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Background. Internal bleaching is a choice of treatment in discolored endodontically treated teeth. Cervical root resorption is one
of the important complications of this treatment. A suggested procedure to prevent this type of resorption is using a coronal
barrier under the bleaching materials. The aim of the study was to compare the microleakage of mineral trioxide aggregate (MTA),
calcium-enriched mixture (CEM) cement, and Biodentine. Materials and Methods. In this in vitro study, a total of 60 single canal
incisors were included. They were randomly divided into three experimental groups (n = 16), one positive control group (n =6),
and one negative control group (n = 6). Coronal portion of the canals in the experimental groups was sealed with 3 mm of MTA,
CEM cement, or Biodentine as a coronal barrier. After 3 days, specimens were bleached. A fresh Enterococcus faecalis suspension
was added to the samples. The culture tubes were observed for 45 days, and the daily turbidity was recorded. Statistical analysis was
accomplished by the Kaplan—Meier test and SPSS 22. Results. All positive samples showed turbidity, whereas none of the negative
samples allowed bacterial leakage. Results showed no significant difference between MTA, CEM cement, and Biodentine groups.
(P value = 0.304, 0.695, and 0.217). The bacterial microleakage for the two groups also did not show significant differences.
Conclusions. CEM cement and Biodentine showed promising results as coronal plug, and clinical studies are needed to test these
materials with MTA for avoiding microleakage in internal bleaching treatment.

1. Introduction

Internal bleaching is a method commonly used in discolored
teeth after root canal treatment. Bleaching materials increase
the osteoclastic activity and produce undesirable effects such
as necrosis of the cementum and periodontal inflammation,
which may result in root resorption [1-3]. Regarding
periodontal inflammation, we have to consider other factors
such as periodontal bacteria as well as antibacterial activity
of nutraceutical agents [4-6]. In the cases where the gutta-
percha lacked a protective layer, the occurrence of cervical
resorption has been reported with a range of 1 to 13% [7].
Fuss et al. [8] measured the pH in areas surrounding teeth

with pulp chambers filled with bleaching material and re-
ported leakage to the external periradicular environment
teeth.

Ideally, root canal filling material should be effective as a
barrier in preventing the passage of material and bacteria
from the oral cavity through the canal into periapical tissues,
but none of the recent obturation materials or techniques
have been able to successfully create such a blocking function
[9, 10]. This issue has led to the insertion of an intraorifice
plug with a thickness of at least 2mm on the pulpal orifice
after completion of orthograde root canal treatment [11].

The importance of the coronal plug has been extensively
studied and reported that with an appropriate cervical seal,
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even 20 years after the tooth whitening, no cervical re-
sorption has been observed [12]. For this purpose, various
materials such as amalgam, zonalin, zinc phosphate cement,
zinc oxide eugenol, resin composite, dentin coatings, glass
ionomer (GI), mineral trioxide aggregate (MTA), calcium-
enriched mixture cement (CEM cement), and Biodentine as
coverage for the orifice of the canals during the whitening
process has been proposed. The recommended standard
protective plug is GI cement, which can remain as the base
for the final filling [7].

Many studies have shown that MTA, due to its
microleakage resistance, high marginal adaptation, and high
concentrations of calcium hydroxide, is a suitable material to
use as a plug to prevent root cervical resorptions. It is as-
sumed that MTA prevents cervical resorptions due to its
alkaline properties [13-18]. However, the potential for color
change, the presence of toxic elements in the composition of
the material, the difficult application procedure, long setting
time of 165+ 5 minutes, high cost, lack of solubility, and
difficulty in removing the set material are among its dis-
advantages [19, 20]. CEM is another biomaterial cement, a
hydrophilic and homochromatic cement, that has alkaline
and antibacterial properties [21]. CEM cement combines
MTA biocompatibility and more efficient features, including
shorter setting time, better applicable properties, and no
posttreatment dental discoloration. In addition, CEM ce-
ment is simultaneously able to induce the formation of hard
tissue as well as an effective seal. The higher fluidity of the
CEM cement makes its thickness less than MTA [22].
Currently, calcium silicate-based materials, due to their
similarity to MTA in composition and biologic properties as
well as similar clinical properties, are also very popular.
Meanwhile, Biodentine is a compound cement with me-
chanical properties similar to those of dentin [23]. Studies
have shown that Biodentine has a better ability to seal, higher
compression strength, shorter setting time (12 minutes),
decreased microleakage, less color change, and better an-
timicrobial properties. Biodentine also has fewer toxic effects
and greater biocompatibility than MTA [24-26]. The dis-
advantages include the potential of tooth discoloration and
high cost of the material [27]. There are different methods to
assess the leakage during intracoronal bleaching from dye
penetration and fluid filtration to chemical and microbial
tests [11].

The purpose of this study was to compare the micro-
bacterial leakage prevention of MTA, CEM cement, and
Biodentine as coronal plugs during internal bleaching
treatment in endodontically treated teeth. The null hy-
pothesis is that there is no statistically significant relation-
ship between MTA, CEM cement, and Biodentine as coronal

plugs.

2. Materials and Methods

For this in vitro study, 100 extracted central and lateral
permanent single-root human teeth from multiple clinics
in Isfahan were collected and were stored in normal
saline. As part of the final evaluation, periapical radio-
graphs were taken. The exclusion criteria included teeth
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with more than one canal, fractured and carious teeth,
and those with immature, resorbed, or curved apices.
Sixty teeth were selected. Samples were placed in a so-
lution of sodium hypochlorite (5.25%) (Golrang Indus-
trial Group, Tehran, Iran) for 5 minutes. The remaining
external debris on the surface of the teeth was completely
removed by scaling and brushing. Before the experiment,
the extracted teeth were stored in saline solution (sodium
chloride 0.9%).

Numbers of samples are calculated according to the
following formula:

_ (Zl—(oc/Z) + Zkﬁ)z(‘ﬁ + UT) (1)
n= 7

According to the previous studies: ¢ = 0.46, « = 0.05 —
2y (a2 = 1.96, and 1 - B = 0.80 — Z, 4 = 0.84.

Among the prepared samples, 6 teeth were blindly pulled
out of a container to serve as the negative control group. In
the remaining samples, access cavities were created by using
a high-speed handpiece with water coolant fissure bur no. 1,
and the pulp horns were removed by turbine round bur no.
1.4 (Tees Kavan Company, Tehran, Iran). After determining
the length of the canal with a #10 K-file, the working length
was determined by subtracting 1 mm from the canal length
using periapical radiographs. The root canals were instru-
mented by step-back technique to a #35 K-file (Mani, Japan)
up to 3mm shorter than working length. The coronal
portions were flared by Gates-Glidden nos. 1, 2, and 3
(Mani, Japan).

During all stages of preparation, canals were washed
with 2 cc sodium hypochlorite solution 2.5%. The speci-
mens were randomly selected and consecutively assigned to
3 experimental groups of MTA (n=16), CEM cement
(n=16), and Biodentine (n=16) and a positive control
group (n=6) and encoded in separate containers. The
prepared canals were obturated by using the lateral con-
densation method, and access cavities were sealed with a
small cotton pellet and Cavit (Cavisol, Golchai, Iran). To
ensure the obturation quality of the canals, periapical ra-
diographs were taken. With the exception of the positive
control group in which no materials were placed on the
gutta-percha and the Cavit remained intact, after one week,
to allow enough setting of the obturation sealer (AH26
Sealer, Dentsply, Germany), the Cavit was removed in the 3
experimental groups [28]. Two millimeters of gutta-percha
from the level of the CEJ was removed by peeso reamer, and
depth of the created space was measured using a peri-
odontal probe and was cleaned by 70% alcohol-moistened
microbrushes followed by applying resin to block dentinal
tubules. The thickness of at least three mm from the MTA
bases (Angelus Company, Londrina, PR, Brazil), CEM
cement (Yekta Zist Dandan Company, Tehran, Iran), and
Biodentine™ (Septodent, St. Maur-des-Fossés, France)
were individually placed in the orifice with greater thick-
ness in the labial and lingual surfaces and less thickness in
the proximal areas to follow the ideal vertical outline of the
protective layer which should be 1 mm coronally to the CEJ
[29-31].
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Each experimental group was prepared according to the
manufacturer’s instructions, so the MTA was mixed with a 3
to 1 powder to liquid ratio on a glass slab for optimum
consistency. The powder and liquid of CEM cement were
also mixed on a glass slab to obtain appropriate consistency.
Five drops of Biodentine liquid was added to a capsule of
powder which was amalgamated with 4000 rpm for 30
seconds. Materials were carried to the intraorifice cavity by
the end of a wet paper cone and finally compressed with an
endodontic plugger. Wet cotton pads were placed on MTAs,
and the teeth were dressed by Cavit.

After 72 hours in which the initial and final setting of the
access cavity plug materials were completed, the dressing of
all 54 teeth was completely cleaned and replaced with a mix
of sodium perborate paste (SD Fine-Chem L, India) and
physiological serum [7]. In order to remove the excess
moisture, sodium perborate paste was packed and sealed
with a fine cotton pad and Cavit. The process of bleaching
was carried out three times in a 72-hour interval [7, 29].
After this, the access cavity was completely cleaned. To
prevent bacterial leakage from the lateral canals and cement
rupture areas, with the exception of the apices and the access
cavities, 3 layers of nail varnish were applied to the root
surfaces. This was done for the 3 experimental as well as the
positive control group. In the negative control group, the
entire root except the access cavity was covered by 3 layers of
nail polish. Each group received a different nail polish color
[32].

In order to assess the bacterial microleakage test, the
teeth were transferred to a system that has two upper and
lower lacunas. The upper lacuna was made by cutting oft the
5mm end of the Eppendorf tubes (Padtan Teb, Tehran,
Iran). The specimens were passed through the tube until they
just passed the bottom of the tube. The distance between
each root and tube was sealed with cyanoacrylate adhesive
(Bonfix, Isfahan, Iran) and Hoffman (Hoffmann Dental
Manufaktur GmbH, Berlin, Germany) to prevent micro-
leakage (Figure 1). This connected model of tube and tooth
was sterilized by use of an ethylene oxide autoclave for 8
hours.

We inserted a volume of about 8 to 10 ml of sterile brain-
heart-infusion broth (Hi-Media, Germany) into disposable
cultural tubes. These tubes containing the medium were used
as the lower lacuna of the microleak test system. The upper
lacunas with teeth were compressed into the lower lacuna,
under the aseptic conditions under a chemical hood, until 2-
3 mm of the apical areas were placed in the BHIB medium
(Figure 2).

The connection areas between the upper and lower la-
cunas were closed with the help of parafilm strips. To ensure
sterilization, the whole system was incubated aerobically at
37°C for three days. Any sample, which showed evidence of
turbidity in the medium, was further excluded from the
study.

2ml of BHIB medium with a count of 9x10° CFU/ml
E. faecalis ATCC 29212 (collection center of fungi and in-
dustrial bacteria in Iran) was mixed to form a fresh bacterial
suspension. 100 uL of this suspension was applied to the
upper lacuna of the microleakage test system every two days.

The previous suspension was washed by phosphate-buftered
saline (PBS), and the fresh suspension was applied for the
next two days [32]. Bacterial microleakage was evaluated by
the formation of turbidity in a lower BHIB medium [33].
Samples were examined daily for 45 days. Once the turbidity
was detected in each sample, the time of occurrence was
recorded and the sample was excluded. The turbidity so-
lution of each sample was cultured in a medium of blood
agar to ensure that the contamination agent, according to
iridescent color and special morphology of colonies, was
only E. faecalis bacterium (Figure 3).

Data were analyzed by SPSS 22 software (IBM Co,
Chicago, IL, USA), and survival analysis was performed by
use of the Kaplan-Meier method (significant difference was
considered as P <0.05). This research was approved by the
Ethics Committee of Islamic Azad University, Isfahan
(Khorasgan) branch (no. 23810201902002).

3. Results

The results showed all positive group samples had complete
bacterial microleakage on the first day. However, by the end
of the experiment, none of the negative control samples
showed signs of bacterial microleakage. The results from the
control groups indicate the validity of the study. Bacterial
microleakage was observed in 11 out of 16 samples in the
MTA group (31.25% without turbidity), 12 out of 16 samples
in the Biodentine group (25% without turbidity), and 9 out
of 16 samples in the CEM cement group (43.75% without
turbidity).

The significance of duration of bacterial microleakage in
study groups, using the Kaplan-Meier method (Log Rank),
showed that there were no significant differences between the
bacterial microleakage of MTA, Biodentine, and CEM ce-
ment. In comparing two experimental groups, there was also
no significant difference in survival time between MTA and
Biodentine (P value =0.304), MTA, and CEM cement (P
value =0.695), Biodentine and CEM cement (P value =0.217).

The mean and median survival time for microleakage as
avalid index at 95% confidence interval in Table 1 shows that
CEM cements resisted more days against leakage and pre-
serve better seal over time. The median time of microleakage
was lowest in Biodentine and, in less days, 50% of the
samples had microleakage and lost proper seal. Although
there are apparent differences in the mean numbers obtained
from the Biodentine and other groups, there was no sig-
nificant difference in their bacterial microleakage resistances
(P value =0.304 and 0.217).

The highest rate of microleakage among three experi-
mental groups in first days was related to the Biodentine
group. In terms of the rate of microleakage occurring over
time, the results showed that the MTA group has a steeper
slope and is expected to present a lower survival rate over a
longer period of time (Figures 4 and 5).

4. Discussion

An aesthetic issue in endodontically treated anterior teeth is
discoloration for which patients often seek further
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FIGURE 1: Sealing the gap between sample and tube.

FIGURE 2: Compressing the upper lacuna (included samples) into
lower lacuna (included medium) under sterile conditions until 2-
3 mm of the apical areas were placed in BHIB medium.

Figure 3: Culturing turbidity solutions in blood agar medium.

treatment. Internal bleaching is one of the most common
techniques of whitening for nonvital teeth. But, this method
sometimes has led to adverse effects such as cervical root
resorption, which is one of the most destructive

consequences. A proposed method to prevent this resorption
is use of the coronal plug in the orifice of the root canal [1, 2].

The proper bond strength between the materials used as
a barrier and root dentin has a significant role in preventing
cervical resorption after bleaching. Considering the fact that
different coronal plugs may have different effects in pre-
venting cervical root resorption, the main aim of this study is
to compare the microleakage of MTA, CEM cement, and
Biodentine, since the composition of all three materials can
produce hydroxyapatite crystals and prevent microleakage
[34]. In previous studies, these three materials were not
compared with each other using the bacterial microleakage
test.

Amongst the different methods proposed to evaluate the
sealing ability of apical barriers, color penetration is one of
the oldest. Since the chemical properties such as the pH and
the size of the molecules, as well as their ability to discolor
materials such as CEM cement, MTA, and calcium hy-
droxide, can influence the amount of penetration and ul-
timately the results, it is reasonable to use alternative
methods for assessing the degree of microleakage [35]. The
use of bacteria to assess microleakage in in vitro studies is
safe and comparable to clinical conditions [33].

Other studies have used different bacterial species such
as anaerobic streptococci related to Peptostreptococcus
micros and Prevotella intermedia, which may have led to
their contradictory results [36]. Therefore, in the present
study, E. faecalis was used to simulate oral conditions. It is a
normal oral flora, able to withstand adverse environmental
conditions as well as penetrates into dentinal tubules, and is
the most common species cultured from failed root canals
[30, 32, 37]. Size of bacteria and being aerobic or nonaerobic
are two criteria which may lead to different results.
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TaBLE 1: Mean and median survival time of microleakage.

Mean Median
Groups ) 95% confidence interval . 95% confidence interval
Estimate  Std. error Estimate  Std. error
Lower bound ~ Upper bound Lower bound  Upper bound
MTA 22.000 4.287 13.598 30.402 19.000 4.961 9.277 28.723
Biodentine 15.313 4.485 6.522 24.103 3.000 7.000 0.000 16.720
CEM cement 24.000 4.950 14.298 33.702 24.000 11.906 0.664 47.336
Overall 20.438 2.699 15.147 25.728 14.000 4.944 4.309 23.691
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FIGURE 4: Rate of microleakage over time in experimental groups
(338 x190 mm) (96 x 96 DPI).

Several studies have also evaluated the antibacterial
properties of MTA, CEM cement, and Biodentine and have
concluded that although these substances owe their signif-
icant antibacterial properties to high pH, neither of them has
been able to remove E. faecalis [38, 39].

On the other hand, some studies showed that MTA,
CEM cement, and Biodentine have antibacterial effect on
E. faecalis, but different studies showed different significance
[40, 41]. So, in this study, we consider antibacterial effects for
all coronal plugs without any significant differences which
may be present.

Based on the present study, there was no significant
difference in the mean amount of microleakage between the
experimental MTA and CEM cement groups. This result is
consistent with the results of the study by Zare Nezhad et al.
[7]. However, in these studies, MTA has shown better results
than CEM cements. The difference in the number of
specimens, the type of tooth, the time and design of the test,
and the method of assessing the microleakage may be helpful
in explaining the difference in results.

Declining the microleakage of CEM cement can be at-
tributed to the higher flux of this material and its better

Cem Cem-censored
—— Cont+ censored
Con-censored

_11 Con+
Con-

Ficure 5: Hazard function.

adaptation with dentinal walls [42]. It can be said that one of
the reasons for MTA’s greater microleakage compared to the
CEM cement is the higher viscosity of MTA, which can
result in a decreased adaptation with the dentinal walls and
flowing reduction [43].

In addition, Moghadam et al. [44] measured the
microleakage of MTA and CEM cement as coronal plugs in
internal bleaching by the color penetration method and
reported no significant difference in the microleakage be-
tween these two groups. However, the average of the
microleakage in the CEM cement group was lower than the
MTA group, which is consistent with current study results.

In another study by Ramezani and Sadeghi [45], com-
paring the bacterial microleakage of CEM cement and MTA
as a filling material of furcation in deciduous teeth, the
authors reported the same results in three experimental
groups that were consistent with the results of the present
study. In their studies, the lowest microleakage and the
highest microleakage were reported in MTA and Biodentine



groups, respectively. In the present study, the highest
microleakage was observed in the Biodentine group, al-
though the lowest microleakage was related to the CEM
cement group, which was different from the results of
Ramezani and Sadeghi. It is possible to consider the type of
tooth, the thickness, and location of the material, and the
manner in which the tests were performed as potential
explanations for these differences.

In the study of Bolhari et al. [46], there was no significant
difference between marginal adaptation of MTA, CEM ce-
ment, Biodentine, and bioaggregate, using electronic mi-
croscope scanning. Their results showed that, in the presence
of blood, the maximum gap was in Biodentine, and the
minimal gap belonged to CEM cement, which further
corresponds to the results of this study.

In the presence of normal saline, the maximum gap was
related to CEM cement and the lowest gap was related to
Biodentine [46]. In studies that are performed by electronic
microscope scanning, there is a need to cut the teeth that
may make crack or change in the microscopic view between
the dentin of the root and the repairing materials. Another
problem of this method is that the studies are carried out on
two-dimensional images that depend on the cutoff cross-
sections. While in two-dimensional images they may present
with potential areas of leakage, they may present with ad-
equate seal in three-dimensional images. In our opinion, this
explains the differences in their conclusion with the present
study.

In a similar study, Ramezanali et al. [47] measured the
microleakage of Biodentine, MTA, and CEM cements as
coronal plugs by use of the color leakage method. They also
noted no significant differences in the microleakage of the
three different materials. The lowest microleakage was ob-
served in the CEM cement group, which is consistent with
the present study, and the highest microleakage was ob-
served in the MTA group. This difference can be due to the
differences in the measurement methods. The color-based
microleakage method poses unique problems, including the
effect on the chemical properties and the pH of the material
being tested, such as the possibility of neutralizing the small-
sized color molecules by the test material. Other factors such
as the difference in the number of teeth in the experimental
groups, the experimental conditions, and the experience of
the experimenter are justifiable for these differences.

5. Conclusion

Based on the results of this study, we proposed that CEM
cement and Biodentine with similar characteristics to MTA
may be used as a coronal plug in preventing microleakage
and cervical external root resorption in internal bleaching.
The current study shows that CEM cement offers a better
longer-term seal. Future studies with more sample size,
longer duration of bleaching procedure, and clinical follow-
up in patients and using SEM or confocal laser scanning
microscopy for analysis marginal seal or adaptation are
suggested.

Many variables could alter the microbiological com-
position of oral environment, such as prosthodontic
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frameworks [48], orthodontic appliances [49], or dental
implants [50]. Therefore, the results of the present report
should be confirmed with future clinical research taking into
account also these variables.

Data Availability

No data were used to support this study.
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