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ABSTRACT

Background and Objective: Replacing lost dentin with an appropriate substitute has been challenging in recent years. Biodentine and
conventional glass ionomers are used as dentin replacement materials. This study aimed to compare the Vickers microhardness (VHN),
diametral tensile strength (DTS), and setting time of Biodentine and glass ionomer cement (GIC).

Methods: This experimental study was conducted in the Department of Science of Dental Materials at Fatima Memorial College of
Dentistry, Lahore, in collaboration with the Interdisciplinary Research Centre of Biomedical Materials, COMSATS Lahore from December
2022 to March 2023. A total of fifty disc-shaped samples (4 x 2 mm) of Biodentine and GIC Gold Label 2 were fabricated to assess the
VHN, DTS, and setting time after immersion in distilled water for 1 hour and after 3 days. Data were analyzed by applying the paired and
independent t-tests using Statistical Package for Social Sciences 26.0.

Results: The mean VHN value of Biodentine and GIC Gold Label 2 cement was 23.4 £ 1.5 and 17.5 + 1.27 after 1 hour and 31.9 + 1.66 and
29.6 + 1.58 after 3 days, respectively. DTS of Biodentine [7.0 £ 0.91 mega pascal (MPa)] was significantly greater than GIC Gold label 2
(5.5 + 0.68 MPa) after 1 hour (p < 0.05). However, after 3 days, there was a slight increase in the DTS of Biodentine (9.3 + 1.53 MPa) while
compared to GIC Gold label 2 (8.2 + 1.0 MPa) and this difference was not statistically significant (p > 0.05). Biodentine had a higher setting
time than GIC Gold label 2, with an initial setting time of 6.7 minutes compared to 2.9 minutes.

Conclusion: GIC Gold label 2 has a shorter setting time than the but Biodentine which, however, showed higher Vicker’s microhardness and

DTS. Therefore, Biodentine may be a more suitable substitute for dentine replacement than the GIC Gold label 2.
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Introduction

The integrity of tooth structure is significantly compromised
by the loss of dentin due to caries or tooth preparation.
Replacing lost dentin with an appropriate substitute has been
challenging in recent years. The advent of new materials
promises better mechanical and physical properties than
those of their predecessors. Glass ionomer cement (GIC)
has been the staple for dentin replacement over the years.
However, its high initial solubility, low initial strength, and
inability to stimulate reparative dentin formation limit its
use under certain conditions. An ideal dentin substitute
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should have dentin-like mechanical properties, excellent
biocompatibility, low solubility, and the ability to induce
hard-tissue regeneration. The materials used for this
purpose include calcium hydroxide, GIC, and mineral trioxide
aggregates. Newer bioactive materials, such as Biodentine,
bioglass, and bioceramics, are also used to improve overall
properties.! In recent years, Biodentine has gained popularity
owing to its superior strength, stability, and ability to form
secondary dentin.?

Biodentine is a calcium silicate-based material that
exhibits physical and chemical properties similar to those
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of certain Portland cement.? It is biocompatible and can
form reactionary and reparative dentin by stimulating
odontoblasts and cell differentiation.* Conventional GICs
are used in many applications in dentistry because of their
excellent physical properties. Therefore, they are extensively
used for dentin replacement in the coronal region.®
However, the bond strength of Biodentine with the tooth is
better than that of the other materials with good marginal
adaptation and superior surface properties. The Vickers
microhardness (VHN) values and compressive strength
of Biodentine are greater than those of conventional and
resin-modified GIC.®

There are limited data on GIC and Biodentine in the
Pakistani population; therefore, this experimental study was
designed to compare the diametral tensile strength (DTS),
VHN, and setting time of Biodentine and GIC to determine a
better substitute for dentine replacement.

Methods

This experimental study was conducted in the Department
of Science of Dental Materials at Fatima Memorial College
of Dentistry Lahore, Pakistan, in collaboration with the
Interdisciplinary Research Centre of Biomedical Materials
(IRCBM), COMSATS Lahore from December 2022 to March
2023 after taking institutional review board approval. Ten
disc-shaped specimens of conventional GIC Gold label 2
(GC Corporation, Tokyo, Japan) and calcium silicate-based
dentine substitute material Biodentine, Septodont (St. Maur-
des-Fossés, France) were prepared and tested for VHN and
DTS after immersion in distilled water at the time intervals
of 1 hour and 3 days. Five samples were prepared for each
material to record the setting time measurement after 1
hour as mentioned in Table 1.

Materials Preparation
Biodentine™ (Septodont (St. Maur-des-Fossés, France) and
GC-Gold labels were mixed according to the manufacturer’s
instructions. Five drops of Biodentine liquid were added to
the capsule. It was closed and vibrated for 30 seconds in an
amalgamator (HAID Semedent, China) at 3,000 rpm. The
mixed material was collected by using a spatula provided by
the manufacturer.

The GC Gold label was mixed on a mixing pad using
a spatula with a p/l ratio of 1:2. The specimens were
manufactured at a room temperature of 23°C + 2°C and
relative air humidity of 50% + 10%, as recommended by
the American Dental Association specification No. 66. After
mixing, the materials were inserted into a Teflon mold with
a diameter of 4 mm and length of 2 mm. Both materials
were filled into molds and covered with polyester strips
(Proben, Catanduva, Brazil). It was pressed for 20 seconds
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to remove the excess material. The specimens were
carefully inspected and trimmed using silicon carbide paper
(600 grit). The samples were immediately transferred to
glass containers containing distilled water, and sealed with
paraffin wax.”

Measurement of VHN

It was calculated using a Digital Microhardness tester
(Siowon HV-1000, Germany) with a diamond indenter. One
polished cement surface of each sample was loaded with
a diamond indenter (Siowon, Wetzlar, Germany) weighing
100 g for 30 seconds. This produced a stamped mark in the
homogeneous region of the cement surface. The impression
of the diamond indenter with two orthogonal diagonals of
equal length was measured after release, and the hardness
values were calculated accordingly.®

Measurement of DTS

DTS was measured by placing specimens on a computer-
controlled materials testing machine (Instron, USA) under
5 KN compression and data was recorded using computer
software. The specimens were compressed at a crosshead
speed of 0.5 mm/minute to introduce tensile stress into the
material in the plane of the force applied during the test.°

Measurement of setting time

A 453.6 = 0.1 g Gilmore needle was used to measure the
setting time at the interval of every 5 seconds. The needle
created an indentation when it was placed on the cement
surface. The time was measured when the indenter needle
hardly left a mark on the cement surface.®

Statistical analysis

Statistical Package for Social Sciences software (SPSS Inc.,
version 23, Chicago, IL) was used for data processing and
analysis. Mean + S.D was calculated for descriptive statistics.
A paired t-test was performed to compare the properties
of the Biodentine and GIC after each storage period. An
independent t-test was used to compare the mean values of
the individual groups of Biodentine and GC Gold label 2 after
different storage periods.

Table 1. Experimental materials and tests at different time intervals.

Test
VHN

Material 1 hour (n)

5

3 day (n)
Biodentine 5
GC Gold label 2
Biodentine
GC Gold label 2
Biodentine

GC Gold label 2

DTS

5
5
5

Setting time
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Results

The mean VHN value of Biodentine and GC Gold Label 2
cement was 23.4 + 1.5 and 17.5 + 1.27 HV after 1 hour and
31.9 + 1.66 and 29.6 + 1.5 HV after 3 days, respectively. The
increase in mean VHN value for both Biodentine and GC
Gold Label 2 cement after 1 hour and 3 days was statistically
significant as shown in Table 2. The mean VHN value of
Biodentine after 1 hour and 3 days was greater than that of
GC Gold label 2 and this difference was statistically significant
(p <0.05).

DTS of Biodentine was 7.0 £ 0.91 and 9.3 + 1.53 mega
pascal (MPa) at the first hour and after 3 days, respectively.
While it was 5.5 + 0.68 MPa for GC after the first hour and 8.2
+ 1.0 MPa after 3 days. Statistically, there was a significant
increase in DTS after 1 hour to 3 days for both materials as
described in Table 2. Also, DTS of Biodentine (7.0 £ 0.91 MPa)
was significantly greater than GC Gold label 2 (5.5 + 0.68 MPa)
after 1 hour. However, on day 3, there was a slight increase
in the DTS of Biodentine (9.3 + 1.53 MPa) while compared to
GC Gold label 2 (8.2 + 1.0 MPa) and this difference was not
statistically significant (p > 0.05) (Table 2). The initial setting
time for Biodentine was 6.7 £ 0.2 and 2.9 0.1 minutes for
GC Gold label 2 cement and the difference was statistically
significant (p < 0.05) (Table 2).

Discussion

VHN and DTS are essential parameters to determine the
mechanical properties of the material used as a dentine
substitute.’ The VHN determines the resistance of a material
to plastic deformation after penetration or indentation. The
microhardness values for sound dentine range from 50 to
70 HV.22 DTS is a key performance indicator because many
failures of dental restorations are often caused by tensile
stress.”

The present study found a greater mean VHN value of
Biodentine than that of GC Gold label 2 after 1 hour and 3
days of immersion in distilled water. Similar findings were
observed in a study by Anu and Thomus* in which the
physical properties of Biodentine were compared with those
of a conventional GIC (Fuji IX) and a resin-modified glass
ionomer (Vitrebond). They also reported higher surface
microhardness of Biodentine while comparing it with other
materials. Another study conducted by Arnez et al.*® found
higher microhardness values exhibited by Biodentine than
glassionomer cement after immersion in mouthwash.

Biodentine, a frequent tricalcium silicate-based material,
has been evaluated for different aspects such as replacing
or repairing the dentine since its launching in 2009. Despite
the variable results, different investigations showed the
superior physical and clinical properties of Biodentine
making it suitable for clinical dental procedures because
of biocompatiblity and easily handled product with a short
setting time.® A shorter setting time allows for immediate
restoration of the teeth. It is recommended to use as a dentin
substitute in composite restorations, endodontic materials,
and temporary restorative materials for the posterior
teeth.'” Biodentine exhibits greater microhardness than Fuji
IX GIC at different time intervals.®® Manual mixing of the
Biodentine liquid decreases the setting time and increases
the microhardness.’® Different physiochemical aspects of
Biodentine have been analyzed which favor its versatility,
stability, and higher compressive and flexural strengths.
Apart from these properties it is easy to handle and is a low-
cost material.?°

The physical, chemical, and mechanical features and
surface topography of the material are affected by adding the
liquid to the powder.?* A study reports the reduction in VHN of
Biodentine from 130 HV to approximately 90 HV after etching

Table 2. VHN, DTS, and setting time of Biodentine and GC Gold label 2.

1 hour 3 day
Procedure Material Mean = S.D Mean +S.D p-value*
n=10 n=10
Vickers hardness (VHN) Biodentine 23.4 +0.58 31.9 + 1.66 0.021*
GC Gold label2 175 £ 1.27 29.6 + 1.58 0.042*
p-value <0.05** <0.05**
DTS (MPa) Biodentine 70 +0.91 9.3 + 153 0.011*
GC Gold label 2 5.5+ 0.68 8.2+ 1.0 0.014*
p-value <0.05 0.063
Setting time Materials Mean + SD 0.023
(Minutes) n =5 Biodentine 6.7+0.2
GC Gold label 2 29+0.1

Statistical significance was considered at an o. level of 0.05. Paired t-test compared the means of Biodentine and
GIC after 1 hour and 3 days.* Independent t-test compared the means of Biodentine and GC Gold label 2 after 1
hour and 3 days and setting time.**
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with 35% phosphoric acid for 1 minute. ?? Elsayed® evaluated
the effects of the addition of strontium fluoride and fluoride
only on the compressive and DTSs of Biodentine. He found
higher DTS for Biodentine alone than other modified groups;
however, the difference was not statistically significant (p
> 0.05). The reason for the increase in tensile strength of
Biodentine may be due to the low water/powder ratio which
increases the good working of cement. As it incorporates
hydro soluble polymer in the liquid component of cement
apart from water-soluble polycarboxylate in the cement’s
powder.?

Setting time, a clinically relevant feature of restorative
materials refers to the length of time required for a material to
get hard from a liquid form. The set material retains its shape,
withstands stress, and counteracts the dislocation. This also
affects the sealing ability and ingress of microorganisms. An
adequate setting time is also important for ensuring proper
handling characteristics.?*

In the current study, the initial setting time of Biodentine
was recorded as 6.7 * 2 minutes. Earlier studies by
Rajasekharan et al.®® and Kaup et al.?® reported an initial
setting time of Bidentine as 13.1, and 85.66 * 6.03 minutes,
respectively. Nevertheless, in both studies, the setting time
for Biodentine varied significantly compared with the time
given in the manufacturer’s instructions. In contrast, the
setting time of GIC Gold label 2 was 2.9 £ 0.1 minutes which
was significantly lesser than the Biodentine and is easier
for clinicians to use. The overall mechanical properties and
setting time of Biodentine make it a good choice for use as a
dentine substitute material.

Conclusion

Based on the results of the study, it is concluded that the
Biodentine makes a good choice for dental procedures as it
achieved a higher VHN and DTS but longer setting time when
compared to the GIC Gold label 2. These findings can be used
to explore further the physical properties and longevity of
dentine in future clinical studies.

Limitations of the study

Various properties of Biodentine and GIC materials were
studied after being stored for a short period of time not
exceeding 3 days. Long-term studies may further validate
the results significantly as surface abrasions due to wear in a
natural environment might influence these properties.
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