Research article
ISSN 2234-7658 (print) / ISSN 2234-7666 (online)
http://dx.doi.org/10.5395/rde.2012.37.1.9

Effect of different chlorhexidine application times
on microtensile bond strength to dentin in Class I
cavities
Hyun-Jung Kang, HoJin Moon, Dong-Hoon
Shin*
Department of Conservative
Dentistry, Dankook University
College of Dentistry, Institute of
Dental Science, Cheonan, Korea

Received September 26, 2011;
Last Revision November 28, 2011;
Accepted December 2, 2011.
Kang HJ, DDS, MS student; Moon
HJ, DDS, MS, Clinical professor;
Shin DH, DDS, PhD, Professor,
Department of Conservative
Dentistry, Dankook University
College of Dentistry and Institute
of Dental Science, Cheonan, Korea
*Correspondence to
Dong-Hoon Shin, DDS, PhD.
Professor, Department of
Conservative Dentistry, Dankook
University College of Dentistry,
Institute of Dental Science, San
7-1, Shinbu-dong, Dongnam-gu,
Cheonan, Korea 330-716
TEL, +82-41-550-1965; FAX, +8241-553-1258; E-mail, donyshin@
dankook.ac.kr

Objectives: This study evaluated the effect of 2% chlorhexidine digluconate (CHX)
with different application times on microtensile bonds strength (MTBS) to dentin
in class I cavities and intended to search for ideal application time for a simplified
bonding protocol. Materials and Methods: Flat dentinal surfaces with class I cavities
(4 mm x 4 mm x 2 mm) in 40 molar teeth were bonded with etch-and-rinse adhesive
system, Adper Single Bond 2 (3M ESPE) after: (1) etching only as a control group; (2)
etching + CHX 5 sec + rinsing; (3) etching + CHX 15 sec + rinsing; (4) etching + CHX
30 sec + rinsing; and (5) etching + CHX 60 sec + rinsing. Resin composite was builtup with Z-250 (3M ESPE) using a bulk method and polymerized for 40 sec. For each
condition, half of the specimens were immediately submitted to MTBS test and the
rest of them were assigned to thermocycling of 10,000 cycles between 5°C and 55°C
before testing. The data were analyzed using two-way ANOVA, at a significance level of
95%. Results: There was no significant difference in bond strength between CHX pretreated group and control group at the immediate testing period. After thermocycling,
all groups showed reduced bond strength irrespective of the CHX use. However, groups
treated with CHX maintained significantly higher MTBS than control group (p < 0.05).
In addition, CHX application time did not have any significant influence on the bond
strength among groups treated with CHX. Conclusion: Application of 2% CHX for a
short time period (5 sec) after etching with 37% phosphoric acid may be sufficient to
preserve dentin bond strength. (Restor Dent Endod 2012;37(1):9-15)
Key words: Application time; Chlorhexidine; Class I cavity; Etching; Microtensile bond
strength; Thermocycling

Introduction
Despite successful immediate bonding, the longevity of the adhesive interface remains
questionable due to physical and chemical factors challenging the adhesive interface.1,2
The loss of bond strength has been attributed primarily to degradation of the hybrid layer at
the dentin-adhesive interface and deterioration of the dentin collagen fibrils. 3-8 Although
the current strategies of incorporating ionic and hydrophilic resinous components into
total-etch and self-etch adhesives arise from the need to bond to an intrinsically wet
substrate, these strategies have created potentially unstable resin matrices that slowly
degrade via water sorption. Moreover, temperature change, chewing loads and chemical
attacks by acids and enzymes in the oral cavity have represented a significant challenge
to tooth-composite bond survival for some time.9
Bonding is created by impregnating the dentin substrate with blends of resin
monomers, and the stability of the bonded interface relies on the creation of a compact
and homogenous hybrid layer. In the etch-and rinse strategy, after preliminary etching
to demineralize the substrate, resin monomers impregnate the porous etched substrate
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Table 1. Materials used in the study
Material

Composition

Manufacturer

Scotchbond Etchant

37% phosphoric acid

3M ESPE

Adper Single Bond 2

Ethyl alcohol, Bis-GMA, HEMA, Glycerol, 3-dimethacrylate, Acrylic acid
copolymer, Itaconic acid, Diurethane dimethacrylate, Water, Colloidal filler

3M ESPE

Filtek Z-250

Bis-GMA, UDMA, TEGDMA, Ethyl methacrylate, inorganic fillers

3M ESPE

Consepsis

2% Chlorhexidine

Ultradent

Bis-GMA, Bis-phenol A Diglycidylmethacrylate; HEMA, 2-hydroxyethyl methacrylate; UDMA, Urethane Dimethacrylate; TEGDMA,
Triethyleneglycol dimethacrylate.

and thus stable bonds may be achieved if the etched
substrate is fully infiltrated by the adhesive.10-12
However, a decreasing gradient of resin monomer
diffusion within acid-etched dentinresults in incompletely
infiltrated zones along the bottom of hybrid layers
that contain denuded collagen fibrils.13,14 These zones
are micromorphologically seen as different modes of
nanoleakage within the hybrid layers, they are sites that
are susceptible to degradation.3,7,15 It has been speculated
that this decreasing gradient of resin monomer diffusion
within acid-etched dentin and the resin elution from
hydrolytically unstable polymeric hydrogels within the
hybrid layers leave collagen fibrils unprotected and also
vulnerable to degradation by endogenous metaloproteinases
in a way that is similar to what occurs in caries progression
and periodontal disease.3,16-19
Matrix metalloproteinases (MMPs) are a family of hostderived proteolytic enzymes that are capable of degrading
the organic matrix of demineralized dentin.16 Human
dentin contains collagenase (MMP-8) and gelatinases
(MMP-2 and -9), among others.17 This dentin collagenolytic
and gelatinolytic activity can be suppressed by protease

m
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Figure 1. Preparation of bonding substrate. (a) Extracted
human tooth before preparation, (b) After enamel removal
and cavity preparation (4 mm x 4 mm x 2 mm).
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inhibitor, indicating that MMPs inhibition could be
beneficial in preservation of the hybrid layers.8 Therefore,
one might consider that preventing the degradation of
incomplete resin-infiltrated collagen fibrils by MMPs is an
important issue to be investigated, since this could be the
key to the increased durability of restorations that involve
bonding to dentin substrate.
Both in vitro and in vivo studies have shown that 2%
chlorhexidine digluconate (CHX), applied for 60 seconds
on demineralized dentin, postpones the resin-dentin
degradation of adhesive interfaces, when compared with
interfaces to which no CHX is applied.20-23 CHX is widely
used as an antimicrobial agent and possesses a broad
spectrum of activity against oral bacteria.24,25 Thus, apart
from being a commonly known disinfectant, it was shown
that the dentinal collagenolytic activity can be strongly
reduced by the use of CHX, a potent MMP inhibitor.8 CHX
also prevents or minimizes the auto-degradation of exposed
collagen fibrils within incompletely-formed hybrid layer,
thereby, contributing to the long-term stability of the
hybrid layer and bond strength.20 In addition, CHX may also
be a useful complementary method to other techniques of
proven efficacy for rehydrating dried mineralized dentin
and, therefore, preserving the humidity necessary for
keeping the collagen network expanded.9 Despite these
advantages, the use of 2% CHX for 60 seconds demands
more chair-time during the adhesive procedure and this
contrasts with the clinicians' needs for simplification.26
In a recent investigation, when 2% CHX containing
phosphoric acid was applied for 15 seconds the durability
of the resin-dentin bonds was preserved. This seems to
indicate that even a short period of CHX application in
contact with the demineralized dentin appears to be
sufficient to inhibit the action of specific host-derived
proteinases. 27 Therefore, the ideal situation would be
suggested to apply CHX for a short period of time, as part
of the strategy to simplify the bonding protocol.
The aim of this in vitro study was to evaluate the effect of
CHX with different application times on microtensile bonds
strength (MTBS) to dentin in class I cavities and with a
puopose of searching for ideal period of application time to
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simplify bonding protocol. The tested hypotheses are that
1) CHX does not cause a detrimental effect on MTBS to
dentin; 2) CHX preserves the durability of the resin-dentin
bonds even after thermocycling; 3) CHX application time
does not influence MTBS after thermocycling.

Materials and Methods
Tooth preparation
Forty freshly extracted caries-free molars, which had been
stored in 0.1% thymol solution were used in this study.
The occlusal enamel was ground flat using a model trimmer
(Model Trimmer, Sejong, Korea) under running water, then
abraded with wet 600-grit silicon carbide abrasive paper
to expose a flat dentin surface that permitted placing the
cavity margins in dentin. Class I cavities (4 mm x 4 mm x
2 mm) were prepared in dentin using a diamond bur in a
high-speed hand-piece with copious air-water spray (Figure
1). Specimens that showed visible pulp exposure were
excluded from the study.
Bonding Procedure
All the cavities were submitted to the bonding protocols
using two-step etch-and-rinse (Adper Single Bond 2, 3M
ESPE, St. Paul, MN, USA) adhesive system and a lightcuring composite (Z-250, 3M ESPE). The materials used in
this study and their compositions are listed in Table 1. All
the materials were handled according to the manufacturer’s
instructions.
Forty teeth were randomly divided into 5 groups of 8
teeth each. Table 2 shows the experimental groups with
their respective modalities.
In group 1 (Control group), the dentin surfaces were acid
etched with 37% phosphoric acid and washed with water
spray for 10 seconds and gently dried for 10 seconds and
the adhesive was applied.
In groups 2, 3, 4, and 5 the dentin surfaces were acid

etched with 37% phosphoric acid, rinsed off, air-dried as
the same manner as group 1, then rewetted with Consepsis
(Ultradent Products Inc., South Jordan, UT, USA), a 2% CHX
cavity disinfectant. Rewetting procedures were performed
for 5, 15, 30, and 60 seconds, respectively. Afterwards,
the adhesive systems were applied according to the
manufacturer’s instructions.
Following the pre-treatment sequences of the individual
groups, the cavities were filled with Z-250 (3M ESPE) resin
composite using a bulk method and additional 2 mm thick
of resin composite were built up and were polymerized
for 40 seconds. Resin composite was then built up for the
MTBS.
Half of the specimens for each group were stored in water
for 24 hours, and the other half of the specimens were
then subjected to thermocycling of 10,000 cycles with
temperature changing from 5℃ to 55℃, with a dwelling
time for 15 seconds each and interval time for 10 seconds.
Micro-tensile bond strength test
After 24 hours of storage in 37℃ water, the restored
specimens were serially sectioned into 1 mm thick dentinresin slabs (Figure 2a), rotated 90°, and then sectioned
again to obtain resin-dentin sticks from the cavity floor
with a rectangular cross-sectional area of approximately 1
mm2 using Accutom 50 (Struers., Compenhagen, Denmark).
Two to four sticks were obtained from each restoration
(Figure 2b) and total fifteen sticks were used in each
group. The bonded surface area was calculated before each
test by measuring the narrowest portion with a digital
caliper (Mitutoyo, Tokyo, Japan) to the nearest 0.01 mm.
The ends of the sticks were glued to a testing machine (EZ
Test, Shimadzu Co., Kyoto, Japan) using cyanoacrylate glue
(Superglue, Henkel Loctite Ireland, Dublin, Ireland), and
subjected to a MTBS testing at a crosshead speed of 1 mm/
min (Figure 2c).

Table 2. Microtensile bond strength values (MPa)
Group
1

Treatment
No CHX, acid etching and bonding

Mean MTBS (SD)
No thermocycling

Thermocycling (10,000 cycles)

18.08 (4.72)

a

10.09 (4.87)b

a

13.15 (7.45)a

2

Acid etching, CHX for 5 sec with rinsing and bonding

17.23 (3.86)

3

Acid etching, CHX for 15 sec with rinsing and bonding

16.86 (2.15)a

14.26 (6.11)a

4

Acid etching, CHX for 30 sec with rinsing and bonding

17.67 (4.86)a

13.25 (5.43)a

5

Acid etching, CHX for 60 sec with rinsing and bonding

16.70 (3.76)a

13.49 (4.60)a

SD, standard deviation; CHX, Chlorhexidine.
The same superscripts indicate no statistically significant differences.
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Table 3. Result of data analysis with two-way ANOVA
Source

Type III sum of squares

Mean square

F

Sig.

9

74.987

3.172

0.002

24882.518

1

24882.518

1052.485

0.000

544.667

1

544.667

23.038

0.000

App time

30.414

4

7.603

0.322

0.863

Thermo x app time

96.475

4

24.119

1.020

0.401

Error

2387.809

101

23.642

Total

28877.735

111

3062.688

110

Corrected model

674.879

Intercept
Thermo

Corrected total
a

df

a

R Square = 0.220 (Adjusted R Square = 0.151)

Statistical Analysis
To analyze the effect of CHX treatment time on bond
strength before and after thermocycling, two-way
ANOVA and Scheffe post-hoc test were used. Statistical
significance was pre-set at = 0.05.

When the bond strengths were compared on the basis
of each test time, CHX application time did not have any
significant difference among groups treated with CHX.

Results

In the present study, CHX did not affect the bond
strength of the specimens immediately subjected to MTBS
test. This was also observed in previous in vivo study using
the etch-and-rinse adhesive Single bond.23 CHX is a widely
used antimicrobial agent that possesses a broad spectrum
of activity against oral bacteria and has a low toxicity.
This is why several studies have proposed the use of CHX
for cavity disinfection before placement of restoration.
The ideal timing for CHX application has been questioned,
leading some authors to use it to treat the prepared cavity
before or after acid etching.9,28,29 Authors who apply CHX
after acid etching believe that this procedure can increase
the wetting of dentin for primers, as CHX solution produces
some debris on the surface and within the tubules of
etched dentin.30 Certain CHX properties, such as a strong
positive ionic charge, readily binding to phosphate groups,

The results of the MTBS values are summarized in Table
2. The factor of thermocycling (p < 0.001) showed a
significant effect, but the effect of CHX treatment time
(p = 0.863) and their interaction (p = 0.401) was not
significantly different (Table 3). Therefore, the effect of
CHX and effect of CHX application time in MTBS were
analyzed separately.
In this study, there was no significant difference of bond
strength between CHX pre-treated group and control group
at the immediate testing period. After 10,000 cycles of
thermocycling, all groups showed reduced bond strength
irrespective of the CHX use. However, groups treated with
CHX resulted in a smaller reduction in bond strength than
control group (p < 0.05).

m 4 mm
4m

Discussion

2 mm

(a)
(a)

(b)
(b)

(c)
(c)

Figure 2. Specimen preparation for microtensile bond strength test. (a) Bonding substrate were restored with adhesive and
composite, and excess composite was built up on the outer surface of the restoration; (b) Resin-dentin sticks with a rectangular
cross-sectional area of approximately 1 mm x 1 mm; (c) Microtensile bond strength test at a crosshead speed of 1 mm/min.
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a strong affinity to the tooth surface that is increased by
acid etching and finally capacity to increase the surfacefree energy of enamel and perhaps dentin, are probably
responsible for the good resin-dentin bond strengths
obtained when CHX is applied after acid etching. 30,31
According to the results of the current study compared
to those published in the literature, the application of
CHX produces no detrimental effect on dentin adhesion in
immediate time.9,28,29
Several in vitro and in vivo studies of the same working
group validated the concept that CHX may prevent exposed
collagen within dentin bonds from degradation, thereby
improving its longevity.20-23 The results of the current study
corroborated with such findings. When 2% CHX solution
was used, after 10,000 cycles of thermocycling, some
degree of reduction in bond strength was observed, but
that was less than that of control group. Contrary findings
were observed in the control groups, which demonstrated
reductions of approximately 40%, in terms of bond
strength values. Therefore, the first hypothesis, CHX does
not cause a detrimental effect on MTBS to dentin and
preserve the durability of the resin-dentin bonds even after
thermocycling, was partially accepted.
Interestingly, the good performance of CHX in
the preservation of the dentin bonds over time was
independent of its application time. The high substantibity
of CHX may explain why the application time did not have
a significant effect. CHX is one of the most commonly used
antimicrobial agents because it retains a therapeutic effect
for prolonged period of time. The substantivity of CHX
is related to the release of positively charged molecules
from CHX-treated surfaces and its ability to adsorb onto
surfaces of the oral cavity.30,31 Theoretically, this can also
occur in the demineralized exposed collagen fibrils, and is
the explanation for the bonds being preserved after longterm water exposure. Moreover, one may suggest that CHX
is likely to bind to collagen fibrils at a very fast rate, and
thus even short periods of time, seem to be sufficient
to guarantee such binding. In recent investigation, the
application of a 2% CHX solution containing phosphoric
acid for 15 seconds was sufficient to maintain the stability
of the resin-dentin bond after 6 months of water storage.27
This suggests only a few seconds of contact with CHX might
be sufficient to inhibit the MMP activity and corroborate
the findings of the present investigation. Therefore,
the second hypothesis, CHX application time could not
influence the bond strength, was totally accepted.
It is well known that the stress from polymerization
shrinkage is influenced by restorative techniques,
modulus of resin elasticity, polymerization rate, and cavity
configuration or ‘C-factor’ which is defined as the quotient
between bonded and unbonded resin composite surface
area.32 In this study, MTBS value on the whole was lower
than previous study which evaluated the effect of CHX on
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the durability of resin-dentin bonds.9,27,33 Logercio reported
43.5 MPa for 15 seconds application, 41.2 MPa a for 60
seconds application in immediate bonding and 40.1 MPa
for 15 seconds, 37.6 MPa for 60 seconds after water storage
for 6 months.33 The concept of the cavity configuration
factor appears to be an appropriate explanation for this
discrepancy. Other previous studies, they evaluated the
MTBS on flat superficial dentin. However, Class I cavity was
prepared after flat enamel surface grinding with the depth
of 2 mm in this study. When light-cured resin composite
in placed into a box-like cavity by means of a bulk filling
technique, the competition between polymerization
shrinkage and adhesion between the resin and dentin
is maximized and weakens the bond strength. Another
factor which can also reduce the bond strength is dentin
depth. Deep dentin has a higher water content than does
superficial dentin due to the larger diameter and number
of tubules per unit area. This water may dilute the organic
solvents of some bonding systems, causing monomers to
leave the soluble phase and form resin globules in water.34
If components of the free-radical-generating system are
soluble in water, they may create a partition between the
organic solvent of the bonding system and water in such
a manner that interferes with conversion of monomers to
polymers. These two factors explain lower bond strength
in this study compare to the previous studies of etch-andrinse system.9,27,33
One cannot ignore the fact that despite the advantages of
using 2% CHX, after acid etching includes another bonding
step during the restorative procedure and this works
against the clinician’s need for simplification.26 In this
study, the application time of CHX was reduced (5 seconds)
and this reduction in application time did not jeopardize
the benefits of CHX in the preservation of the dentin
bonds. Therefore, the results of the present investigation
suggest that 2% CHX, applied for 5 seconds, is sufficient
to preserve dentin bonds for at least 10,000 cycles under
the laboratory conditions of this study. However, further in
vivo studies are needed to clarify whether the use of the 2%
CHX solution for short period of time is able to preserve
resin-dentin bonds after long-term function.

Conclusion
CHX pre-treatment did not make any harmful effect on in
vitro dentin bond strength before thermocycling, compared
to the control group. All groups showed some of bond
strength reduction after 10,000 cycles of thermocycling,
but that amount of reduction was greater in control group
(p < 0.05) than in groups treated with CHX. However,
different application time of CHX did not make any
difference in dentin bond strength among groups.
In summary, a short time (5 seconds) application of
2% CHX after etching with 37% phosphoric acid seems
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to be sufficient to preserve MTBS over 10,000 cycles of
thermocycling.
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