Original Article

Evaluation of Microleakage of Micro Hybrid Composite Resins versus
Chitosan-Incorporated Composite Resins When Restored in Class V
Cavities Using Total Etch and Self-Etch Adhesives: An In vitro Study

Abstract

Aim: To evaluate the in-vitro microleakage of traditional micro hybrid composite resin
and 0.2% chitosan-incorporated composite resin when restored in Class V cavities
using total etch versus self-etch adhesives after storing in artificial saliva for 24 h.
Materials and Methodology: Sixty permanent maxillary premolars collected and Class V cavities
were prepared on buccal surface of each tooth (dimensions: mesio-distally 3 mm, occluso cervically
2 mm, and depth of 1.5 mm) and restored with Group 1: micro hybrid (30 teeth) and Group 2:
chitosan-incorporated composite (30 teeth), which was further subdivided into: (a) 15 teeth using
total-etch adhesives. (b) 15 teeth using self-etch adhesives. Next dye extraction test was carried out
using spectrophotometer. Results: Comparison within groups: In Group 1: Self-etch demonstrated
less microleakage (0.0129) compared with total etch (0.0183). The difference was statistically
significant, and in Group 2: No statistically significant difference was found in mean microleakage
scores after using either self-etch (0.0118) or total etch adhesives (0.0120). Conclusion: It can be
concluded that chitosan-incorporated composite seems to have improved mechanical properties
with a stable bond when used with either self-etch or total etch adhesives in addition to being
antibacterial. It may be clinically useful in restoring Class V cavities in patients with high caries
risk. However, further in vitro and in-vivo studies need to be carried out.

Keywords: Chitosan, dye extraction test, micro hybrid composite, microleakage, self-etch adhesives,
total etch adhesives

lesions due to its low MOE and the forces
generated by polymerization shrinkage
are less compared to that of conventional
composites.

Introduction

Effective  preventive  protocol  and
enhanced dental care have decreased the
incidence of dental caries over a period
of time.l! However, with the increase in
geriatric population, root caries and cervical
defects have become more prevalent,?!
whether the etiology is caries, erosion,
tooth wear, or excessive tooth brushing.!

However, various in vitro and in vivo
studies showed greater number of bacteria
and plaque accumulation on the surface of
composite resin in addition to unsatisfactory
antibacterial properties. When compared
with other restorative materials, there is
evidence of growth of plaque adjacent
to the restoration margins, which may
lead to secondary caries in vivo and
limit the longevity of RBCs (resin-based
composites).>!

Selecting a restorative material for such
lesion is challenging as the etiology is
multi-factorial coupled with difficulties in
isolation and bonding to root dentin. Hence,
one prefers to select a material that is less
technique sensitive, has low modulus of

elasticity (MOE) to allow the restoration  Hence, attempts have been made to

to flex with the tooth on masticatory
load, and has less propensity for plaque
accumulation.®”? Micro hybrid composite
resins with filler size of 0.7-3.6 um is
considered the material of choice in Class V
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incorporate antibacterial agents into resin
component to inactivate bacteria and
prevent recurrent caries and decrease plaque
accumulation.™

Although various antibacterial
such as chlorhexidine,!

agents
calcium,®
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Figure 1: Dimension verified with Perio probe

Figure 3: Teeth samples dissolved in Nitric Acid for 3 days

antibiotics,/”? magnesium, zinc oxide,” and silver ions!”
have been tried, studies showed that resin containing
soluble antibacterial agents leach out of mass within few
days, resulting in its short-term effectiveness. Another
problem was its adverse influence on the mechanical
properties.  Furthermore, the antibacterial agents
may have toxic effect if the release is not properly
controlled.®”! Hence, there is always a quest for newer
natural biomaterial.

A potential biomaterial is chitosan which is naturally
acquired polysaccharide that is prepared by deacetylation
of chitin, obtained from crab and shrimp shells. It is
considered nontoxic, biocompatible, biodegradable, and
antibacterial."” Moreover it is suggested as a bio-adhesive
polymer that provides extended retention in oral cavity.
In dental field, chitosan has been used in studies for the
prevention of dental caries as it provides bactericidal
and/or bacteriostatic characteristics.'!  Chitosan when
incorporated in resin composite showed increased
biocompatibility and decreased adsorption capacity
of bacteria without changing the flexural strength and
mechanical properties of the composite.®! Chitosan, when
used in lower concentration, has shown improvement in its
adhesion when used with Bisphenol A or HEMA group;

Figure 4: Tooth solution after Centrifugation

this is because at such low concentration Chitosan releases
high volume of free amino group.'?! Adhesive system
also plays a significant role (total etch or self-etch) for
durable composite restoration in providing an impervious
seal, but it depends on the procedure of application and
mechanism of adhesion. Many researches summarized that
total etch systems are technique sensitive where isolation
and accessibility are difficult especially in Class V cavities
and where dentin is the major substrate. In such situation,
self-etch system, due to decrease in number of steps for
bonding, would be a preferred option. There is a significant
difference in the extent of microleakage evidenced between
tooth-restoration interface by using different bonding
agents, and its compatibility with the resin contributes to
the bondability of the restoration.!'*

Several studies previously have evaluated the properties
of chitosan-incorporated composite using total etch
adhesive!' and because no data have been reported so far
on the seal-ability of this new combination of resin using
self-etch and total etch adhesives and the comparison of
microleakage using both, we have undertaken this in vitro
study to evaluate the microleakage of chitosan-incorporated
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composite resin to dentin when used as restorative material
in Class v cavities using total etch versus self-etch
adhesives.

Aims and objectives

To evaluate the in vitro microleakage of traditional micro
hybrid composite resin and 0.2% chitosan-incorporated
composite resin when restored in class V cavities using
total etch versus self-etch adhesives after storing in artificial
saliva for 24 h.

Materials and Methodology

Source of data: Sixty noncarious human permanent
maxillary premolars extracted for various reasons were
collected.

Inclusion criteria

Intact, noncaries, permanent maxillary premolars with
complete root formation were included in the study.

Exclusion criteria

e Carious teeth

e Previous restoration

» Preexisting fractures or cracks

* Previous endodontic treatment

* Non-carious lesions (attrition, fluorosis)
* Tooth with severe root curvatures.

Infection control protocols for extracted teeth were
collected for educational purposes:

Collection, storage, sterilization, and handling of extracted
teeth were used in the study following OSHA and CDC
recommendations and guidelines.

Materials used:

* High-speed aerator (NSK Japan)

» Straight hand-piece (NSK Japan)

* Diamond and carbide bur (Komet, Gebr. Brasseler)

*  35% phosphoric acid (3M ESPE, St. Paul, MN, USA)

» Total etch adhesive: Adper™ Single Bond 2 (3M ESPE)

» Self-etch adhesive: Adper™ SE Plus (3M ESPE)

*  Micro hybrid composite resin (Brilliant NG coltene
whaledent)

* Light-curing unit (VIP, Bisco Inc., Schaumburg, IL,
USA)

» Sof-Lex abrasive discs (3M ESPE)

* Nail varnish

» Artificial saliva

* Thermocycling unit

* 2% methylene blue

* UV photo spectrometer

«  0.2% Chitosan gel (EVEREST BIOTECH)

» Centrifuge apparatus.

Sixty freshly extracted maxillary premolars were collected.
Calculus and debris were cleaned with a rubber cup and
slurry of pumice, disinfected in 0.5% chloramine, and the

teeth were stored in artificial saliva at 35°C for <l month
before the restorative procedure. Standardized Class V
cavities were prepared on the buccal surface of each tooth
with aerator and round diamond bur under air-water cooling.
The burs were replaced after every four preparations. The
cavities prepared with the following dimensions:

Mesio-distal width: 3 mm, occlusocervical length: 2 mm
depth: 1.5 mm.

The cavity margins were standardized following the study
done by Tavangar et al.'! The margins were kept in dentin
and above the cemento-enamel junction. A William’s
graduated periodontal probe was used to gauge the
dimensions of the cavity [Figure 1]. Subsequently, the teeth
were randomly assigned into two experimental groups of
thirty teeth in each group which were further divided into
two subgroups (n = 15):
a. Group | — Restored with unmodified composite

(control).

* 15 teeth with total etch adhesives

* 15 teeth with self-etch adhesives.
b. Group 2 — Restored with chitosan-composite

* 15 teeth with total etch adhesives

* 15 teeth with self-etch adhesives.

The total etch group specimen were etched with 37%
phosphoric acid and left for 15 s and rinsed and Adper
Single Bond (fifth generation) was applied according to
manufacturer’s instruction and light cured for 40 s and
restored with micro hybrid composite.

In the self-etch group, Adhesive
Plus (sixth generation) was applied according to
manufacturer’s instruction and light cured for 40
s then restored with micro hybrid composite and
chitosan-composites, respectively. Polishing of the
restoration was done using Sof-Lex abrasive disks. Each
specimen was stored in artificial saliva and placed in an
incubator (37°C + 2°C) at 100% humidity for 24 h. The
test specimens were then thermo-cycled in water baths
held at 5°C and 55°C with a dwell time of 60 s each for
10,000 cycles prior to testing. The teeth were prevented
from dehydration by immersing in artificial saliva at room
temperature after restoration.

Adper SE

Preparation of chitosan was done by using chitosan
powder (0.2%) and resin composite flakes. In a 50-mL glass
beaker, chitosan was incorporated into resin composite and
homogenously mixed in a dark room with a glass rod.
Incorporation was carried out according to a study done by
Mirani SA, et al.l'®)

Methodology for dye extraction test

After the restoration, the apical portion of the teeth was sealed
with sticky wax. Samples with 1 mm of restoration margins
were covered with two layers of nail varnish and immersed
in 2% methylene blue solution for 24 h. After 24 h, nail
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varnish was removed by polishing disks. Then, the samples
were put in vials containing 65 wt% nitric acid for 3 days
to let methylene blue within restoration dentin interface
dilute in nitric acid [Figure 2]. There was 1000 ul acid
volume in each vial [Figure 3]. The vials were centrifuged
at 14,000 rpm for 5 min and 100 ul of the supernatant
from each was transferred to a plate [Figure 4]. The dye
absorption was measured by an automatic spectrophotometer
at 550 nm using concentrated nitric acid as blank. The
results of spectrophotometer indicate the light absorption of
methylene blue at the resin—dentin interface which actually
showed the microleakage in the restoration.!'”)

Results
Statistical analysis

Independent Student’s #-test was used to compare the
mean dye penetration (in nm) between Group 1 and
Group 2 using total etch adhesive and self-etch adhesive,
respectively.

Student’s paired #-test was used to compare the mean dye
penetration (in nm) between both total-etch groups and
both self-etch groups.

Level of significance: (P value) was set at P < 0.05.

Computation: Table 1 demonstrates the results from
Independent Student’s #-test used and Student’s Paired
t-test used and the P value.

Comparison of mean dye penetration (in nm) between
Group | and Group 2 after using total etch and self-etch
adhesives

The total-etch samples when tested demonstrated
that Group 1 exhibited a mean microleakage score of
0.0183 nm and Group 2 a mean microleakage of 0.0120
nm. There was a statistically significant difference between
the microleakage scores.

The self-etch samples demonstrated a mean leakage for
Group 1 as 0.0129 nm and Group 2 as 0.0118 nm. No
statistically significant difference was found between them.

Comparison within the groups:

* Group 1: total etch demonstrated a mean leakage of
0.0183 nm and self-etch demonstrated a mean leakage
score of 0.0129 nm. There was a statistically significant
difference found

* Group 2: total etch demonstrated a mean leakage 0.0120
and self-etch groups demonstrated a mean leakage score
of 0.0118 nm; the difference was not found statistically
significant.

Discussion

Location of Class V lesions make selection of a restorative
material hard task as there is always a constant application
of masticatory load which has destructive effect of tooth

flexure on the cervical region. Micro hybrid composite
is considered the material of choice due to its low MOE
which allows the restoration to flex with the tooth.™
They exhibit reduced polymerization shrinkage and offer
improved strength. Hence, micro hybrid composite was
used in our study.

On analyzing the results of our study, it was found that the
unmodified composite group showed a mean microleakage
of 0.0129 nm using self-etch and increased microleakage of
0.0183 nm using total etch [Table 1]. The results were in
accordance with studies conducted by Nair ef al., Moosavi
et al., and Kambale ef al. and many other researches
previously.l'®2% Studies have shown that there is presence
of tightly clustered spheres that fills the gaps of smaller
sized spheres in micro hybrid composites.?!) It has been
proved that the low acidity (pH >2.5) leaves dentinal
tubules intact with smear plug in self-etch adhesives. This
partial demineralization has reported to have an advantage
because of the possibility of chemical interaction between
some functional monomers (such as MDP and 4-META)
and remaining hydroxyapatite crystals along the collagen
fibrils. This chemical bonding is suggested to improve the
bond durability of the restoration.!']

The active monomers have acidic properties which
dissolve smear layer and demineralize underlying dentin.
This depicts that the resultant morphological aspect of the
bonded interface is largely dependent on characteristics of
the dentin to which the adhesive is being applied and on the
aggressiveness of the acidic monomers. Thus, the success
of self-etch adhesives in our study could be largely related
to the substrate being dentin and the ability to etch and
infiltrate simultaneously, thus preventing the discrepancies
between demineralization and infiltration.??!

Studies have shown that water is necessary to maintain
collagen fibril expansion in etch and rinse for resin
infiltration, but on the contrary, it plays an antagonistic
role in hybrid layer formation. This reduces the mechanical
properties of the interface and reduces the durability of the
bonded surface. These uneven stress distributions along
the components of the hybridized zone might have caused
enzymatic degradation of collagen fibrils that were left
exposed and the hydrolysis of the poorly formed adhesive
polymer. It is a proven fact that there is matrix and/or
filler deterioration due to mechanical and/or environmental
loads, interfacial debonding, micro cracking, and/or filler
particle fracture.l'’! All these factors may have contributed
to increased microleakage seen in unmodified micro hybrid
composite group using total etch adhesive after storage in
artificial saliva.

In the chitosan + composite group: Comparing the total
etch samples, chitosan-composite group showed lower
microleakage value (0.0120 nm) compared to unmodified
composite group (0.0118 nm), and the difference was
found to be statistically significant [Table 1]. This indicates
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that incorporation of chitosan has not adversely affected
the bonding properties of composite to dentin.

On comparing microleakage within self-etch groups: The
microleakage of unmodified composite group (0.0129 nm)
was not found to be statistically significant compared
to chitosan-composite group (0.0118 nm), suggested an
improve bond stability of the restoration using self-etch
adhesive [Table 2].

Within chitosan-composite groups: Comparing between
total etch and self-etch adhesives, there was no significant
increase in microleakage scores (from 0.0120 to 0.0118 nm),
indicating that there was hardly any bond degradation
occurring with either of the bonding agent (self-etch/total
etch) used even after storing in artificial saliva for 24 h.

The reduction in microleakage values evident in the
chitosan-composite group may be attributed to the fact
that: Chitosan incorporated in the composite resin may act
as a space occupier since the amine groups makes it very
reactive along with—-OH group as revealed in the Fourier
transform infrared spectroscopy (FTIR) analysis according
to a study done by Satheesh et al. Further, chitosan
(a biomedical cationic amino polysaccharide) is said to act
as an inert filler having—NH2 chain and the presence of high
nitrogen content (6.89%) resulted in improved adhesion
between the constituents of composite resin, less leaching
of resin monomer into the liquid prevented hydrolytic bond
degradation, decreasing the volumetric shrinkage compared
to regular composites there by reducing microleakage.

Furthermore, it has been speculated by Satheesh et al. in
their study that at lower chitosan loading (2.5 wt% and
below), relatively uniform dispersion of the additive can
be achieved. The thermal stability of the system increases
with chitosan loading while mechanical tensile strength
is not compromised. According to them, the utilization of
HMDA hardener and the introduction of excessive free

amine groups through chitosan chains may have improved
the adhesion between constituent components.?*!

Several authors have also proved that — 0.12% and
0.25% (w/w) chitosan does not adversely affect adhesive
properties of the bonding system. Because chitosan is
a cycloaliphatic amine, the amine groups present in
chitosan could increase in thermal stability which may be
associated with the increase in cross linking of the epoxy
with chitosan.?*! A similar mechanism could have been
responsible for the reduction of microleakage in our study.

It appears that the chitosan-modified composite is an
exciting combination, beneficial especially in class v
cavities. Hence, it may be considered an alternative to
traditional micro hybrid composite as it combines the
benefits of antibacterial properties and better marginal seal.

However, further long-term in vitro and in vivo studies
with regard to its antibacterial effectiveness, water sorption,
solubility, and long-term stability together with refinement
in formulation technique is necessary before it can be
recommended for routine clinical usage.

Conclusion

Within the limitation of the present in vitro study, the

following conclusions can be drawn:

*  When total etch samples when tested, Group 2 exhibited
a significantly reduced microleakage of 0.0120 nm than
Group 1 with a mean microleakage of 0.0183 nm. This
indicates that addition of chitosan didn’t interfere with
the bonding of composite resin to dentin

e The self-etch group demonstrated a mean leakage of
0.0129 nm with Group 1 and 0.0118 nm with Group 2.
There was no statistically significant difference between
the mean microleakage scores which signifies that the
self-etch adhesives sealed the margins satisfactorily
among both the type of composites used

Table: 1 Comparison of mean dye penetration (nm) between Group 1 and 2 with self-etch and total-etch using independent Student’s #-test

Group Time n Mean SD SEM Mean t P
difference
Group 1 Total etch 15 0.01834 0.0018103 0.00047 0.00540 8.940 <0.00001*
Self-etch 15 0.01294 0.0021952 0.00057
Group 2 Total etch 15 0.01204 0.0028112 0.00073 0.00022 0.210 0.418
Self-etch 15 0.01182 0.0031157 0.00080

*Statistically significant. Group 1: Composite (control); Group 2: Chitosan + composite. SD: Standard deviation; SEM: Standard error of
mean

Table: 2 Comparison of mean dye penetration (nm) between self-etch and total-etch in Group 1 and Group 2 using student’s paired #-test

Group Time n Mean SD SEM Mean t P
difference
Total etch Group 1 15 0.01834 0.0018 0.00047 0.0063 6.004 0.00002*
Group 2 15 0.01204 0.0028 0.00073
Self-etch Group 1 15 0.01294 0.0022 0.00057 0.0011 1.066 0.15223
Group 2 15 0.01182 0.0031 0.00080

*Statistically significant. SD: Standard deviation; SEM: Standard error of mean
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* Comparing within Group 1, self-etch group
demonstrated less microleakage compared to total
etch. The difference was statistically significant in this
group suggesting one step self-etch agents have better
bond-ability than total etch adhesives.

In Group 2, no significant difference was found in the
microleakage score after using either self-etch or total etch
adhesives, suggesting that no bond degradation had taken
place after incorporation of chitosan in composite resin.

Clinical implications

Based on the results of our study and that found in the
literature, it is evident that chitosan-incorporated composite
in addition to being antibacterial, seemed to have improved
mechanical properties and bond stability compared to
unmodified micro hybrid composite when used with either
self-etch or total etch adhesives.

Considering the above advantageous properties of this
material, their use may be clinically helpful in restoring
class v cavities in patients with high caries risk.

However, further in vitro and in vivo studies need to be
carried out to evaluate this noble restorative material for its
long-term durability, bond-ability, color stability, solubility,
and most importantly retention of its antibacterial property
over a longer period of time.
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