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ABSTRACT

This study evaluated the effect of three different anti-bacterial cleansing agents on microshear bond strength to dentin with self

etching bonding agent. Materials&Methods; Flat dentin surface of 120 molars was prepared, samples was divided into four main

equal groups (30 teeth each) according to the type of disinfectant pretreatment; group(D1) Chitosan nanoparticles (CNPs), group

(D2) Cetylpyridinum chloride (CPC), group (D3) Pomegranate peel extracts (PPE) and group (D4) Control (no pretreatment). Self-

etch adhesive system G-aenial bond and Kalore resin composite was applied. Microshear bond strength testing was done using

universal testing machine. Result; the highest mean microshear bond strength (27.139 + 2.72 MPa) was recorded for those dentin

specimens treated with (CNPs)after 1day storage time while the lowest mean shear bond strength (15.33 +2.44 MPa) was recorded

for those dentin specimens treated with (PPE) after 3 months storage time Conclusions; (CNPs) application before bonding with

self-etch adhesive preserve bond strength over time.

INTRODUCTION

The longevity of resin composite restoration is
directly related to the stability of the hybrid layer.
However, the methacrylate polymers of adhesive
systems may undergo chemical hydrolysis and
enzymatic degradation by the metalloproteinases‘”.
Inhibiting the action of metalloproteinases and
preventing degradation of the hybrid layer requires
the use of cavity pretreatments, adhesive systems
resistant to the action of collagenolytic enzymes®.
Chitosan (CNPs) is a non-toxic cationic biopolymer
usually alkaline

obtained by deacetylation

from chitin®. The covalent immobilization of
chitosan on dentinal collagen has been proposed
to induce the remineralization of the exposed
and demineralized dentin structure because
its functional phosphate groups might bind to
calcium ions to form a favorable surface for crystal
nucleation, resulting in the formation of a calcium
phosphate layer®. Chitosan treatment improves the

resistance of the dentinal surface to degradation

by collagenase®. Furthermore, chitosan presents
with biocompatibility, chelating capacity and also
antimicrobial effect®®. Previous in vitro studies have
demonstrated the significant antibiofilm efficacy of
chitosan nanoparticles (CNPs)?. Chitosan has been
used to promote the biomimetic reconstruction of
enamel and inhibit biofilm formation on titanium
implant surfaces®”. The incorporation of chitosan
in experimental adhesive systems improve the
biological and mechanical properties of collagen
construction and enhance antibacterial activity by
means of ionic interactions between chitosan and
the bacterial cells®. Inhibition of MMPs action and
hence collagen degradation has been also attempted
to improve the longevity of the resin—dentin interface
and the MMP inhibitor has been used as a separate
dentin preconditioning step!'”. The hyposis of this
study was directed to study the effect of different
anti-bacterial cleansing agents on microshear bond

strength to dentin.
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MATERIALS AND METHODS

Chitosan nanoparticles(CNP)': 0.2gram chi-
tosan were dissolved in 50 ml distilled water con-
tains 0.5ml acetic acid. Then TPP solution contains
0.06 gm was dropped into the chitosan beaker at
room temperature. After that chitosan solution was
magnetically stirred for 45mins to obtain chitosan
nanoparticles. These chitosan nanoparticles could
be stably stored in distilled water'",

Cetylpyridinum chloride(CPC)* Cetylpyri-
dinium chloride is a quaternary ammonium com-
pound and is the active chemical antimicrobial ac-
tivity is due to an interaction of basic cetylpyridin-
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ium ions with acidic molecules on bacteria, which
subsequently inhibits bacterial metabolism by form-
ing weak ionic compounds that interfere with bacte-
rial respiration. CPC has been shown to be effective
for poultry washes at concentrations of 0.5%, giv-
ing reductions of up to 2.512,

Pomegranate peel extracts(PPE)*: Pomegran-
ate peel extracts (hydroalcoholic extract) from
Punica granatum (pomegranate fruits) activity on
dental plaque microorganisms rich in polyphenols
have been demonstrated to exhibit a strong radical
scavenging effect, and antibacterial activity against

gram-positive and gram-negative bacteria.

All the materials compositions are listed according to the manufacturer’s profile.

TABLE (1) Adhesive bonding system and Composite resin:

Material | Specification | Content Manufacturer Manuf. No.
Kalore Nano-hybrid | Urethane dimethacrylate (UDMA) 18%, DX-511 GC, Tokyo Japan 386006
ShadeA3 | composite co-monomer, Fillers (Fluoroaluminosilicate glass), (1010091) website

Prepolymerized filler , Silicon dioxide, photo initiator, www.gc-dental.com

Pigment
G-aenial | Self etch 4-Methacryloxyethyltrimllitate anhydride 5-10% , acetone GC, Tokyo Japan N123319
(One step) |adhesive 30-40%, water 15-20% , Dimethacrylat 15-20% , phosphoric | (12101121) Website

acid ester monomer 15-20% , silicon dioxide 1-5% , www.gc-dental.com

photoinitiator

Specimens preparation for microshear bond
strength test;

A total of one hundred and twenty human
permanent molars. Flat dentin surface were produce
using carbide burs* in high-speed handpiece with
profuse water-coolant by creating a depth cut
grooves of 2mm at the occlusal surface. A graduated
periodontal probe was used to confirm the depth.

=

These grooves were united together to create a
flat tooth surface (the bur was replaced after 3
preparations).

The molars were randomly divided into four
equal main groups of thirty specimens each
according to the three tested disinfectant agents and
a control group. In the first group, the dentin surface
were subjected to Chitosan Nanoparticles (CNPs)

Pure Chitosan nanoparticles, Nagaa Foundation for Scientific Research & Nanotechnology, Giza, Egypt.
Pure Cetylpyridinum chloride, B Fresh, Pharo Pharma, Egypt.

Pure Pomegranate Peel Extract, Aquamint, Roxeen Pharma, Egypt

- #245SC carbide burs, Brasseler, Savannah, GA, USA.
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pretreatment, the second group were pretreated with
Cetylpyridinum chloride (CPC) to dentin surface,
the third group were receive Pomegranate peel
extracts(PPE) pretreatment, and the fourth group
did not receive disinfectant pretreatment (control

group).

The bonding procedures was done by using
G-aenial selfetch adhesive system according to the
manufacturers’ instructions which applied to the
entire walls of the preparations with a micro-brush
and lifted for 10 seconds, to allow evaporation of
acetone solvent and deeply penetration of the
adhesive followed by drying 5 sec and light cured
for 10 sec. After adhesive resin application and
prior to curing on each specimen, hollow cylinders
with an internal diameter approximately 1 mm and
height of 2 mm were cut from plastic pediatric
catheter microtube”. Four irises were mounted on
each treated dentin surface and held on the surface
to restrict the bonding area (2 iris for testing and
the others as a supplemental for any error). Imm
increment of resin composite was applied in the iris
and condensed with pluger and light cured for 20
sec and another layer of 1mm was applied and cured
for 20 sec.

Microshear bond strength testing;

Each tooth embedded in acrylic mould with its
own bonded resin composite microcylinders was
secured with tightening screws to the lower fixed
compartment of a universal testing machine (fig.1)
with a load cell of 5 kN and the data was recorded
using computer software. A wire loop prepared from
orthodontic stainless steel ligature wire was looped
around the bonded resin composite microcylinder
assembly as close as possible to the base of the
resin composite microcylinder and aligned with the
loading axis of the upper movable compartment of
the testing machine. A micro-shearing load with
tensile mode of force was applied via universal
testing machine at a crosshead speed of 1 mm/min.
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FIG (1) A wire loop around the bonded resin composite micro-
cylinder loaded in testing machine.

The relatively slow crosshead speed was selected to
produce a shearing force that resulted in debonding
of the resin composite microcylinder along the
dentin-adhesive interface. The load required for
debonding was recorded in Newton.

Scanning electron microscope examination:

Finally, (random specimens) one tooth from each
group that used for disinfectant treatment at the
end of storage time (one day, one month and three
months) were used for scanning electron microscope
examination to evaluate failure mode distribution to
study the effect of various treatments on the dentin
surface topography.

RESULTS

From table (2) After 1 month, (CNPs) group
showed the highest mean microshear bond strength.
There was no statistically significant difference
between (CPC), (PPE) and control groups which
showed the statistically significantly lowest means
microshear bond strength. While After 3 months,
(CNPs) group showed the statistically significantly
highest mean microshear bond strength. There
was no statistically significant difference between
(CPC), (PPE) and control groups which showed the
statistically significantly lowest means microshear
bond strength.

* Pediateric catheter: Ultramid Company, Brussels, Belghum.
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TABLE (2): Mean microshear, standard deviation (SD) values

Group CNPs CPC PPE Control
. P-value
Period Mean SD Mean SD Mean SD Mean SD
1 day 27.13% 272 22.83° 3.87 22.18° 4.68 22.34° 4.14 0.046*
1 month 18.98 ¢ 243 16.57° 247 1546° 2.20 15.34° 2.50 0.018*
3 months 18.75* 2.14 16.10° 3.12 15.33° 244 16.59° 3.15 0.042*

*: Significant at P < 0.05, Means with different letters are statistically significantly different according to Tukey's test.
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FIG (2) Mean microshear bond strength of the four groups.

Scanning Electron Microscopy SEM observations of failure mode.
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FIG (3) SEM photomicrograph (at 1500X) for CNPs disinfection; A) after one day of storage showing
mixed failure (part of composite resin can be seen in the tubules) while, B) after one month stor-

age showing adhesive failure showing the dentin exposed with some tags of resin remaining in the
tubules.
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DISCUSSION

The results of this study suggest that optimum
bond strengthening of dentin can be achieved
throughout the immediate adhesive treatment
with (CNPs). Initial results have proven that
this significant increase in bond strength and the
durability of resin dentin bond lasts for a prolonged

time.

The use of three antimicrobial agents; Chitosan
is a potent antioxidant with multiple free hydroxyl
groups. These hydroxyl groups can form bridge-type
hydrogen bonds within the side chains of hydroxyl,
carboxyl, amino or amide groups of the collagen
molecules'?. The formation of these hydrogen
bonds is the reason of the stability of chitosan with
dentin collagen". Cetylpyridinium chloride as a
mouthrinse (containing 0.05%) was as effective
in reducing viable bacteria in oral spatter'®.
Pomegranate peel extracts rich in polyphenols
have been demonstrated to exhibit a strong radical
scavenging effect, and antibacterial activity against
gram-positive and gram-negative bacteria and direct
removal of plaque from the teeth"”.

SEM images of the dentin surface exposed to
(CNPs) has been significantly influenced by the
unique properties of the chitosan in promoting a
formation of the hydroxyapatite crystals, as well as
prevent demineralization of enamel and dentin®.
The potential applications of chitosan strengthening
the collagen matrix, increasing resin—dentine bond
strength, inactivation of collagen-bound proteases
and remineralization of root caries"?.

In 2012, Elsaka ® reported a study evaluating
the antimicrobial activity and the adhesive property
of dental adhesive containing various incremental
concentrations of chitosan. It was reported that these
properties improved upon addition of chitosan. Upon
addition of 0.12 and 0.25% (w/w) chitosan, the micro
tensile bond strength values were better compared to
the control group, however there were no significant
differences. Lobato et al*", proposed that networks
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containing covalently crosslinked chitosan could
be considered as smart hydrogels with dentinal
collagen. The lowest bond strength value was found
in (PPE), while CNPs presented the highest bond
strength value. One of the explanations for this
occurrence is the greater complexity of the adhesive
bond to dentin®®. Another probable explanation is
related to demineralized dentin drying. The collapse
of collagen fibrils and establishment of hydrogen
bridges between them may occur, contracting and
tensing the collagen network, and leading to the loss
of the tridimensional spatial configuration. Thus, the
permeability of this network is diminished, which
hinders the infiltration of the adhesive monomers,
leading to the formation of a thinner hybrid layer
with deficient sealing of the dentinal tubules®* .

The monomer/solvent combination in adhesive
systems with their application performed in a larger
number of steps must be capable of breaking the
interpeptide hydrogen bridges, and thus re-expand
the dentin matrix, recreating the interfibrillar
spaces of the collapsed collagen network to allow
infiltration of the hydrophobic monomer>.

The bond strength, measured by means of
the microshear test, varied with the treatment of
the exposed tooth surface. Inferior behavior was
observed for Groups (CPC) and (PPE), in which the
self-etching adhesive system was used, and which
removes a micrometric layer of dental surface®*?®.
Shallower tags in dentinal tubule was verified with
self etching process, not allowing better flow of the
hydro-phobic monomer, without more deeper tag
formation®”.

Conclusions; (CNPs) application before bonding
with self-etch adhesive preserve bond strength over
time. Using CNPs, CPC and PPE has no adverse
effect on the bond strength. Storage in water for long
periods has a highly significant adverse effect on the
bond strength to all groups especially with surface
treated with PPE and with no surface treatment.
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