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Abstract

Background: The initial inflammatory reaction of pulp capping materials on the dental pulp has an
intimate relation in promoting the future cellular differentiation and biomaterial mineralization. So,
analysis of immediate pulpal tissue reaction in vivo, is also important for evaluation of ultimate efficacy
any pulp capping agent. To observe immediate inflammatory response of Human Dental Pulp capped with
Mineral Trioxide Aggregate (MTA), Biodentin and Portland Cement (PC).

Methods: A total of 70 permanent premolars teeth planned to be extracted for orthodontic alignment of
occlusion were used as study sample. The teeth were divided into 3 experimental groups, MTA (n=20),
Biodentin (n=20) Portland cement (n=20) and control group (n=10). After having an occlusal exposure of
approximately 1.5 mm in diameter; in group A, pulp of teeth was capped with 2-mm-thick layer of
ProRoot White MTA (Dentsply) and in group B, with sterile Biodentin (Septodont) according to the
manufacturer’s recommendations. Whereas in group C, pulp of teeth was capped with sterile Portland
Cement (PC). After placing the experimental material in each group, all teeth restored with glass ionomer
cement. After 24 hours the teeth were extracted, fixed in 10% buffered formalin solution, then decalcified
by 10% nitric acid and embedded in paraffin. Finally, sectioned into 2 to 3-micron-thick serial sections in
the linguo-buccal plane and stained with hematoxylin-eosin. After then the amount of pulp inflammation
(type, intensity, and extension) were determined by using a predetermined evaluation criterion under an
optical microscope at 40x magnification. Ten intact teeth, which received no exposure and pulp capping
but extracted due to orthodontic purpose were also collected and treated as the control group (group D);
undergone same histologic preparation and evaluation. Significantstatistical differences among the
experimental groups were to be found (p<0.05).

Results: Histologically, all the three tested materials produced immediate pulpal tissue reaction.
‘Biodentin’ found to be most immediate pulpal tissue reactive (reactive in 100% cases) and ‘Portland
Cement’ showed least immediate tissue reaction (only in 30.0% cases). whereas, MTA produced
immediate tissue reaction only in 50.0% cases. Immediate pulpal inflammatory reaction in response to
tested material found to be statistically significant different between ‘Biodentin’ and ‘Portland cement’
(p=0.01), also between ‘Biodentin’ and ‘MTA” and (p=0.001); but there was no statistically significant
difference between ‘MTA’ and ‘Portland cement’ (p =0.197).

Conclusion: Considering the maximum immediate pulpal tissue reaction (Inflammation), Biodentin is
expected to produce most favorable ultimate bioactivity (biomaterial mineralization) after pulp capping.
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Introduction against chemical irritation from the bacterial
substrate,from the toxicity of the material used

The application of biocompatible materials on and finally new bacterial penetration due to
exposed pulp protects the pulp-dentin complex microleakage.'™ Calcium hydroxide had long been
used for this purpose but because of the resultant
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had been a long search for appropriate bio-
inductive material.>® Mineral Trioxide Aggregate
(MTA), primarily comprises tricalcium silicate
(G5S), tricalcium aluminate (C5A),
tetracalciumaluminoferrite (C4AF), and bismuth
oxide (Bi,03),has been developed and reported for
good sealing abilityand tissue healing.®'* Bridge-
like dentin was observed in cases of pulp capping
by MTA.""' MTA is moisture-insensitive, can
induce proliferation of fibroblasts and
mineralization of osteoblasts, and seems to be
biocompatible.*'*'* However, MTA is reportedly
difficult to use because of its long setting time,
poor handling properties, high material costs, and
the discoloration potential of dental tissue.>**!*

Camilleri J reported that MTA and Portland
cement (PC) seem almost identical
macroscopically, microscopically, and by x-ray
diffraction analysis.'” Portland cements, is a fine
powder composed of 65% lime, 20% silica, 10%
alumina and ferric oxide and 5% other
compounds, same chemical elements as MTA.'®2°
PC differs from MTA that potassium ions come
from the minor oxide constituent provides an
additional source of hydroxyl ions.'™" Portland
cement don’t have bismuth oxide, which in MTA
increases its radiopacity.'® The potential
applications of PC on pulp therapy have already
been explored that no sign of pulp cell damage
could be identified after placing PC into animal
and human pulp as pulp capping material.>! PC
stimulates the expression of mRNAs of a dentin-
specific protein and a non-collagenous protein
involved in mineralization in cultured human pulp
cells.” Its antibacterial effect is comparable to
MTA and biocompatible to human pulp cells
when used as pulp capping materials.”” PC also
promotes the precipitation of bone like
hydroxyapatite and dentin bridge formation.*

Biodentine (Septodont, Saint Maur des Fosses,
France), is a new calcium silicate based
restorative cement with dentin-like mechanical
properties, consists of mainly tricalcium and
dicalcium silicate (3CaO SiO, and 2CaO SiO,)
powder and calcium chloride (CaCly) liquid.
which can be used as dentin substitute on crowns
and roots similar to how MTA is used.’ It has a
positive effect on vital pulp cells and stimulates
tertiary dentin formation. In direct contact with
vital pulp tissue, it also promotes growth,
proliferation and differentiation of stem cells
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regenerating and consequently the formation of
reparative dentin.>**2¢

There are now evidences that inflammation is a
prerequisite for pulp healing.”’** Inflammation
alone initially contributes to the repair process of
healing, though after initiation of this process
bioactive molecules are essential in the formation
of reparative dentin.?® Depending on the form and
severity of the inflammatory processes, and
according to the capping agent, pulp reactions are
induced specifically.”® Immunocompetent cells are
recruited in the apical part. They slide along the
root and migrate toward the crown.”® Due to the
high alkalinity of the capping agent, pulp cells
display inflammation, proliferate, and increase in
number and size and initiate mineralization.”
Thus inflammatory processes contribute to
produce a reparative dentinal bridge closing the
pulp exposure.’® But in any case, the degree of
inflammatory reaction appears dependent on the
bioactive molecule under investigation.”® So
understanding the initial inflammatory pulpal
tissue reaction, as produced by any pulp capping
material, helps to get an idea of its ultimate
bioactivity.

MTA, portland cement and Biodentin all three are
calcium silicate based material but they differ
among them by some chemical component; and it
is important to note that changes in the chemical
components of any material may alter its physical
and possibly its bioactive properties. While the
link between the initial inflammation and cell
commitment is not yet well established but
appears as a potential key factorin the reparative
process.”® That’s why present in vivo study had
been carried out to observe the immediate pulpal
reaction when MTA, Biodentine or PC is used for
direct pulp capping; so as to guess an idea
regarding it’s ultimate bioactivity or to link with
their ultimate capability of hard tissue genesis.

Materials and Methods

Present prospectiveclinical study was carried out
in the Department of Conservative Dentistry &
Endodontics together with the Department of
Orthodontia, Bangabandhu Sheikh Mujib Medical
University (BSMMU), Dhaka, Bangladesh during
the period of 2015-2017. Based on previous
studypurposeful sampling method was applied to
for sample collection and ultimately a total of
seventy (70) intact human maxillary and
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mandibular premolars with clinically normal
pulps, with closed apex, no caries either clinically
or radiographically, and without any restoration;
and with no periodontal involvement those were
scheduled for extraction for orthodontic reasons
were selected from patients ranging in age from
15-20 years having no systemic disease.**>*%!
Subjects were treated in accordance with the
Helsinki declaration. Patients received thorough
explanations  concerning the experimental
rationale, clinical procedures, and possible
complications of the procedure. All experimental
procedures were reviewed and approved by the
Ethical Committee, BSMMU (approval number
BSMMU/2015/8088 date 22-06-2015)

Operative Procedure: Under local anesthesia,
occlusal Class I cavities were prepared by using
round sterile diamond burs at high speed with air-
distillated water spray coolant. An exposure of

Table I: Description of the study materials
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pulp, approximately 1.5 mm in diameter was
made with round carbide burs (1.5 mm) under air
distillated water-cooling. New burs were used
during each preparation. Bleeding was controlled
with saline irrigation, and a sterile cotton pellet
pack placing onto the pulp exposure sites. The
teeth were divided into 3 experimental groups,
MTA (n=20), Biodentine (n=20) or Portland
cement (n=20) and 1 control group (n=10).

In group A, pulps of teeth were capped with 2-
mm-thick layer of ProRoot White MTA
(Dentsply, Tulsa Dental, Tulsa, OK, USA) and in
group B, pulps of teeth were capped with sterile
Biodentine (Septodont, Saint Maur des Fosses,
France) according to the manufacturer’s
recommendations (table I); Whereas in group C,
pulps of teeth were capped with sterile Portland
Cement (PC).

Materials Manufacturer Presentation Powder composition L'q“!d. Manipulation
composition
Pro Root Dentsply® Powder/liquid  Tricalcium silicate Dicalcium Water Manual: powder from a
MTA silicate Tricalcium aluminate pouch is mixed with the
Calcium oxide water supplied in micro-dose
Bismuth oxide ampoule onto a mixing pad
Silicon dioxide using spatula incrementaly
Aluminium oxide till all the powder become
wetted and turned into a thick
consistency
Biodentin Septodont® Powder/liquid  Tricalcium silicate Dicalcium Hydrosoluble = Mechanical: powder in on
silicate Calcium carbonate polymer capsule is mixed with 5 drops
Zirconium oxide of liquid in the trituratorat a
Calcium speed of 4000 — 4200
chloride rotations/min. for 30 seconds
White UltraTech Cement Powder Tricalcium silicate Water Manual: powder is mixed
portland Ltd Dicalcium silicate with water incrementally till
cement Tricalcium aluminate all the powder become

Tetracalciumaluminoferrite
Sodium oxide

wetted and turned into a thick
consistency

Potassium oxide
Calcium sulphate

After placing the experimental material in each
group, a flat, water-moistened cotton pellet was
laid directly over the material and provisionally
restored the tooth with glass ionomer cement (GC
inc, Japan). Ten intact teeth were selected as the
control group (group 1V), which were received no
exposure and pulp capping.**’All procedures
were performed by one experienced endodontist
in the Department of Orthodontics.

Histologic examination: After 24 hours the
experimental  teeth  were  extracted as
atraumatically as possible. After fixation for 2
weeks in 10% buffered formalin solution, the
specimens were demineralized in a decalcifying
solution containing 10% nitric acid and were
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embedded in paraffin. Now two to three micron-
thick serial sections of the paraffin-embedded
teeth were done in the linguo-buccal plane and
were stained with hematoxylin-ecosin. Coded
samples were used throughout the study to avoid
possible bias. By using an optical microscope
connected to a high-resolution camera, samples
were evaluated under normal light by an
experienced oral pathologist in the department of
pathology, BSMMU. Immediate tissue response
at the interface of the capping material i,e, pulp
inflammation (type, intensity, and extension) were
determined based on the modified criteria by
Nowicka et al Faraco et al Medina et al and
Cobanoglu at al (table I1).2>3*34
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Table II: Criteria for histologic evaluation
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Histologic Evaluation Criteria

For Type of Pulp Inflammation:

Score Criteria
1 no inflammation
2 . .
chronic inflammation)
3
4

For Intensity of Pulp Inflammation:

chronic inflammation as will be defined due to presence of monocytes and lymphocytes (the primary cells of

acute and chronic inflammation as will be defined due to simultaneous presence of granulocytes, monocytes
and lymphocytes. (the primary cells of acute and chronic inflammation respectively)

acute inflammation as will be defined due to presence of granulocytes namely neutrophils, eosinophils, and
basophils (the primary cells of acute inflammation).

Score Criteria
1 absent or very few inflammatory cells /HPF
2 mild, defined as an average of <10 inflammatory cells were present /HPF
3 moderate, defined as an average of 10-25 inflammatory cells were present /HPF
4 severe, defined as an average >25 inflammatory cells were present /HPF

For Extension of Pulp Inflammation:

Score Criteria
1 Absent
) mild, defined as inflammatory cells present only next to the area of pulp exposure (against which pulp capping

material have been placed)

3 moderate, defined as inflammatory cells observed in part of coronal pulp
4 severe, defined as all coronal pulp is infiltrated by inflammatory cells

Each histomorphologic section was scored from
1-4, with 4 representing the most desired result
and 1 representing the least desired result.>>*

Collected data was analyzed using Statistical
Package for Social Science (SPSS-24 version).
Descriptive analysis (cross tabulation) using Chi-
square test was applied to compare the
histological outcome following application of
MTA, Biodentine and Portland cement when p
value <.05 was considered statistically significant.

Results

Histologically, all the three tested materials
produced immediate pulpal tissue
reaction;ranging from acute (as was defined due
to presence of granulocytes namely neutrophils,
eosinophils, and basophils, the primary cells of
acute inflammation) to chronic (as was defined
due to presence of monocytes and lymphocytes,
the primary cells of chronic inflammation) or
both(as was defined due to presence of
granulocytes, monocytes and lymphocytes,the
primary cells of acute and chronic inflammation
respectively) (figure 1).**
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Figure 1: Pulp capping with MTA (a), Biodentin (b) and Portlan
Cement (c) showing severe inflammation (defined as an average >
25 inflammatory cells/HPF) as both acute and chronic
inflammatory cells (granulocytes & monocytes) infiltrating all the
coronal pulp (Original magnification X 40). Whereas Mild
inflammation (defined as an average <10 inflammatory cells /HPF)
is noticed in MTA pulp caping (d) with only chronic inflammatory
cells infiltrating next to area of pulp exposure. (Original
magnification X 40). But no inflammation (as because of absence
of any inflammatory cells) in seen in MTA Pulp capping (e) and
Portland Cement Pulp capping (f) (Original magnification X 20).
D, Dentin; L, lymphocytes;N, Neutrophil; O/OL, Odontoblast
layer; P, Pulp; PC, Plasma cell
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‘Biodentine’ found to be most pulpal tissue
reactive as because it produced inflammation,
either acute or chronic, in every case (100%)
treated by this material (table III).

But ‘Portland Cement’ showed least immediate
tissue reaction, in only 30% cases there was
inflammation in response to ‘Portland Cement’
when used as pulp capping material, Whereas,
there was inflammation in only 50 % cases of
pulp capping by MTA (table III). Mild (10%) to
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moderate (20%) to severe (20%) grade
inflammation is also seen in 50% cases of MTA
pulp capping (table 1V); among them in 20%
cases pulp was invaded by both acute & chronic
and in 30% cases only by chronic inflammatory
cells (table III). In responded cases (a total of
50%) of MTA pulp capping, 30% cases
inflammatory cells were mostly restricted to the
exposure site, in rest cases they invaded partly
(10%) or all of the coronal pulp (10%) (table V).

Table III: Distribution of type of pulp inflammation (as defined by the presence of inflammatory cell type) in response of experimental pulp

capping agents

p value (<0.05 is
Group

significant)
c a Group C or
Type of pulp inflammation G A G B
roup r'oup 'or Portland Control  Group Group  Group
or MTA Biodentin Cement
o o group AvsB BvsC Avs C
(n=20)( /o) (n=20)( /o) (n=20)(0/0)
No inflammation 10 (50) 0(0) 14 (70) 10(100) 001 001 197
Inflammation (as a whole) 10 (50) 20 (100) 6 (30) 0(0) ' ' NS
Chronic inflammation
(as defined due to presence of chronic
. 6(30) 12(60) 0 0(0)
inflammatory cells namely monocytes and
lymphocytes)
Both acute and chronic inflammation
(as defined due to presence of both acute & 4(20) 8(40) 4(20) 0(0)
chronic inflammatory cells)
Acute inflammation
(as defined due to presence of acute
0(0) 0(0) 2(10) 10 (100)

inflammatory cells namely neutrophils,
eosinophils, and basophils)

Table IV: Distribution of intensity of pulp inflammation (as defined by average presence of inflammatory cells /HPF) among three

experimental materials

p value (<0.05 is

Group -
significant)
Intensity of pulp inflammation
. Group C or
(as defined by average presence of inflammatory Group A or Group B or
. ) Portland Group Group Group
cells /HPF) MTA Biodentin
(=20) (%) (=20) (%) Cement AvsB BvsC AvsC
=, (] =, (]
(n=20) (%)
Absent, or very few inflammatory cells 10 (50) 0(0) 14 (70)
Mild, defined as an average of <10 inflammatory
2(10) 4(20) 0
cells
Moderate, defined as an average 10-25 .004 .01 34
. 4(20) 8(40) 2(10)
inflammatory cells NS
Severe, defined as an average > 25 inflammatory
4(20) 8(40) 4(20)

cells

A similar mild (20%) to moderate (40%) to severe
(40%) grade inflammation seen in response to
Biodentine (table IV). In majority of cases (60%)
pulpal inflammation was chronic type and only 40
% showed both acute and chronic inflammation

Bangladesh Med Res Counc Bull 2019; 45:108-116

(table III); where inflammatory cells were equally
restricted to either next to the exposure site (40%)
or up to all of coronal pulp (40%), only in 20%
cases inflammatory cells remain up to part of
coronal pulp (table V).
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Table V: Distribution of extension of pulp inflammation among three experimental materials

Group p value (<0.05 is significant)
Group C or
. . . Group A or Group B or
Extension of pulp inflammation . . Portland Group Group Group
MTA Biodentin
(=20)(%) (=20)(%) Cement AvsB Bvs C Avs C
° ° (n=20)(%)
Absent 10 (50) 0 (0) 14 (70)
Mild, defined as inflammatory cells only
6(30) 8(40) 0
next to area to pulp exposure
Moderate, defined as inflammatory cells
. .002 .01 .014
observe in part of coronal pulp 2(10) 4(20) 6(30)
inflammatory cells
Severe, defined as all coronal pulp is
2(10) 8(40) 0(00)

infiltrated

In those cases, where (only 30%) Portland cement
showed pulpal tissue reaction, ranging from
moderate to severe (table IV); among them in
20% cases pulp was invaded by both acute &
chronic inflammatory cells and in 10% cases only
by acute cells (table III). In all the cases,
inflammatory cells were restricted up to part of
coronal pulp (table V).

Type of immediate pulpal tissue reaction in
response to tested material found to be
statistically ~ significant  different  between
‘Biodentine’ and ‘Portland cement’ (p=0.001),
also between ‘Biodentine’ and ‘MTA’ and
(»=0.001); but there was no statistically
significant difference between ‘MTA’ and
‘Portland cement’ (p=0.197) (table III).

Considering intensity of inflammation, there was
statistically significant difference in between
Biodentine and Portland cement (p=0.01).
Whereas, MTA differed statistically in relation to
Biodentine (p=0.004) but MTA didn’t differ
statistically in relation to Portland cement (p
=0.34) (table IV).

Similarly, considering the extension of
inflammatory cells, there was statistically
significant difference in between Biodentine and
MTA (p=0.002), also between Biodentine and
Portland cement (p=0.01). Furthermore, MTA
showed statistically significant difference with
Portland cement (p=0.014) (table V).

Discussion

In the present study, pulpal inflammation found
against all the tested material which are consistent
with the findings of Herrero de Morais et alwho
observed moderate to severe inflammatory
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response in response to MTA and Portland
cement pulp capping after a period of 7 days.*
Zarrabi et alalso found inflammation of the pulp
against MTA and Novel Endodontic Cement
(NEC) after a gradual observation period of 2
weeks and 8 weeks.* But present study differs
with the findings of Nowicka et al where an
absence of or few inflammatory cells were
observed in a majority of pulp specimens when
human dental pulp capped with Biodentin and
MTA.” The difference between inflammatory
pulpal response is probably due to time frame of
evaluation; we observed pulpal response only
after 24 hours whereas they observed after 6
weeks, when the inflammation is ultimately
subsided other than presence of few concentrated
collagen fibers and congested blood vessels as the
descent of chronic inflammation in 3 teeth in the
Biodentine group and 2 teeth in the MTA group.
The change in the nature of pulpal response
(inflammation) to any material on passing of time
is justified by the study of Zarrabi et al who found
gradual decrease in inflammation in their study
specimen from 2 weeks to 8 weeks." When
assessed after 2 weeks, 62.5% of the MTA and
50% of the NEC samples showed mild to
moderate inflammation; whereas inflammation
reduced to 25% in MTA samples and 12.5% in
NEC samples after 8 weeks.* There was a
significant difference regarding pulp response to
MTA and NEC between the observation period 2
weeks and 8 weeks. Similarly, by the study of
Menezes et alall the samples (76 in no) capped
with MTA and Portland cement, pulp tissue was
normal and free of inflammatory cells other than a
discrete presence of macrophages in some cases
after a period of 16 weeks.*
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In the this study, Biodentine showed significantly
more immediate pulpal response compared to
MTA in view of type, intensity and extension of
pulpal inflammation. But previous study found no
difference in the pulpal inflammatory response
against these two pulp capping materials; which
may be due to the time frame of evaluation as
discussed earlier.”> However more immediate
pulpal tissue response by Biodentine than that of
MTA may result ultimate difference in future as
found by De Rossi et alin his study dentin bridges
formed by Biodentin and MTA at the amputation
site had similar morphology, but they were
significantly thicker in the Biodentine group.”’

Similarly, the Biodentine showed statistically
significant more immediate pulpal response
compared to Portland cement in view of type,
intensity and extension of pulpal inflammation.
We didn’t found any previous study comparing
pulpal response to Biodentine and Portland
cement but our findings may be justified by the
other published studiesin which inflammatory
response to PC was compared with that of MTA
and no significant difference observed between
MTA and Portland cement.’**” Because present
study concluded that MTA and Portland cement
showed more or less similar pulpal response in
view of type, intensity and extension of pulpal
inflammation and there was no statistically
significant difference, So the behavior of
Biodentin to MTA and Portland cement should be
similar as observed in the present study.

Presence of both acute and chronic inflammation
or only chronic inflammation only after 24 hours
as found in this study, is consistent with the
inherrent chemotactic characteristics of the
different types of white blood cells during
inflammation. It has been stablished that the
nature of the leukocyte infiltrate varies with the
age of the inflammatory response and the type of
stimulus.  Neutrophils those are usually
neumerous in blood, predominates in most form
of acute inflammation during the first 6 to 24
hours and are replaced by monocytes in 24 to 48
hours. Other than some pseudomonas bacterial
infection, in which situation neutrophils
continuously recruited for several days, they
usually undergo apoptosis and disappear within
24 to 48 hours, while lymphocytes may be the
first cells to arrive as well as dominating cells in
some hypersensitivity reaction. Monocytes not
only survive longer but also proliferate in the
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tissues and thus become the dominant population
in case of prolonged inflammatory reactions.’®

Finally, Biodentin showed more immediate pulpal
tissue reactivity than MTA and portland cement
while previous study revealed that biodentin
produces more thicker dentin bridge than MTA.”’
Thus our resultsconfirms the link suggested in
previous studythat inflammatory processes has
definite contribution in producing a reparative
dentinal bridge for closing the pulp exposure.”’**

It may be mentioned that the present study was
performed on normal healthy pulps. Therefore,
these results do not necessarily reflect what will
happen if they are used on inflamed pulps.
Therefore, the authors suggest that further
assessment is required for evaluation of pulp
response to these pulp capping materials in
inflamed pulp.

Conclusion

According to present study biodentin is found to
be most immediate pulpal tissue reactive and it
showed immmediate reactivity (inflammation) in
all cases, MTA was the next and portland cement
found the least immediate tissue reactive when
used as a pulp capping material.

Conflict of Interest:The authors declare no
conflict of interest related to this study.
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