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Resins: An In Vitro Study

Arpita Deb?, Veena Pai?, Roopa R Nadig®

ABSTRACT

Aim and objective: To evaluate and compare the microleakage of unmodified microhybrid composite and 0.2% chitosan-incorporated composite
in class V cavities restored immediately and after 3 months of storage in artificial saliva.

Materials and methods: Sixty human permanent maxillary premolars were collected and standardized class V cavity prepared on the buccal
surface of each tooth with dimensions: mesiodistally 3 mm, occluso cervically 2 mm, and depth of 1.5 mm and restored with microhybrid
composite and chitosan-incorporated composite resins respectively and randomly divided: Group I: control-microhybrid composite (n = 30):
(a) 15 teeth tested immediately (b) 15 teeth tested after 3 months. Group ll-restored with chitosan + composite (n = 30): (a) 15 teeth tested
immediately (b) 15 teeth tested after 3 months. Specimens were stored in artificial saliva following which a dye extraction test was carried out
using a spectrophotometer.

Results: There was no statistically significant difference in microleakage score between the chitosan-composite group and unmodified
composite group when evaluated immediately after placing the restoration. Microleakage values of the unmodified composite group increased
significantly after 3 months of storage in artificial saliva and values of the chitosan-composite group did not differ significantly even after 3
months of storage. Microleakage was seen significantly less in the chitosan-composite group compared to the unmodified composite group
after 3 months of storage in artificial saliva.

Conclusion: It can be concluded that chitosan-incorporated composite seems to have improved mechanical properties and forms a more stable
bond when compared with unmodified microhybrid composite in addition to being antibacterial.

Clinical significance: Considering the advantageous properties of this material, 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.
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INTRODUCTION

Incidents of dental caries, in general, have declined over a period
owing to effective preventive protocols and enhanced dental
care.! However, in children? gross dietary inadequacy, poor oral
hygiene, high sugar diet, or systemic iliness have led to increased
prevalence of several cervical carious defects and, at times, gingival
recession, which initiates caries on the root surfaces. Restoration of
these defects is challenging and technically demanding, whether
the etiology is early childhood caries, rampant caries, adult caries,
erosion, or tooth wear.

The etiology and progression of these lesions being multi-
factorial® coupled with limitations in implementing preventive
protocols, difficulties in isolation and bonding to root dentin,
selecting a restorative material for such lesions has become a
hard task.? Therefore, one prefers to select a material that is less
technique sensitive, has a low modulus of elasticity to allow the
restoration to flex with the tooth on masticatory load,® and has less
propensity for plague accumulation.

To date, the preferred material of choice is composite due to
its properties like aesthetics, adhesion, and conservation of tooth
structure.® However, in class V composite restoration, the primary
challenge is to deal with the marginal quality of the restoration.

The low modulus of elasticity flowable resins is recommended
as the material of choice for class V lesions.? Still, their lower filler
content often leads to polymerization shrinkage, which leads to
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poor mechanical properties. The stress generated at the tooth-
restoration interface often exceeds the bond strength of the
restorative material, which leads to microscopic gap formation that
eventually causes microleakage.?

A microleakage eventually progresses to a discolored margin
onthetooth-restoration interphase, sensitivity postoperatively, and
finally pulpal damage due to the formation of secondary caries.*

Numerous in vitro and in vivo studies have revealed a more
incredible amount of bacteria and plaque accumulating on the
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surface of composite resin® than other restorative materials, such
as amalgam® and glass ionomer® or dental hard tissues such as
enamel.>” In vitro enamel demineralization because of plaque
accumulation has been observed around different RBCs.> During
invivo conditions, the growth of plaque adjacent to the restoration
margins may lead to secondary caries, which may limit the longevity
of RBCs.>” So recurrent caries can be prevented by the effect of the
antibacterial property of any restorative material.

Although mechanical properties of RBCs have been improved
substantially since their development,* their antibacterial
properties are still considered unsatisfactory by dentists as well
as investigators.” Hence, attempts have been made to incorporate
antibacterial agents into resin components to provide antibacterial
activity and decrease plaque accumulation.’ Various agents like
chlorhexidine,” antibiotics,” magnesium, zinc oxide,” silver ions,’
iodine,” calcium,® and quaternary ammonium compounds’ are
added to the resin-based composites.

Antibacterial agents have been incorporated by two means—
adding them into the bonding material or the resin composite.
In the first technique, Imazato et al. extracted favorable output
after MDPB (methacryloyloxydodecyl pyridinium bromide) was
assimilated with adhesive resin and self-etching primer.®

A second technique® has been considered by incorporating
several bioactive materials: MDPB, CHX (chlorhexidine diacetate),
triclosan, material containing silver (Navarone, Amenitop),
cetylperidium chloride, etc., into the resin composites.® Various
antibacterial agents such as antibiotics, iodine, and quaternary
ammonium compounds have also been tried.”

A simple way to release any antibacterial agent into a wet
environment is to add these agents directly into the resin matrix.’
Nevertheless, it was observed that a significant proportion of the
antibacterial agents filter out within a few days, resulting in short-
term effectiveness. On the other hand, if the antibacterial agent is
incorporated into the monomer, it leads to an unfavorable impact
on their mechanical properties.® Hence, there is always a quest for
newer natural biomaterials.

Recently, a biomaterial chitosan (2-amino-2-deoxy-3-p-glucan)
has surfaced as a remedy for potential bio dental applications.
It is considered non-toxic, biocompatible, biodegradable, and
antibacterial.”® Moreover, when used as a bioadhesive polymer,
it has been demonstrated to have extended retention inside the
oral cavity. Several studies have proved that chitosan, due to its
bactericidal and/or bacteriostatic characteristics, can be used to
prevent dental caries. It has already been proved that chitosan
inhibits the growth of S. mutans, which is most frequently found
caries causing bacteria. When the bacteria’s negatively charged
microbial cell surface comes in contact with the amino groups
in chitosan (positively charged), it leads to leakage of all the
intracellular content and loss of barrier function of the microbial
cell wall."

Chitosan, when incorporated in resin composite, is said to
increase the biocompatibility, decrease the adsorption capacity
of bacteria without altering the flexural strength and mechanical
properties.®

To provide a good seal, the restorative material should adhere
well to the tooth structure so that the integrity is maintained in
static mode and during function over some time as degradation
of seal causes collapse of the restoration due to microleakage.*

Therefore, the stability and retention of new materials in the oral
cavity are more valued over a period of time as leaching of these
agents might alter the bonding and compromise the properties of

the restorative material. Since no data have been reported so far
on the extended durability of the seal of this experimental resin,
we have undertaken the in vitro study to assess the microleakage
of chitosan + composite resin to dentin in class V cavities over 3
months duration.

MATERIALS AND METHODS

Source of Data

Sixty non-carious extracted human permanent maxillary premolars
(extracted for various reasons) were collected from the Oral Surgery
Department at Dayananda Sagar College of Dental Sciences.

Inclusion Criteria

Unbroken, non-carious, permanent maxillary premolars with
complete root formation.

Exclusion Criteria

- Carious teeth.

« Previous restoration.

«  Pre-existing fractures or cracks.

«  Previous endodontic treatment.

« Non-carious lesions (attrition, fluorosis).

Infection control protocols for extracted teeth collected for
educational purposes:

OSHA and CDC recommendations and guidelines were followed
for collection, sterilization, storage, and handling of extracted teeth
used in the study.

Materials and Armamentarium

- High-speed aeroter handpiece (NSK Japan).

« Straight handpiece (NSK Japan).

« Diamond and carbide bur (Komet, Gebr. Brasseler).
«  35% phosphoric acid (3M ESPE).

- Bonding agent (3M ESPE).

+  Microhybrid composite resin (Brilliant NG coltene whaledent).
« Light curing unit (Bisco Inc., Schaumburg, IL, USA).
+ Nail varnish.

« Artificial saliva.

+  Thermocycling unit 12-2% methylene blue.

« UV photo spectrometer.

«  0.2% chitosan gel (Everest Biotech).

« Centrifuge apparatus.

Methods of Collection of Data

Sixty freshly extracted maxillary premolars were collected and
cleaned of debris with a rubber cup and pumice slurry. 0.5%
chloramine was used to disinfect the samples, and artificial saliva
was used as a storage medium. The samples were rested at 5°C for
<1 month before the restorative procedures were carried out. Then,
standardized class V cavities were prepared using an aerator and
round diamond bur under air-water cooling. A new bur was used
for every fifth preparation. On the buccal surface of each tooth, a
cavity was prepared with a guideline of 1T mm above CEJ, which
resulted in the gingival margin in dentin whereas the occlusal
margin in enamel. This was done in accordance with a study done
by Tavangar et al.'?

The dimensions of the cavities were: depth of 1.5 mm, width of 3
mm, and length of 2 mm. To gauge the cavity dimensions, William’s
graduated periodontal probe was used. Subsequently, all teeth
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were arbitrarily assigned into two experimental groups of 30 teeth
in each group. They were next divided into two subgroups (n = 15):
Group |—Control-microhybrid composite (n = 30):

+ 15 teeth tested immediately.
- 15 teeth tested after 3 months.

Group [l—Restored with chitosan + composite
« 15 teeth tested immediately.

- 15 teeth tested after 3 months.

The teeth were prevented from dehydration by immersing in
artificial saliva at room temperature before preparing for restoration.
37% phosphoric acid was used for etching, followed by bonding
agents were applied on all walls of the cavity. Subsequently,
composite resins (microhybrid) and chitosan-incorporated
composite resins were used for restoration, respectively, and
light-cured for 40 seconds. The polishing of the restorations was
done using Sof-Lex abrasive disks (3M ESPE) followed by storing
the specimens in artificial saliva. The samples were placed in an
incubator (37 + 2°C) at 100% humidity for 24 hours for group |
immediate and group Il immediate samples, whereas group | (b)

Fig. 1: Class V cavity prepared with dimensions verified with a
periodontal probe

Fig. 3: After centrifugation, supernatant is collected from the tooth
solution
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and group Il (b) samples were stored for 3 months duration. The
samples were thermocycled using a thermocycling apparatus at 5
and 55°C in the water bath with a dwell time of 60 seconds each
for 10,000 cycles, just before subjecting the test specimens for dye
extraction (Figs 1 to 4).

Preparation of chitosan: 0.012 g of deacetylated chitosan with
a particle size of 0.001 g was mixed homogeneously with 4 g of
microhybrid composite (Brilliant NG coltene whaledent) ina 50 mL
glass beaker in a dark room to achieve the desired concentration
of 0.2% chitosan-based composite.

Methodology for Dye Extraction Test

After the restoration, the apical portion of all the teeth was sealed
with sticky wax.

Dye extraction method: The samples were firstimmersed in 2%
methylene blue solution for 24 hours, including T mm of restorative
margins covered with two layers of nail varnish. Twenty-four hours
later, the nail varnish from the samples was removed by the use
of polishing disks, followed by rinsing it under tap water for 30
minutes. Next, vials containing 65 wt% nitric acids were used to
immerse the samples. It was rested for 3 days so that the nitric

Fig. 2: After removal of nail varnish restored tooth is immersed in 65
wt% nitric acid

Fig. 4: Dimension of the cavity were verified with a perio probe
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