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Comparing Quality and Quantity of Dentin Bridge Formed
Using Mineral Trioxide Aggregate, Biodentine, and Propolis:
A Double-blinded Randomized Controlled Clinical Trial
Swati Mohanty1, Sindhu Ramesh2

A b s t r ac t
Aim and objective: To compare the quality or quantity of dentin bridge formation of Biodentine and Propolis with the current gold standard—
mineral trioxide aggregate (MTA) when used as a direct pulp-capping agent.
Materials and methods: Randomized clinical trial on 102 teeth (patients aged 13–30 years) selected for extraction due to orthodontic treatment
was carried out by a single operator using group I—MTA, group II—Biodentine, and group III—Propolis as vital pulp therapy agents. The patients
and the outcome assessor were blinded. After 3 months of follow-up, the teeth were extracted and sent for the histopathological analysis. The
Chi-square test was applied on the data for statistical analysis.
Results: Pulp sensibility was maintained for all assessed teeth after the follow-up period. The difference between group I and group II was
statistically insignificant. Group III showed significant differences in terms of morphology, continuity, and thickness when compared to the
other two groups (p = 0.0).
Conclusion: The three groups successfully aided in forming dentin bridges in all the assessed teeth after follow-up. The quality and quantity
of dentin bridge formation of group I—MTA and group II—Biodentine were superior than group III—Propolis. Owing to its anti-inflammatory,
antimicrobial, and tissue regeneration properties, Propolis improves wound healing and can be successfully used as an agent in direct pulp
capping.
Clinical significance: Biodentine is an effective pulp capping agent and is comparable to MTA. Among other advantageous properties, Propolis
is an organic anti-inflammatory material that can be successfully used as a direct pulp-capping material due to its ability to induce reparative
dentin, which is good enough to maintain pulp sensibility over a long period of time.
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I n t r o d u c t i o n
Direct pulp capping is a vital pulp therapy procedure in which
a biocompatible material is placed over the exposed pulp and
the area is sealed with a permanent filling. Any stimuli on the
pulp promotes reparative dentin formation that acts as a natural
barrier against it.1,2 Direct pulp capping catalyzes reparative dentin
formation over the site of pulpal exposure.
With superior and more hemogeneous dentin bridge forming
ability, mineral trioxide aggregate (MTA) gained steady popularity
over the decade. 3–11 But, over the years, researchers discovered
its disadvantages of difficult handling and application, a longer
binding duration, and a relatively high cost.12–14
Biodentine is a more recent calcium silicate-based dentin
substitute that overcomes the various disadvantages of MTA,
mostly due to minor modifications in its composition.4,15 In several
systematic reviews, Biodentine has exhibited similar clinical results
as MTA minus the shortcomings of the latter, proving its clinical
potential time and again.16,17
Much like any other field, dentistry is also going organic
gradually. Steady and successful research has been carried out
observing the in vitro success of many herbal products including
Zingiber officinalis,18 aloe vera gel,19 hexane extract of Mimusops
elengi seeds, 20 eucalyptus globules, 21 and apple cider inegar. 22
Propolis is a resinous material collected by honey bees from
shrubs and trees. It is known to be a cariostatic agent, tested as an
intracanal medicament23,24 and “as a storage medium for avulsed
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teeth.”25,26 Many in vitro studies and animal studies have shown
that the ethanolic extract of Propolis showed bone-regenerating
properties and hard tissue formation in pulpotomy. 27,28 But due
to the lack of any long-term randomized clinical trials to date,
its histological as well as clinical potential has not been clearly
justified. Thus, the aim of the present study is to compare the
quality and quantity of dentin bridge formation of Biodentine and
Propolis with current gold standard—MTA used as a direct pulpcapping material. The objectives of this long-term randomized
clinical trial were:
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To evaluate the pulp sensibility of the treated tooth.
To evaluate and compare, histologically, the dentin bridge
continuity, morphology, and thickness using a standard grading
system.

M at e r ia l s

and

M e t h o d s

This is a prospective, single-center, double-blinded, randomized
controlled clinical trial.

Ethical Approval
The study was conducted at the Department of Conservative
Dentistry and Endodontics, Saveetha Dental College, SIMATS,
Chennai, India. The study protocol was approved by the institutional
ethics committee (Saveetha University: SRB/SDMDS15ODS1) and
followed the CONSORT guidelines—www.consort-statement.org.

Sample Size Determination
All subjects were treated according to the Helsinki Declaration.
Based on a similar study conducted by Nowicka et al.,5 sample size
estimation was calculated using priori by the G*power 3.1.2 software
with 0.90 power and p ≤ 0.05. After initial screening of 134 teeth
in patients, 102 intact and periodontally healthy maxillary and
mandibular premolar teeth indicated for orthodontic extraction
of patients aged between 13 years and 30 years were selected for
the study. The rationale behind using this particular age group of
patients was because of scientific evidence that states increased
probability of coronal pulp stones in patients above 30 years of
age.29

Methods
Prior to the investigation, a written informed consent was obtained
from all the patients involved in the clinical trial after a detailed
explanation of the rationale, clinical procedure and potential risks
associated with the study. After a detailed case history and clinical
examination of each patient, standard intraoral radiographs and
intraoral pictures of the tooth involved in the study were taken
in order to ensure absence of trauma, caries, or periapical and
periodontal lesions.
Randomization was done well in advance by a third person,
not related to the study. Using block randomization, the 102
samples were randomly allocated as 34 samples each to the
groups—group I: MTA Angelus (Angelus Indústria de Produtos
Odontológicos, Brazil); group II: Biodentine (Septodont, SaintMaur-des-Fosses, France); group III: Propolis powder (Hitech
Naturals Pvt. Ltd., New Delhi, India). The sequentially numbered
opaque sealed envelopes (SNOSE) method was employed for
allocation concealment. The patient and the outcome assessor
were blinded to the groups of materials used but blinding of the
single operator and data analyst was not possible in this type
of clinical trial, making this a double-blinded study. 30 The cold
test (Roeko Endo Frost, Coltene, Altstätten, Switzerland) and
electric pulp tester (Digitest Pulp Vitality Tester, Parkell Inc., New
York) were performed prior the procedure on all sample teeth to
assess the sensibility status of the pulp. Preoperative radiographs
were taken using a position-indicating device and Vista-Scan
Periapical Radiographic Plate (Dürr Dental, United Kingdom) via
the paralleling technique. The radiographic plate also known as
photostimulable phosphor plate (PSP) was used for the study in
order to obtain higher-quality images. The patients were asked
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to rinse their mouth with 0.2% chlorhexidine solution (Hexidine,
ICPA Health Products Ltd., India). Local anesthesia (2% lidocaine
and 1:100,000 adrenaline; pharmacaine, A/Pharmax Pvt. Ltd., India)
was administered and rubber dam isolation was done. A class 1
occlusal cavity was prepared using a sterile No. 330 high-speed
bur with water spray. A sterile ½ round bur (0.6 mm diameter) was
used to intentionally expose the buccal pulp horn. The subsequent
bleeding was arrested using a cotton pellet saturated with saline.
New burs were used during each operation. Depending on the
randomly allotted group, the teeth were treated as follows:

Group I
MTA Angelus (Angelus, Londrina, Brazil) was prepared according
to manufacturer’s instructions to obtain a cement with a putty-like
consistency.

Group II
The Biodentine capsule was triturated according to the
manufacturer’s instructions using an amalgamator for 30 seconds
to obtain a homogeneous mix of putty consistency.

Group III
About 1½ g of standardized propolis extract powder (Hitech Natural
Products LTD, New Delhi) was mixed with 70% ethanol solution to
form a thick mix with a packable consistency.
The chosen material was very carefully placed over the exposed
pulp horn using an MTA carrier and condensed lightly with a moist
cotton. A thick mix of interim restorative material (IRM) was packed
tightly over the cavity.
Immediate postoperative radiographs were taken for records.
The patients were recalled after 12 weeks. All teeth were tested
for cold test and electric pulp tester to assess if the pulp had
maintained its sensibility through the follow-up weeks. Postfollow-up radiographs were taken using the same technique as
mentioned above. The teeth were then sent for extraction and
histopathological evaluation.

Histopathologic Evaluation
After fixation in a 10% formalin solution, the specimens were
demineralized using the decalcification process and embedded
in paraffin. The 2–3 μm thickness sections were cut serially in a
buccolingual plane. The prepared slides were analyzed under
a high-magnification microscope to confirm the presence of a
hemogeneous dentin bridge (Fig. 1). The amount of hard tissue
formed at the interface of the capping material and pulp was
determined according to the modified criteria by Faraco et al. 31
and Medina et al.32 In our study, we used three parameters of the
mentioned histologic scoring system. Each section was scored
from 1 to 4, with 1 representing the most desired results and 4
representing the least desired result. The thickness of the dentinal
bridge was measured at the thickest, thinnest, and midmost point
areas of the continuous dentin bridge. The average of the three
values was calculated and the grades were tabulated.

Statistical Analysis
The statistical analysis was performed using a statistical software
program Windows, Version 20.0 (SPSS). To compare the continuity,
morphology, and thickness of the dentinal bridge between the
groups, the Chi-square test was applied. The significance level was
fixed as 5% (α = 0.05).

World Journal of Dentistry, Volume 11 Issue 5 (September–October 2020)

Dentin Bridge Formed Using MTA, Biodentine, and Propolis

Figs 1A to C: Image representing histopathological section (hematoxylin-eosin stain; magnification 10×): (A) Group I—MTA; (B) Group II—Biodentine;
(C) Group III—Propolis. D, dentin; DB, dentin bridge; MTA, mineral trioxide aggregate
Flowchart 1: Image representing CONSORT participants flow diagram

R e s u lts
As per CONSORT guidelines, Flowchart 1 depicts a self-explanatory
participant flow chart. All samples retained their pulp sensibilities

over the follow-up period (Fig. 2). No periapical pathologies were
revealed radiographically before extraction. The dentin bridge was
visibly formed in all samples of teeth. Though we did not have any
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Fig. 2: Association between preoperative and postoperative pulp
sensibility between groups I, II and III. The association was analyzed
using the Chi-square test and was found to be statistically not significant
(p > 0.05)

Fig. 3: Comparison of continuity of dentin bridge between mineral
trioxide aggregate (MTA), Biodentine, and Propolis

Fig. 4: Comparison of morphology of dentin bridge between mineral trioxide aggregate (MTA), Biodentine, and Propolis

loss to follow-up, a few of the samples were eliminated and not
analyzed due to technical errors during histological sectioning. The
number of samples finally analyzed were group I (MTA): 33; group
II (Biodentine): 31; group III (Propolis): 31. Histologic evaluation of
teeth showed that though group II exhibited better results than
group I in all three variables (continuity, morphology, and thickness),
the difference in values was statistically insignificant. The values
obtained from group III were statistically significant (p < 0.05) when
compared to groups I and II for all three variables (Figs 3 to 5). The
complete dentin bridge was observed in 26 teeth in MTA, 29 teeth
in Biodentine, and 6 teeth in Propolis (Table 1). In 90.9% of group I,
93.5% of group II, and 67.7% of group III, the dentin bridge formed
was associated with dentin-like hard tissue (Table 2). The mean
thicknesses of the hard tissue calculated in Biodentine and MTA
groups were 234.43 and 229.81 μm, respectively. The mean value
obtained from the Propolis group was 129.66 μm. More than 60%
of the specimens of groups I and II exhibited mean thickness of

376

above 250 μm while on the other hand, more than 50% of group III
exhibited mean thickness less than 100 μm (Table 3).

D i s c u s s i o n
In our study, the primary outcome measure was pulp sensibility
using the cold test and EPT and the secondary outcome measure
was dentin bridge formation, which was assessed using a scoring
system as mentioned earlier. All the samples positively maintained
pulp sensibility and also showed visible dentin bridge histologically.
The major advantage of selecting orthodontic patients whose
premolars were indicated for extraction was that we had 0% loss
to follow-up. Additionally, using caries-free teeth with healthy
odontoblastic cells helped us analyze the true reactionary process
of the test materials with the exposed site of pulp and dentin.
Mineral trioxide aggregate and Biodentine have time and again
proved their potency as pulp-capping agents. In various reviews
between MTA and Biodentine, researchers have found statistically
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Fig. 5: Comparison of thickness of dentin bridge between mineral trioxide
aggregate (MTA), Biodentine, and Propolis

insignificant results, but they usually conclude by stating lack of
accountable evidence due to various limitations in the clinical
trials.33,34 Nowicka et al. conducted a study similar to our clinical trial
on intact third molars using the same histological grading system
as ours in which they also observed statistically no difference in
Biodentine and MTA.35
Despite overcoming the shortcomings of these trials, like
following CONSORT guidelines including adequate sample size
and duration of study, we also observed similar results., i.e., though
Biodentine showed superior values in terms of the three parameters
chosen for our study, the values when compared to MTA were
statistically insignificant. Previously conducted similar studies
have observed superior mechanical properties of Biodentine
than MTA.5,34,35 In the current study as well, we found handling of
Biodentine to be much easier than MTA, which was time-consuming
and technically complicated. On the other hand, preparing
Biodentine requires a triturator unlike in case of MTA. According
to our study, Biodentine establishes itself as an equally effective
pulp-capping agent as MTA and it can be very well replaced by the
conventional slow-setting MTA in cases involving vital pulp therapy

Table 1: Comparison of the continuity of dentin bridge between groups I, II and III (group II > group I > group III—statistically significant)
Groups
Complete dentin bridge
Partial dentin bridge
Initial dentin bridge
Total

N
%
N
%
N
%
N
%

I

II

III

26
78.8
7
21.2
0
0.0
33
100.0

29
93.5
2
6.5
0
0.0
31
100.0

6
19.4
18
58.1
7
22.6
31
100.0

Total
61
64.2
27
28.4
7
7.4
95
100.0

Chi-square
44.866

p value
0.000

Table 2: Comparison of the morphology of dentin bridge between groups I, II and III (group II > group I > group III—statistically significant)
Groups
N
%
Only irregular hard tissue deposition N
%
N
Only a thin layer of hard tissue
deposition
%
N
Total
%
Dentin associated with dentin-like
hard tissue

I

II

30
90.9
3
9.1
0
0.0
33
100.0

29
93.5
2
6.5
0
0.0
31
100.0

III
21
67.7
9
29.0
1
3.2
31
100.0

Total
80
84.2
14
14.7
1
1.1
95
100.0

Chi-square
10.016

p value
0.04

Table 3: Comparison of the thickness of dentin bridge between groups I, II and III (group II > group I > group III—statistically significant)
Groups
>250 μm
250-100 μm
<100 μm
Partial bridge
Total

N
%
N
%
N
%
N
%
N
%

I

II

III

21
63.6
12
36.4
0
0.0
0
0.0
33
100.0

21
67.7
10
32.3
0
0.0
0
0.0
31
100.0

0
0.0
14
35.5
16
51.6
1
3.2
31
100.0

Total
42
44.2
34
34.7
16
16.8
1
1.2
95
100.0

Chi-square
61.780

p value
0.000

World Journal of Dentistry, Volume 11 Issue 5 (September–October 2020)

377

Dentin Bridge Formed Using MTA, Biodentine, and Propolis
because of its better physical properties. Further studies need to
be conducted to establish Biodentine as a panacea in dentistry.
Furthermore, in our clinical trial, it was observed that propolis
was well-tolerated by the pulpal tissues and it successfully induced
dentin bridges in all the teeth of its group. When compared to
Biodentine and MTA, the continuity, morphology, and thickness
shown in teeth capped with Propolis had significantly less values.
The reason for this result can be assumed to be the difference
in the material composition. Propolis has a broad spectrum of
biological and pharmacological properties such as antioxidant,
anti-inflammatory, and antibacterial. It contains a rich variety of
potent terpene, benzoic, caffeic, cinnamic, aromatic aldehyde,
phenolic acid, vitamins A, B complex, C, E, and minerals along
with high flavonoid content, which catalyzes wound healing on an
exposed dental pulp and improves tissue regeneration.36 But it has
been observed that cement groups like MTA and Biodentine induce
apatite precipitates and generate higher amounts of remineralizing
elements at a much faster rate.37
It needs to be brought to notice that even with statistically
significant difference in values of the two groups compared to
Propolis, none of the treated teeth of this group showed loss in
sensibility or absence of dentin bridge. Also, other histological
studies on Propolis as pulp-capping agents have shown its
superior tolerance to pulpal tissues due to its anti-inflammatory
properties. 38–40 On the other hand, pulp-capping agents with
high pH function by causing initial pulpal inflammation and
necrosis of the superior layer of the pulp, later leading to bridge
formation, sometimes even leading to a void formation between
the material and the bridge,41 which, in the long-term, can be cause
of concern. Additionally, it has been discussed by many researchers
that reparative dentin following pulp capping involves formation
of TGF-β1 growth factor (transforming growth factor). Propolis
has shown to stimulate TGF- β1 resulting in odontoblast-like cell
differentiation.42,43
One of the limitations in our study was the elimination of a
few samples due to errors during histological sectioning. In future
studies, more efficient and less-technique sensitive methods for
histological analysis can be employed. Also, our study took into
consideration three parameters—continuity, morphology, and
thickness, pertaining to the quality and quantity of hard tissue
bridges formed. Studies need to be carried out to evaluate the
other parameters of the histological scoring system, which is based
on evaluation of inflammatory process, odontoblastic layer, and
presence of microorganisms.
According to our study and parameters assessed, Propolis
effectively serves its purpose as a pulp-capping agent in cases of
noncariogenic accidental traumatic exposures. Further studies need
to be carried out to establish the reaction of Propolis in carious
teeth, where the odontoblasts have been damaged or destroyed.

C o n c lu s i o n
All the three materials—MTA, Biodentine and Propolis—have
the ability to sustain pulp sensibility and induce dentin bridge in
noncarious pulpal exposures. The quality and quantity of dentin
bridge formation by MTA and Biodentine was similar to each other
and superior to Propolis. Thus clinically, Biodentine has proved to
be an effective pulp-capping agent and is comparable to MTA.
On the other hand, Propolis being an organic material can be
successfully used as a direct pulp-capping agent due to its ability
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to induce reparative dentin and maintain pulp sensibility for a long
period of time.
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