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Microleakage in
Resin Composite Restorations
After Antimicrobial Pre-treatments:
Effect of KTP Laser,
Chlorhexidine Gluconate and
Clearfil Protect Bond
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Clinical Relevance

Although none of the procedures tested in this study completely eliminated microleakage, KTP
laser irradiation exhibited the lowest microleakage scores for both enamel and gingival

margins.

SUMMARY

The current study evaluated the influence of
KTP (Potassium-Titanyl-Phosphate) laser irradi-
ation, 2% chlorhexidine gluconate and Clearfil
Protect Bond on the microleakage of Class V
composite restorations.
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Thirty human premolars were selected for cav-
ity pretreatment. After Class V cavity restora-
tions on the buccal and lingual surfaces, the
teeth were randomly divided into four groups:
Group I-Clearfil SE Bond; Group II-KTP laser +
Clearfil SE Bond; Group III-2% chlorhexidine
gluconate + Clearfil SE Bond; Group IV-Clearfil
Protect Bond. The cavities were restored with
resin composite. The teeth were then thermocy-
cled for 500 cycles, dried and sealed with nail
varnish, leaving 1 mm around the restorations
and immersed in 0.5% basic fuchsin for 24 hours.
They were then rinsed, dried and sectioned, and
microleakage was assessed by dye penetration at
the occlusal and gingival surface of the teeth
using a stereomicroscope (30x).

There were no significant differences among
the four groups at the gingival surface (p>0.05).
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Microleakage at the occlusal margins of all the
groups was compared; differences between the
KTP laser and chlorhexidine gluconate group
and the KTP laser and Clearfil Protect Bond
group were found to be statistically significant
(p<0.05).

INTRODUCTION

Dental caries is one of the most common problems in
dentistry today. In addition, recurrent caries has been
proven to be one of the most common complications fol-
lowing tooth restoration.! Many investigators have
identified microleakage as the primary cause of recur-
rent caries, pulpal inflammation and necrosis.> The
problems associated with microleakage can be magni-
fied by incomplete sterilization of the preparation from
failure to mechanically remove infected tooth struc-
ture. Bacteria left in the cavity floor of dentin can live
for a long time; complete removal of the infected dentin
is desirable in order to prevent the recurrence of decay.’
Leung and others* found the number of residual bacte-
ria in cavity preparations capable of doubling within
one month of the restoration being placed. To reduce
the potential for residual caries, sensitivity, microleak-
age and laser irradiation, antibacterial solutions and
dental adhesives with antibacterial properties could be
used after cavity preparation.

The use of lasers in restorative dentistry has been
studied extensively as a substitute for burs during cav-
ity preparation, both as a treatment for dentin hyper-
sensitivity and as a dentin pretreatment before the
application of adhesive systems. Investigation of the
laser application continues, due to its capacity to seal
dentin tubules and form tags that could assist in
mechanical adhesion, removal of the smear layer,
opening of the dentin tubules or, even in sealing
dentin, depending on the energy level used.’

The Nd:YAG laser, with a wavelength of 1064 nm,
has been reported to be effective on hard dental tissues
and offers a significant advantage for clinical use.®’
When its pulp effects were proven to be far less aggres-
sive than the effects of the ruby laser,” the KTP laser
emitting 532 nm and representing a frequency-doubled
Nd:YAG device has been introduced primarily for
tooth-bleaching procedures in dentistry, and it can be
delivered through a wide range of fibers in a constant
or pulsed mode.** This laser has also been used for
other dental applications, similar to the Nd:YAG laser,
including root canal disinfection, treatment of dentin
hypersensitivity and soft tissue surgery.

Chlorhexidine solutions are the most widely used
oral antiseptic, based on their low toxicity and high
spectrum of antibacterial activity."” This solution is the
most potent antimicrobial agent used to combat

Operative Dentistry

Streptococcus mutans.'* It has been found to be effec-
tive in reducing levels of S Mutans found in occlusal
fissures and on exposed root surfaces.”*'* The authors
of the current study suggest that the use of a 2%
chlorhexidine solution to treat the cavity preparation
prior to restoration placement could help to reduce
residual caries and post-operative sensitivity. Its appli-
cation does not impair the sealing ability and bond
strength of adhesive materials,” although, in specific
situations, some studies showed an interference of
chlorhexidine in adhesion.’"

Self-etching dentin bonding systems that do not
require smear-layer removal by acid etching are being
developed to avoid this situation. In theory, these self-
etching systems simultaneously decalcify the inorgan-
ic component of dentin and infiltrate the collagen fibers
at the same time through the action of acidic primers
that minimize the potential for voids.* The clinical pro-
cedure is less complicated and time-consuming,
because there is no need for rinsing."

To provide resin-based materials with antibacterial
activity, a new monomer, 12-methacryloyloxydode-
cylpyridiniumbromide (MDPB), has been developed.**
MDPB is a compound of an antibacterial agent quater-
nary ammonium with a methacryloyl group and it
exhibits strong antibacterial activity against oral
streptococci.** The incorporation of MDPB has been
reported to be effective in providing dentin bonding
systems with antibacterial activity before and after
curing.”®

The current study evaluated the influence of KTP
laser irradiation, 2% chlorhexidine gluconate and
Clearfil Protect Bond (which contains the antibacterial
monomer 12-MDPB) on the microleakage of Class V
composite restorations

METHODS AND MATERIALS

Thirty freshly-extracted caries-free human premolars
were selected. The teeth were cleaned of calculus, soft
tissue and other debris. They were then maintained in
distilled water until testing. Standard Class V cavity
preparations (mesiodistal width of 3 mm, occluso-gingi-
val length of 2 mm and a depth of 2 mm) were prepared
on the buccal and lingual surfaces using a high-speed
handpiece with air-water spray and a diamond fissure
bur (Medin, Viachovicka, Czech Republic). New burs
were used after every four preparations. Each prepara-
tion was designed with the occlusal margin in enamel
and the gingival margin in dentin. No bevels were
placed. The teeth were randomly divided into four
groups (Table 1) and 15 cavities were assigned to each
group.

Group 1—Clearfil SE Bond (Kuraray Co Ltd, Osaka,
Japan) two-step self-etch adhesive system was applied
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Table 1: Materials Used and Their Composition

Material Batch #

Composition

Manufacturer

Clearfil 41164
Protect

Kuraray Medical Inc,
Okayama, Japan

Primer: MDP-MDPB HEMA, hydrophilic

Bond

dimethacrylate, photoinitiator, water bond:
10-MDP, HEMA, colloidal SiO,, surface treated
sodium fluoride crystals, hydrophilic
dimethacrylate

Clearfil SE Bond 41502

Kuraray Medical Inc,
Okayama, Japan

Primer: MDP, HEMA, hydrophilic
dimethacrylate, photoinitiator, water bond:
10-MDP, Bis-GMA, HEMA, hydrophilic
dimethacrylate, microfiller, photoinitiator

Te-Econom G27861
(microhybride
composite)

Ivoclar Vivadent
Schaan, Liechenstein

Dimethacrylates

Barium glass filler, silanized high-dispersed
silica, silanized

Mixed oxide, silanized

Ytterbiumtrifluoride

Catalysts and stabilizers

Pigments

Filler content by weight 81%

Filler content by volume 62%

HEMA = hydroxylethyl methacrylate
MDP = methacryloxydecy! dihydrogen phosphate
MDPB = methacryloyloxydodecyipyridinium bromide

to cavities according to the manufacturer’s instruc-
tions. Primer was applied for 20 seconds and gently
dried. The bonding agent was then applied and light-
cured for 10 seconds.

Group 2—The cavities were irradiated at 1 W, 10.7
J/ecm? with the KTP laser (Smartlite D, Deka,
Calenzano Firenze, Italy) and the laser beam was
delivered by 200-um diameter optical fiber for 60 sec-
onds. The distance between the fiber and specimens
was 1 mm with perpendicular position. Then, the
Clearfil SE Bond self-etching bonding system, which
was similar to Group 1, was applied to cavities accord-
ing to the manufacturer’s instructions.

Group 3—A 2% chlorhexidine gluconate cavity
cleanser (Drogsan, Ankara, Turkey) was applied with
a mini-brush tip placed for 40 seconds, then dried with
absorbent paper. The Clearfil SE Bond self-etching
bonding system, which was similar to Group 1, was
applied to the cavities according to the manufacturer’s
instructions after applying chlorhexidine gluconate.

Group 4—Clearfil Protect Bond (Kuraray, Osaka,
Japan) self-etching primer was applied to the cavity
with a brush and left in place for 20 seconds. After dry-
ing the etched surface with mild air flow, the bonding
was applied onto the etched-primed dentin, gently air
dried and light-cured for 10 seconds.

The operator restored all samples incrementally with
shade A2 (TE-Econom, Ivoclar Vivadent) resin-based
composite using a visible light-curing unit (Hilux, 40
seconds/1-mm increment, Benlioglu Dental, Ankara,
Turkey). The curing light built-in radiometer was used
to check for light efficiency before starting each
restoration. After immediate finishing and polishing
with sequential discs (Sof-Lex Pop-On, 3M ESPE, St

Paul, MN, USA), the teeth were stored in 37°C and
100% humidity for 24 hours. The specimens were then
thermocycled for 500 cycles with baths conducted in-
between (5°C and 55°C), a dwell time of 30 seconds and
a transfer time of three seconds. After thermocycling,
the apices of the teeth were sealed with sticky wax,
and all tooth surfaces except a 1-mm wide zone around
the margins of each restoration were sealed with nail
polish. To minimize dehydration of the restorations,
the teeth were replaced in water as soon as the nail
polish dried. The teeth were then immersed in a 0.5%
basic fuchsin solution for 24 hours at room tempera-
ture.

The specimens were then rinsed in tap water, and
each specimen was sliced longitudinally using a low-
speed diamond disk (Isomed Buehler, Ltd, Lake Bluff,
IL, USA) with water coolant and evaluated for mar-
ginal leakage. The primarily stained half of the tooth
was used to evaluate the microleakage. The degree of
dye penetration was then graded at 30x original mag-
nification with a stereomicroscope (SMZ 800, Nikon,
Tokyo, Japan) using the following scale:

0 No marginal leakage

1 Basic fuchsin penetrates up to the dentinoenam-
nel junction (DEJ) or corresponding length at the
dentin wall

2 Basic fuchsin penetrates beyond the DEJ or cor-
responding length at the dentin wall, surpassing
half the cavity depth

3 Basic fuchsin penetrates beyond half the cavity
depth, without reaching the axial wall

4 Basic fuchsin penetrates along the axial wall

$S8008 98] BIA |£-80-GZ0Z 1€ /woo Aiojoeignd-poid-swnd-yiewsiem-jpd-swiid//:sdny woll papeojumo(



324

Operative Dentistry

Table 2: Distribution of Microleakage Scores Verified at the Enamel and Dentin Margins for All Groups (N=15)
Enamel Scores Dentin Scores

Groups 0 1 2 3 4 0 1 2 3 4
(G1) Clearfil SE Bond 9 6 0 0 0 4 7 4 0 0
(G2) KTP Laser+Clearfil SE Bond 12 3 0 0 0 7 5 1 1 1
(G3) Chlorhexidine+Clearfil SE Bond 5 8 2 0 0 4 6 2 0 3
(G4) Clearfil Protect Bond 6 7 2 0 0 6 3 4 1 1
Table 3: Kruskal-Wallis Test Results of Comparison of the Experimental Groups

Enamel Margins Mean Rank Chi-Square Asymp Sig
Groups 27.70 8.959 0.030
Clearfil SE Bond 22.10

KTP Laser + Clearfil SE Bond 37.03

Chlorhexidine + Clearfil SE Bond 35.17

Clearfil Protect Bond

Gingival Margins

Groups Total (N) Mean Rank Chi-Square Asymp Sig
Clearfil SE Bond 15 30.67 1.454

KTP laser + Clearfil SE Bond 15 26.50 0.693
Chlorhexidine + Clearfil SE Bond 15 33.73

Clearfil Protect Bond 31.10

The results of the staining measurements were ana-
lyzed using the Kruskal-Wallis and Mann-Whitney U-
tests for independent samples and the Wilcoxon test for
dependent samples. All the tests were run at a signifi-
cance level of p<0.05.

RESULTS

None of the procedures tested in the current study com-
pletely eliminated microleakage. Data showing the
extent of leakage scored for the enamel and gingival
margins of the restorations are shown in Table 2.

When the scores of microleakage at the gingival mar-
gins of the four groups were compared, there were no
statistical differences found (p>0.05) (Table 3).
However, the lowest mean microleakage values were
obtained from Group 2 (KTP laser group). The highest
values were obtained from Group 3 (chlorhexidine glu-
conate group). The mean microleakage values of the
other two groups, respectively, were from lower to high-
er for Group 1 (Clearfil SE Bond group) and Group 4
(Clearfil Protect Bond group).

When the scores of microleakage at the enamel mar-
gins of the four groups were compared, the differences
among the groups were found to be statistically signifi-
cant (p<0.05) (Table 3). The mean microleakage values
of the four groups, respectively, from lower to higher,
were Group 2 (KTP laser group), Group 1 (Clearfil SE
Bond group), Group 4 (Clearfil Protect Bond group) and
Group 3 (chlorhexidine gluconate group). The differ-
ences between Group 2 (KTP laser group) and Group 3
(chlorhexidine gluconate group), and Group 2 (KTP

laser group) and Group 4 (Clearfil Protect Bond group)
were found to be statistically significant (p<0.05).

Comparing the gingival and enamel margins in each
group, statistically significant differences existed in
the KTP laser and the Clearfil SE Bond group
(p<0.05), and no significant differences were exhibited
at the other groups (p>0.05).

DISCUSSION

Microleakage has been defined by Sidhu and
Henderson* as “the clinically undetectable passage of
bacterial fluids, molecules and/or ions between the
cavity wall and the restoration material applied to it.”
The ability of a composite to minimize the extent of
microleakage at the tooth/restoration interface is an
important factor in predicting clinical success. Failure
of the restoration may contribute to marginal staining,
adverse pulpal response, postoperative sensitivity and
recurrent caries.”

In the current study, basic fuchsin was used to detect
microleakage at the gingival and occlusal surface posi-
tion. Different methods have been employed to disclose
microleakage around the restorations. Dye leakage is
probably the most common method used. The principal
advantages of this technique are its low cost and ease
of application. Disadvantages include subjective evalu-
ation of the results® and low molecular weight of the
dye, which is less than that of bacteria. Also, tests
using dyes could sometimes detect leakage where bac-
teria could not penetrate.®
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When comparing the gingival and enamel margins of
the same pretreatment groups, the scores were higher
at the gingival margins compared to the enamel mar-
gins for all the groups, and statistically significant dif-
ferences existed in the KTP laser and Clearfil SE Bond
group for the current study. Perhaps the most critical
factor affecting the microleakage of resin composites is
resin polymerization shrinkage. The forces generated
by polymerization shrinkage exceeded the bond
strength, creating marginal gaps, especially on the
gingival margin. Polymerization shrinkage in this area
is not compensated for by acid etching and the appli-
cation of dentin adhesives. The substrate of the gingi-
val margin can also contribute somewhat to retention
with the available materials. Dentin contains a sub-
stantial proportion of water and organic materials; it
presents a moist surface that impairs the bonding
mechanism. There is always an increase in leakage on
restoration margins located on dentin/cement.*

In the current study, the use of pulsed KTP laser
energy showed a decrease in microleakage around the
restorations. Obeidi and others? stated that the level of
microleakage was significantly less in laser-treated
cavities compared to non-lased cavities. Also, White
and others® showed similar results. Goodis and others®
stated that a significant decrease was reported to be
achieved in the intratubular fluid flow due to closure of
tubule orifices following melting after Nd:YAG laser
irradiation. Miserendino and others’ reported that a
lower dye permeability of dentin is seen when the pre-
pared dentin surface is treated by Nd:YAG laser ener-
gy. It seems that the deposition of glass-like material
seals dentin walls with partial to total closure of the
dentinal tubules.

The results of the current study indicate that using a
cavity cleaning solution of 2% chlorhexidine prior to
the application of Clearfil SE Bond did not affect the
sealing ability of this bonding system. No statistical
difference in microleakage was found among all groups
on the gingival surface. When the scores of microleak-
age at the enamel margins of the four groups were
compared, the difference between the KTP laser group
and the chlorhexidine gluconate group was found to be
statistically significant. However, differences between
the chlorhexidine gluconate group and the other two
groups were not found to be significant.

Analysis of the average amount of microleakage
obtained for each group revealed the chlorhexidine
group to present higher values at the enamel and gin-
gival margins compared with the other groups. The
scanning electron microscopy examination by Meiers
and Kresin® showed that cavity disinfectants applied
to dentin surfaces were resistant to acidic condition-
ing. This acid-resistant layer might inhibit the ability
of hydrophilic resin to impregnate the dentin surface.

This may account for the increased microleakage level
in 2% chlorhexidine gluconate. In an in vivo study by
Tulunoglu and others,"” the investigators found that
chlorhexidine cavity disinfectant increased microleak-
age when used prior to the two adhesive system appli-
cations. They reported that there might have been
some negative interaction between the cavity disinfec-
tants and dentin bonding agents.”

Sung and others* evaluated the microleakage of
Class V composite restorations after conditioning
preparations with various irrigation solutions (tap
water, sterile water, sodium chloride solution, filtered
water, chlorhexidine, sodium hypochlorite and dis-
tilled water). Although they applied the antiseptic
solutions after a 37% phosphoric acid etch (total-etch
technique), the results were the same as the current
study. However, Owens and others* and Piva and oth-
ers® stated that chlorhexidine had no adverse effects
on microleakage, and the results of these previous
studies were the same as the current study, except for
a comparison with the KTP laser group at the occlusal
surface position.

Self-etch adhesive systems have become increasingly
popular in the last decade. The combination of etchant
and primer into one system is advantageous in that it
reduces application time and technique-related sensi-
tivity.”* On the other hand, there is an ongoing debate
regarding the efficacy of bonding to enamel with self-
etch adhesive systems. Some authors support the
manufacturers’ recommendations that the adjunctive
use of phosphoric acid etching is necessary when bond-
ing to uncut enamel,* while others argue that the bond
strength of self-etch adhesives is equal to the bond
strength of total-etch adhesives to unground enamel.***

Clearfil SE Bond is a mild two-step self-etch adhesive
with a pH very close to 2. Mild self-etch adhesives pro-
duce a hybrid layer that is thinner than total-etch sys-
tems. As dentin demineralization is less pronounced,
and smear plus occludes the orifice of the dentinal
tubules, which are partially infiltrated by resin, a
reduced resin tag formation occurs with these sys-
tems.®™* Clearfil SE Bond contains the functional
monomer 10-methacryloxyloxydecyl dihydrogen phos-
phate (10-MDP), which has two hydroxyl groups that
also may bind to calcium.* Moreover, 10-MDP causes
minimal dissolution of smear plugs and the limited
opening of tubules, thus reducing dentin permeabili-
ty.* The functional monomer 10-MDP also facilitates
penetration, impregnation, polymerization and the
entanglement of monomers with demineralized dentin
to form a relatively thick hybrid layer.”* Recently,
Yoshida and others® reported that MDP tightly
adheres to hydroxyapatite and that its calcium salt
hardly dissolved in water. The investigators suggested
that the lower dye penetration observed in the samples
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bonded with Clearfil SE Bond could be attributed to
the difference in chemical composition of the self-etch
adhesives.

The bonding system Clearfil Protect Bond is a two-
step self-etch adhesive system composed of a self-etch-
ing primer containing the antibacterial monomer
MDPB and a fluoride-releasing adhesive.** The anti-
bacterial monomer MDPB is a polymerizable biocide
and has strong bactericidal activity against oral bacte-
ria. The antibacterial agent is immobilized in the poly-
mer network by copolymerization of MDPB, and the
cured resin-containing MDPB exhibits the inhibition of
bacterial growth.”*' Therefore, a dentin bonding sys-
tem incorporating MDPB can show antibacterial effects
before and after the curing process.?*

Although Clearfil Protect Bond is derived from
Clearfil SE Bond with modifications in the components,
mean microleakage values were higher than with
Clearfil SE Bond in the current study. However, no sta-
tistical difference in microleakage was found among all
groups in the gingival surface position and, when the
scores of microleakage at the occlusal surface position
of the four groups were compared, the difference
between only the KTP laser and the Clearfil Protect
Bond group was found to be statistically significant.
Comparing the gingival and the occlusal surface posi-
tion in the Clearfil Protect Bond group, no significant
difference was exhibited.

The authors stated that Clearfil Protect Bond con-
tains crystal-like structures, and these are likely to be
the NaF crystals.* Although the filled adhesive resins
have been said to have greater mechanical properties,
differences in the filler content and composition of the
adhesive may account for variations between them.*
The authors speculate that the non-uniform distribu-
tion of the nanometer-sized fillers observed may con-
tribute to a relatively poor mechanical property in some
regions.** Hence, microleakage values could be higher
than Clearfil SE Bond in the current study.

CONCLUSIONS

Within the limitations of the current study, the follow-
ing conclusions may be drawn:

* none of the procedures tested in this study
completely eliminated microleakage.

e all of the tested procedures provided better
sealing at the enamel margins than at the
dentinal margins.

e KTP laser irradiation prior to the use of
Clearfil SE bond following cavity preparation
reduced microleakage at the enamel and denti-
nal margins. Also, the lowest microleakage
scores were obtained from the KTP laser group.

Operative Dentistry

e analysis of the average of the amount of
microleakage obtained for each group revealed
the chlorhexidine gluconate group presented
the highest scores at the occlusal and dentinal
margins.

(Received 21 July 2008)
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