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Sealing Ability of Four Calcium Containing Cements used
for Repairing Furcal Perforations in Primary Molars: An

in vitro study
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ABSTRACT

Aim: The aim of this study was to compare the sealing ability
of mineral trioxide aggregate (MTA), Portland cement (PC),
Biodentine™ and Tech biosealer in repairing furcal perforations
in primary molars using the fluid-filtration technique.

Materials and methods: Fifty freshly extracted maxillary second
primary molars were sectioned horizontally at the furcation
region to create dentin disks of 1.5 mm (+ 0.1 mm) thickness.
Five disks were not perforated and served as negative controls.
In the remaining 45 disks, furcation perforations were prepared.
Five disks did not receive furcation repair and served as positive
controls. The remaining 40 disks were then randomly divided
into four equal groups (10 disks in each group). Perforations
were repaired with: MTA, PC, Biodentine™ or Tech Biosealer.
The sealing ability of the tested materials was evaluated by
measuring microleakage for each disk after four different storage
periods: 24-hour, 1-month, 6-month and 1-year storage using
fluid-filtration. Comparisons between the four materials and
the four time periods were done using the two-way analysis of
variance and the Scheffe multiple comparisons test.

Results: There was no significant difference between the mean
microleakage values obtained in the four tested materials after
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24 hours, 1, 6 month and 1 year. However, microleakage values
for each individual material were significantly higher at 24 hours
than at the other time intervals.

Conclusion: Mineral trioxide aggregate, PC, Biodentine™ and
Tech biosealer showed similar capabilities in sealing the furcal
perforations of the primary molars, where the sealing ability
improved over time for each individual material.
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INTRODUCTION

Preservation of primary teeth before eruption of their
permanent successors is desirable as they help maintain
the integrity of natural dentition, which is essential for
full function and esthetics." Conservative pulp therapy
for primary teeth aims to maintain pulp vitality and
promote the retention of these teeth until naturally timed
exfoliation. Pulpotomy, a form of vital pulp therapy, is
usually performed on carious or traumatic exposures in
primary teeth with normal pulp or primary teeth with
reversible pulpitis.?

Despite the relative ease in performing pulpotomies,
iatrogenic problems can occur by undergraduate students
with limited experience especially when handling young
children. Sometimes they accidently perforate the floor
of the pulp chamber during establishing access opening.
Perforations in the crown, floor of the pulp chamber
(furcation perforations) or the coronal third of the roots
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are considered as undesirable accidents that affects the
prognosis of the suggested treatment. Immediate sealing
of perforations with a suitable repair material can increase
the chances for tooth preservation.?

Several materials have been proposed for sealing
of perforations. However, the diverse outcomes have
demonstrated that no single ideal sealing material
has been identified. Biocompatible materials with a
short setting time, good sealing ability, bone formation
induction, easy manipulation and reasonable cost should
be selected.’ These materials include zinc oxide eugenol
cements (IRM and Super-EBA), glass ionomer cements,
resin composites, resin modified glass ionomer (RMGI),
and calcium silicate based cements.

Mineral trioxide aggregate (MTA) biomaterial was
introduced to endodontics by Torabinejad in 1993. It can
induce cementum deposition when used to seal lateral
and furcal perforations.>® It preserves normal pulpal
architecture and induces thick dentin bridges with little
or no signs of inflammation.”® It is also implemented
successfully as a vital pulp capping agent, apical plug in
one visit apexification and as a root end filling material
due to its low toxicity, antibacterial effect and its ability
to induce hard tissue formation adjacent to pulp.>*’

The Portland cements (PC), designed for medicine and
dentistry, also called hydraulic silicate cements mainly
contain tricalcium silicate (3Ca0O-SiO,; C;S) which is
responsible for development of early strength.!’ Due to
its low cost, antimicrobial activity, similar biocompatible
properties to MTA and low genotoxicity, PC is considered
as a possible substitute for MTA in endodontic applica-
tions and repair of perforation.""'® When being placed
in contact with pulp tissue, MTA and PC provide the
same tissue response for direct pulp capping and pul-
potomy.u’15

Despite the good clinical qualities of these materials,
long setting time, less compressive and flexural strength,
lack of bonding to enamel and dentin and difficult handling
properties are reported as drawbacks. New calcium
silicate-based materials have recently been developed in
an attempt to improve the drawbacks of MTA and PC.172
Among these materials are Biodentine™ and Tech
Biosealer; Biodentine™ is a cement of the same class as
MTA. It is a dentin substitute that can be used in contact
with the pulp. Biologically, it has good sealing properties,
biocompatibility and capability of inducing odontoblast
differentiation and apposition of reparative dentin.**?
Biodentine™ has a wide range of applications including
endodontic repair: root perforations, resorptive lesions,
retrograde filling material in endodontic surgery and
pulp capping. It is formulated using MTA based cement
technology to improve some of the MTA properties related
to physical qualities and handling.?** Tech Biosealer

is another newly introduced calcium-containing
material. According to manufactures it exhibits perfect
biocompatibility with exposed pulp tissue, stimulates
pulp stem cells and induces formation of secondary
dentin in 3 to 4 weeks.” It can be used for vital pulp
therapy, perforation repair and root-end filling (www.
isasan.com).?? The aim of this study was to compare the
sealing ability of MTA, Biodentine™ and Tech Biosealer
in repairing furcal perforation in primary molars using

the fluid-filtration technique.

MATERIALS AND METHODS

The study protocol was approved by the ethics committee
at the Faculty of Dentistry at King Abdulaziz University
(KAUFD). Freshly extracted maxillary second primary
molars were selected for this study. This molar was
specifically selected as it has the thickest dentin in the
furcation area among all primary teeth.?® Only teeth
with no furcation involvement nor considerable root
resorption were included. Fifty molars that met the
inclusion criteria were used. After extraction, the teeth
were cleaned from any debris, washed under tap water
and stored in phosphate buffer saline (PBS) at room
temperature for no more than 1 month. This storage
medium was used in particular as it best simulates the
in vivo conditions, and thus improves the sealing ability
of biomaterials.”

Teeth Preparation

All molars were amputated 2 mm below the furcation
area using a tapered diamond stone (Dentsply Maillefer,
Ballaigues, Switzerland). Complete de-roofing of the pulp
chamber of each molar was done using a round bur #2
(Dentsply Maillefer, Ballaigues, Switzerland) and the root
canal orifices were located.”® The canal orifices and the
apical end of each root were etched with 37% phosphoric
acid gel (Ivoclar Vivadent, Liechtenstein) for 30 seconds
and were thoroughly rinsed and dried. Then, the adhesive
(Excite F, Ivoclar Vivadent, Liechtenstein) was applied in
two consecutive coats followed by photo-polymerization
for 10 seconds with light curing unit (LED: Bluephase® C5
curing-light, 500 mW/ cm?, 430-490 nm, Tvoclar Vivadent
AG FL-9494 Schaan/Liechtenstein, Austria).

Flowable resin composite (Tetric N-Flow, Ivoclar
Vivadent, Liechtenstein) was used to fill the root canal
orifices as well as the apical ends of the roots, then it was
photo-polymerized for 40 seconds.”’

Creation of Perforations

Each molar was sectioned horizontally at the furcation
region to create a dentin disk of 1.5 mm (+ 0.1 mm)
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thickness. This was done using 7/8 inch diamond
disk mounted on a grinding machine and under water
coolant. The thickness was adjusted using a caliper device
(Graduated caliper, 0-25 mm, 0.01 mm, Germany). Each
disk was then covered completely from both sides with
two successive layers of clear nail varnish in an attempt
to increase the seal.

Five disks were not perforated and served as negative
controls. Artificial furcation perforations were created in
the center of 45 tested primary molar disks using round
bur #2 (Dentsply Maillefer, Ballaigues, Switzerland) in a
low speed handpiece (Bienair, Switzerland).?’

Five disks did not receive furcation repair and served
as positive controls. The remaining 40 disks were then
randomly divided into four equal groups (10 disks in
each group): Group 1: Furcal perforations were repaired
with MTA. Group 2: Furcal perforations were repaired
with. Group 3: Furcal perforations were repaired with
Biodentine™. Group 4: Furcal perforations were repaired
with Tech biosealar.

The chemical composition and the manufacturers of
the materials used in this study (Table 1).

Repair Procedures

In group 1, perforations were repaired with ProRoot
MTA. Mineral trioxide aggregate was mixed according
to manufacturer’s instructions, introduced into the
perforation using a messing gun and compacted with
a hand plugger against a flat clean glass slab. A cotton
pellet, saturated with saline solution, was placed over the
repair material and stored in a tightly closed container.
The teeth were kept in 100% humidity for 24 hours at
37°C £ 1 in an incubator (Foc Incubator, Japan). This
was essential for hardening and bioactivity of calcium-
containing cements.>**!

In group 2, perforations were repaired with PC. The
powder was first refined by silk refiner and sterilized
in hot air oven (Tau Steril, Fino Mornasto, Como, Italy)
at 170°C for 1 hour. One gram of the powder was then
mixed with 0.33 ml sterile distilled water to produce a
homogenous paste with a consistency similar to that of
MTA. The procedure was then completed as in group 1.

In group 3, perforations were repaired with Biodenti-
ne™. Biodentine™ capsule was gently tapped against a
hard surface to diffuse the powder, five drops of the liquid
from the single-dose dispenser were poured into the cap-
sule. The capsule was mixed in a triturator (Degoetzen,
Italy) for 30 seconds, then introduced into the perforation
using a messing gun and delicately compacted with a
root canal plugger. The procedure was then completed
as in group 1.

In group 4, perforations were repaired with Tech Bio-
sealar. The powder was mixed with the liquid to produce

Table 1: The chemical composition and the manufacturers of
the materials used in this study

Materials Composition Manufacturer Lot #
ProRoot MTA Powder: ‘Angelus- 7854
‘Dicalcium silicate’ Londrina,
‘Tricalcium aluminate’ PR, Brazil’
‘Tetracalcium alumino-
ferrite’
Calcium sulfate
dihydrate
Bismuth oxide
Liquid:
Grey Powder: ‘Helwan CTH1/2
Portland ‘Tricalcium silicate’ cement
Cement ‘Dicalcium silicate’ company,
‘Tricalcium aluminate’  Egypt’
Tetracalcium alumino-
ferrite
Calcium sulfate
dihydrate
Liquid:
Biodentine™ Powder: ‘Septodont, B02150
‘Tricalcium silicate’ Saint Maur
‘Dicalcium silicate’ des Fosse’s,
‘Calcium carbonate and France’
oxide’
Iron oxide
Zirconium oxide
Liquid:
Calcium chloride
Hydrosoluble polymer
Tech Powder: Isasan, E10047
Biosealer ‘Calcium sulfate Rovello
hemihydrate’ Porro-Co,
‘Calcium chloride’ Italy

‘Bismuth oxide’
Montmorillonite sodium
fluoride

Liquid:

Dulbecco’s phosphate

a homogenous paste according to manufacturer instruc-
tions and then procedure was completed as in group 1.

Sealing ability was assessed by measuring microleakage
for each disk after four different storage periods; 24 hours,
1-month, 6-months and 1-year storage period.

Microleakage Measurement

A fluid filtration device was used to measure fluid
penetration through the tested materials induced by
hydrostatic pressure. This was done by following the
progress of an air bubble travelling within a 25 pl
micropipette; the apparatus was constructed according to
the device originally designed by Pashley and Galloway
in 1985 with slight modification to fit the test.>> The
apparatus was connected to an electric pump to provide
controlled pressure (160 mm Hg).33 The fluid filtration
device included ten pairs of split Teflon chambers. The
split chamber device consists of two parts, female and
male parts which were attached to each other by screwing
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action. Pairs of identical ‘O’ rubber rings that snugly fit
within the female part were prepared to adapt the disks
and seal the chamber. Equal lengths of rubber tubes were
used to connect the female parts to the metallic mother
rod of the filtration device from one side. Similarly, these
rubber tubes connect the male parts of the device to
graduated 25 pl glass micropipettes from the other side.
All the apparatus connections were immersed in PBS.
Care was taken to fill all the inner parts of the assembly
with PBS with minimal presence of air bubbles.

After mounting all the disks into their split chambers,
a preapplied pressure was used to check for any leaks
while ultratight fittings were used throughout the whole
system. The preapplied pressure also forced the fluid into
any voids present in the filling materials. If leaks were
observed in the fittings during this pretest, sealing of these
leaks was performed meticulously. Such measures helped
to ensure that any subsequent fluid movement was due to
leakage in the material itself and not because of flaws in
the technique. An air bubble was created in each pipette,
and its location was determined for every specimen
and recorded. The adjusted hydrostatic pressure was
applied, through the female part of the chamber, and
the fluid was forced through the voids along the filling
materials. The fluid flowed out from specimens through
the male part displacing the air bubble in the glass
micropipette. Measurements of fluid movement were
made at 2-minute intervals for 8 minutes, which were then
averaged. This procedure was performed after 24 hours,
1, 6 and 12 months. The volume of the fluid transport
was measured by tracing the linear displacement of the
air bubble on top of a millimeter scale.**® Knowing the
volume and the length of the micropipette, the linear
movement of the bubble was converted and expressed
inul/ min.%

STATISTICAL METHODS

Data analysis was performed using Statistical package
for social sciences (SPSS) version 17. Comparisons
between the four materials and the four time periods
were done using the two-way analysis of variance.
Pairwise comparisons between the time periods were
performed using the Scheffe multiple comparisons
test.® All p-values were two-sided. p-values < 0.05 were
considered significant.

RESULTS

The mean linear movement was assessed as pl/min for
each group. There was no noticeable movement of the
air bubble in the negative control disks, while the bubble
moved too quickly to be recorded in the positive control
groups. At 24 hours, the means were 0.59 (£ 0.17), 0.61
(+0.19), 0.54 (+ 0.12) and 0.56 (+ 0.17) for the MTA, PC,
Biodentine™ and Tech biosealer groups respectively.
There was no significant difference between the mean
microleakage values obtained by the four tested materials.
Comparable readings between the four materials were
observed at 1, 6 months and 1 year as well, without a
significant difference between the different materials.
However, there was a significant difference between the
microleakage value obtained after 24 hours and those
obtained after 1, 6 months and 1 year for each individual
material (p-value < 0.001). The microleakage for each
individual material was the highest at 24 hours, improved
over the 1st month and remained relatively constant up
to 1 year. The data was presented as means and standard
deviation (SD) values in Table 2 and Graph 1.

DISCUSSION

Furcal perforations adversely affect the prognosis of
pulpotomy-treated teeth. Management of these iatrogenic
accidents can pose a significant clinical challenge,
especially when they occur in primary teeth. Although

0.70
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0.50 -
0.40
0.30 1
0.20 1

Mean permeability pL/min

0.10 4

0.00 +

MIA° PC  BD
Materials
M 1 month

TBS

B 24 hour

] 6 month B 1 year

Graph 1: A histogram showing mean microleakage values and
standard deviations of the four tested materials at different storage
periods

Table 2: Mean microleakage values and standard deviations of the four tested materials in (ul/min) after different storage periods

Groups MTA PC Bio™ TBS

testing periods Mean SD Mean SD Mean SD Mean SD p-value
24 hours 0.59 0.17 0.61 0.19 0.54 0.12 0.56 0.17 < 0.001
1 Month 0.49 0.09 0.50 0.13 0.43 0.14 0.47 0.14 < 0.001
6 Months 0.47 0.09 0.50 0.14 0.42 0.15 0.45 0.14 <0.001
1 Year 0.46 0.07 0.50 0.12 0.42 0.15 0.44 0.15 <0.001
736
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many materials have been studied in an attempt to find
an ideal root end filling material, no single material has
been identified yet. Many restorative materials have
been used for repairing furcation perforation. Studies
have shown that such materials have not been able to
produce consistent results mostly due to leakage or lack
of biocompatibility.*4?

Calcium silicate cements have gradually become the
material of choice for the repair of all types of dentinal
defects creating communication pathways between the
root canal system and the periodontal ligament. With their
proven biocompatibility and ability to induce calcium-
phosphate precipitation at the interface with the
periodontal tissue, they play a major role in bone tissue
repair. The high quality of the material-dentin interface,
which improves over time, secures long-term clinical
success and reduces the risk of marginal percolation.

Mineral trioxide aggregate’s sealing ability as a furcal
repair material was tested by earlier studies where MTA
has shown less leakage than amalgam and Super EBA
and has been proven to be less cytotoxic and neurotoxic
than other repair materials.”*!#! Though little amount
of research published on PC, they have demonstrated
comparable physical and biological properties as well as
clinical outcomes to those of MTA, with the advantage of
lower cost.!>#2%#4 Both MTA and PC have disadvantages
as slow setting kinetics and complicated handling,
which rendered these materials technique-sensitive
and thus restricted their use to specialists. Although
MTA has various promising properties, its handling
characteristics and setting time is less than ideal. Though
studies suggested that different additives or storage media
can improve its properties yet further investigations are
still needed as reported by Khedmat et al 2014 and Dorileo
et al 2014.72%

In this study, the newly introduced calcium silicate
cements, Biodentine™ and Tech Biosealer with modified
powder composition, added setting accelerators and
softeners and the new predosed capsule formulation were
used and compared with MTA and PC to evaluate their
sealing ability as less technique-sensitive and easier-to-
use as furcation repair materials.

Different leakage models have been used to access the
ability of materials to seal furcation perforations includ-
ing fluid filtration, dye penetration, dye extraction and
bacterial-leakage models.?*> The fluid filtration method
was chosen in this study because it permits both qualita-
tive and quantitative measurement of microleakage over
longitudinal time periods without destruction of experi-
mental specimens.* This is important clinically because
short-term and long-term performance can be measured.
The quantitative data were provided by the movement

of the air bubble through the micropipette (fluid flow),
whereas the qualitative data were obtained by the per-
centage of the samples in which fluid flow was detected.
Dye leakage studies measure the degree of leakage in one
plane, making it impossible to evaluate the total amount
of leakage.*® Some studies have reported fluid filtration
model was more reproducible and sensitive than dye
penetration.*’*® De-Deus et al in 2007 has reported that
the fluid filtration method can detect any fault invisible
on radiographs or in cross sections in addition to its
capability of measuring a wide range of fluid flow rates
with precision.’!

The sealing ability of the four tested materials was
evaluated after 24 hours, 1, 6 months and 1 year. The
volume of fluid that penetrated past or through the
perforated site was measured accurately. In this study,
the data indicated that there was no significant difference
between the microleakage mean values obtained by the
four tested materials. This could be attributed to the fact
that the testing materials had similar formulations and
physical properties, thus having the same mechanism of
action in promoting the healing process of the perforated
site. The four tested materials release calcium hydroxide
that interacts with phosphate containing fluid to produce
calcium deficient apatite which is the initial step of a hard
tissue barrier formation. This was supported by Tay and
Pashley (2008) and Gandolfi et al (2011) who agreed that
calcium silicate cements when mixed with water or other
fluids produce insoluble cements due to the formation of
appetite precipitates.*’43

In our study, the tested microleakage of calcium
silicate cements decreased significantly over the 1st
month, and remained relatively constant thereafter.
This is probably due to their hydrophilic nature and
slight expansion occurring when they are cured in a
moist environment. All calcium silicate based cements
used in this study, showed comparable significant
decrease in microleakage values after 1 month and were
capable of maintaining the improved sealing ability for
the 12-month study period. This may be attributed to
the formation of crystals at the repair interface which
reduce the solubility of the materials. This observation
was similarly documented in a study by Carmona et al
in 2009 who concluded that calcium silicate cements
release some of their components, thus triggering the
initial precipitation of calcium phosphates that act as
precursor for the carbonated apatite.*’ This was further
supported by Galhotra et al in 2013 who reported that
MTA, as a calcium silicate based cement, maintained
minimal microleakage after 2 weeks due to the formation
of the colloidal gel that solidified to a hard structure.™

Thoughno significant difference between the microlea-
kage mean values obtained by the four tested materials
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in the current study, Biodentine™ with its high compres-
sive strength and short setting time can be used as an
appropriate substitute for MTA and PC in repairing furcal
perforation. Studies reported that Biodentine™ exhibits
thicker Ca- and Si-rich layer, similar gingival fibroblast
reaction and acceptable biological effects compared to
MTA.>"52 Tech Biosealer, as a calcium silicate bioactive
material due to calcium ions release and apatite deposit
formation, though showed comparable sealing abilities in
the current study to both MTA and Biodentine™, it still
exhibits delayed setting time compared with other MTA
cements due to the presence of NF in its composition as
reported by Prati 2013.® Further trials are still recom-
mended to test the different properties of these newly
introduced calcium silicate materials and to confidently
implement these newly introduced cements into clinical
applications.

CONCLUSION

Based on the results of this study, it can be concluded that:

* Mineral Trioxide Aggregate, PC, Biodentine™ and
Tech Biosealer showed similar capabilities in sealing
the furcal perforations of the primary molars.

* The sealing ability of each of the four tested materials
improved over the 1st month, and was maintained
thereafter.
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CLINICAL SIGNIFICANCE

There is general consensus that tooth extraction is the
treatment of choice for primary molars with perforations.
Some materials have been proposed for sealing of
perforations yet some drawbacks are reported. The
current study encourages the use of new calcium silicate
cements that have good sealing ability, biocompatibility
and better physical and handling properties to MTA and
PC as perforation repair biomaterial.
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