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Abstract;

Background; Apexification is a method to induce calcified barriers in root with an open apex
or the continued apical development of an incomplete root in teeth with necrotic pulp. In the
past, techniques for management of the open apex in non-vital teeth were confined to custom
firing the filling material, paste fills and apical surgery. The objective of this study was to
evaluate the bioceramic material used in apexification.

Aim; To analyze the bioceramic material used in apexification.

Materials and methods; All the cases reported for endodontic treatment between June 2019
and April 2020 were considered in this study. The details of patients who underwent
apexification were retrieved from dental information archiving systems, SDC, SIMATS.
Bioceramic material used in apexification was analysed, Data recorded in excel and was
subjected to statistical analysis.

Results; From the statistical analysis, it can be observed that the most preferred bioceramic
material used for apexification is MTA followed by biodentin.

Conclusion; within the limitations of the present study, it can be concluded that the most
commonly used bioceramic material is MTA for apexification. The success rate observed in
this study should be confirmed through randomised controlled trials with long follow up
periods.
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INTRODUCTION;

Endodontic treatment of immature teeth with incompletely formed roots can result in
complications that necessitate special precaution. It is important to induce the closure of the
apical foramen with mineralized tissue and to create an artificial apical barrier to allow for
condensation of the root filling material and promote an apical seal.(1) Apexification is a
method to induce a calcified barrier in a root with an open apex or apical development of an
incomplete root in teeth with necrotic pulp. In the past, techniques for management of the open
apex in non-vital teeth were confined to custom fitting the filling material, pastes, and apical
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surgery.(2) The use of custom- fitted gutta-percha cones is not advisable as the apical portion
of the root is wider than the coronal portion, making proper condensation of the gutta-percha
impossible. The sufficient widening of the coronal segment to make its diameter greater than
that of the apical portion would significantly weaken and increase the risk of fracture.(3)(4)
The disadvantages of surgical intervention are difficulty of obtaining the necessary apical seal
in the immature pulpless tooth with its thin, fragile, irregular walls at the root apex. These walls
may shatter during the preparation of the condensation of the filling material. The wide foramen
results in a large volume of filling material and a compromised seal.(5) Apicoectomy further
reduces the root length resulting in a very bad crown root ratio. The limited success enjoyed by
these procedures resulted in significant interest in the phenomenon of continued apical
development of an apical barrier, first proposed in the 1960s.(6)(6,7)

Mineral trioxide aggregate (MTA) has been considered the material of choice for endodontic
therapies because of its high mineralization capacity and relatively few inflammatory reactions
in clinical use. ((4)also, the interactions between MTA and human osteoblast-like cells,
cementoblasts, PDL fibroblasts, and gingival fibroblasts have demonstrated its capability for
regenerative endodontic procedures.(8)(9) Bioceramics composed of dicalcium silicate,
tricalcium silicate, calcium phosphate monobasic, amorphous silicon dioxide, and tantalum
pentoxide.(10) Due to their ability to penetrate dentinal tubules and to interact with moisture of
dentine, an optimum dimensional stability and the least amount of shrinkage can be
expected.(11) Compared to white mineral trioxide aggregate (MTA), bioceramics offer the
advantage of being aluminium free and contain tantalum pentoxide as an opacifier.(12)
Bioceramics can induce differentiation of human PDL fibroblasts and their bioactivity is
comparable with that of MTA. They also have an alkaline pH of 12.8, which is responsible for
antibacterial activity.(13) Bioceramics have advantages such as biocompatibility, high
resistance to wash out,lack of shrinkage and also display good physical properties.(14) The
syringe eliminates the need for hand instruments and the need for mixing. The bioceramic
particle size is less than 2 p thus can be delivered by a 0.012 capillary tip which allows premixed
material to be placed by syringe. Also, these materials have a compressive strength of 50- 70
MPa.(15) further studies are necessary to evaluate using these materials for the apical barrier.
Our team has extensive knowledge and research experience that has translate into high quality
publications(16-25),(26-29),(30-34)(35). Therefore, the objective of this study is to analyze
the bioceramic material used in apexification.(36)

MATERIALS AND METHODS:

In the current study, a total of 56 patients of different age groups and genders who underwent
apexification at saveetha dental college and hospitals were recruited

Inclusion criteria: patients of all age groups and genders with apexification procedure done
Exclusion criteria: patients who hadn’t undergone any endodontic surgical procedures.

This is a retrospective study, in which the data of all patients from June 2019 to February 2021
were retrieved from dental information archiving systems, SDC, SIMATS. All the case sheets
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were approved and verified by external reviewers. Further cross verification of data was done
with photographs to avoid errors. During data collection patients of all age groups and gender
who underwent apexification were included and detains of patients without apexification
treatment were excluded. Data was then imported to SPSS by IBM, in which the frequency of
age, gender tooth involved in apexification were assessed. Parametric and non parametric tests
were done by running a chi-square test and parameters considered were statistically analysed
and interpreted.

RESULTS:

A total of 56 immature permanent teeth were treated in this clinical study. Large number of
males patients(74%) underwent apexification than females. The maxillary central incisors were
the most commonly involved tooth in our study. Pulp involvement due to trauma was recorded
in 75% of the affected incisors while 25% of involvement was due to extensive caries. Graph
1: Bar graph showing percentage of male and female who had undergone apexification. Xaxis
shows gender and Y axis shows percentages. It is evident from the graph that a larger number
of male underwent apexification than females. With regard to the percentage of number of
apexification done. Male (74%) and female (25%) underwent open apex management. Graph
2: Bar graph showing percentage of materials used for apexification. X a six shows the type of
materials and Y axis shows percentage. It is evident from the graph that MTA is most
commonly used for apexification than the other materials. Percentage of MTA (78%) used for
apexification is higher than the biodentine (16%). Graph 3: Bar graph showing frequency of
pre operative radiological findings among the study groups, X axis shows type of material and
Y axis shows present or absent. Among both biodentine and MTA groups. Periapical
radiolucency was present In both biodentin and MTA. Graph 4: Bar graph showing frequency
of postoperative radiological findings among the study group. X axis shows type of materials
and Y axis shows reduced or not reduced. Regarding the postoperative finding of both materials
after 2 and 3 months of follow you, all teeth show normal laminate dura among both groups,
whole reduced radiolucency and obvious healing of bone detected among 68% of the teeth
among the MTA group respectively.

DISCUSSION:

The periapical lesion is the most common sequelae of pulp necrosis due to carious lesion or
trauma. Many materials have been used for apical closure and periapical repair but the exact
mechanism of action is unknown(3). A permanent treatment is to minimize the chances of
reinfection which can result in apical periodontitis and inhibit canal closure.The main goal of
the current study is to obtain an apical barrier to prevent the passage of toxins and bacteria,
because dental caries or injuries may cause microbes to enter the dental pulp.(37) This may
cause inflammatory changes in the pulp that are irreversible. Pulp necrosis is the outcome of
irreversible pulpitis, which is a diagnosis based on subjective and objective findings indicating
that the clinically normal inflamed pulp is incapable of healing.(38) The susceptibility of
microbial invasion of dental pulp due to dental caries or traumatic injuries increases after the
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emergence of the young permanent tooth in the oral cavity, when the roots are still
developing.(39) Bioceramics are biocompatible compounds obtained both in situ and in vivo,
by various chemical process. Bioceramics exhibit excellent biocompatibility properties due to
their similarity with biological hydroxyapatite. Bioceramics produce during the hydration
process, different compounds, e.g. hydroxyapatites with the ability to induce a regenerative
response in the human body.

The first choice material to achieve apexification has been used was Calcium Hydroxide, which
requires 5-20 months and repeated applications for inducing the formation of a calcific barrier.
The long course of treatment includes several obstacles such as the dislodgement of the
temporary restoration, increased chances of infection as well as the requisite high level patient
compliance. To overcome this, a single visit apexification procedure has been proposed MTA,
when used for root-end filling, has a excellent sealing ability while being biocompatible as well
as bacteriostatic. It is thus considered a suitable material for a single visit apexification

In the current study, the apexification technique was used because this technique is considered
the most (40) reliable for testing new materials, as it allows them to exhibit their primary effect
on the tissue. Access cavity prepared to allow debridement of the canal, irrigation of the canal
with NAOCL 5% to disinfection and cleaning of the canal.(41) BioDentine was evaluated
because it is a new type of bioactive cement with the capacity in formation of new cementum
and periodontal ligament, making it biologically acceptable for closing root canals with open
apices. However, Lee et al. have recommended the use of BioDentine as well as MTA as root-
end filling materials because, in contact with mesenchymal stem cells, they induce osteoblast
differentiation. In the present study in regard to the positive response observed in group A, the
success rate was approximately (90%). These results were in agreement with other researchers.
Pace R, et al.(42) suggest that apical plug with MTA was a successful and effective technique
for long-term management of teeth with necrotic pulps with immature root development and
periapical lesions. Johannes M, et al.(43) supported the management of open apical foramina
with mineral trioxide aggregate apical plugs. The success rate is due to the good sealing ability
of MTA, biocompatibility, and dimensional stability.(44) MTA has a pH of 12.5 after setting
which is similar to the pH of calcium hydroxide and it has been suggested that this may impart
some antimicrobial properties In the present study bioceramic, root canal sealer was used to
manage open apex. Bioceramics are highly successful endodontic sealers and have several
advantages such as improved biocompatibility, sealing ability, anti-bacterial, ease of
application, and an increase in strength of root following obturation.(45) The extreme
biocompatibility of bioceramics can also be observed in cases of root repair where there is an
absence of inflammation and pain or minimal pain the following overfill during
obturation.(46,47) Bioceramics are hydrophilic and can form hydroxyapatite. They lead to the
formation of a chemical bond between the filling material and dentin walls. This eliminates the
presence of any space between the dentinal walls and sealer which enhances the seal. The
bioceramic sealer has a particle size of 2 microns aiding in its delivery by the means of a
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capillary tip. Bioceramics have shown radiopacity and flow in accordance with ISO 6876/2001
recommendations

CONCLUSION:
Bioceramic root canal sealer- MTA recorded successful clinical and radiographic outcomes in
the apexification of immature permanent teeth.
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Graph 1: Bar graph showing percentage of male and female who had undergone apexification.
X axis shows gender and Y axis shows percentages. Purple colour represents the female and
red colour represents the male. It is evident from the graph that a larger number of male
underwent apexification than females. With regard to the percentage of number of apexification
done. Male (74%) and female (25%) underwent open apex management.
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Graph 2: Bar graph showing percentage of materials used for apexification. X axis shows the
type of materials and Y axis shows percentage. Green colour represents the biodentine, blue
colour represents the MTA and yellow colour represents the other materials. It is evident from
the graph that MTA is most commonly used for apexification than the other materials.
Percentage of MTA (77%) used for apexification is higher than the biodentine (16%)
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Graph 3: Bar graph showing frequency of pre operative radiological findings among the study
groups, X axis shows type of material and Y axis shows present or absent. Among both
biodentine and MTA groups. Periapical radiolucency was present
In both biodentin and MTA. (Chi-square, p>0.05- not significant)

post
operative

Tl not reduced
[ reduced

50

40+

30

Count

biodentin

type of materials used

Error Bars: 95% CI

Graph 4: Bar graph showing frequency of postoperative radiological findings among the study
group. X axis shows type of materials and Y axis shows reduced or not reduced. Pink colour
represents reduced radiolucency and grey colour represents not reduced radiolucency.
Regarding the postoperative finding of both materials after 2 and 3 months of follow up, all
teeth show normal laminate dura among both groups, whole reduced radiolucency and obvious
healing of bone detected among 68% of the teeth among the MTA group respectively. (Chi-
square, p>0.05- not significant)
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