with
MMPs inhibitors does not alter bond strengths to caries-
affected dentin. ] Dent. 2008 Dec;36(12):1068-73.

Sorsa T, Tjaderhane L, Konttinen YT, Lauhio A, Salo T, Lee
HM, et al. Matrix metalloproteinases: contribution to patho-
genesis, diagnosis and treatment of periodontal inflammation.
Ann Med. 2006 May;38(5):306-21.

Hannas AR, Pereira JC, Granjeiro JM, Tjaderhane L. The role
of matrix metalloproteinases in the oral environment. Acta
Odontol Scand. 2007 Feb;65(1):1-13.

Leitune VC, Collares FM, Werner Samuel SM. Influence
of chlorhexidine application at longitudinal push-out bond
strength of fiber posts. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2010 Nov;110(5):e77-81.

Nor JE, Feigal R], Dennison JB, Edwards CA. Dentin bond-
ing: SEM comparison of the dentin surface in primary and
permanent teeth. Pediatr Dent. 1997 May-Jun;19(4):246-52.
Ricci HA, Sanabe ME, de Souza Costa CA, Pashley DH,
Hebling J. Chlorhexidine increases the longevity of in vivo
resin-dentin bonds. Eur J Oral Sci. 2010 Aug;118(4):411-6.

. Ricci HA, Sanabe ME, Costa CA, Hebling J. Effect of

chlorhexidine on bond strength of two-step etch-and-rinse
adhesive systems to dentin of primary and permanent teeth.
Am ] Dent. 2010 Jun;23(3):128-32.

Van Meerbeek B, Peumans M, Poitevin A, Mine A, Van Ende
A, Neves A, et al. Relationship between bond-strength tests
and clinical outcomes. Dent Mater. 2010 Feb;26(2):e100-21.
El Zohairy AA, Saber MH, Abdalla Al, Feilzer AJ. Efficacy
of microtensile versus microshear bond testing for evaluation
of bond strength of dental adhesive systems to enamel. Dent
Mater. 2010 Sep;26(9):848-54.

Tezvergil-Mutluay A, Agee KA, Hoshika T, Carrilho M,
Breschi L, Tjaderhane L, et al. The requirement of zinc and
calcium ions for functional MMP activity in demineralized
dentin matrices. Dent Mater. 2010 Nov;26(11):1059-67.
Visse R, Nagase H. Matrix metalloproteinases and tissue
inhibitors of metalloproteinases: structure, function, and bio-
chemistry. Circ Res. 2003 May 2;92(8):827-39.



