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ABSTRACT

Background: One‑visit apexification is a treatment of choice in necrotic immature open apex 
teeth. Calcium silicate base materials are suitable for this method. The purpose of this study was 
to investigate and compare the sealing efficiency of Biodentine, mineral trioxide aggregate (MTA) 
ProRoot, and calcium‑enriched mixture (CEM) cement orthograde apical plug using bacterial 
leakage method.
Materials and Methods: In this in vitro study a total of 70 extracted maxillary incisors were 
cleaned and shaped. A 1.1‑mm standardized artificially open apex was created in all samples. 
The teeth were randomly divided into three experimental groups of 20, and two negative 
and positive control groups of 5. In experimental groups, 4‑mm thick apical plugs of ProRoot 
MTA, CEM cement, or Biodentine were placed in an orthograde manner. Negative control 
samples were completely filled with MTA while positive control samples were left unfilled. 
Sealing efficiency was measured by bacterial leakage method, and results were analyzed by 
Kaplan–Meier and Chi‑square tests. The level of significance was set at 0.05.
Results: The highest number of turbidity was recorded for ProRoot MTA samples, while the lowest 
for Biodentine. There was a significant difference in the number of turbidity between ProRoot MTA 
and Biodentine groups (P < 0.001), but there was no significant difference between CEM cement 
and Biodentine (P = 0.133) and ProRoot MTA (P = 0.055).
Conclusion: Within the limitation of this in vitro study, Biodentine showed promising results as a 
substance with good‑sealing efficiency.

Key Words: Apexification, biocompatible materials, calcium‑enriched mixture cement, dental 
leakage, mineral trioxide aggregate

INTRODUCTION

Necrotic pulps in immature permanent teeth lead to 
incomplete root development and apical closure. In 
such cases, common root canal treatments are not 
able to provide an adequate apical seal.[1-3] One of the 

treatment options for necrotic teeth is apexification, 
induction of apical closure, to produce more favorable 
conditions for conventional root canal filling. Although 
apexification with calcium hydroxide (CH) has been 
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a proven approach and successfully performed over 
a long time, disadvantages of long-term CH therapy 
justified the search for alternative therapies such 
as one‑visit apexification technique.[4] Nowadays, 
one‑visit apexification method using osteoconductive 
materials such as mineral trioxide aggregate (MTA) 
is becoming more popular.[5] MTA is a biocompatible 
powder consisting of small low-solubility hydrophilic 
particles, which is able to set in a humid environment.[4] 
On the other hand, MTA has been demonstrated to 
have some disadvantages, including long setting time, 
high cost, potential discoloration, and lack of good 
handling characteristics.[6] The recently introduced 
new biomaterials such as calcium-enriched mixture 
cement (CEM cement) and Biodentine have shown 
considerable clinical success and have overcome 
some MTA-related disadvantages. CEM cement is a 
hydrophilic tooth-colored cement that releases CH 
during and after setting.[7] The physical properties of 
this material are favorable. It also possesses the ability 
to set in aqueous environments with shorter setting 
time than MTA and a sealing ability comparable to 
MTA. Due to higher flow, its thickness is lower 
than MTA.[8]

In an in vitro study on the sealing efficiency 
of MTA and CEM-cement apical plugs using 
different obturation techniques, Tabrizizade et al. 
showed no significant differences between the 
sealing efficiency of both materials.[9] Biodentine, 
a new calcium silicate-based restorative cement 
with dentin-like mechanical properties, has been 
available since 2009.[10,11] Biodentine was used not 
only in restorative-endodontic treatments such as 
repair of perforations and resorptive lesions but 
also in endodontic treatments such as pulp capping, 
pulpotomy, and root end filling.[12] Biodentine 
has a good‑sealing efficiency and mechanical 
properties.[13] Its setting time is 12 min, and it does 
not cause discoloration.[14] An important factor for 
successful endodontic treatment in open-apex teeth 
is the sealing efficiency of apical plug. At the present 
time, only two in vivo studies by Bani et al.[15] and 
Cechella et al.[16] using Biodentine as an apical barrier 
are available for us. Based on the results of these 
studies, the apical sealing efficiency of Biodentine 
was comparable to that of and lower than MTA, 
respectively.

Regarding few studies on Biodentine as an apical 
barrier for one‑visit apexification treatments and 
comparing it with other materials, the present study 

was conducted to evaluate and compare the apical 
microleakage of Biodentine, ProRoot MTA, and CEM 
cement orthograde apical plugs.

MATERIALS AND METHODS

In this in vitro study, a total of 70 human single-root 
maxillary incisors were selected among freshly 
extracted teeth due to periodontal reasons. The inclusion 
criteria were intact single root teeth with straight 
canals, absence of fracture or microcracks, and root 
resorption or intracanal calcification. The specimens 
were decontaminated by immersing in 5.25% sodium 
hypochlorite (NaOCl) (Golrang, Tehran, Iran) for 
1 h and then cleaned under tap water by a brush to 
remove the residual debris. The samples were kept in 
normal saline (0.9% NaCl, Darupakhsh, Tehran, Iran) 
until they were used.

The teeth were decoronated by a 0.3 diamond disc 
(Tizkavan, Tehran, Iran) so that approximately 
18 mm of roots remained. Then, about 3 mm of the 
apical tip of the roots were resected by a fissure bur 
(Tizkavan, Tehran, Iran) to eliminate apical deltas and 
ramifications.

The standardized 15 mm root lengths were navigated 
by inserting a #20 K‑File (Mani, Tehran, Iran) into the 
canals. The working length was determined visually 
0.5 mm shorter than the apex. The apical portion of 
the canals was prepared by hand instrumentation up 
to #40 k-File, and the coronal two-thirds of the canals 
were shaped by #1, 2, and 3 Gates Glidden burs (Mani, 
Tehran, Iran). To simulate the clinical situation of 
an open apex, apical foramina were prepared by #1, 
2, and 3 Peeso Reamers (Mani, Tehran, Iran) in a 
retrograde manner, which resulted in a diameter of 
1.1 mm.[17] Throughout preparation, by replacing each 
instrument, the canals were irrigated by 2 ml of 2.5% 
NaOCl. To remove the smear layer, canals were filled 
with 17% ethylenediaminetetraacetic acid (Dentonics, 
INC. USA) for 1 min, followed by 5.25% NaOCl for 
3 min. Final irrigation was done with 5 ml of normal 
saline. The samples were then randomly divided into 
three experimental groups of ProRoot MTA (Dentsply, 
Germany), Biodentine (Septodont, France), and CEM 
cement (YektazistDandan, Iran) of 20 teeth each, and 
two control groups of 5.

To simulate the periapical soft tissues during plug 
placement, the teeth were compressed into a wet 
sponge. Canals were dried with paper point (DiaDent, 
South Korea). The materials, prepared according to 
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the manufacturer’s instructions, were carried into the 
canals in an orthograde manner by MTA carrier (Juya, 
Tehran, Iran), guided by the tip of a #80 paper 
point and finally compressed by an appropriate hand 
plugger (Juya, Tehran, Iran) to a thickness of 4 mm.

Radiographs were taken to confirm the density and 
proper placement of the 4-mm thick plug [Figure 1]. 
The rest of the canals were left unfilled. A wet cotton 
pellet was placed on the MTA and CEM cement 
samples. All the canals were sealed with temporary 
restorative material (Coltosol, Ariadent, Tehran, Iran) 
and then stored at 37°C and 100% humidity for 72 h.

The root canals of the positive and negative control 
groups were cleaned and shaped like the test groups. 
Negative control samples were filled with ProRoot 
MTA completely; but in positive samples, no apical 
plugs were used to fill the apical third.

To prevent bacterial leakage from the accessory 
canals and cemental tears on the root surface, 

external root surfaces, but apical foramens and 
access cavities, of experimental and positive control 
samples, were covered with two layers of nail 
polish (My, Ariankimiatak, Iran). In negative control 
samples, the entire root surfaces, including the apical 
foramens, but not the access cavities, were covered 
with sticky wax.

Bacterial leakage test
To evaluate the bacterial leakage, the teeth were 
transferred into a system with two upper and lower 
chambers. The upper chamber was assembled by a 
plastic Eppendorf cylinder (Padtan Teb, Tehran, Iran) 
after cutting off 5 mm from its end. The sample was 
passed through the tube so that about 2 mm of the 
apical part of the root was left outside. The gaps 
between the sample and the inner side of cylinder 
were completely sealed with cyanoacrylate adhesive 
and sticky wax. This tightly fitted model of the tube 
and tooth was sterilized with ethylene oxide in an 8-h 
cycle.

A volume of 8–10 ml sterile brain heart infusion broth 
(BHI-broth) (HiMedia, Germany) was introduced 
into the sterile disposable culture tubes (Padtan Teb, 
Tehran, Iran), as a lower chamber of the leakage 
apparatus. The previously assembled upper chamber 
with teeth was then inserted in the culture tubes under 
aseptic conditions so that a minimum of 2–3 mm 
of the apical part of each root was immersed in 
BHI-broth. The junction area between the upper and 
lower chambers was sealed using Parafilm tapes. To 
ensure sterilization, the whole system was incubated 
at 37°C for 3 days. The samples showing the evidence 
of turbidity in BHI-broth were excluded from the 
study, in which none of the samples showed turbidity.

Two ml of BHI-broth was inoculated with 9 × 108 
colony-forming unit/ml (McFarland no. 3) of 
Enterococcus faecalis (ATCC 29212) to form a 
bacterial suspension that was added to the upper 
chamber every 2 days. Bacterial leakage was evaluated 
by the severity of turbidity in culture media in the 
lower chamber. The culture tubes were observed daily 
for 75 days. The date of the early signs of turbidity 
was recorded, and the sample was discarded. To 
confirm the purity of E. faecalis in BHI-broth, a 
sample was taken from the culture tube and cultivated.

Statistical analysis of the data was accomplished using 
Chi‑square and Kaplan–Meier survival analysis tests 
in SPSS 22 environment (IBM, Chicago, IL, USA). 
The level of significance was set at 0.05.

Figure 1: Radiographs confirm the density and proper 
placement of the three tested material. (a) Samples of ProRoot 
mineral trioxide aggregate group. (b) Samples of Biodentine 
group. (c) Samples of calcium‑enriched mixture cement group.

c
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RESULTS

During the entire observational period, all positive 
samples exhibited complete leakage within 24 h, 
while the samples in negative control groups did not 
show any bacterial leakage. Furthermore, 18 samples 
in ProRoot MTA group (90%), 10 samples in 
Biodentine group (50%), and 14 samples in CEM 
cement group (70%) showed turbidity throughout the 
experiment.

According to Kaplan–Meier survival analysis, there 
was a significant difference in mean survival time of 
study between ProRoot MTA and Biodentine groups 
(P < 0.001), but the distributions of survival rates 
were the same in ProRoot MTA and CEM cement 
groups (P = 0.055) as well as in Biodentine and CEM 
cement groups (P = 0.133) [Figure 2].

Similar to Kaplan–Meier survival analysis, Chi‑square 
test showed statistically significant difference between 
ProRoot MTA and Biodentine experimental groups 
(P = 0.006). Moreover, there were no significant 
differences between ProRoot MTA and CEM cement 
groups (P = 0.235) as well as between Biodentine and 
CEM cement groups (P = 0.197) [Figure 3].

DISCUSSION

Calcium silicate-based materials, one of the materials 
used in single‑visit apexification therapeutic approach, 
were first introduced with the advent of MTA and 
recently used in CEM cement, tracal, bioaggregate, 
EndoSequence bioceramic, and Biodentine.[5,18] These 
new biocompatible materials, while maintaining the 
desired properties of MTA, are designed to overcome 
the disadvantages of MTA, including long setting time, 
tooth discoloration, high price, and poor handling 
characteristics.[5,7,15] Root canal filling materials are 
not fixed, inert, and impenetrable, and potentially 
have the gaps which large amounts of bacteria, ions, 
and molecules can pass through.[19] This clinically 
invisible microleakage is a major factor jeopardizing 
the long-term success of endodontic treatments.[19] 
Dye penetration method is one of the oldest ones to 
evaluate the sealing efficiency of apical plugs. Due 
to the chemical properties, PH, and dye molecules 
size, which affect the penetration rate, as well as the 
potential of decoloration of the materials such as MTA, 
CEM cement, and CH, it is logical to use alternative 
methods to evaluate microleakage.[20,21] The use of 
bacteria to assess sealing efficiency is a more reliable 

method and resembles clinical conditions.[22] The 
present data suggested that the type of microorganism 
and the time of microleakage testing directly affected 
the results of bacterial microleakage evaluations.[23] 
In the present study, bacterial leakage method and 
E. faecalis were recruited to simulate oral conditions. 
E. faecalis, a Gram-positive, anaerobic, and the most 
common species isolated from a failed root canal 
therapy, is in a normal oral bacterial flora which 
has the ability to withstand adverse environmental 
conditions and penetrate in the dentinal tubules.[24] 
The studies investigated that the antibacterial activity 
of MTA, CEM cement, and Biodentine have 
indicated that although these materials have excellent 
anti-bactericidal activities due to high pH, all three 
were unable to completely eliminate E. faecalis.[25-27] 
All dental specimens were identical in terms of the 
length and diameter of the apical entries before placing 

Figure 2: Data distribution of survival test in experimental 
groups.

Figure 3: Percentage of Enterococcus faecalis leakage and 
no leakage among all experimental groups.
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the plugs. Furthermore, 4-mm thick plugs were 
used, which was considered within the guidelines.[28] 
The results of positive and negative control groups 
confirmed the accuracy of the study.

The present study focused on comparing the sealing 
efficiency of ProRoot MTA, CEM cement, and 
Biodentine as an apical barrier, which was absent 
in previous studies. The lowest and highest rates 
of microleakage belonged to Biodentine and MTA, 
respectively. Biodentine as an apical barrier produced 
a better seal in 75 days compared to ProRoot MTA 
and CEM cement; however, the difference in 
microleakage volume was statistically significant only 
between Biodentine and ProRoot MTA. Al-kahtani 
et al.’s[29] study on MTA as an orthograde apical barrier 
using bacterial penetration method did not show any 
microleakage. Perhaps, the thickness of plugs and the 
type of bacterial species (Actinomyces viscosus in) 
have yielded different findings. In a comparative study 
of the antibacterial activity of materials such as MTA 
and CEM cement on most pulpal and periapical 
pathogenic species, A. viscosus and E. faecalis had 
the lowest and highest resistance rates, respectively.[30] 
The results of this study are in disagreement with 
those of Al- Hezaimi et al. They compared two types 
of white and gray MTA.[31] The samples did not show 
any microleakage during the 42-day trial period, and 
this could be due to the thickness of plugs and shorter 
duration of the study.[32]

The present research found no significant difference 
between sealing efficiency of MTA and CEM cement. 
This result is consistent with results of the two recent 
studies which were conducted by Moradi et al.[24] and 
Tabrizizade et al.[9] who compared the sealing ability 
of ProRoot MTA and CEM cement with bacterial 
penetration and fluid filtration methods, respectively. 
Both of them showed that these two materials had 
similar sealing properties.

The feasible reasons for lower microleakage of CEM 
cement compared to MTA are higher antibacterial 
activity of CEM cement, similar to CH (although this 
ability is identical in both materials in the presence 
of dentin powder);[33] good setting expansion; better 
marginal adaptation; shorter setting time;[34] and 
finally, ability of CEM cement in saline environments 
to produce similar to standard hydroxyapatite crystals 
on its surface.[35] Only two studies have examined and 
compared the Biodentine’s sealing efficiency as an 
apical barrier with ProRoot MTA, which contradicts 

the results of the current study. Bani et al. compared 
the microleakage of 1–4-mm thick MTA and 
Biodentine materials by fluid filtration method and 
showed the same results in both groups.[15] However, 
the microleakage was decreased by increasing the 
thickness of the material; but, in the same thicknesses, 
the differences were not significant. Cechella et al.[16] 
analyzed the sealing ability of these two biomaterials, 
with or without phosphate‑buffered saline intracanal 
dressing, using a glucose leakage method after 
2 months. They showed that the Biodentine had 
lower sealing efficiency than MTA. So far, no study 
has been conducted to compare the microleakage of 
Biodentine and CEM cement as orthograde apical 
barriers.

In this study, Biodentine showed lower microleakage 
compared to ProRoot MTA and CEM cement. The 
reasons for this difference are as follows:

Biodentine in contact with dentine forms tag-like 
structures along the contact area called “mineral 
penetration zone.” This creates adhesion to 
dentin.[36] Han and Okiji showed that calcium 
and silicon, untaken into dentine, form tag-like 
structures stronger in Biodentine than in Pro-Root 
MTA.[13] Furthermore, the shear bond strength of 
Biodentine was similar to that of glass ionomer to 
dentin, which is higher than the shear bond strength 
of Pro-Root MTA.[37] In addition, it has been shown 
that Biodentine has a more uniform structure and is 
less porous than MTA.[38] By adding a softener and 
setting time accelerator in a single-dose capsule, the 
modified Biodentine powder has been reported to 
produce better physical and functional properties and 
adaptability.[39]

All of these factors can affect the volume of 
microleakage of this material and decrease it 
more compared with MTA. Furthermore, a study 
evaluating Biodentine, MTA, and glass ionomer as 
root end‑filling materials showed a better marginal 
adaptability for Biodentine than MTA.[40]

It should be noted that in this study, all of the 
microleakages of Pro-Root MTA samples happened 
in the early days of the experiment, while no 
microleakage was observed in all the remaining days 
until the end of study. This was not true for Biodentine 
and CEM cement groups. Despite some leakage in the 
early days, the samples in these two groups showed 
a sporadic pattern of microleakage during the study. 
Because of the association of the presence or absence 
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of microleakage with tooth survival in clinical 
conditions in long term, and considering the limited 
time and sample size of this study, evaluating the 
sealing ability of these materials over a longer period 
and with more samples may lead to a real and more 
comparable results in clinical conditions.

CONCLUSION

Based on our findings, Biodentine can predictably 
prevent bacterial leakage as an apical barrier in 
permanent necrotic teeth with undeveloped open 
apices.
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