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ORIGINAL RESEARCH

prevention of microleakage is also compromised by calcium 
hydroxide’s propensity to dissolve. The spread of secondary 
infection will, as a result, jeopardize the integrity of the pulp.3

The above limitations were overcome by the development 
of hydrophilic calcium silicate-based materials, also known as 
mineral trioxide aggregate (MTA) cement, which is primarily made 
of the silicate minerals dicalcium and tricalcium and falls under the 

In t r o d u c t i o n

“Indirect pulp therapy (IPT) includes the removal of infected 
dental tissues while allowing the affected tissues comprising hard 
dentin to be remineralized by a biocompatible material. This will 
stimulate the creation of tertiary dentin, avoiding pulp exposure 
and consequently maintaining pulp vitality.”1

As pulpotomy ensures that all the infectious portions of 
the pulp are removed, it was considered the best treatment 
modality. Nowadays, a paradigm shift has been observed 
toward a more conservative treatment modality. Thus, IPT 
has been used as an alternative to treat reversible pulpitis.2 
Additionally, it facilitates regular exfoliation time by maintaining 
pulp vitality. The prognosis of IPT is dependent on the marginal 
seal and SBS between the liner and restorative material, which 
reduces marginal leakage—a precursor to secondary caries, 
tooth discoloration, postoperative sensitivity, and pulpal 
pathology.

Calcium hydroxide has been suggested as a near-ideal IPT 
material. This is due to its exceptional ability to create tertiary 
dentin, which then encases the pulp with recently formed hard 
structures. However, calcium hydroxide has 1 weak ability to 
attach to dentin, making it mechanically unstable. The long-term 
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Ab s t r ac t
Background: Indirect pulp therapy (IPT) is a conservative treatment approach that leaves the deepest caries adjacent to the pulp undisturbed in 
an effort to avoid pulp exposure. The result of IPT is primarily dependent on the biocompatibility, sealing capacity, adaptability of the overlying 
restoration to underlying dentin, and strength of the liner material utilized.
Aim: To evaluate shear bond strength (SBS) and microleakage of mineral trioxide aggregate (e-MTA) and biodentine when restored with glass 
ionomer cement (GIC) and composite resin after their initial set time.
Materials and methods: Around 40 extracted caries-free permanent molars were randomly divided into two groups according to the liner 
material used (group I (e-MTA) and group II—biodentine). Each group was further divided into subgroups A1, A2, B1, and B2, where A1 and B1 
received GIC and A2 and B2 received composite resin restoration after the initial set time. Half of the samples from each subgroup were allotted to 
two test groups of SBS and microleakage evaluation. The SBS was evaluated using a universal testing machine, and microleakage was assessed 
using a dye penetration test. One-way analysis of variance (ANOVA) was used for intergroup comparison, and the paired sample t-test was 
used for intragroup comparison. Categorical data were analyzed using a nonparametric test at the 5% level of significance using Statistical 
Package for the Social Sciences (SPSS) version 21 for Windows.
Results: A statistically significant difference (p = 0.001) was found in SBS between the group (e-MTA) + composite and biodentine + composite, 
where the latter group showed the highest SBS. Microleakage was highest in the group (e-MTA) + GIC (0.6 ± 0.894) and lowest in the group 
biodentine + composite (0.2 ± 0.447). However, no statistically significant difference was found in microleakage among all four groups.
Conclusion: Within the constraints of this study, biodentine can be suggested as the pulp capping agent to be restored with composite resin 
restoration after its initial set time.
Keywords: Biodentine, Dental pulp capping, Initial setting time, Mineral trioxide aggregate (e-MTA).
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water lubrication. The molars were then embedded into acrylic 
blocks. Thereafter, samples were stored in distilled water at 
room temperature. The area and volume of liners (1.5 × 1.5 mm) 
and restorative materials (4 × 4 mm) were standardized using 
polyethylene tubes.

For groups A1 and B1, GIC (3M ESPE Ketac Molar) was mixed 
according to the manufacturer’s instructions, and the mold was 
filled with GIC after the initial set of their respective liner. Later, 
the polyethylene molds were removed with a sharp instrument.

For groups A2 and B2, after the initial set of the respective 
lining materials, both study groups were restored with composite. 
Dentin surfaces were etched with 37% phosphoric acid gel (3M 
ESPE Scotchbond™ Universal Etchant) for 15 seconds, rinsed, 
and dried for 10 seconds. Then, a single layer of dentin bonding 
agent (3M ESPE Adper™ Single Bond 2 Adhesive) was applied 
and rubbed over the pulp capping agent and dentinal surface 
for 15 seconds. It was then cured for 10 seconds by a light-curing 
unit (Waldent, 1200 mw/cm2). The mold was placed over the pulp 
capping agent and filled with composite (3M Filtek Z250 XT) in two 
increments of 2 mm, with each increment cured for 20 seconds. 
The polyethylene molds were removed after the curing of the 
composite. The Instron® 3382 100 kN universal testing machine 
was used to determine the shear bond strength (SBS). Load was 
applied at a speed of 0.5 mm/minute until bond failure occurred, 
and values were noted.

Sample Preparation for Microleakage
A class I cavity was made 0.5–1 mm below the dentinoenamel 
junction (DEJ) and with a width of not more than one-fourth of 
the intercuspal distance.

Group I
e-MTA (Kids-e-Dental) was mixed according to the manufacturer’s 
instructions. It was then placed into the previously formed class I 
cavity with an amalgam carrier and applied in a 1.5 mm thickness. 
After the initial set of the cement (i.e., 15 minutes), the class I cavity 
was filled with GIC and composite resin restoration in groups A1 
and A2, respectively.

Group II
Biodentine™ (Septodont, Mumbai, India) capsule was mixed in an 
amalgamator for 30 seconds at 4000 rpm. After the mixture (wet 
sand consistency) was introduced into the previously formed class 
I cavity with an amalgam carrier in a 1.5 mm thickness. After the 

category of hydraulic self-setting materials. These materials form a 
sticky, self-setting calcium-silicate-hydrate (CSH) gel.4,5 They have 
superior sealing associated with expansion, the capacity to set in 
the presence of fluids, and better biological properties.6 Despite 
this, many disadvantages were noted with MTA, such as delayed 
final restoration due to long setting time, increased duration of 
treatment, and risks of failure of the endodontic procedure.7 A 
second visit is necessary for the final restoration, which might not 
be appropriate for pediatric patients.8 Recently introduced new 
calcium silicate cements like biodentine and e-MTA overcome the 
disadvantages of traditional MTA. Biodentine has been introduced 
as the “first all-in-one, bioactive, and biocompatible material for 
damaged dentin replacement.” Biodentine and e-MTA have an 
initial set time of 12 and 15 minutes, respectively, shorter than that 
of conventional MTA, which is 2 hours and 45 minutes.9

Thus, the current study was conducted to assess the 
microleakage and SBS of recently available pulp capping materials 
based on tricalcium silicate (e-MTA, biodentine) when restored with 
cement after their initial setting time. The null hypothesis proposed 
was that there would be no statistically significant difference 
in microleakage and SBS between e-MTA and biodentine when 
restored with glass ionomer cement (GIC) and composite resin.

Mat e r ia  l s a n d Me t h o d s

Study Design, Sample Size, Randomization, and 
Allocation
The proposed study was conducted as an in vitro study with 
prior approval and consent obtained from the Institutional Ethics 
Committee. For this investigation, 40 freshly extracted permanent 
molars that were intact and free of caries were collected. Their 
surfaces were debrided using ultrasonic scalers, and they were then 
kept in distilled water at room temperature throughout the trial.

The samples were equally divided (n = 20) into two groups 
study—MTA and biodentine. Further subgroups (n = 10) were based 
on the type of restoration (GIC and composite) placed, and the tests 
performed (n = 5) (SBS and microleakage) (Fig. 1). The materials used 
in the present study are shown in Table 1.

Procedure
Sample Preparation for Shear Bond Strength
A flat cut made with a diamond disk at a high rate of speed, using 
water spray, exposed the mid-coronal dentin of the occlusal 
surfaces. Polishing was done with 600-grit sandpaper under 

Fig. 1: Consolidated standards of reporting trials diagram showing sample size distribution
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mean ± standard deviation (SD). One-way analysis of variance 
(ANOVA) was used between groups, and the paired sample t-test 
was applied within groups. Categorical data were analyzed using a 
nonparametric test at the 5% level of significance using Statistical 
Package for the Social Sciences (SPSS) version 21 for Windows 
(Armonk, New York: IBM Corp.).

Re s u lts

Shear Bond Strength Evaluation
In the present study, the maximum SBS was found in the group 
biodentine + composite (6.024 ± 0.520), followed by the group 
biodentine + GIC (5.094 ± 0.646), the group e-MTA + composite 
(4.430 ± 0.624), and the least was found in the group e-MTA + GIC 
(4.104 ± 0.597) (Fig. 2). There was no statistical significant difference 
found on intragroup comparison (Table 2) between group A1 and A2 
(p = 0.578) and group B1 and B2 (p = 0.106). There was no statistically 
significant difference found on intergroup comparison (Table 3) 
between group A1 and B1 (p = 0.845), group A1 and B2 (p = 0.386), 
group A2 and B1 (p = 0.079); however, a highly statistically significant 
difference was observed between group A2 and B2 (p = 0.001).

Microleakage Evaluation
The maximum microleakage was observed in group e-MTA + 
GIC (0.6 ± 0.894), followed by group e-MTA + composite, group 

initial set of the cement (i.e., 12 minutes), groups B1 and B2 were 
restored with GIC and composite resin restoration, respectively.

Around 500 thermocycling cycles with dwell times of 
60 seconds were performed on all samples. Next, two layers of 
nail polish were applied to each sample, stopping 1 mm from the 
restoration borders. Sticky wax was used to seal the apex of the 
tooth. After soaking the teeth in 5% methylene blue dye for 24 hours 
at room temperature, they were rinsed for 30 seconds under 
running water. Using a diamond disk and a high-speed handpiece 
with water as a coolant, the teeth were longitudinally sectioned 
into two halves mesiodistally. Under a stereomicroscope with 
40× magnification, the extent of dye penetration was examined. 
The area of the sectioned tooth with the most microleakage 
received a score. According to International Standards Organization 
guidelines, the degree of microleakage using dye penetration was 
scored based on a four-grade scale:

0 = No dye penetration.
1 = Dye penetration into the enamel part of the cavity wall.
2 = Dye penetration into the dentin part of the cavity wall but 

not including the pulpal floor of the cavity.
3 = Dye penetration, including the pulpal floor of the cavity.10

Statistical Analysis
The collected data was entered into a 2019 Microsoft Excel 
spreadsheet. Data on continuous variables were presented as 

Table 1:  List of materials

Material Manufacturer Composition

e-MTA Kids-e-Dental, India Powder: Tricalcium silicate, dicalcium 
silicate, tricalcium aluminate, bismuth 
oxide, gypsum
Liquid: Distilled water

Biodentine Septodont (St. Maur-des-Fossés, 
France)

Powder: Tricalcium silicate, dicalcium 
silicate, calcium carbonate, iron oxide, 
zirconium oxide
Liquid: Water, calcium chloride, 
hypersoluble polymer

GIC 3M ESPE Ketac Molar Fluorosilicate glass, Al-Ca copolymer (5% 
acrylic acid maleic acid)

Composite 3M Filtek Z250 XT Silane treated ceramic. (1-methylethylidene) 
bis[4,1-phenyleneoxy(2-hydroxy-3,1-
propanediyl)] bismethacrylate

Bonding agent 3M ESPE, St Paul, Minnesota, 
United States of America

Bis-GMA, HEMA, dimethacrylate, ethanol, 
water

Etchant Scotchbond™ 
Universal etchant

3M ESPE, St Paul, Minnesota, 
United States of America

34% phosphoric acid with a pH of 
approximately 0.1
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IPT depends on the adhesive compatibility of the pulp capping 
agent with the overlaying restorative material in terms of SBS. It is 
the interfacial adhesion between the substrate and bonded material 
with the help of an adhesive layer. In clinical practice, fractures may 
occur either in the bonded material, the substrate, or both. Thus, 
SBS is measured as the force required to fracture the bond between 
the IPT agent and the final restoration.11

Microleakage is a major cause of failure for IPT agents. It is 
related to the material’s adaptation to the prepared cavity walls, 
which determines its ability to seal the cavity and protect it from 
invasion by saliva and bacteria. Consequently, it can lead to 
hypersensitivity of the restored tooth, secondary caries, and pulp 
damage. The most commonly used method to detect microleakage 
is the penetration of dyes into sections of the tooth.12 Various 

biodentine + GIC (0.4 ± 0.548), and the least microleakage was found 
in group biodentine + composite (0.2 ± 0.447) (Figs 3 and 4). There 
was no statistically significant difference in intragroup comparison 
(Table  4) between groups A1 and A2 (p = 0.958) and groups B1 
and B2 (p = 0.958). Also, for intergroup comparison (Table 5), no 
statistically significant difference was reported.

Di s c u s s i o n

A significant factor limiting the success of IPT-treated teeth is 
ineffective sealing from the coronal restoration. The prognosis of 

Fig. 2: Mean value for SBS

Table 2:  Intragroup comparison of mean SBS 

Groups p-value* Inference

A1 VS A2 0.578 Not significant

B1 VS B2 0.106 Not significant

*One-way ANOVA

Table 3:  Intergroup comparison of mean SBS 

Groups p-value* Inference

A1 VS B1 0.845 Not significant
A1 VS B2 0.386 Not significant
A2 VS B1 0.079 Not significant

A2 VS B2 0.001 Significant

*Tukey post hoc test

Fig. 4: Stereomicroscopic images of microleakage scoring

Fig. 3: Mean value for microleakage

Table 4:  Intragroup comparison of mean microleakage scores 

Groups p-value* Inference

A1 VS A2 0.958 Not significant

B1 VS B2 0.958 Not significant

*One-way ANOVA

Table 5:  Intergroup comparison of mean microleakage scores 

Groups p-value* Inference

A1 VS B1 0.958 Not significant
A1 VS B2 0.400 Not significant
A2 VS B1 1.00 Not significant

A2 VS B2 0.958 Not significant

*Tukey post hoc test
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based materials, diminishing their hardness and strength, as well as 
slowing down the setting process and increasing solubility, which 
results in significant leakage. This provides a possible explanation 
for both lower SBS and microleakage in the e-MTA + GIC group 
and biodentine + GIC group. Our results were in accordance with a 
study conducted by Cengiz and Ulusoy,20 Meraji and Camilleri,21 and 
Niranjan et al.,22 where it was shown that SBS between composite 
and biodentine is superior to GIC and biodentine after the initial 
set time of this cement. According to Koubi et al., biodentine is a 
suitable IPT agent that can be used for posterior restorations under 
a composite.23

The scope of our investigation did not include the failure modes 
(adhesive/cohesive) between the restoration and pulp capping 
agents. As no statistically significant difference was found in 
microleakage between e-MTA and biodentine, further in vitro and 
in vivo studies with a larger sample size are required to investigate 
the performance of e-MTA with restorative materials and validate 
our observations.

Co n c lu s i o n

Enhanced e-MTA and biodentine can be used successfully as 
an IPT agent with GIC restoration at the same visit. Biodentine 
can be suggested as an ideal IPT agent for final restoration 
of a tooth with composite at the same visit, as it showed the 
highest SBS.
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