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ABSTRACT
It has recently been observed that chlorhexidine has the capacity to inhibit matrix
metalloproteinase. Therefore, the object of this study was to assess the effect of chlor-
hexidine on the quality of the hybrid layer of noncarious primary teeth. In group 1, the
teeth were subjected to acid-etching, chlorhexidine application, Single Bond adhesive
insertion, and restoration with resin composite Z250. Group 2 received the same pro-
cedures, without the application of the antimicrobial agent. Twenty-five regions were
examined by scanning electronic microscopy by blind examiners. The data obtained
were statistically analyzed by the chi-square and student t tests at a 5% level of signifi-
cance. The groups presented few interfacial gaps without statistically significant differ-
ences. Group 1 presented a larger number of areas with a visible hybrid layer (68%) vs
group 2 (52%). The layer's thickness was 3.33 [tm and 3.28 [tm for groups 1 and 2,
respectively (P=.94). The results showed that the clinical restorative protocol with
the use of chlorhexidine application does not interfere significantly in the morpho-
logical characteristics of the hybrid layer.a Dent Child 2010;77:25-31)
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Metalloproteinases (MMPs) are a family of zinc-
dependant proteolytic enzymes, responsible
for degradation of the extracellular matrix of

proteins. 1 and are found in dentin, dentinal fluid, and
in total saliva. 2-4

The enzymes MMP-2, MMP-3, MMP-8, MMP-9,
MMP-14, and MMP-20 have been isolated in dental
structures.2-4 Recently, the expression of other metal-
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loproteinases (1, 7, 10, 11, 13, 15, 16, 17, 19,23,24, and
25) were reported for the first time in odontoblasts and
pulpal tissue.5

In dentinal tissue, MMPs 2,8,9 and 20 have been de-
tected by enzymatic, polymerase chain reaction, and im-
munoelectrophoresis tests.1,3,6Sulkala et al. concluded that
MMP-8 represents the major collagenase in human dentin.

Matrix metalloproteinases are enzymes capable of
degrading the collagen of dentin. They can be activated
by the lowering pH as a result of treating the tooth sur-
face with primer and adhesive, or biochemistry of the
carious process, leading to a greater degradation of the
collagen fibrils and higher risk of nanoleakage.6-9

The bond between resin and dentin is created by me-
chanical adhesion between the hydrophobic and hydro-
philic monomers and collagen fibrils, which forms the
"hybrid layer."lo
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Imperfect adhesive polymerization can result in bond
defects. These areas are created by the discrepancy be-
tween the depth of dentinal demineralization and the
depth of adhesive infiltration. Theoretically, they are
located between the hybrid layer and the mineralized den-
tin. Morphologically, they consist of exposed collagen fi-
brils surrounded by nanometric-sized interfibrilar spaces
filled with water-a process called nanoleakage. This
defect may occur even in the absence of microleakage. 11

It has also been reported that nanoleakage can be pre-
sent in areas in which the water was incompletely re-
moved from the dentin-resin interfacell. This residual
water can induce incomplete polymerization of the
hydrophilic polymers of the adhesive, originating the
nanoleakage. This defect is represented by the transmis-
sion electronic microscopy as a silver deposits oriented
perpendicular to the surface of the hybrid layer, called
as a morphological arborescent manifestation, which
is predetermined by the orientation of the interfibrilar
spaces towards the matrix of demineralized collagen fi-
brils. This absorption of water by the hydrophilic mo-
nomers contributes to degradation at the dentin-resin
interface over the course of timell.

In summary, the degradation of the dentin-adhesive
interface is initially due to the incomplete removal of
water from the dentin by solvents present in the adhe-
sives.This leads to incomplete polymerization, generating
unstable areas capable of undergoing hydrolysis. More-
over, it has been demonstrated that not all deminerali-
zed dentin is covered by the adhesive, resulting in areas
of exposed collagen fibrils. These areas can be degraded
by the matrix metalloproteinases, which are activated by
the process of dentinal treatment with primer and ad-
hesive.7-9Therefore, activation of the MMPs and degra-
dation of the collagen compromise the quality of the
hybrid layer and increase the occurrence of nanoleakage.

Recent studies have shown that the release and activa-
tion of these endogenous enzymes, matrix metallopro-
teinases, during dentinal bonding may be responsible
for the in vitro disappearance of collagen fibrils from
the hybrid layer with time.9

Efforts were made to find a substance that inhibits the
action of these proteinases. One substance that has shown
desirable antiproteolytic properties is chlorhexidine.7,13,14

Based on the hypothesis that chlorhexidine could be
an MMP inhibitor, enhancing the quality of the hybrid
layer, the purpose of this study was to analyze by scan
ning microscopy the quality of the hybrid layer formed
on normal dentin at the dentin-resin interface in pri-
mary teeth when the application of chlorhexidine was
included in the clinical protocol.

METHODS
This study was submitted and approved by the Ethics
Committee of the Catholic University of Brasilia (Brasilia,
Federal District, Brazil), being a randomized control trial
formed by ten sound primary first or second molars.

These teeth were extracted at the final stage of rhi-
zolysis, and had the root portion removed. The teeth
were cleaned immediately after extraction and stored
in an aqueous solution of 0.2% thymol, at 4oC, for up
to 30 days. The coronal portion was separated from the
root using carbide bur no. 330 (KG Sorensen, Barueri,
Sao Paulo, Brazil) at high speed (350,000 rpm; Turbina
Extra Torque 605, Kavo do Brasil SA, Joinville, SC,
Brazil) at the cementoenamel junction. The pulp tissue
was removed with a dental explorer.

Standardized radiographs of the teeth were taken, and
the total dentin thickness (dentin-enamel junction to the
pulp) measured. Half of this measurement was transfer-
red to the preparation bur to obtain standardized dental
depth preparations. The class I preparations were made
with carbide bur no. 330 (KG Sorensen, Barueri, Sao
Paulo, Brazil) at high speed (350,000 rpm; Turbina Extra
Torque 605, Kavo do Brasil SA, Joinville, SC, Brazil).

The specimens were randomly divided into 2 groups
(group 1 and group 2), with five teeth in each. All ma-
terials were used according to manufacturers' recom-
mendations.

For group 1, The dentinal surface of each tooth was:
etched with 35% phosphoric acid (3M ESPE, St. Paul,
Minn) for 15 seconds, thoroughly washed with water for
15 seconds, coated with an aqueous solution of 2% chlor-
hexidine (Cav Clean, Dentsply, New York, NY) and left
on for 30 seconds14,and were lightly dried with absorb-
ent paper to maintain the dentinal surface humid. A layer
of the adhesive Adper Single Bond 2 (3M ESPE)
was applied with a microbrush; another layer was applied
and gently dried for 5 seconds. Polymerization was per-
formed for 20 seconds. Filtek Z250 B1 (3M ESPE), was
applied in 2 x 2 mm increments and polymerized for
20 seconds per increment, until the cavity was comple-
tely filled. This gradual polymerization technique was
used to reduce polymerization shrinkage. Polymeriza-
tion was performed with a second generation LED type
light polymerizing appliance (DMC, Santo Andre, Sao
Paulo, Brazil) with a light intensity of 600 mW/cm2.

After this procedure, final polymerization was per-
formed for 40 seconds. This was confirmed by measu-
rement with a radiometer (model no. 100, Demetron
Research Corp, Danbury, Conn) before each sample was
polymerized.

For group 2, each tooth was submitted to the same
procedures with the exception of chlorhexidine applica-
tion. Therefore, after acid-etching and washing the ca-
vity, the tooth was gently dried with absorbent paper
and the adhesive procedures were performed.

The samples were prepared in a single stage and in
random sequence. Mter this, they were stored in water
at 22°C until the moment of fracture and metallization.

The restorative material/dentin interface was exposed
by fracturing specimens with a surgical blade15 longi-
tudinally, in the mesiodistal direction, obtaining a buccal
and a lingual half.
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The samples were prepared for later analysis by scan-
ning electronic microscopy (model DSM 962, ZEISS,
Oberkochen, Germany) with acceleration voltage of
15 Kv.

The hybrid layer thickness and the interfacial gap
width were measured in 5 random sites in each tooth.
The first interfacial gap measurement was made at
about 300 !-tmfrom the crown's center, and the remain-
der were made at intervals of approximately 100 !-tm
from the initial measurement. This methodological ap-
proach agreed with Telles et a1.15

The depths of the gaps were measured at 1, 500X
magnification. The condition of the dentinal tubules was
assessed and classified as partially filled and empty. The
hybrid layer thickness was assessed at 4,000X magni-
fication. Only visible hybrid layer areas were considered.

Each site was analyzed by 2 calibrated examiners, and
consensus was reached for each measurement. The ex-
aminers were blind to group assignment at the time of
microscopic evaluation.

The results were statistically analyzed, via chi-square
and student t tests at a level of significance of 5%, to
test the hypothesis that there was no difference in the
quality of the hybrid layer when using chlorhexidine
compared to the control group (group 2).

RESULTS
Of the 25 points analyzed in group 2, 3 (12%) presented
gaps, while in group 1, 6 (24%) areas presented this defect
(P=.46). The mean gap width value observed was 3.87
(±2.42) and 4.03 (±3.68) for groups 1 and 2, respectively
(P=.93; Figure 1).

The condition of the dentinal tubules was also ex-
amined at 1,500X magnification (Table 1; Figures 1-3).
It was not possible to perform analysis on 2 points and
on 3 points in groups 1 and 2, respectively. This occur-
red because the type of fracture made it impossible to
analyze the tubules' contents. The condition of the tu-
bules was not shown to be significant for groups 1 and 2
(P=.56).

The hybrid layer was visible in 17 (68%) and 13 (52%)
of the 25 points examined in groups 1 and 2, respectively.
All the teeth presented at least 1 region with visible hybrid
layer formation (Figures 4-6). The mean and standard de-
viation of the hybrid layer thickness is shown in Table 2.

Table 1. Analysis of Dentinal Tubules

Group 1 Group 2
(with chlorhexidine) (without chlorhexidine)

Frequency % Frequency %

Empty 3 13 2 9
Partially filled 20 87 20 91

Total 23 100 22 100

Table 2. Means and Standard Deviations
of the Hybrid Layer Thickness O./M)H

Mean+(SD)

Group 1 (with chlorhexidine) 3.33±1.90
Group 2 (without chlorhexidine) 3.28±2.22

"P=.94

DISCUSSION
This in vitro study was designed to examine the qual-
ity of the hybrid layer when chlorhexidine was applied. 2
groups of teeth received the same dentin bonding proce-
dures, with the exception of the chlorhexidine applica-
tion. Only teeth in the final stage of rhizolysis were col-
lected to ascertain a certain pattern of tooth age between
the 2 groups assessed. This design reduced the influence
of the tooth-related biases such as tooth-age, since with
aging, there is a decrease in the number and diameter of
the dentinal tubules, due to continuous intratubular den-
tin mineralization, which interferes with the degree of
dentinal permeability.16 To reduce bias related to dentin
depth, all the teeth received Class I preparations. This
minimized the variations in the dentinal structures when
the buccal, lingual, or other surfaceswere exposed.17

Different procedures used for cavity preparation pro-
duce different smear layers. Consequently, the use of
water-abrasive papers or diamond disks for cutting the
dentin create different surfaces from those obtained in
the clinic, and could produce different types of smear
layers. This altered substrate could affect results that are
not comparable with the clinical situation. ISTo elimi-
nate this bias and better simulate the in vivo situation
tooth preparation was performed with a carbide bu;
under constant water irrigation.

The depths of the cavities prepared in the present in-
vestigation were standardized regarding exposure of
mean area of the dentin so to create similar mechanical
properties and, similar bond strength. 19

It is important to emphasize that 5 areas per tooth
were examined, resulting in 25 regions examined per
group. The sample size was compatible with and ade-
quate for the proposed objective.15,17,IS

~erfect dentin-adhesive interface sealing is mainly
achieved by the absence of interfacial gaps, since this is
an irreversible process that could lead to microleakage.
Analysis of these defects demonstrated gaps in groups 1
and 2, with no statistical significant differences (P=.46).
In these regions, the dentinal tubules were shown to be
err:pty and, therefore, lacking the formation of resin tags
(Figure 1). In these areas, hybridization was not satisfac-
tory: the acid-etching process caused dentin demineral-
ization and the adhesive was not able to penetrate the
entire region attacked, as demonstrated by the appear-
ance of the dentinal tubules. Therefore, the dentin-
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Figure 1. Gap (G), partially filled dentinal tubules, in a
sample from group " site D (A=adhesive; D=dentin; RC=resin
composite).

Figure 3. Partially filled dentinal tubules, hybrid layer
(arrow) in a sample from group " site C (D=dentin; RC=resin
composite).

Figure 5. Visible hybrid layer (arrow) in a sample from
group 2, site D; empty dentinal tubules (D=dentin;
A=adhesive).

Figure 2. Partially filled dentinal tubules, hybrid layer
(arrow) in a sample from group 2, site C (D=dentin; RC=resin
composite).

Figure 4. Visible hybrid layer (arrow) in a sample from
group " site A; empty dentinal tubules (D=dentin; RC=
resin composite).

Figure 6. Visible hybrid layer (arrow), with resin tag
formation, in a sample from group " site B (D=dentin;
A=adhesive).
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adhesive interface was not perfect and was susceptible
to fracture by any mechanism that might cause stress at
the interface, as had occurred with the fracture proce-
dures or the vacuum of the scanning electron microscope.

The mean depth of these defects was slightly greater in
group 2 (4.03 !-tm)than in group 1 (3.87 !-tm),although
the difference was not significant (P=.93; Figure 1).

These values were much lower than the results re-
ported by Telles et al.15:9.9 !-tmfor primary teeth treated
with a single-step adhesive. The explanation could be
the difference in the adhesive agents used. Hosoya16
also found frequent gaps in the group of primary teeth
treated with Single Bond adhesive.

Perfect dentin-resin interface sealing can be establi-
shed by the adhesive completely filling the dentinal tu-
bules and the demineralized collagen matrixY When
observing the contents of the dentinal tubules, 91% of
group 2 areas were shown to be partially filled compared
to 87% of group 1 areas (Table 1; Figures 1-3), but the
difference was not statistically significant (P=.56).

Some authors suggest that when chlorhexidine is used
after acid-etching, it could leave debris on the dentinal
surface, making it difficult to form resin tags.22This was
not observed in the present research, since the contents
of the tubules did not differ significantly in the 2 groups.
Similarly, Owens et al.23reported no differences between
the surface that had been acid etched and the one that
had chlorhexidine applied after this procedure.

The development of a hybrid layer, represented by
a mixture of collagen fibrils and resinous monomers, is
a determinant factor for the success of the restoration
bonded to dentin. Therefore, this study examined the
presence and thickness of the hybrid layer. Group 1
presented a larger number of areas with a visible hybrid
layer (68%) compared to group 2 (52%).

Chlorhexidine may have helped clean the cavity,
decrease the surface tension area, allowing better wetta-
bility and, consequently, contributing to better integra-
tion of the adhesive with the collagen fibrils, resulting in
a hybrid layer of better quality. Pilo et a1,24considered
this antimicrobial a wetting agent that diminishes the
sensitivity of the restorative technique. Chlorhexidine
has a high affinity for dentinal structures, which is in-
creased by acid-etching, and this could theoretically in-
crease the bond strength of the adhesive to dentin.25

The hybrid layer thickness values in group 1 were
shown to be slightly higher (3.33 !-tm) than those of
group 2 (3.28 !-tm), but the difference also was not sig-
nificant (P=.94; Table 2; Figures 4-6). In group 1, the
hybrid layers were better delimited, thus facilitating the
measurements. These values were a little higher than
those reported by Telles et alY: 2.5 !-tm, a with I-step
adhesive. Olmez et a1,26however, found a hybrid layer
with a thickness of 8.6 !-tm when using a 3-step ad-
hesive. The difference could be due to the different
methodologies of each research.

It was difficult to compare the results with data from
the literature because of the limited number of articles
on the subject. Only 3 studies were conducted with pri-
mary teeth, and none of them observed the quality of
the hybrid layer by scanning electronic microscopy. Tu-
lunoglu et aF7 found a greater degree of marginal leak-
age when this antimicrobial agent was applied after
acid-etching. This study, however, used 3-step dentinal
adhesives that have different compositions, thus interfer-
ing in the dentin-adhesive interaction.

Vieira et al.,28found that the bond strength was sig-
nificantly lower when chlorhexidine was used before
acid-etching. Komori et ap2, however, found no differ-
ence in the bond strength between groups treated or
not with chlorhexidine, using the Single Bond adhesive.
Recently, Hebling et al.14, by means of transmission
microscopy, detected on abnormal hybrid layer with
progressive disintegration of the collagen fibril network
in group 2 after acid etching. They concluded that
using this antimicrobial agent as MMP inhibitor could
prevent in vivo degradation of the hybrid layer.

As previously discussed, the MMPs present in min-
eralized dentin could be denatured by acid-etching and
reactivated by treatment with dentinal adhesives. For
the adhesive used in the present research, Mazzoni et al.9
observed a reactivation of proteolytic activity of approxi-
mately 126%, which significantly contributed to the
degradation of collagen fibrils.

According to the literature, the matrix metallopro-
teinases involved in this process may be MMP-2 and
MMP-9, present in both demineralized and mineralized
dentin, with the potential to degrade the organic matrix.
In mineralized dentin, they are present in larger quanti-
ties and most are in the active form. In demineralized
dentin, however, they are found in a lower quantity and
in the inactive form,3,29but enzymes of this deminerali-
zed dentin may be reactivated by the adhesive.9

The technique with chlorhexidine application after
acid-etching could prevent the degradation of colla-
gen fibrils in the hybrid layer? Carrilho et al. reported
that autodegradation of collagen matrices can occur in
resin-infiltrated dentin, but may be prevented by the
application of a synthetic protease inhibitor, such as
chlorhexidine.

For an initial assessment of the action of a subs-
tance, healthy teeth are ideal models since they avoid the
influence of different stages of carious lesion progression.
Nevertheless, having obtained these results, it is neces-
sary to test chlorhexidine in carious teeth. Further re-
search should be conducted to verify the characteristics
of the hybrid layer of primary teeth, whether treated
with chlorhexidine or not, after some period of storage
in water.
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CONCLUSION
Considering the limitations of this in vitro study, it can
be concluded that the 2% chlorhexidine solution applied
after acid-etching on the normal dentin of primary teeth
did not influence the quality of the hybrid layer.

ACKNOWLEDGMENTS
The authors wish to thank Dr. Gustavo Mendonc;a (MS,
professor of Department of Pediatric Dentistry, School of
Dentistry, Catholic University of Brasilia, Brasilia, Brazil)
for help with the data's statistical analysis, Ms. Rosana
Falcao (technical assistant of the Brazilian Agricultural
Research- EMBRAPA- Brasilia, Brazil) for her invaluable
technical assistance with the scanning electron micro-
scope (SEM), and the Embrapa-Cenargen (Brazilian Agri-
cultural Research) for giving the authors the opportunity
to use the SEM.

REFERENCES
1. Sulkala M, Wahlgren], Larmas M, et al. The effects

ofMMP inhibitors on human salivary MMP activity
and caries progression in rats. ] Dent Res 2001;80:
1545-9.

2. Heikinheimo K, Salo T. Expression of basement
membrane type IV collagen and type IV collage-
nases (MMP-2 and MMP-9) in human fetal teeth. ]
Dent Res 1995;74:1226-34.

3. Martin de las Heras S, Valenzuela A, Overall CM.
The matrix metalloproteinase gelatinase A in hu-
man dentine. Arch Oral BioI2000A5:757-65.

4. Sulkala M, Larmas M, Sorsa T, et al. The localization
of matrix metalloproteinase-20 (MMP-20, ename-
lysin) in mature human teeth. ] Dent Res 2002;81:
603-7.

5. Palosaari H, Pennington C], Larmas M, et al. Ex-
pression profile of matrix metalloproteinases
(MMPs) and tissue inhibitors of MMPs in mature
human odontoblasts and pulp tissue. Eur ] Oral Sci
2003;111:117-27.

6. ]aderhane L. The activation and function of host
matrix metalloproteinases in dentin matrix break-
down in caries lesions.] Dent Res 1998;77: 1622-9.

7. Pashley DH, Tay FR, Yiu C, et al. Collagen degra-
dation by host-derived enzymes during aging. ] Dent
Res 2004;83:216-21.

8. Nishitani Y, Yoshiyama M, Wadgaonkar B, et al.
Activation of gelatinolytic-collagenolytic activity in
dentin by self-etching adhesives. Eur] Oral Sci 2006;
114:160-6.

9. Mazzoni A, Pashley DH, Nishitani Y, et al. Reac-
tivation of inactivated endogenous proteolytic acti-
vities in phosphoric acid-etched dentine by etch-
and-rinse adhesives. Biomat 2006;27:4470-6.

10. Nakabayashi N, Kojima K, Masuhara E. The pro-
motion of adhesion by the infiltration of monomers
tooth substrates.] Biomed Mat Res 1982;16:265-73.

11. Tay FR, Pashley DH, Yoshiyama M. Two modes of
nanoleakage expression in single-step adhesives. ]
Dent Res 2002;81:472-6.

12. Hashimoto M. In vivo degradation of resin-dentin
bonds in humans over 1 to 3 years. ] Dent Res 2000;
79: 1385-91.

13. Gendron R, Grenier 0, Sorsa T, et al. In of the acti-
vities of matrix metalloproteinases 2, 8, and 9 by
chlorhexidine. Clin Diagn Lab Immunol 1999;6:
437-9.

14. Hebling], Pashley DH, Tjaderhane L, et al. Chlor-
hexidine arrests subclinical degradation of dentin
hybrid layers in vivo.] Dent Res 2005;84:741-6.

15. Telles PDS, Machado MAAM, Nor ]E. SEM study
of a self-etching primer adhesive system used for
dentin bonding in primary and permanent teeth.
Pediatr Dent 2001;23:315-20.

16. Pashley DH, Ciucchi B, Sano H, et al. Permeabil-
ity of dentin to adhesive agents. Quintessence Int
1993;24:618-31.

17. Schmitt DC, Lee]. Microleakage of adhesive resin
systems in the primary and permanent dentitions.
Pediatr Dent 2002;24:587-93.

18. Nor ]E, Feigal R], Dennison ]B, et al. Dentin bond-
ing: SEM comparison of the resin-dentin inter-
face in primary and permanent teeth. ] Dent Res
1996;75: 1396-403.

19. Angker L, Swain MV, Kilpatrick N. Micro-
mechanical characterization of the properties of
primary tooth dentine.] Dent 2003;31:261-7.

20. Hosoya Y. Hardness and elasticity of bonded ca-
rious and sound primary tooth dentin. ] Dent 2006;
34:164-71.

21. Tay FR, Frankenberger R, Krejci I, et al. Single-
bottle adhesives behave as permeable membranes
after polymerization. 1. In vivo evidence. ] Dent
2004;32:611-21.

22. Castro FLA, Andrade MF, Duarte ]r SLL, et al.
Effect of 2% chlorhexidine on microtensile bond
strength of composite to dentin. ] Adhes Dent 2003;
5:129-38.

23. Owens BM, Lim DY, Arheart KL. The effect of
antimicrobial pretreatments on the performance of
resin composite restorations. Oper Dent 2003;28:
716-22.

24. Pilo R, Cardash HS, Oz-Ari B, et al. Effect of pre-
liminary treatment of the dentin surface on the
shear bond strength of resin composite to dentin.
Oper Dent 2001;26:569-75.

25. Say EC, Koray F, Tarim B, et al. In vitro effect of
cavity disinfectants on the bond strength of dentin
bonding systems. Quintessence Int 2004;35:56-60.

26. Olmez A, Oztas N, Basa F, et al. Comparison of the
resin-dentin interface in primary and permanent
teeth.] Clin Pediatr Dent 1998;22:293-8.

30 Azevedo et al Chlorhexidine and hybrid layer Journal of Dentistry for Children-77: " 2010

http://www.ingentaconnect.com/content/external-references?article=1053-4628(1998)22L.293[aid=9141071]
http://www.ingentaconnect.com/content/external-references?article=0033-6572(2004)35L.56[aid=9141072]
http://www.ingentaconnect.com/content/external-references?article=0361-7734(2001)26L.569[aid=9141073]
http://www.ingentaconnect.com/content/external-references?article=0361-7734(2003)28L.716[aid=9141074]
http://www.ingentaconnect.com/content/external-references?article=0361-7734(2003)28L.716[aid=9141074]
http://www.ingentaconnect.com/content/external-references?article=0300-5712(2004)32L.611[aid=9141075]
http://www.ingentaconnect.com/content/external-references?article=0300-5712(2004)32L.611[aid=9141075]
http://www.ingentaconnect.com/content/external-references?article=0300-5712(2006)34L.164[aid=9141076]
http://www.ingentaconnect.com/content/external-references?article=0300-5712(2006)34L.164[aid=9141076]
http://www.ingentaconnect.com/content/external-references?article=0300-5712(2003)31L.261[aid=8712765]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(1996)75L.1396[aid=7694518]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(1996)75L.1396[aid=7694518]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2002)24L.587[aid=8626494]
http://www.ingentaconnect.com/content/external-references?article=0033-6572(1993)24L.618[aid=7380952]
http://www.ingentaconnect.com/content/external-references?article=0033-6572(1993)24L.618[aid=7380952]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2001)23L.315[aid=7448213]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2005)84L.741[aid=8806980]
http://www.ingentaconnect.com/content/external-references?article=1071-412x(1999)6L.437[aid=8130079]
http://www.ingentaconnect.com/content/external-references?article=1071-412x(1999)6L.437[aid=8130079]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2000)79L.1385[aid=6560335]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2000)79L.1385[aid=6560335]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2002)81L.472[aid=8807569]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2002)81L.472[aid=8807569]
http://www.ingentaconnect.com/content/external-references?article=0021-9304(1982)16L.265[aid=1818439]
http://www.ingentaconnect.com/content/external-references?article=0909-8836(2006)114L.160[aid=9141078]
http://www.ingentaconnect.com/content/external-references?article=0909-8836(2006)114L.160[aid=9141078]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2004)83L.216[aid=8130080]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2004)83L.216[aid=8130080]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(1998)77L.1622[aid=2986164]
http://www.ingentaconnect.com/content/external-references?article=0909-8836(2003)111L.117[aid=9141079]
http://www.ingentaconnect.com/content/external-references?article=0909-8836(2003)111L.117[aid=9141079]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2002)81L.603[aid=8807593]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2002)81L.603[aid=8807593]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(1995)74L.1226[aid=9141080]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(1995)74L.1226[aid=9141080]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2001)80L.1545[aid=3483776]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2001)80L.1545[aid=3483776]
http://www.ingentaconnect.com/content/external-references?article=1053-4628(1998)22L.293[aid=9141071]
http://www.ingentaconnect.com/content/external-references?article=0033-6572(2004)35L.56[aid=9141072]
http://www.ingentaconnect.com/content/external-references?article=0361-7734(2001)26L.569[aid=9141073]
http://www.ingentaconnect.com/content/external-references?article=0361-7734(2003)28L.716[aid=9141074]
http://www.ingentaconnect.com/content/external-references?article=0361-7734(2003)28L.716[aid=9141074]
http://www.ingentaconnect.com/content/external-references?article=0300-5712(2004)32L.611[aid=9141075]
http://www.ingentaconnect.com/content/external-references?article=0300-5712(2004)32L.611[aid=9141075]
http://www.ingentaconnect.com/content/external-references?article=0300-5712(2006)34L.164[aid=9141076]
http://www.ingentaconnect.com/content/external-references?article=0300-5712(2006)34L.164[aid=9141076]
http://www.ingentaconnect.com/content/external-references?article=0300-5712(2003)31L.261[aid=8712765]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(1996)75L.1396[aid=7694518]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(1996)75L.1396[aid=7694518]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2002)24L.587[aid=8626494]
http://www.ingentaconnect.com/content/external-references?article=0033-6572(1993)24L.618[aid=7380952]
http://www.ingentaconnect.com/content/external-references?article=0033-6572(1993)24L.618[aid=7380952]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2001)23L.315[aid=7448213]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2005)84L.741[aid=8806980]
http://www.ingentaconnect.com/content/external-references?article=1071-412x(1999)6L.437[aid=8130079]
http://www.ingentaconnect.com/content/external-references?article=1071-412x(1999)6L.437[aid=8130079]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2000)79L.1385[aid=6560335]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2000)79L.1385[aid=6560335]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2002)81L.472[aid=8807569]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2002)81L.472[aid=8807569]
http://www.ingentaconnect.com/content/external-references?article=0021-9304(1982)16L.265[aid=1818439]
http://www.ingentaconnect.com/content/external-references?article=0909-8836(2006)114L.160[aid=9141078]
http://www.ingentaconnect.com/content/external-references?article=0909-8836(2006)114L.160[aid=9141078]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2004)83L.216[aid=8130080]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2004)83L.216[aid=8130080]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(1998)77L.1622[aid=2986164]
http://www.ingentaconnect.com/content/external-references?article=0909-8836(2003)111L.117[aid=9141079]
http://www.ingentaconnect.com/content/external-references?article=0909-8836(2003)111L.117[aid=9141079]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2002)81L.603[aid=8807593]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2002)81L.603[aid=8807593]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(1995)74L.1226[aid=9141080]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(1995)74L.1226[aid=9141080]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2001)80L.1545[aid=3483776]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2001)80L.1545[aid=3483776]


27. Tulunoglu 0, Ayan H, Olmez A, et al. The effect
of cavity disinfectants on microleakage in dentin
bonding systems. J Clin Pediatr Dent 1998;22:
299-305.

28. Vieira RS, Silva Jr IA. Bond strength to primary
tooth dentin following disinfection with a chlor-
hexidine solution: An vitro study. Pediatr Dent
2003;25:49-52.

29. Van Strijp AJ, Jansen DC, Degroot J, et al. Host-
derived proteinases and degradation of dentine col-
lagen in situ. Caries Res 2003;37:58-65.

30. Sulkala M, Tervahartiala T, Sorsa T, et al. Matrix
metalloproteinase-8 (MMP-8) is the major collage-
nase in human dentin. Arch Oral BioI 2007;52:
121-7.

31. Carrilho MR, Geraldeli S, de Goes MF, et al. In
vivo preservation of the hybrid layer by chlorhexi-
dine. J Dent Res 2007;86:529-33.

32. Komori PCp, Carrilho MRO, Sinhoreti MAC, et al.
Effect of chlorhexidine solution of 2% in the me-
chanical stability of the union formed by an ad-
hesive system and sound dentin. Braz Oral Res
2006;20(suppl) :292.

Journal of Dentistry for Children-77: " 2010 Chlorhexidine and hybrid layer Azevedo et al 31

http://www.ingentaconnect.com/content/external-references?article=0022-0345(2007)86L.529[aid=9141081]
http://www.ingentaconnect.com/content/external-references?article=0003-9969(2007)52L.121[aid=9141082]
http://www.ingentaconnect.com/content/external-references?article=0003-9969(2007)52L.121[aid=9141082]
http://www.ingentaconnect.com/content/external-references?article=0008-6568(2003)37L.58[aid=8806958]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2003)25L.49[aid=8756870]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2003)25L.49[aid=8756870]
http://www.ingentaconnect.com/content/external-references?article=1053-4628(1998)22L.299[aid=9141083]
http://www.ingentaconnect.com/content/external-references?article=1053-4628(1998)22L.299[aid=9141083]
http://www.ingentaconnect.com/content/external-references?article=0022-0345(2007)86L.529[aid=9141081]
http://www.ingentaconnect.com/content/external-references?article=0003-9969(2007)52L.121[aid=9141082]
http://www.ingentaconnect.com/content/external-references?article=0003-9969(2007)52L.121[aid=9141082]
http://www.ingentaconnect.com/content/external-references?article=0008-6568(2003)37L.58[aid=8806958]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2003)25L.49[aid=8756870]
http://www.ingentaconnect.com/content/external-references?article=0164-1263(2003)25L.49[aid=8756870]
http://www.ingentaconnect.com/content/external-references?article=1053-4628(1998)22L.299[aid=9141083]
http://www.ingentaconnect.com/content/external-references?article=1053-4628(1998)22L.299[aid=9141083]


Copyright of Journal of Dentistry for Children is the property of American Academy of Pediatric Dentistry and

its content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's

express written permission. However, users may print, download, or email articles for individual use.


