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ABSTRACT: The purpose of this study was to compare the effect of different disinfection
protocols of dentin on bond strength of an MDP-containing universal adhesive. Twelve
extracted mandibular third molars were separated horizontally at the mid-coronal of
crown to get smooth and sound dentin surfaces using low-speed diamond saw. The
teeth were randomly fallen into four groups: chlorhexidine (CHX), ozone, Er,Cr:YSGG
laser irradiation (LASER) and no treatment (control). After cavity disinfection application,
a universal adhesive (G-Premio Bond) was applied to the surface of dentin according
to self-etch mode as instructed by the manufacturer. After incremental built-up of
composite resin (Charisma Smart), the specimens were immersed in distilled water
at 37°C for 24h. Dentin/composite beams with 1 mm?2 cross sectional area were
produced and micro-tensile bond strength (uTBS) was applied on these beams
(n=20). Failure mods were determined under a stereomicroscope at x40. The resin
penetration of samples stained with Rhodamine B fluorochrome dye was examined
with a confocal laser scanning microscope. Statistical analysis was performed with
SPSS-22. Test results were analyzed using One-way Anova and Tukey HSD Post-Hoc
tests (p<0.05). The pTBS value of control (35.13+6.20) was the highest statistically
among the groups (p<0.05). The lowest pTBS were obtained by LASER (19.25+4.66)
and CHX (23.07+7.01). There was no significant difference between CHX and LASER,
and between CHX and ozone (p>0.5). All applications of cavity disinfection procedures
decreased the UTBS of the resin-dentin interface.
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RESUMEN: El prop6sito de este estudio fue comparar el efecto de diferentes protocolos
de desinfeccion de la dentina sobre la fuerza de union de un adhesivo universal
que contiene MDP. Doce terceros molares mandibulares extraidos se quebraron
horizontalmente en la mitad de la corona para obtener superficies de dentina lisas y
solidas utilizando una sierra de diamante de baja velocidad. Los dientes se dividieron
aleatoriamente en cuatro grupos: clorhexidina (CHX), ozono, irradiacion con laser
Er,Cr:YSGG (LASER) y ningun tratamiento (control). Después de la aplicacion de la
desinfeccion de la cavidad, se aplico un adhesivo universal (G-Premio Bond) a la
superficie de la dentina segun el modo de autograbado indicado por el fabricante.
Después de la obturacion con resina compuesta (Charisma Smart), las muestras se
sumergieron en agua destilada a 37°C durante 24h. Se produjeron porciones de
dentina/resina con un area de seccion transversal de 1 mm2 y se aplico una fuerza
de adhesion microtensile (UTBS) (n=20). Los modos de falla se determinaron bajo
un microscopio estereoscopico a x40. La penetracion de la resina de las muestras
tefiidas con colorante fluorocromo rodamina B se examind con un microscopio de
barrido laser confocal. El analisis estadistico se realizd con SPSS-22. Los resultados
de las pruebas se analizaron utilizando las pruebas post-hoc Anova unidireccional
y Tukey HSD (p<0,05). El valor de uTBS del control (35,13+6,20) fue el mas alto
estadisticamente entre los grupos (p<0,05). Los pTBS mas bajos los obtuvieron
LASER (19,25+4,66) y CHX (23,07+7,01). No hubo diferencia significativa entre CHX
y LASER, y entre CHX y ozono (p>0.5). Todas las aplicaciones de procedimientos de
desinfeccion de cavidades redujeron el uTBS de la interfaz resina-dentina.

PALABRAS CLAVE: Fuerza de adhesion; Desinfectante de cavidades; Laser Er;Cr:YSGG;
Ozono; Clorhexidina; Microscopio de barrido; Laser confocal.

INTRODUCTION

The primary purpose of cavity preparation
in dental restorations is to preserve the remaining
tooth structure and remove caries, tooth tissues,
and microorganisms that can cause secondary
caries after restoration (1). However, the cavity
also requires a good seal to prevent the develo-
pment of secondary caries and to prolong the
life of the composite restoration (2). Some bacte-
ria have been reported to remain in the dentin
tubules and smear layer even after all the soft and
infected dentin has been removed, suggesting it

is impossible to remove all microorganisms from
the cavity. Therefore, prior to restorative procedu-
res, using an antimicrobial agent for the disinfec-
tion of the cavities is advised (3). In recent years,
various methods for cavity disinfection in dentistry
have been researched and used clinically (3-7).
Chlorhexidine (CHX) has high antibacterial activity
against both gram-positive, especially Strepto-
coccus mutans, and gram-negative bacteria. CHX
displays a bactericidal effect at high concentrations
and a bacteriostatic effect at low concentrations
(8). While CHX attacks the cytoplasmic membrane
by destroying the cell wall at low concentrations, it
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induces cytoplasmic conjugation at high concen-
trations, causing the intracellular components to
clot (8). In addition, CHX plays an important role in
increasing the strength of the bond between the
resin and dentin by inhibiting the dentin matrix
metalloproteinases (MMPs) and cysteine cathep-
sins (9,10). However, it has been stated that the
inhibitory effect of CHX on MMPs gradually disap-
pears due to its dissolution in water and reversible
electrostatic bonds (11).

Ozone (03), which is used in cavity disinfec-
tion, is a strong oxidant with antibacterial proper-
ties (4). The disinfecting effect of ozone is to
eliminate the intracellular components of microor-
ganisms through an oxidation reaction involving
the rupture of cell membranes. Os has antimicro-
bial efficacy against oral microorganisms, especia-
lly Streptococcus mutans (12-14). Some studies
have reported that the application of ozone for 10
to 60 s is sufficient for antimicrobial activity (12,
14). A study by Baysan et al. has revealed that 10
s of ozone application decreased the amount of S.
mutans and Streptococcus sobrinus (12).

At present, lasers are widely used in various
applications in restorative dentistry. Types of
lasers, such as CO2 Er: YAG, Er, Cr: YSGG, and
Nd: YAG, are effective in removing smear layer
and debris (15). Several studies have found that
various laser types have an antibacterial effect
on microorganisms (5,16). Lasers have also been
more effective in eliminating microorganisms and
preventing residual caries due to their advanced
ability to penetrate dentin tubules (16). One of the
most popular laser types used today is the Er, Cr:
YSGG laser that radiates energy at a wavelength
of 2780nm, which is absorbed well by all biologi-
cal tissues, including enamel and dentin (17). In a
study, Er, Cr: YSGG laser irradiation has resulted
in less S. mutans accumulation than the control
group (16). However, there are very few studies
regarding the use of Er, Cr: YSGG laser irradiation
for cavity disinfection (15,18).

The type of adhesive used to evaluate the
bond strength is also important. Currently used
adhesive systems simplify the adhesion techni-
que and provide a long-term bond. “Universal”
adhesives, which can be applied indefinitely in
etch and rinse or self-etch mode, were introdu-
ced to remove complications and provide a single
product for all occasions (19). As defined in the
“adhesion/decalcification” concept of self-etch
adhesives, bonding can be accomplished due to
the ability of the functional monomers to chemi-
cally bond to hydroxyapatite (20). 10-Methacrylo-
yloxidesyl dihydrogen phosphate (10-MDP), one of
the functional monomers used, has shown a very
effective and durable bond with dentin due to the
low solubility of the calcium salt formed on the
hydroxyapatite surface (10, 21). MDP could partia-
Ily dissolve the smear layer and increase monomer
penetration into dental substrates (22, 23). It could
also self-assemble into a nano-layered structure
through the deposition of MDP-Ca salts (24).

However, there are some concerns about
using cavity disinfectant since it may influence the
sealing and bonding strength of adhesive resins
(15). Some studies have suggested that disin-
fection methods reduce the bonding strength of
adhesive systems (25,26). CHX may also affect the
effectiveness of some compounds in the adhesive
resins, further reducing bond strength; as a result,
it may potentially be chemically incompatible with
some adhesives (27). Therefore, adhesives contai-
ning MDP can be used to improve the strength and
durability of the bond. Phosphate ester monomers
commonly found in dental adhesives, such as
MDP, often interact clinically with CHX (10).
However, studies that examine the effects of MDP
and various disinfection methods (such as CHX)
on dentin bond strength are limited. For these
reasons, in this study, a universal adhesive that
contains an MDP monomer was used to identify
the effect of disinfection methods on microtensile
bond strength. In addition, the effect of the disin-
fection method on resin penetration of the dentin

ODOVTOS-Int. J. Dent. Sc. | No. 24-3: 91-102, 2022 | ISSN: 2215-3411. 93



ODOVTOS-International Journal of Dental Sciences

was investigated. The null hypothesis of this study
is that the application of different cavity disinfec-
tion protocols will not affect the microtensile bond
strength of an MDP-containing universal adhesive.

MATERIALS AND METHODS
TOOTH PREPARATION

In this study, sixteen human third molar teeth
without caries were used. Twelve teeth were used
for the microtensile bond strength (uTBS) test, and
four teeth were evaluated using confocal laser
scanning microscopy (CLSM). The teeth used were
collected from patients with their informed consent
and under the guidance of a protocol approved by
the Akdeniz University Faculty of Medicine Clini-
cal Research Ethics Committee (approval number:
21/10/2020-819). Organic debris on the teeth
was removed with a periodontal scaler. Then, the
teeth were stored in 5% chloramine T solution for
two weeks to disinfect them and kept in distilled
water at 4°C until use. Teeth were embedded in
self-cured acrylic resin using a silicone mold of
the roots. To expose the dentin tissue, the teeth
were cut perpendicularly to their long axis from
the mid-coronal of the crown, using a slow-speed
diamond-impregnated disk under water cooling in
the cutting device (Isomet, Buehler Ltd., Lake Bluff,
IL, USA). As a result of this process, the surface
of the flat mid-coronal dentin was exposed. Each
exposed dentin surface was wet-polished with
600-grit silicon carbide paper for 60s to obtain
a standardized smear layer (28). Silicon carbide
papers were renewed after each tooth.

The teeth were randomly divided into four
groups (n=3):

Group I: (control) No disinfection was applied
to the samples in this group.

Group Il (CHX) A cotton pellet absorbed in
2% chlorhexidine gluconate solution (Microvem,
Istanbul, Turkey) was applied to the dentin surface
for 20s (29). Then, the dentin surfaces were
air-dried for 10s.

Group llI: (Ozone) A tip suitable for the disin-
fection mode was attached to the dental ozone
generator (OzoneDTA, Apoza, New Taipei City,
Taiwan), and ozone was applied to the dentin
surface for 30s.

Group IV: (Laser) An Er, Cr. YSGG laser
(Waterlase Biolase, Biolase Technology, Inc. CA,
USA) with a wavelength of 2780nm and a pulse
duration of 140 microseconds was used for laser
irradiation of the dentin surfaces. The applied
laser energy was 0.75 watts, with 15% water and
15% air pressure. Irradiation was carried out with
a 600-pm diameter sapphire tip Tmm from the
surface. The laser irradiation was applied to the
dentin surfaces five times with an application time
of 10s at intervals of 5s (18).

Immediately after disinfection by each
method, the universal adhesive (G-Premio Bond,
GC, Tokyo, Japan) was applied using the self-etch
method following the manufacturer’s instruc-
tions. G-Premio Bond was applied to the dentin
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surface using a micro brush. After waiting for 10s,
it was dried under air pressure for 5s and light-
cured with a light-emitting diode curing unit (Valo,
Ultradent, South Jordan, UT, USA) in the standard
mode (irradiance: 1000 mW/cm?) for 10s. Then,
the composite resin (Charisma Smart, A2 shade,
Heraeus Kulzer GmbH, Hanau, Germany) was
applied to the dentin surface incrementally to a
height of 5mm. Each 2mm composite increment
was light-cured for 20s. The materials used in this
study are summarized in Table 1. The samples to
which composite resins were applied were stored
in distilled water at 37°C for 24 hours.

Table 1. Composition of dental materials used in
the present study.

Material Manufacturer Composition Batch No
G-Premio  GC Corp., 4-MET, 10-MDP, 1906032
Bond Tokyo, Japan ~ MEPS, methacrylate

monomer, acetone,

water, TPO, silica
Charisma  Heraeus Bis-GMA, barium K010517
Smart Kulzer GmbH,  aluminum fluoride
Compo-  Hanau, glass, silicon dioxide
site Germany

*Abbreviations: 10-MDP, 10-methacryloyloxydecyl dihydrogen phosphate;
4-MET, 4-methacryloxyethyl trimellitic acid; MEPS, methacryloyloxyalkyl
thiophosphate methylmethacrylate; TPO, diphenyl (2,4,6-trimethylbenzoyl)
phosphine oxide; Bis-GMA, bisphenol-A-glycidyl methacrylate

MICROTENSILE BOND STRENGTH TEST

The prepared teeth were sectioned occluso-
gingivally with a low-speed diamond saw to obtain
composite dentin beams with approximately 1x1
mm?2 areas of bonding. The thickness of the bonded
area was measured with a digital caliper (Mitutoyo
Digimatic, Tokyo, Japan). Approximately six or
seven beams were obtained from each tooth and
in total, 20 samples were analyzed in each group
to determine uTBS. Each sample was attached to
the microtensile test machine (Bisco, Schaumburg,
IL, USA) with a cyanoacrylate adhesive and then

stressed to obtain the pTBS values at a crosshead
speed of Tmm/min. The pTBS values are stated in
MPa. Following the UTBS test, the fracture modes
of the samples were analyzed at a magnification
of 40x with a stereomicroscope (Zeiss Stemi,
CarlZeiss/GmbH, Germany).

The failure types were classified into three
categories: (i) adhesive (the fracture site was
at the resin—dentin interface), (ii) cohesive (the
fracture site was in the resin composite), and (i)
mixed (the fracture site contained both adhesive
and cohesive failure).

CONFOCAL LASER SCANNING MICROSCOPY

A total of four teeth, one tooth from each
group, were prepared for monitoring under the
CLSM. Rhodamine B (Sigma-Aldrich, Germany)
fluorescent dye was added to the G-Premio Bond at
a concentration of 0.008% before it was applied to
the dentin surface (30). The application procedure
was performed according to the manufacturer’s
instructions. The resin composite was then placed
in 2-mm increments to create 4-mm layers. The
teeth were sectioned longitudinally into 1-mm
thick slabs. A slab from the center of each tooth
was selected for the study. The samples were
examined using a CLSM (Zeiss Lsm 510 Meta,
Zeiss GmbH, Jena, Germany). The images were
obtained using a 543nm wavelength HeNe1 laser
and a 489 nm argon/2 laser at 40x magnification.

STATISTICAL ANALYSIS

The statistical analyses were performed with
SPSS-22 (SPSS Incorporated, Chicago, lllinois,
USA). One-way ANOVA was used to examine the
differences in antibacterial activity and micro-
tensile bond strength among the groups, and the
Tukey HSD post hoc test was used for multiple
comparisons (p<0.05).
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RESULTS

MICROTENSILE BOND STRENGTH AND FRACTURE
MODE ANALYSIS

One-way ANOVA revealed that the pTBS
values showed statistically significant differences
(p<0.05). Figure 1 shows the mean pTBS values
and standard deviations of each group. The highest
HTBS was seen in the control group (35.13+6.20)
(p<0.05), while the Laser (19.25+4.66) and CHX
(23.07+7.01) groups showed the lowest pTBS
values. There was no significant difference between
the Laser and CHX groups or between the ozone
(27.53+5.83) and CHX groups in terms of pTBS
(p>0.05).

Microtensile Bond Strenght

Figure 1. Mean pTBS (MPa) and Standard Deviation (SD) obtained
in the tested groups. Different letters represent statistical differen-
ces among groups, according to Tukey test (p<0.05).

Table 2 shows the failure types of the dentin
samples from the four disinfection groups. Genera-
lly, groups that showed low pTBS values had a

higher tendency to adhesive failure. The CHX and
Laser groups, which had the lowest uTBS values
(95%), also predominantly showed adhesive failu-
res. The control group, which had the highest
bond strength value, showed the lowest number
of adhesive and highest number of mixed failures.

Table 2. Failure Types.

Failure Type %

Groups Adhesive Mixed Cohesive
Control 55 40 5
Ozone 85 10 5

CHX 95 5 0
Laser 95 0

CONFOCAL LASER SCANNING MICROSCOPY
ANALYSIS

Figure 2 presents GLSM images showing the
penetration of the adhesive material into the dentin
in all groups. The control group exhibited a thick
adhesive layer. Compared to other groups, thicker
nano-layering, as well as longer and distinct resin
tags, were observed across the entire surface
(Figure 2.A). While thin nano-layering and short
and thick resin tags were observed in the Ozone
group, the adhesive layer was still evident (Figure
2.B). In the CHX group, a thicker adhesive layer
and nano-layering were observed in some regions.
Also, resin tags were evident and longer in some
regions but shorter and irregular in some regions
when compared to the control group (Figure 2.C).

ODOVTOS-Int. J. Dent. Sc. | No. 24-3: 91-102, 2022 I ISSN: 2215-3411. 96



al Effect of Cavity Disinfection Protocols on Microtensile Bond Strength of Universal Adhesive to Dentin

The Laser group, which showed the lowest bond
strength, had indistinct nano-layering and resin
tags (Figure 2.D).

Figure 2. CLSM images of the application of cavity disinfection
groups: (A) Control (B) Ozone (C) CHX (D) Laser. AL: adhesive layer;
D: dentin; C: composite; RT and arrows: resin tags; HL: hybrid layer.

DISCUSSION

After the mechanical removal of caries,
residual bacterial species that cause secondary
caries may multiply in dentin tubules, and the
smear layer and bacterial proliferation may occur
as irreversible pulpitis, apical periodontitis, and
pulpal necrosis in the tooth (31). These undesi-
rable outcomes increase the need to apply cavity
disinfectant before the cavities are sealed with
restorative materials (3). The ideal cavity disin-
fectant should have strong antimicrobial activity
and avoid negative effects on the strength of the
resin bond. Therefore, in this study, the effect of
MDP-containing universal adhesive on UTBS was
investigated by comparing the results gathered
from groups of teeth treated with CHX, Ozone,
and Er, Cr: YSGG laser irradiation. In the study,
statistically significant differences were obtained

between these cavity disinfectants. Thus, the null
hypothesis was not accepted.

In dentistry, CHX has a strong antibacte-
rial effect on oral bacteria, especially against S.
mutans, and is one of the antimicrobial agents
most commonly used to control dental plaque
and tooth caries (25). CHX is expected to increase
dentin bond strength as it has rewetting capacity,
strong affinity, and high biocompatibility with the
tooth structure (15,29). However, some resear-
chers have reported that the pretreatment of CHX
reduced the resin—dentin bond strength (25,29).
In one study, using a self-etch adhesive has been
associated with decreased bond strength when
CHX was applied (25). Researchers stated that
residues left on the dentin surface and tubules had
caused a reduction in strength since the CHX is not
washed off of the dentin surface (25). In a study by
Ercan et al., the shear bond strength of the self-
etch adhesive system to the dentin surface disin-
fected with NaOCI, H202, or CHX solutions was
evaluated, and the CHX-treated material had signi-
ficantly lower bond strength than the untreated
control group (29). Similarly, in the current study,
the pTBS value of dentin bonded to the universal
adhesive by the self-etch method was significantly
lower than the value of the control group as a result
of the CHX application. In addition, Di Hipolito et
al. have reported that CHX application showed a
decreased number of calcium ions in the smear
layer of dentin (32). CHX, which binds to both the
organic components and minerals of dentin, may
have a competitive approach by interacting chemi-
cally with the 10-MDP in the universal adhesive
(33). This indicates that MDP may inhibit chemi-
cal bonding between the tooth and calcium (33).
In this study, the application of CHX affected the
bond strength values of the universal adhesive
containing 10-MDP.

Ozone gas has been proposed as an antimi-
crobial agent that can reduce the number of
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microorganisms on the tooth surface (12,34). In
an in vitro study, ozone application for 80 s was
reported to reduce the number of microorganisms
in an infected tooth cavity model to 2100ppm,
which suggested that ozone has the potential to
disinfect carious cavities (34). The disinfectant
effect of ozone application for different durations
has been studied, and the application of ozone for
20s or more was found to be effective in removing
oral microorganisms (13,14).

Oxygen can react to free radicals during
polymerization, affecting polymerization (35).
Ozone is highly unstable and quickly converts to
oxygen and can reduce the resin—dentin bonding
by preventing the polymerization of the adhesive
material because the reactivity of oxygen is much
greater than that of the monomer (35,36). Similarly,
after tooth whitening with hydrogen peroxide or
carbamide peroxide, a decrease in bond strength
has been seen due to the presence of residual
oxygen (34,36). This study revealed a statistica-
Illy significant decrease in UTBS values following
ozone application compared to the control group.
This might be because of the presence of residual
oxygen after the use of ozone. Rodrigues et al.
have stated that ozone application reduced the
UTBS value at the resin—dentin interface (26).
Dalkilic et al. (4), who assessed the UTBS of dentin
after 60s of ozone application, have reported
similar findings; ozone application decreased the
bond strength.

Gurgan et al. (5) have shown that before
restorative treatment, the application of ozone
and Nd: YAG laser treatments to coronal and root
dentin did not influence the shear bonding stren-
gth of self-etch adhesives. However, comparing
the effects of three different cavity disinfectant
agents on dentin in terms of shear bond strength
of a self-etch and two universal adhesive systems,
Akturk et al. (6) have recommended ozone as a
cavity disinfectant. The inconsistency between

these studies and the results mentioned above
may be due to different times and doses, differen-
ces in adhesive types, and variability of the equip-
ment supplying the ozone.

Erbium lasers, which have increased in
popularity in recent years, are used for various
applications such as cavity preparation, caries
removal, sterilization, and improvement of dental
hard tissues (15,18). In their studies, Turkun et
al. have found that the antibacterial effect of an
Er, Cr: YSGG laser against S. mutans, when used
with 0.75W and 1W power output, was similar to
that of CHX (37). Sufficient disinfection can be
accomplished with an Er, Cr: YSGG laser, even at
the low power setting of 0.75 W. However, atten-
tion should be paid to the irradiation settings in
order to prevent thermal damage to the surroun-
ding tissue while providing sufficient antibacterial
effect (38). For these reasons, irradiation setting at
a low dose (0.75 W) was used for cavity disinfec-
tion in our study.

There are conflicting reports of the bonding
efficiency of adhesive systems applied to laser-
irradiated dentin surfaces in the literature. Some
studies have reported decreased bond strength
after laser irradiation, while others found that it
increased (15, 39-41). In one study, an Er, Cr: YSGG
laser was used at six different settings (3W/20 Hz,
3W/35 Hz, 3W/50 Hz, 1.5 W/20 Hz, 1.5 W/35 Hz,
1.5 W/50 Hz). The uTBS of self-etch adhesive on
bovine teeth was compared with the control group.
The results showed that different laser irradiation
settings negatively affected the bonding strength
of the adhesive systems at the resin—dentin inter-
faces (42). In another study, the uTBS of dentin
surfaces irradiated with Er:YAG and Er, Cr: YSGG
lasers were examined, and samples treated with
laser irradiation had lower pTBS values than the
control group (43). Deeb et al. (7) have evaluated
the bond strength of surfaces treated with CHX,
an Er, Cr: YSGG laser, and photodynamic therapy
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cavity disinfection protocols and found that the
Er, Cr: YSGG laser-treated material showed lower
bond strength than the untreated (control) group.

Similarly, in the current study, applying Er,
Cr: YSGG laser irradiation as a cavity disinfectant
reduced the uTBS. The decreased uTBS may be
due to the complete melting and evaporation of
the collagen in the organic matrix of the dentin
surface from the increased temperature caused by
the interaction between the laser radiation and the
dentin. As a result, the denatured collagen fibrils
fuse (44). Thus, diffusion of the adhesive resin into
the interfibrillar collagen spaces is insufficient,
and weaker bonding may occur in the dentin.

The variation within these results may
be related to the composition of the adhesive
systems. Recent universal adhesives are one-step
self-etch adhesives designed under an “all-in-one”
concept. In this concept, different etching modes
allow clinically versatile use. In the current study,
an MDP-containing universal adhesive was used.
The chemical structure of 10-MDP contributes to
the durability of the bond and improves the initial
bonding performance of self-etch adhesives by
intense and consistent adhesion to the calcium in
hydroxyapatite (21).

When the CLSM images were examined,
nano-layering was observed in all groups. More
prominent nano-layering and resin tags were
observed in the control group than the treated
groups. In the CHX group, the resin tags are more
prominent and longer in some regions, and the
thickness of the nano-layering was close to the
control group. This may be due to the MDP content
of the universal adhesive. In addition, the nano-
layering was the most indistinct in the Laser group,
which showed the lowest pTBS value among all
the groups.

Adhesive failure was predominant in all
groups. But the CHX and Laser groups had more
adhesive failures, which indicated a weaker resin—
dentin bond and bond strength. Cohesive failure
is associated with high adhesion strength (45).
In this study, cohesive failure was observed in
the Ozone and control groups. Mixed failure is
more difficult to detect. If the bonding is strong,
it is generally accepted that the fracture starts
from the resin composite, propagates along the
adhesive bond, and then spreads into the dentin
(45). In the current study, the mixed failure rate of
the control group, which demonstrated the highest
bond strength, was higher than the other groups.

In this study, the effect of the different disin-
fectant methods applied to dentin surfaces on the
initial (24h) uTBS values of the bonding of univer-
sal adhesives was studied; however, the long-term
efficacy of the bond strength was not examined.
Dental substrate type is another important factor
that may affect the bonding strength. The age of
the extracted teeth used in this study was not consi-
dered. Since the dentin tubule diameter changes
with age, the dentin surface available for bonding
may vary from tooth to tooth (46). Another factor
contributing to the bond strength is the size of
the dentin tubules. The size of the dentin tubules
increases from the surface to the pulp chamber,
and the dentin bond strength in the same tooth can
vary depending on the location of the bonding (46).
In this study, care was taken to remove all samples
from the middle part of the tooth to eliminate this
regional effect. The use of only one type of adhesive
system is another constraint of this study.

CONCLUSION
According to the results of this study, the

microtensile bond strength of G-Premio Bond to
dentin decreases after disinfection with chlorhexi-

ODOVTOS-Int. J. Dent. Sc. | No. 24-3: 91-102, 2022 | ISSN: 2215-3411. 99



ODOVTOS-International Journal of Dental Sciences

dine, ozone, and Er, Cr: YSGG laser irradiation. The
effect of these disinfection treatments on long-
term bond strength should be investigated with
long-term /n vitro and in vivo studies.

DISCLOSURES

The authors have no conflict of interest to
disclaim.

AUTHOR CONTRIBUTION STATEMENT

Conceptualization and design: D.B.C., A.D. and
C.B.

Literature review: D.B.C. and A.D.

Methodology and validation: D.B.C. and A.D.
Formal analysis: D.B.C. and A.D.

Investigation and data collection: D.B.C. and A.D.
Data analysis and interpretation: C.B
Writing-original draft preparation: D.B.C.
Writing-review & editing: D.B.C. and A.D.
Supervision: G.B.

REFERENCES

1. Besic F. The fate of bacteria sealed in dental
cavities. Journal of Dental Research. 1943;
22 (5): 349-54.

2. Nedeljkovic 1., Teughels W., De Munck
J., Van Meerbeek B., Van Landuyt K.L. Is
secondary caries with composites a material-
based problem? Dental Materials. 2015; 31
(11): e247-e77.

3. Meiers J.C., Kresin J.C. Cavity disinfectants
and dentin bonding. Oper Dent. 1996; 21 (4):
153-9.

4. Dalkilic E.E., Arisu H.D., Kivanc B.H.,
Uctasli M.B., Omurlu H. Effect of different
disinfectant methods on the initial microten-
sile bond strength of a self-etch adhesive to
dentin. Lasers Med Sci. 2012; 27 (4): 819-25.

10.

I1.

12.

13.

Gurgan S., Firat E., Baysan A., Gutknecht
N., Imazato S. Effects of ozone and ND:YAG
laser pretreatment on bond strength of self-
etch adhesives to coronal and root dentin.
Photomed Laser Surg. 2010; 28 Suppl 2:S3-9.
Akturk E., Bektas O.0., Ozkanoglu S., EG
G.A. Do ozonated water and boric acid
affect the bond strength to dentin in different
adhesive systems? Niger J Clin Pract. 2019;
22 (12):1758-64.

Al Deeb L., Bin-Shuwaish M.S., Abrar E.,
Naseem M., Al-Hamdan R.S., Maawadh
A.M.,, et al. Efficacy of chlorhexidine, Er Cr
YSGG laser and photodynamic therapy on
the adhesive bond integrity of caries affec-
ted dentin. An in-vitro study. Photodiagnosis
Photodyn Ther. 2020; 31:101875.
McDonnell G., Russell A.D. Antiseptics and
disinfectants: activity, action, and resistance.
Clin Microbiol Rev. 1999; 12 (1): 147-79.
Breschi L., Mazzoni A., Nato F., Carrilho
M., Visintini E., Tjdderhane L., et al. Chlor-
hexidine stabilizes the adhesive interface: a
2-year in vitro study. Dental materials. 2010;
26 (4): 320-5.

Shen J., Xie H., Wang Q., Wu X., Yang J.,
Chen C. Evaluation of the interaction of
chlorhexidine and MDP and its effects on
the durability of dentin bonding. Dental
Materials. 2020; 36 (12): 1624-34.

Ricci H.A., Sanabe M.E., de Souza Costa
C.A., Pashley D.H., Hebling J. Chlorhexi-
dine increases the longevity of in vivo resin—
dentin bonds. European Journal of Oral
Sciences. 2010; 118 (4): 411-6.

Baysan A., Whiley R.A., Lynch E. Antimi-
crobial effect of a novel ozone- generating
device on micro-organisms associated with
primary root carious lesions in vitro. Caries
Res. 2000;34(6):498-501.

Baysan A., Lynch E. Effect of ozone on
the oral microbiota and clinical severity of

ODOVTOS-Int. J. Dent. Sc. | No. 24-3: 91-102, 2022 I ISSN: 2215-3411. 100



)il Can el al: Effect of Cavity Disinfection Protocols on Microtensile Bond Strength of Universal Adhesive to Dentin

14.

15.

16.

17.

18.

19.

20.

21

22.

primary root caries. Am J Dent. 2004; 17 (1):
56-60.

Fagrell T.G., Dietz W., Lingstrom P., Steini-
ger F., Noren J.G. Effect of ozone treatment
on different cariogenic microorganisms in
vitro. Swed Dent J. 2008; 32 (3): 139-47.
Celik C., Ozel Y., Bagis B., Erkut S. Effect of
laser irradiation and cavity disinfectant appli-
cation on the microtensile bond strength of
different adhesive systems. Photomed Laser
Surg. 2010; 28 (2): 267-72.

Arnabat J., Escribano C., Fenosa A., Vinuesa
T., Gay-Escoda C., Berini L., et al. Bacteri-
cidal activity of erbium, chromium:yttrium-
scandium-gallium-garnet laser in root canals.
Lasers Med Sci. 2010; 25 (6): 805-10.

Fried D., Ashouri N., Breunig T., Shori R.
Mechanism of water augmentation during IR
laser ablation of dental enamel. Lasers Surg
Med. 2002; 31 (3): 186-93.

Arslan S., Yazici A.R., Gorucu J., Pala K.,
Antonson D.E., Antonson S.A., et al. Compa-
rison of the effects of Er,Cr:YSGG laser and
different cavity disinfection agents on micro-
leakage of current adhesives. Lasers Med
Sci. 2012; 27 (4): 805-11.

Perdigao J., Sezinando A., Monteiro P.C.
Laboratory bonding ability of a multi-
purpose dentin adhesive. Am J Dent. 2012;
25 (3):153-8.

Hanabusa M., Mine A., Kuboki T., Momoi
Y., Van Ende A., Van Meerbeek B., et al.
Bonding effectiveness of a new 'multi-mode’
adhesive to enamel and dentine. J Dent. 2012;
40 (6): 475-84.

. Van Landuyt K.L., Yoshida Y., Hirata I.,

Snauwaert J., De Munck J., Okazaki M., et al.
Influence of the chemical structure of functio-
nal monomers on their adhesive performance.
J Dent Res. 2008; 87 (8): 757-61.

Yoshihara K., Nagaoka N., Okihara T.,
Kuroboshi M., Hayakawa S., Maruo Y., et
al. Functional monomer impurity affects

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

adhesive performance. Dental Materials.
2015; 31 (12): 1493-501.

Tian F., Zhou L., Zhang Z., Niu L., Zhang
L., Chen C., et al. Paucity of nanolayering in
resin-dentin interfaces of MDP-based adhesi-
ves. Journal of dental research. 2016; 95 (4):
380-7.

Van Meerbeek B., Yoshihara K., Yoshida
Y., Mine A., De Munck J., Van Landuyt K.
State of the art of self-etch adhesives. Dental
materials. 2011; 27 (1): 17-28.

N K.S., K K.S., Subba Reddy V.V. Effect of
Dentin Disinfection with 2% Chlorhexidine
Gluconate and 0.3% Iodine on Dentin Bond
Strength: An in vitro Study. Int J Clin Pediatr
Dent. 2017; 10 (3): 223-8.

Rodrigues P.C., Souza J.B., Soares C.J.,
Lopes L.G., Estrela C. Effect of ozone appli-
cation on the resin-dentin microtensile bond
strength. Oper Dent. 2011; 36 (5): 537-44.
Zhou J., Tan J., Yang X., Xu X., Li D., Chen
L. MMP-inhibitory effect of chlorhexidine
applied in a self-etching adhesive. Journal of
Adhesive Dentistry. 2011; 13 (2): 111.
Pashley D.H., Tao L., Boyd L., King G.E.,
Horner J.A. Scanning electron microscopy
of the substructure of smear layers in human
dentine. Arch Oral Biol. 1988; 33 (4): 265-70.
Ercan E., Erdemir A., Zorba Y.O., Eldeniz
A.U., Dalli M., Ince B., et al. Effect of diffe-
rent cavity disinfectants on shear bond stren-
gth of composite resin to dentin. J Adhes
Dent. 2009; 11 (5): 343-6.

Wagner A., Wendler M., Petschelt A., Belli
R., Lohbauer U. Bonding performance of
universal adhesives in different etching
modes. J Dent. 2014; 42 (7): 800-7.

Turkun M., Ozata F., Uzer E., Ates M.
Antimicrobial substantivity of cavity disin-
fectants. Gen Dent. 2005; 53 (3): 182-6.

Di Hipolito V., Rodrigues F.P., Piveta F.B., da
Cunha Azevedo L., Alonso R.C.B., Silikas
N., et al. Effectiveness of self-adhesive

ODOVTOS-Int. J. Dent. Sc. | No. 24-3: 91-102, 2022 | ISSN: 2215-3411. 101



ODOVTOS-International Journal of Dental Sciences

33.

34.

35.

36.

37.

38.

39.

luting cements in bonding to chlorhexidine-
treated dentin. Dental materials. 2012; 28 (5):
495-501.

Giacomini M., Scaffa P., Chaves L., Vidal
C., Machado T., Honorio H., et al. Role of
proteolytic enzyme inhibitors on carious and
eroded dentin associated with a universal
bonding system. Operative dentistry. 2017;
42 (6): E188-E96.

Polydorou O., Pelz K., Hahn P. Antibacterial
effect of an ozone device and its comparison
with two dentin-bonding systems. Eur J Oral
Sci. 2006; 114 (4): 349-53.

Rueggeberg F.A., Margeson D.H. The effect
of oxygen inhibition on an unfilled/filled
composite system. J Dent Res. 1990; 69 (10):
1652-8.

Cavalli V., Giannini M., Carvalho R.M.
Effect of carbamide peroxide bleaching
agents on tensile strength of human enamel.
Dent Mater. 2004; 20 (8): 733-9.

Turkun M., Turkun L.S., Celik E.U., Ates M.
Bactericidal effect of Er,Cr:YSGG laser on
Streptococcus mutans. Dent Mater J. 2006;
25 (1): 81-6.

Schoop U., Kluger W., Moritz A., Nedjelik
N., Georgopoulos A., Sperr W. Bactericidal
effect of different laser systems in the deep
layers of dentin. Lasers Surg Med. 2004; 35
(2): 111-6.

Cardoso M.V., Coutinho E., Ermis R.B.,,
Poitevin A., Van Landuyt K., De Munck J., et
al. Influence of Er,Cr:YSGG laser treatment
on the microtensile bond strength of adhesi-

QO®

Attribution (BY-NC) -

40.

41.

42.

43.

44,

45.

46.

ves to dentin. J Adhes Dent. 2008; 10 (1):
25-33.

Yazici A.R., Karaman E., Ertan A., Ozgunal-
tay G., Dayangac B. Effect of different
pretreatment methods on dentin bond strength
of a one-step self-etch adhesive. J Contemp
Dent Pract. 2009; 10 (1): 41-8.

Oznurhan F., Ozturk C., Ekei E.S. Effects of
different cavity-disinfectants and potassium
titanyl phosphate laser on microtensile bond
strength to primary dentin. Nigerian journal
of clinical practice. 2015; 18 (3): 400-4.
Ayar M.K., Yildirim T., Yesilyurt C. Effects
of Er,Cr:YSGG laser parameters on dentin
bond strength and interface morphology.
Microsc Res Tech. 2015; 78 (12): 1104-11.
Ramos T.M., Ramos-Oliveira T.M., Moretto
S.G., de Freitas P.M., Esteves-Oliveira M., de
Paula Eduardo C. Microtensile bond stren-
gth analysis of adhesive systems to Er:YAG
and Er,Cr:YSGG laser-treated dentin. Lasers
Med Sci. 2014; 29 (2): 565-73.

Ceballo L., Toledano M., Osorio R., Tay
F.R., Marshall G.W. Bonding to Er-YAG-
laser-treated dentin. J Dent Res. 2002; 81 (2):
119-22.

Titley K., Caldwell R., Kulkarni G. Factors
that affect the shear bond strength of multi-
ple component and single bottle adhesives to
dentin. Am J Dent. 2003;16 (2):120-4.
Pashley D.H., Sano H., Ciucchi B., Yoshi-
yama M., Carvalho R.M. Adhesion testing of
dentin bonding agents: a review. Dent Mater.
1995; 11 (2): 117-25.

(BY) You must give appropriate credit, provide a link to the license, and indicate if changes were
made. You may do so in any reasonable manner, but not in any way that suggest the ||censor endorses you or your
use. (NC) You may not use the material for commercial purposes.

ODOVTOS-Int. J. Dent. Sc. | No. 24-3: 91-102, 2022 I ISSN: 2215-3411. 102



