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ABSTRACT

Introduction: Even with the advances and innovations in
restorative dentistry, microleakage is regarded one of the main
problems in this area.

Objective: To evaluate in vitro marginal microleakage of
Biodentine, Fuji Il LC and SDR at the cervical level and at the
interface these materials with Tetric N Ceram Bulk fill
composite and also to note the marginal microleakage when
these materials were used as bulk fill materials.

Materials and Methods: Cavities, standardized on the mesial
and distal surfaces, were prepared in thirty molars and
randomly assigned to two groups (n = 30), according to the
mode of restoration done.Goup1 (control) in which test
materials were used as bulk fill. These were further subdivided
into subgroups according to the material. SG1: Biodentine
(SEPTODONT); SG2: Fuji Il LC (GC); SG3: SDR (Dentsply).
Group2 (experimental) in which test materials used as dentin-
substituent in class Il sandwich technique followed by
restoration with Tetric N Ceram (lvoclar vivadent). These were
also divided into subgroups, SG4: Biodentine + Tetric N
Ceram; SG5: Fuji Il LC + Tetric N Ceram; SG6: SDR + Tetric N
Ceram. After storage for 24 hours in an incubator (37 °C), the
samples were submitted to the thermocycling test (500 cycles:
5 °C/55 °C). They were later waterproofed, immersed in 1%
methylene blue solution and sectioned in the mesial-
distal direction for evaluation under stereomicroscope at 30x

INTRODUCTION

Amalgam has been used as a dental restorative material since the
19th century, over 150 years ago, and has been used as the
preferred material for nearly all restorations not requiring high
levels of aesthetics.'2 During the past 60 years, the use of
composite resin for direct restorations in anterior and posterior
teeth has increased significantly?, largely due to the esthetic
demands of the patients and concerns regarding mercury in
amalgam fillings.* Because composite resins require little to no
preparation, minimally invasive procedures can be used to
preserve tooth structure and provide natural-looking results.5
Composite resins also may eventually replace silver amalgam for
direct restorations.®
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magnification  (Nikon SMZ 1500 Zoom Stereomicroscope)
Scores from 0 to 3 using the ISO microleakage scoring system
(ISO/TS 11405:2003). The ANOVA Test and Post- hoc Test,
with a significance level of 5%, were used for statistical
analysis.

Conclusion: The study concluded that SDR (SD 2.38) showed
the least amount of microleakage both at the occlusal and at
the cervical levels in open sandwich restorations and also
when used as bulk fill materials as compared with Biodentine
(SD 1.73) and Fuiji Il LC (SD 1.00).
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Although composites are now the material of choice for most
restorations’, their polymerization shrinkage remains a problem.89
The contraction stress associated with this shrinkage can cause
debonding at the composite/tooth interface and can contribute to
post-operative sensitivity, enamel fracture, recurrent caries,
marginal staining and eventual failure of the restoration.”®' The
effects of microleakage include pulpal irritation, marginal
discoloration and secondary caries.3 It may be defined as the
clinically undetectable passage of bacteria, fluids, molecules or
ions between a cavity wall and the restorative materials applied to
it."* Most restorative materials show varying degrees of
marginal leakage because of dimensional changes and a lack of
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adaptability to cavity walls.’> These effects are due to the
presence of bacteria, their nutrients or hydrogen ions, originating
from plaque on the surface, leaking into the interfacial space. 6.7
The open-sandwich technique was proposed to solve the problem
of cervical micro-leakage of deep Class Il composite restorations
by making use of the self-adhesive nature of the glass-ionomers.
Recent advances in the properties of this family of materials may
continue to make the technique relevant today.

McLean and Wilson'® first described the open-sandwich technique
in 1977, proposing it as a method to improve adhesion of resin
composite restorations. The technique was developed to limit the
shortcomings of posterior composite restorations, particularly their
lack of permanent adhesion to dentine, which could result in
microleakage and postoperative sensitivity. Mount'® advocated
that the glass-ionomer (GI) at the cervical margin be left exposed
to allow released fluoride to protect the surrounding tooth
structure. This became known as the open-sandwich technique.
The open-sandwich technique failed clinically when conventional
Gl's were used to restore the cervical margins of Class Il
restorations, mainly because of a continuous loss of material.20-23
Consequently, the then newly developed resin-modified glass
ionomers (RMGI) were used in place of conventional GI.

One of the most popular brands for RMGI is FUJI II™ LC from
GC. These materials have been used for restoration of highly
caries—active patients such as bulimics, radiation-therapy
patients, chemotherapy patients, or those with senile caries with
notable clinical success.

Another material which can be used under open sandwich
restorations is flowable composites. Flowable composite resins
have gained popularity in the last decade and have been used in a
wide range of composite resin restorations. The viscosity is lower
due to the reduced filler load (Gallo et al. 2010).24

Researchers at DENTSPLY have now developed modified
monomers which, in combination with conventional methacrylate-
based monomers, lead to significantly reduced polymerization
stress independent of the filler load. With this, the idea was
created to develop a flowable material that allows an efficient and
safe cavity filling technique. As a flowable consistency is not ideal
for either the occlusal reconstruction or the required wear
resistance, the occlusal capping with a universal composite was
considered from the beginning. In other words, dentine can be
cleverly replaced with SDR™ - Smart Dentin Replacement.
Another material with excellent biocompatibility has been
emerging in recent years is Biodentine™ Septodont developed a
new technological platform called Active Biosilicate Technology ™.
This consists of controlling every step of the material formulation
beginning with the purity of the raw materials.%

To the best of our knowledge, no study has compared the sealing
ability of Biodentine, SDR and Fuji Il LC in class Il sandwich
technique. Therefore, the aim of the current study was to compare
the marginal adaptation and sealing ability of an RMGIC, a
flowable composite and biodentine as a dentin substitute in Class
Il sandwich restorations.

METHODS

Thirty freshly extracted human, non-carious maxillary molar were
used in this study. The visual inspection with a light microscope
was done to ensure that the teeth did not present any caries or
cracks due to extraction. The extracted teeth were cleaned
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thoroughly to remove both hard and soft deposits and were kept in
saline solution at room temperature to maintain hydration of the
samples being used for mechanical testing.

Cavity Preparation

Standardized Class Il mesial and distal simple box cavities were
prepared in each tooth, with the gingival margins of the cavities
placed approximately 1 mm above the CEJ. The -cavity
preparation was done on thirty teeth, on both mesial and distal
surfaces of the tooth, making it sixty cavities. The dimensions of
the cavity were 3 mm in the buccolingual dimension at occlusal
level; 3 mm in the buccolingual dimension at the gingival floor, 2
mm mesiodistally and 5mm depth of proximal box. They were
prepared using standard/ 106- 125um diamond burs SF-41
(Straight Flat End, DIA- BURS MANI, INC.) and BR- 41 (Ball
Round type, DIA- BURS MANI, INC.) under a water-cooled, high-
speed, airotor handpiece. For every five preparations, a new bur
was used.

Cavity Restoration

All the prepared samples (sixty prepared cavities) were randomly
divided into two groups, control group and the experimental group
(n=30), depending on the mode of restoration (bulk fill or class Il
open sandwich restoration). The control group was divided into
three subgroups i.e. subgroup |, subgroup II and subgroup lIl.
Each group (n=10) were restored with Biodentine (n=10), Fuiji Il
LC (n=10) and SDR (n= 10) respectively, which were used as Bulk
fill materials. The experimental group was also further divided into
three subgroups i.e. subgroup IV, subgroup V and subgroup VI
(n=10). They were filled by Biodentine, Fuji Il LC or SDR which
were used as dentin substitutes respectively, followed by Tetric N-
Ceram composite (shade A1) which was used for all restorations.
Dye Penetration

After the restoration procedure, the teeth were stored in distilled
water and incubated at 37°C for 24 hours. The teeth were then
subjected to 500 thermocycles in a thermocycling machine
(Thermomixer comfort by Eppendorf) at temperature range of 5°C
+ 20C and 55°C + 2°C with a dwell time of 30 sec and a transfer
time of 10sec between two temperature ranges. This was done in
order to stimulate temperature fluctuations found in oral cavity.
Microleakage Testing

After the completion of thermocycling the apices of the specimens
were sealed with epoxy resin (Araldite, Brascola Ltda, Sao
Bernardo do Campo, Brazil) and coated with two applications of
fingernail polish except for an area approximately 2mm from the
periphery of the restoration. Each layer of nail polish was allowed
to dry before the next layer was applied. The coated teeth were
then immersed in 1% methylene blue solution (fisher scientific by
Thermo Fisher Scientific) for 24 hours at normal room
temperature.

Microleakage Measurement

The samples were removed out of the dye and thoroughly
washed for 5 minutes. They were cleaned with a sterile number 15
BP blade to remove any excess of nail varnish and dye on the
external surface of the teeth. They were air dried and sectioned
under copious amount of water spray with a diamond disk
attached to a slow speed micro motor handpiece in a buccolingual
direction through the centre of the tooth to separate the two
proximal ( mesial and distal ) class Il restorations. They were also
sectioned mesiodistally from the centre of the restoration so that it
divides into two equal halves in order to evaluate the dye
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penetration at the tooth/ restoration interface. The sectioned
specimens were observed with a steromicroscope at 30x
magnification (Nikon SMZ 1500 Zoom Stereomicroscope) to
measure the depth of dye penetration at the cervical levels and
also at the interfaces of the restorative materials used as dentin
substituent and the bulk fill material. The score was evaluated
using the ISO microleakage scoring system (ISO/TS 11405:2003).
The cervical microleakage scoring criterion was:

0 = No dye penetration

1 = Dye penetration into %2 of the cervical wall

2 = Dye penetration into all the cervical wall

3 = Dye penetration into cervical and axial wall towards pulp

The occlusal microleakage scoring criterion was:

0 = No dye penetration

1 = Dye penetration into enamel

2 = Dye penetration into dentine, not including the pulpal wall

3 = Dye penetration into dentine including the pulpal wall

The degree of dye penetration was independently scored by two
examiners who were blind to the procedure. In case of
disagreement between their evaluations, the worst score was
considered.

The data collected was tabulated and subjected to statistical
analysis to compare the microleakage using ANOVA Test and
Post- hoc Test.

Table 1: Various distribution of microleakage scores along the cervical margin

Dye Penetration scores

Sub Group  Sub Group Sub Group Sub Group Sub Group Sub Group

I Il [} v ' Vi
Score 0 1 2 6 2 3 5
Score 1 1 2 1 4 4 3
Score 2 4 2 1 0 1 2
Score 3 4 4 2 4 2 0

Table 2: Various distribution of microleakage scores along the occlusal margin
Dye Penetration scores Sub Group IV Sub Group V Sub Group VI
Score 0 3 4 3
Score 1 3 2 5
Score 2 3 4 2
Score 3 1 0 0
Table 3: Statistical analysis of mean microleakage of different groups
Group Upper value Lower Value Standard Deviation ~ Variance Margin of Error
Sub Group | 4 1 1.73 3.00 2.75
Sub Group I 4 2 1 1.00 1.59
Sub Grouplll 6 1 2.38 5.67 3.78
Sub GrouplV 4 0 1.91 3.67 3.04
Sub GroupV 4 1 1.29 1.67 2.05
Sub Group VI 5 0 2.08 4.33 3.31
Table 4: Statistical analysis of mean microleakage of different groups
Group Upper Lower Standard Variance Margin of
value Value Deviation Error
Sub Group IV 3 1 1.00 1.00 1.59
(Biodentine + Tetric N Ceram)
Sub Group V 4 0 1.91 3.67 3.04
(Fuji Il LC + Tetric N Ceram)
Sub Group VI 5 0 2.08 433 3.31
(SDR + Tetric N Ceram)
RESULTS Maximum dye penetration was seen in Fuiji Il LC (subgroup Il) SD

The table 1 and table 2 show the distribution of dye penetration
scores along the cervical and the occlusal margins respectively.
The result of the present study in table 3 demonstrated that there
was statistical significance between various groups (p < 0.05).
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1.00 (p < 0.005), and minimum dye penetration occurred in SDR
(subgroup I11) SD 2.38 when evaluated along the cervical margins.
Biodentine (subgroup 1) also showed a considerable amount of
dye penetration (SD 1.73) which was slight less than that of Fuji Il
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LC (subgroup II). Similarly, when evaluated along the occlusal
margins of tooth and restoration in class Il sandwich restorations,
table 4 depicts SDR + Tetric N Ceram (subgroup VI) showed the
minimum amount of dye penetration (SD 2.08), which was
significant i.e. p < 0.05. Fuiji Il LC + Tetric N Ceram (subgroup V)
also showed close amount of dye penetration (SD 1.91).
Biodentine + Tetric N Ceram (subgroup IV) showed considerable
a high amount of dye penetration (SD 1.00).

DISCUSSION

In vitro tests remain an indispensable method for initial screening
of dental materials and set a theoretical maximum amount of
leakage that could be present in vivo.%8 Several techniques have
been devised to test the microleakage of restorations in vitro. In
vitro studies include the use of stains, radioactive isotopes, air
pressure, bacteria, neutron activation analysis, scanning electron
microscopy, artificial caries technique, autoradiography and
elective conductivity. According to Myers margins of restoration
possess dynamic micro crevices that contain a busy traffic of ions
and molecules.?”28

Dye penetration is one of the most frequent used methods to
evaluate microleakage.23In the current study, a dye penetration
test was used because it is simple and relatively cheap and
provides quantitative and comparable results. This method does
have some limitations, however such as subjectivity of reading
and high diffusability of dyes due to their low molecular weight.3!

In the present study, we compared and evaluated the
microleakage at cervical margin of BIODENTINE (SEPTODONT;
St Maur Des Fosses, Val de-Marne, France), Fuji Il LC resin-
modified GIC (GC America Inc) and Posterior Bulk Fill Flowable
Base SDR (Dentsply Caulk, USA) when used as bulk fill materials,
microleakage at the interface of BIODENTINE (SEPTODONT; St
Maur Des Fosses, Val de-Marne, France) /Tetric-N-Ceram Bulk fill
composite (lvoclarvivadent, India), Fuji Il LC resin-modified GIC
(GC America Inc) / Tetric-N-Ceram Bulk fill composite
(Ivoclarvivadent, India) and Posterior Bulk Fill Flowable Base SDR
(Dentsply Caulk, USA) / Tetric-N-Ceram Bulk fill composite
(Ivoclarvivadent, India), in posterior class Il open sandwich
restoration and also the marginal sealing efficacy of above
mentioned materials used as dentin substitutes at cervical
margins, in a posterior class Il open sandwich restoration. Thirty
maxillary molars were selected as samples. Class Il box only
cavities were prepared on both the proximal surfaces. All the class
Il cavities had similar dimensions with no bevel so as to
standardize the preparations. Class Il termination involving dentin
type cavities has been studied by numerous authors.3>37 The
class Il type wells have cervical margin in dentin, have a
determining factor for longevity of same, the occurrence of
infiltration by marginal leakage. In an attempt to minimize
problems inherent restorations have appeared in numerous
market restorative materials with physical and mechanical
properties seeking to better dissipate stress, thereby causing a
lower leakage.®

All the teeth were stored in an incubator at 37°C and 100%
relative humidity for 24 hours to prevent dehydration.®® In vitro
evaluation of restorative materials fails to simulate the intraoral
thermal changes during eating and drinking. Thermocycling is a
widely acceptable method used in microleakage studies to
simulate the effects that restorations are subjected to in the
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mouth.3*-4! Some researchers, however, consider it a questionable
method since the temperature used may not be the real
temperatures of hot and cold beverages tolerated by patients. 1642
Thermal cycles ranging between 200 and 1000 were used in
some studies (Bertrand et al., 2006; Sungurtekin and Oztas,
2010). In this present study 500 thermal cycles were used.
Hembree et al., 1984; suggested that samples of different groups
should be sealed with different colors of nail varnish leaving 2mm
of margin from the periphery of the restoration. The reason is that;
first it gives easy identification between samples of all groups and
secondly to seal the channels of bacterial penetration and dye
penetration such as apical foramen, lateral canals and any cracks
on the coronal and the radicular surface of the samples.

1% methylene blue dye was chosen as the agent of dye
penetration to measure microleakage because it is simple,
inexpensive, and does not require the use of complex laboratory
equipment. Also, the particle size of this dye is less than the
internal diameter of the dentinal tubules (1-4um), so it is able to
show dentin permeability.#3> The specimens were soaked in the
dye for twenty four hours which is considered to be a standard
time span for dye to penetrate.

In the present study, stereomicroscopic observations were done
for the microleakage in the interfaces which is an established
method and gives a clear in depth image with the help of recent
image processors and software’s.

Biodentine exhibited a reduction in the chlorine peak and calcium
silicon ratio when etched. Biodentine exhibited leakage both when
it was etched and also when the surface was left unprepared.
When used as a dentine replacement material in the sandwich
technique over layered with composite, significant leakage
occurred at the dentine to material interface.*4 Raskin et al*® found
that Biodentine when used in cerival restorations as dentine
substitutes seems to perform better with or without any
conditioning treatment than Resin modified GIC (Fuji Il LC).

The best result have been shown by group Il and group VI which
were restored by SDR as bulk fill material and dentin substitute in
class Il open sandwich restoration respectively.

Smart dentin replacement (SDR) (Dentsply, Konstanz, Germany),
includes a photoactive group in a modified urethane
dimethacrylate resin. Activated resin has demonstrated a relatively
slow radical polymerization rate, suggesting that the photo initiator
incorporated into the resin affects the polymerization process;
moreover, the incorporation of activated resin results in 60-70%
less shrinkage stress when compared to conventional
methacrylate-based resins.*4” SDR was initially marketed as a
flowable composite resin whose reduced polymerization stress
allowed it to be applied in bulk in a single layer up to 4 mm thick,
followed by a mandatory 2-mm cover layer of conventional
composite resin. However, despite ongoing debates regarding, the
use of flowable composite resin material to relieve stress, and
promote adaptation, its aforementioned usages have yet to be
confirmed in any clinical study. In the only study, conducted to
date that describes the relevant parameters for SDR, the
polymerization stress level of SDR was reported to be
considerably lower than that of conventional flowable
materials.*648

Koltisko et al.*® found the polymerization stress of SDR to be
lower than that of other flowable composites, whereas no
differences were found in flexural modulus and volumetric
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shrinkage (3.5% volume) of the composites tested. According to,
Burgess et al.% the chemistry of SDR is designed to slow the
polymerization rate, thereby reducing polymerization shrinkage
stress without affecting polymerization shrinkage levels. Jin et al.4?
found that the new SDR resin system in unfilled, as well as in
various differently filled formulations, exhibited less curing stress
than conventional resin.

Another study done by Farhad®' to determine and compare the
shear bond strength and microleakage properties of active
restorative with other bulk-fill restorative materials surefil (SDR),
Biodentine, ever X posterior. They found that SDR (surefil)
showed better shear bond strength and better microleakage
properties compared with the other test materials.

Lotfi et al®2, evaluated gingival microleakage in class Il composite
restorations using different flowable composites as liner and found
that Surefil SDR flow as a liner had lower microleakage than other
flowable composites (tetric flow, grandio flow, filtek supreme xt
flow). Elhawary et al®® found that the Bulk fill flowable composite
SDR has better degree of conversion in comparison to other
flowable composites used in the study. It was also concluded that
it had the best marginal seal in both in both occlusal and cervical
margin among all the groups.

Tetric N-Ceram was used as a main restorative material in class Il
sandwich technique for group IV, group V and Group VI. Tetric N-
Ceram is a light-curing, radiopaque nano-hybrid composite based
on nano-optimized technology for direct restorative procedures. It
can be universally applied to restore teeth in the anterior and
posterior region. Its nano-optimized filler technology is responsible
for the material's unique chameleon effect and natural esthetic
results.

CONCLUSION

Based on this above study, while evaluating the microleakage of
the test materials along the cervical and the occlusal margins, it
was concluded that within limitations of this study;

1. Among the three different dentin substitute materials tested
SDR (Sub Group Ill), when used as Bulk fill material
showed the best sealing ability at the cervical margins and
Fuji Il LC (Sub Group Il) showing the least sealing ability.

2. SDR + Tetric N Ceram (Group VI), when used as test
material in Class Il open sandwich restoration showed the
least microleakage, thus the best sealing ability at the
cervical margin.

3. At the occlusal margin, SDR + Tetric N Ceram (Group VI)
showed the least microleakage amongst all materials, thus
showed a satisfactory result, whereas Biodentine + Teteric
N Ceram (Sub Group IV) showed the least satisfactory
results.

4. There is a significant difference between Biodentine, Fuji Il
LC and SDR when used as test materials at both the
cervical and the occlusal levels.

5. The sealing ability of three different materials tested in
descending order are; SDR > Biodentine > Fuji Il LC when
evaluated at the cervical levels.

6. The sealing ability of three different materials tested in
descending order are; SDR > Fuji Il LC > Biodentine when
evaluated at the occlusal levels.

SureFil SDR has been a “game changer” in the placement of
Class | and Il posterior composites. Research shows that the
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proximal box is the area where the negative effects of
polymerization shrinkage are most significant. Deeper fillings have
greater polymerization contraction stress in the cavity
configuration due to less flow capacity of the composite.%

REFERENCES

1. ADA Counil on Scientific Affairs. Direct and indirect restorative
materials. J. Am. Dent. Assoc. 2003, 134, 463-472.

2. Brownawell, A.M.; Berent, S.; Brent, R.L.; Bruckner, J.V.; Doull, J.;
Gerschwin, E.M.; Hood, R.D.; Matanoski, G.M.; Rubin, R.; Weiss, B.;
Karol, M.H. The potential adverse health effects of dental amalgam.
Toxicol. Rev. 2005, 24, 1-10.

3. Minguez N, Ellacuria J, Soler JI, et al. Advances in the history of
composite resins. J Hist Dent. 2003;51(3):103-105.

4. The Dental Amalgam Toxicity Fear: A Myth or Actuality. Toxicol Int.
2012 May-Aug; 19(2): 81-88.

5. Sensi LG, Strassler HE, Webley W. Direct composite resins. Inside
Dentistry. 2007;3(7):76.

6. Fortin D, Vargas MA. The spectrum of composites: new techniques
and materials. J Am Dent Assoc. 2000;131(suppl):26S-30S.

7. Nikolaenko SA, Lohbauer U, Roggendorf M, Petschelt A, Dasch W
& Frankenberger R (2004) Influence of C-factor and layering
technique on microtensile bond strength to dentin Dental Materials
20(6) 579-585.

8. Thonemann B, Federlin M, Schmalz G &Grundler W (1999) Total
bonding vs selective bonding: Marginal adaptation of Class I
composite restorations Operative Dentistry 24(5) 261-271.

9. Yoshikawa T, Burrow MF &Tagami J (2001) A light curing method
for improving marginal sealing and cavity wall adaptation of resin
composite restorations Dental Materials 17(4) 359-366.

10. Lutz F, Krejci | & Barbakow F (1991) Quality and durability of
marginal adaptation in bonded composite restorations Dental
Materials 7(2) 107-113.

11. Bergenholtz G, Cox CF, Loesche WJ & Syed SA (1982) Bacterial
leakage around dental restorations: Its effect on the dental pulp
Journal of Oral Pathology 11(6) 439-450.

12. Brannstrom M (1986) The cause of post restorative sensitivity and
its prevention Journal of Endodontics 12(10) 475-481.

13. Kidd EA, Toffenetti F & Mjor IA (1992) Secondary caries
International Dental Journal 42(3) 127-138.

14. Morabito A & Defabianis P (1997) Marginal seal of various
restorative materials in primary molars Journal of Clinical Pediatric
Dentistry 22(1) 51-54.

15. Mali P, Deshpande S & Singh A (2006) Microleakage of
restorative materials: An in vitro study Journal of Indian Society of
Pedodontics and Preventive Dentistry 24(1) 15-18.

16. Pashley DH (1990) Clinical considerations of microleakage.
Journal of Endodontics 16(2) 70-77.

17. Ferrari M & Garcia-Godoy F (2002) Sealing ability of new
generation adhesive-restorative materials placed on vital teeth
American Journal of Dentistry 15(2) 117-128.

18. McLean JW, Wilson AD. The clinical development of the glass-
ionomer cement Il some clinical applications. Australian Dental
Journal 1977; 22:120-27.

19. Mount GJ. Esthetics with glass-ionomer cements and the
“sandwich” technique Quintessence International 1990; 21:93-101

20. Welbury RR, Murray JJ. A clinical trial of the glass-ionomer
cement-composite resin “sandwich” technique in Class Il cavities in
permanent premolar and molar teeth. Quintessence International
1990; 21:507-12.

21. Knibbs PJ. The clinical performance of a glass polyalkenoate
(glass ionomer) cement used in a “sandwich technique” with a

WWW.ijmrp.com



Deebah Choudhary & Parul Verma. Sealing Ability of Newer Dentin Substitutes in Class Il Sandwich Restorations

composite resin to restore Class Il cavities. British Dental Journal
1992; 172:103-7.

22. Van Dijken JW. A 6-year evaluation of a direct composite resin
inlay/onlay system and glass-ionomer cement-composite resin
sandwich restorations. Acta Odontologica Scandinavica 1994;
52:368-76.

23. Yap AUJ, Mok BYY, Pearson G. An in vitro microleakage study of
the “bondedbase” restorative technique. Journal of Oral Rehabilitation
1997, 24:230-236.

24. Gallo, J.R., Burgess, J.0., Ripps, A.H., Walker, R.S., Maltezos,
M.B., Mercante, D.E. & Davidson, J.M. 2010. Three-year clinical
evaluation of two flowable composites. Quintessence International
41(6): 497-503.

25. Biodentine Active Biosilicate Technology Scientific File,
Septodont, Paris, France.

26. Behle C. Flowable composite: properties and applications. Pract
Periodontics Aesthet Dent. 1998; 10:347, 350-1.

27. Burke F, Watts D, Wilson N, Wilson M. Current status and
rationale for composite inlays and onlays. British dental journal.
1991;170(7):269-73.

28. Wendt Jr S. The effect of heat used as secondary cure upon the
physical properties of three composite resins. Il. Wear, hardness, and
color stability. Quintessence Int. 1987;18(5): 127-38.

29. Roulette JF. Marginal integrity: clinical significance. J Dent.
1994;22 Suppl 1:59-12.

30. Amarante de Camargo DA, Sinhoreti MA, Correr-Sobrinho L, de
Sousa Neto MD, Consani S. Influence of the methodology and
evaluation criteria on determining microleakage in denti- restorative
interfaces. Clin Oral Investig. 2006;10: 317-23.

31. Christen A, Mitchell D. A fluorescent dye method for
demonstrating leakage around dental restorations. J Dent Res
1966;45:1485-92.

32. Furness A, Tadros MY, Looney SW, Rueggeberg FA. Effect of
bulk/ incremental fill on internal gap formation of bulk-fill composites.
J. Dent. 2014; Jan 27. Doi:10.1016/jjdent.2014.01.005.

33. Hernandes NM, Catelan A, Soares GP, Ambrosano GML, Marchi
GM , Martins LR, Aguiar FH. Influence of flowable composite and
restorative technique on microleakage of class Il restorations. J Clin
Investig Dent. 2013; 15.

34. Ruiz JL. Restorations with Resin- Based, Bulk Fill Composites.
Compendium of Continuing Education in Dentistry. 2010; 31(5):14-7.
35. Campos EA, Ardu S, Lefever D, Jassé FF, Bortolotto T, Krejci .
Marginal adaptation of class Il cavities restored with bulk-fill
composites. J Dent. 2014; 18. Doi 10.1016/j.jdent.2014.02.007.1.

36. Majety KK, Pujar M. In Vitro Evaluation of Microleakage of Class I
packable Composite Resin Restoration Using Flowable Composite
and Resin Modified Glass lonomers the Intermediate Layers. J Dent
Conserv. 2011; 14(4):414-7.

37. Kidd EAM. Microleakage: a review. Journal of Dentistry.
1976;4(5):199-206.

38. PCV Yamazaki, AKB Bedran-Russo, PNR Pereira and EJ Swift Jr.
Microleakage evaluation of a new low-shrinkage composite
restorative material. Operative Dentistry, 2006, 31-6, 670-676.

39. Crim GA, Mattingly SL. Evaluation of two methods for assessing
marginal leakage. J Prosthet Dent 1981;45:160-3.

40. Nalcai A & Ulusoy N (2007) Effects of thermocycling on
microleakage of resin composites polymerized with LED curing
techniques Quintessence International 38(7) 433-439.

81|Page

Int J Med Res Prof.2019 Nov; 5(6); 76-81.

41. Li H, Burrow MF & Tyas MJ (2002) The effect of thermocycling
regimens on the nanoleakage of dentin bonding systems Dental
Materials 18(3) 189-196.

42. Attar N, Turgut MD, Gungor HC. The effect of flowable resin
composites as gingival increments on the microleakage of posterior
resin composites. Oper Dent 2004;29(2):162-7.

43. Yavuz |, Aydin AH. New method for measurement of surface
areas of microleakage at the primary teeth by biomolecule
characteristics of methylene blue. Biotechnol. & Biotechnol. Eq.
2005;19:181-7.

44. Josette Camilleri. Investigation of Biodentine as dentine
replacement material. Journal of Dentistry.July2013;41(7)600-610.

45. Raskin, Anne. In vitro microleakage of Biodentine as Dentin
Substitute compared to Fuji Il LC in cervical lining restorations. The
Journal of Adhesive Dentistry. Nov/Dec 2012. Vol 14, issue 6.

46. llie N, Hickel R. Investigations on a methacrylate-based flowable
composite based on the SDR™ technology. Dent Mater.
2011;27:348-55.

47. Jin X, Bertrand S, Hammesfahr PD. New radically polymerizable
resins with remarkably low curing stress. J Dent Res. 2009;88:1651.
48. Roggendorf MJ, Kramer N, Appelt A, Naumann M, Frankenberger
R. Marginal quality of flowable 4-mm base vs conventionally layered
resin composite. J Dent. 2011;39:643-7.

49. Koltisko B, Dai Q, Jin X, Bertrand S. The polymerization stress of
flowable composites. J Dent Res. 2010;89:321.

50. Burgess J, Cakir D. Comparative properties of low-shrinkage
composite resins. Compend Contin Educ Dent. 2010;31:10-5.

51. Alkhudhairy Fl, Ahmad ZH. Comparison of Shear Bond Strength
and Microleakage of Various Bulk-fill Bioactive Dentin substitutes: An
in vitro study. J Contemp Dent Pract 2016;17(12):997-1002.

52. Neda Lotfi, Behnaz Esmaeili, Ghazaleh Ahmadizenouz, Ali Bijani,
Hadi Khadem(DDS). Gingival microleakage in class Il composite
restorations using different flowable composites as liner: an in vitro
evaluation. Caspian J Dent Res-March 2015, 4(1): 10-1.

53. Alshaimaa A. Elhawary BDS, Ahmed S. Elkady PhD, Adel A.
Kamar PhD. Comparison of degree of conversion and microleakage
in bulkfill flowable composite and conventional flowable composite (an
in vitro study). Alexandria Dental Journal. 2016; 41: 336-43.

54. Shivakumara Swamy, K.B. Jayalakshmi, B.T. Vishwanath. An in-
vitro comparative evaluation of microleakage of class Il composite
restoration with the use of a glass ionomer linear applied at different
levels on internal cavity walls- A dye penetration study. J Conserv
Dent 2002; 5 (2): 86-91.

Source of Support: Nil. Conflict of Interest: None Declared.

Copyright: © the author(s) and publisher. IJMRP is an official
publication of Ibn Sina Academy of Medieval Medicine & Sciences,
registered in 2001 under Indian Trusts Act, 1882. This is an open
access article distributed under the terms of the Creative Commons
Attribution Non-commercial License, which permits unrestricted non-
commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Cite this article as: Deebah Choudhary, Parul Verma. Comparative
Evaluation of Sealing Ability of Newer Materials Used As Dentin
Substitutes in Class Il Sandwich Restorations: An In Vitro Study. Int J
Med Res Prof. 2019 Nov; 5(6): 76-81.
DOI:10.21276/ijmrp.2019.5.6.018

WWW.ijmrp.com



