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ABSTRACT

Aim: The aim of the study was to evaluate and compare
microleakage in Class | cavities restored with amalgam, bulk-
fill composite, and cention-N using confocal laser scanning
microscope (CLSM).

Materials and Methods: Class | cavities in 80 non-carious
human mandibular premolars were prepared and the teeth
were randomly divided into four experimental groups of 20
teeth each. The prepared cavities were then restored with
amalgam (n = 20) (Dispersalloy, Dentsply, India); bulk-fill
composite (n = 20); cention-N without adhesive (n = 20), and
with adhesive (n = 20) as per manufacturer’s instruction. The
teeth were stored in distilled water at room temperature in a
thermocycler. The apices of the teeth were then sealed with
acrylic and all tooth surfaces, except for a 1 mm wide zone
around the margins of each restoration, were sealed with two
coats of nail polish. The teeth were then immersed for 48 h in
a 6% solution of rhodamine B dye. The teeth were rinsed and
then sectioned longitudinally in a mesiodistal direction, coinci-
dent with the center of the restoration, using slow speed water
cooled diamond disc. The two sections of each tooth showing
dye penetration were selected and observed under 10 x CLSM
(Olympus FV 1200 E, Japan).

Statistical Analysis: Chi-square test, One-way ANOVA, and
Post Hoc Tukey test were performed.

Results and Conclusion: Within the limitations of the present
study, it was found that amalgam exhibited least microleak-
age in comparison to composite resins. The recently used
cention-N, showed lesser dye penetration thus promising lower
microleakage when compared to composite resin especially
when used in combination with an adhesive and can be a bet-
ter alternative in present scenario for leakage free restoration.

Keywords: Amalgam, Cention-N, Class | cavity, Composite,
Confocal laser scanning microscope, Microleakage

"2postgraduate  Students, 3®Reader, “Senior Lecturer,

SProfessor and Head

6Department of Conservative Dentistry and Endodontics,
College of Dental Science and Hospital Rau, Indore, Madhya
Pradesh, India

Corresponding Author: Dr. Shorya Sahu, Postgraduate
Student, Department of Conservative Dentistry and Endodontics,
College of Dental Science and Hospital Rau, Indore, Madhya
Pradesh, India. e-mail: drshoryasahu@gmail.com

How to cite this article: Sahu S, Ali N, Misuriya A,
Vijaywargiya P, Saha SG, Bharadwaj A. Comparative
Evaluation of Microleakage in Class | Cavities Restored with
Amalgam, Bulk-fill Composite and Cention-N — An In Vitro
Confocal Laser Scanning Microscope Study. Int J Oral Care
Res 2018;6(1):S81-85.

Source of support: Nil

Conflicts of interest: None

INTRODUCTION

Marginal microleakage causes marginal staining and
secondary caries around restorations and may lead to
pulpal pathology.!'?! Therefore, controlling microle-
akage has always been an important goal in operative
dentistry.I’! Research is being conducted to introduce
materials which are able to fulfill all the prerequisites of
ideal restorative material.

Dental amalgam has been used as a restorative mate-
rial for more than a century due to its various advantages.
Initial microleakage has been a major challenge in an
amalgam restoration which, however, improves over time
with the aging of the restoration, due to the accumulation
of corrosion products at the tooth restoration interface.*?!

Over a period of time, direct composite restorations
have gained preference over conventional amalgam
restorations due to their superior esthetic properties,
micromechanical retention, and no mercury content.
However, polymerization shrinkage and the resulting
microleakage remain major drawbacks of this esthetic
restorative material.[’]

The recently introduced material cention-N which
is proclaimed as an esthetic alternative to amalgam, is
an “alkasite” restorative such as compomer or ormocer,
and is essentially a subgroup of the composite resins
with compressive strength comparable to amalgam.”!

Due to inadequate research in the evaluation and
comparison of cention-N with restorative materials,
this in vitro study was undertaken to evaluate and com-
pare the microleakage in Class I cavities restored with
amalgam, bulk-fill composite and the newly introduced
material, i.e., cention-N.
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MATERIALS AND METHOD

A total of 80 non-carious human mandibular premo-
lars extracted and were then cleaned with tap water.
Polishing was done with a rubber cup and pumice and
teeth were stored in distilled water at room temperature
until they were used for the study.

Occlusal surfaces of all teeth were ground with a
coarse diamond bur, under profuse water cooling, to
produce a flat surface perpendicular to the long axis of
the tooth, without removing the whole of the occlusal
enamel. Class I cavities of approximately 3 mm length,
2 mm width and 3 mm depth were prepared using
straight fissure bur (FG 111 012, Horico, Germany), with
a high-speed handpiece and copious amount of water as
a coolant. No bevels were placed.

After every five cavity preparations, the bur was
replaced. Dimensions of each cavity were measured
using a William's graduated periodontal probe to main-
tain uniformity among the size of cavities.

The teeth were randomly divided into four experi-
mental groups of 20 teeth each. The prepared cavities
were then restored with amalgam (1 = 20) (Dispersalloy,
Dentsply, India); bulk-fill composite (n = 20) (Tetric
N-Ceram Bulk Fill, Ivoclar Vivadent, India); cention-N
without adhesive (n = 20) (Ivoclar Vivadent, India), and
with adhesive (Tetric N Bond, Ivoclar Vivadent, India)
(n =20) as per manufacturer’s instruction.

All preparations, restorations, and finishing were car-
ried out by a single operator simulating clinical conditions.

The teeth were then stored in distilled water at room
temperature for 15 days and then were subjected to 1000
thermal cycles between 5°C and 15°C water baths with
a dwell time of 1 min and a transit time of 5 s between
baths.

Table 1: Comparison amongst four groups based on the
frequency distribution of study sample units with different depth
of dye penetration

groups Number of samples (% Chi-square *P value*
within group) value
0 1 2 3 4 Total
Group1 13 5 2 0 0 20 53.871 0.000*
Group2 0 1 6 6 7 20
Group3 1 4 7 4 4 20

Group4 2 9 6 2 1 20
*P<0.05 was considered statistically significant. *Chi-square test, Df- 12.

After thermocycling, the apices of the teeth were sealed
with acrylic and all tooth surfaces, except for a 1 mm
wide zone around the margins of each restoration, were
sealed with two coats of nail polish. The teeth were then
immersed for 48 h in a 6% solution of rhodamine B dye.

The teeth were rinsed and then sectioned longitu-
dinally in a mesiodistal direction, coincident with the
center of the restoration, using slow speed water cooled
diamond disc.

One of the two sections of each tooth showing bet-
ter dye penetration were selected, observed under 10x
confocal laser scanning microscope(Olympus FV 1200
E, Japan) and scored according to an ordinal ranking
system [Figure 1].18

RESULTS

Figure 2 displays microleakage in different groups
seen under 10x confocal laser scanning microscope
(Olympus FV 1200 E, Japan) and an inter-group com-
parison of frequency distribution of various samples
showing different depth of penetration was done using
Chi-square test [Table 1].

The four groups had significantly different number
of samples units in different categories with respect to
depth of penetration as seen in Frequency distribution
graph [Graph 1] (P < 0.05).

Overall, maximum sample units (26.2%) showed 0.25
depth of penetration, most of which belonged to Group 4.

Maximum sample units showed 0.00 depth of pen-
etration in Group 1, 1 depth of penetration in Group 2,
0.5 depth of penetration in Group 3, and 0.25 depth of
penetration in Group 4.

™ Amalgam

™ Composite

® Cention N without
adhesive

™ Cention N with adhesive

Graph 1: Frequency distribution of sample units based on depth
dye penetration

Table 2: Description of mean penetration scores of the specimen of four groups

Group N MeanztStandard deviation Minimum Maximum 2p value*
Group 1 20 0.4500+0.06863 0.00 2.00 0.000*
Group 2 20 2.9500+0.94451 1.00 4.00

Group 3 20 2.3000+1.17429 0.00 4.00

Group 4 20 1.5500+0.99868 0.00 4.00

*P<0.05 was considered statistically significant. ®One-way Anova: Analysis of variance
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Table 3: Post hoc analysis

Groups P value
Group 1 versus Group 2 0.000*
Group 1 versus Group 3 0.000*
Group 1 versus Group 4 0.003*
Group 2 versus Group 3 0.154

Group 2 versus Group 4 0.000*
Group 3 versus Group 4 0.076

Score Tooth restoration interface

3 Penetration > 2/3rd of the cavity depth,
" but not along the dentinal tubules.

Figure 1: Scoring criteria for the depth of penetration of dye at the
tooth restoration interfacel?4!

Figure 2: Microleakage of amalgam (a), composite (b) cention-N
without adhesive(c) and cention-N with adhesive (d) as seen
under the confocal microscopic image (x10)

The mean penetration score of Group 1 specimen
was minimum (0.4500 + 0.68633) and Group 2 specimen
showed the maximum depth of penetration (2.3000 +
0.94451). Statistically significant difference was observed
between the four groups by applying One Way Anova
(P < 0.05) [Table 2].

According to Post Hoc analysis [Table 3], the mean
penetration score of Group 1 specimen was significantly
less than that of Group 2, 3 and 4 specimen.

The mean penetration score of Group 2 specimen
was significantly greater as compared to Group 4
specimen.

The mean penetration score of Group 2 and
Group 3 specimen did not differ significantly. Similarly,
the mean penetration score of Group 3 specimen did not
differ significantly from Group 4 specimen.

DISCUSSION

Dye penetration test is used as an adjunct by which cli-
nicians and researchers can predict the performance as
well as longevity of restorative material. Evaluation of
marginal microleakage for any restorative material is of
utmost importance because it is directly related to the
success or failure of the restorations.!®!

In the present in vitro study, Class I cavities were
prepared and restored to replicate clinical situations
which are associated with maximum polymerization
shrinkage thus resulting in microleakage encountered
with composites due to high C-factor.

Thermocycling of restored teeth was done to mimic
intraoral temperature variations compatible with the
oral cavity."”!

Dye penetration method, despite its limitations, was
used in this study as microleakage studies are still the
most popular test methods employed to obtain a pre-
liminary idea about the sealing ability of the restorative
materials. They also have an advantage of low cost and
simplicity of technique.'”? Rhodamine dye was selected
for this study because it has a low molecular size which
allows for the detection of minutest leakage where even
bacteria cannot penetrate.[“]

According to the present study, amalgam restoration
showed least microleakage, followed by cention-N with
adhesive, cention-N without adhesive, and composite
demonstrating maximum microleakge.

When an amalgam restoration is initially placed,
a micro space exists between it and the restoration
and the tooth structure. The gradual obliteration of
this space may be attributed to the self-sealing of the
tooth restoration margins by deposition of corrosion
products formed by the interaction of the metallic ions
from amalgam with chlorine and oxygen in the oral
environment.'?!

Bulk-fill composite used in this study presented with
maximum microleakage among all the four groups.
High polymerization shrinkage of composites due to
their high C-factor may be responsible for the microgap
formation at the tooth restoration interface leading to
marginal staining and recurrent caries, thus affecting
the longevity of the restoration.! Results of the present
study are in accordance with the studies conducted by
Baghdadi, and in which Class I amalgam restorations
consistently showed lower microleakage when com-
pared to bonded composite restorations.!'’!
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In the present study, cention-N when applied with
adhesive showed minimum dye penetration in compar-
ison to its usage without adhesive, a reason which could
be attributed to the formation of an acid-resistant res-
in-dentin inter-diffusion zone formed by the adhesive
layer.”! Results of the present study are in accordance
with the study conducted by John Burgess who also
observed minimum dye penetration in cention-N when
used with adhesive as compared to without adhesive.!'%!

Therelatively lesser degree of microleakage observed
with cention-N, both with and without adhesive as
compared to bulk-fill composite may be assigned to the
introduction of an Ivocerin based patented isofiller tech-
nology (partially functionalized by silanes). This acts as
a stress reliever which keeps the shrinkage stress to a
minimum, thus improving the mechanical properties of
the restoration by reinforcing its structural integrity in
load bearing areas where amalgam is usually the mate-
rial of choice.!”!

Amalgam has been an age-old successful material
used in restorative dentistry. However, in the present
times due to the increased esthetic demand and with
the renewed worldwide concern regarding its poten-
tial toxicity this material is gradually being phased out
by the more esthetic composite restoration. The major
drawback associated with composite resin restorations
is shrinkage during polymerization which affects the
longevity of the restoration.!'!

Cention N, is a self curing material which resembles
amalgam in compressive strength (300 MPa) as well as
in terms of bulk placement.

Cention-N uses hydrogen peroxide initiator and has
a setting time of 4 min. Similar to that of composites it
has a light curing option with the presence of photoini-
tiator Ivocerin and an acyl phosphine oxide initiator.'’!

Furthermore, similar to the bulk-fill composites like
Tetric N-Ceram, it contains a shrinkage stress reliever as
filler which is responsible for its low modulus of elastic-
ity (10 GPa) allowing it to act as a spring in contrast to
standard glass fillers used in composites which have a
higher modulus of elasticity (71 GPa).['®!

Cention-N releases fluoride like glass ionomer
cement (GIC) with flexural strength and compressive
strength superior to it. Cention-N is a more esthetic
material as compared to GIC due to to its higher trans-
parency of 11% in contrast to GIC which presents trans-
parency of 3-4%.

Numerous studies have been conducted to evalu-
ate the microleakage of amalgam and composite.[”??!
However, this is one of the pioneer studies that evaluated
and compared the microleakage of a new innovative
dental restorative material, Cention-N with amalgam
and composite.

Evaluation of microleakage was done with the aid of
CLSM, which has the ability to slice incredibly clean, thin
optical sections out of thick specimens, by either reflec-
tion or fluorescence. It can view specimens in planes
running parallel to the line of sight; scan images deep
into light scattering samples and can produce impres-
sive 3-dimensional views at very high resolution.*’!

CONCLUSION

Within the limitations of the present study, it may be
concluded that the age-old amalgam still serves to be
one of the most efficient materials as far as microleakage
is concerned.

In comparison, composite resins though esthetic,
demonstrate higher microleakage, thus increasing the
incidences of secondary caries.

Cention-N, which is a relatively recently introduced
tooth-colored material in dentistry and has been shown
to present with a lesser degree of dye penetration, thus
promising lower microleakage when compared to com-
posite resin restorations especially when used in combi-
nation with an adhesive.

However, very little literature is yet available to
substantiate the results obtained in the present study.
Further research is, therefore, required to establish this
material as an effective alternative to amalgam and
composite.
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