EGYPTIAN VOL. 66, 2057:2063, OCTOBER, 2020

PRINT ISSN 0070-9484 ONLINE ISSN 2090-2360

ORTHODONTICS, PEDIATRIC AND PREVENTIVE DENTISTRY

eda-egypt.org 104/2010 10.21608/edj.2020.41085.1241

CLINICAL AND RADIOGRAPHICAL EVALUATION OF
BIOCERAMIC ROOT CANAL SEALER AND MTA IN
APEXIFICATION OF IMMATURE PERMANENT TEETH

Ibrahim Farouk Barakat * and Adel Fathi Hussien™

ABSTRACT

The periapical lesion is the most common sequelae of pulp necrosis due to either carious
involvement or trauma. Treatment options to manage periapical lesion with open apex ranges
from non-surgical root canal treatment and/or apical surgery to extraction. Objective: clinical
and radiographical evaluation of the effect of MTA and bioceramic root canal sealer to manage
immature permanent teeth with an open apex. Methodology: The study was composed of sixty
teeth from 54 children with ages ranged from seven to ten years old age. Children were divided into
two equal groups:_1-Group A: Teeth were received apexification with MTA 2-Group B: Teeth were
received apexification with bioceramic root canal sealer. All patients were followed clinically and
radiographically immediately postoperatively, 3, and 6 months. Results: The success rate in both
bioceramic and MTA was 93.3% and 90% respectively with no statistically significant difference.
After 6 months, all teeth show normal lamina dura among both bioceramic and MTA groups. While
reduced radiolucences and obvious healing of bone detected among 93.3% and 90% of teeth among
bioceramic and MTA groups respectively. Conclusions: Both MTA and bioceramic sealer show

good results
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INTRODUCTION artificial apical barrier to allow for condensation of

. ) the root filling material and promote an apical seal.
Endodontic treatment of immature teeth . T . ]
1 Apexification is a method to induce a calcified

with incompletely formed roots can result in barrier in a root with an open apex or the continued

complications that necessitate special precaution. apical development of an incomplete root in teeth
It is necessary to induce the closure of the apical  with necrotic pulp. In the past, techniques for

foramen with mineralized tissue or to create an management of the open apex in non-vital teeth
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were confined to custom fitting the filling material,
paste fills, and apical surgery.” The use of custom-
fitted gutta-percha cones is not advisable as the
apical portion of the root is frequently 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 the root and increase the risk of fracture.
The disadvantages of surgical intervention include
the 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 retroactivity
or condensation of the filling material. The wide
foramen results in a large volume of filling material
and a compromised seal. Apicoectomy further
reduces the root length resulting ina very unfavorable
crown root ratio. The limited success enjoyed by
these procedures resulted in significant interest in
the phenomenon of continued apical development
or establishment of an apical barrier, first proposed
in the 1960s.”! Mineral trioxide aggregate (MTA)
has been considered the material of choice for
endodontic therapies due to its high mineralization
capacity and relatively few inflammatory reactions
in clinical use. Also, the interactions between MTA
and human osteoblast-like cells, cementoblasts,
periodontal ligament fibroblasts, and gingival
fibroblasts have demonstrated its capability for
regenerative endodontic procedures."! Bioceramics
composed of tricalcium silicate, dicalcium silicate,
calcium phosphate monobasic, amorphous silicon
dioxide, and tantalum pentoxide. Due to their ability
to penetrate dentinal tubules and to interact with
dentine moisture, an optimum dimensional stability
and the least amount of shrinkage can be expected.
Compared to white mineral trioxide aggregate
(MTA), bioceramics offer the advantage of being
aluminum-free and contain tantalum pentoxide as an
opacifier.”! Bioceramics can induce differentiation
of human PDL fibroblasts and their bioactivity
is comparable with that of MTA. They also have
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an alkaline pH (12.8), which can be responsible
for antibacterial activity. Bioceramics have many
advantages such as biocompatibility, high resistance
to wash out, and lack of shrinkage. It also displays
good physical properties. The syringe eliminates the
need for hand instruments and the need for mixing.
The bioceramic particle size is less than 2 u 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. [l However, further studies are necessary to
evaluate using these materials for the apical barrier.
Therefore, the objective of this study was to evaluate
the effect of MTA and bioceramic root canal sealer
to manage immature permanent teeth with an
open apex.

MATERIALS AND METHODS

Ethical statement

The proposal of this in vivo clinical trial was
reviewed and ethically approved by the Research
Ethical Committee of Faculty of Dental Medicine,
Al-Azhar University, Boys’ Branch, Cairo.

Sample size

A sample size of sixty non-vital immature per-
manent teeth with open apex indicated for apexi-
fication from 54 children. 30 teeth in each group
have 80% power to detect an increase of 0.20 with
a significance level (alpha) of 0.05 (two-tailed). In
80% of the power of those experiments, the P-value
was less than 0.05 (two-tailed) so the results were
deemed statistically significant. In the remaining
20% of the experiments, the increase was deemed
not statistically significant. For sample size calcu-
lation, G*Power Software Version 3.1.9.6 Released
2014, (Kiel University, Germany) was used.

Study Participants

Patients were selected from the out-patient clinic
of Pedodontics and oral health department, faculty
of Dental Medicine, Al-Azhar University, Boys’
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Branch, Cairo. Teeth were divided into two equal
groups as follows: Group A: 30 immature non-vital
teeth with open apex were received apexification
with MTA. Group B: 30 immature non-vital teeth
with open apex were received apexification with
bioceramic root canal sealer. Inclusion criteria;
The patients were selected after preoperative
radiographic evaluation according to the following
measures: the child age ranged from seven to
eleven years without sex predilection who has non-
vital immature permanent teeth with open apex,
Cooperative child. Exclusion criteria; Medically
compromised patient, uncooperative children.
Mobile or non-restorable teeth, vital teeth, or teeth
with closed apex.

Apexification procedure

The procedure was discussed in brief for each
patient’s parent and informed consent was obtained
and signed from them. Before the commencement
of the procedure, preoperative intraoral periapical
radiographs and findings were recorded.

After administration of the local anesthesia
and rubber dam isolation, the cavity outline was
established with a sterile # 330 high-speed carbide
bur with air/water spray. The roof of the pulp
chamber was removed with a sterile, non-end cutting
low-speed bur. The root canals were irrigated with
sodium hypochlorite (NaOCl) 5% [7]. The working
length of the tooth was determined by the placement
of the manual file in the canal, which was estimated
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from the preoperative radiographs, and confirmed
by taking periapical radiographs. Debridement of
the canal was performed by K-files. The canals were
then irrigated with NaOCl 5% and the teeth were
sealed with a temporary filling.

In the second visit, the rubber dam was applied,
the canals were irrigated with NaOCl 5% then dried
with paper points. According to the obturating
materials used, the teeth in Group A were obturated
with MTA (Cerkamed medical company, poland).
The powder and liquid ratios were (3:1) . Packing
of MTA in the canal to fill about 3-5mm of the
apical part of the canal . The teeth in Group B
were obturated with a bioceramic root canal sealer
(Well-root ST, quality endodontic distributers Ltd,
United Kingdom). The syringe tip was adjusted
to be shorter than the working length by 1-2 mm
and start to inject bioceramic sealer in the canal
and withdrawal the tip of the syringe about Imm
and continuous inject until fill about 3-5mm of the
apical part of the canal. Radiographs were taken to
ensure that the material reached the root apex and
filled about 3-5 mm. The teeth were temporarily
filled for 24 hours to allow the complete set of the
sealer. On the next visit, the remaining part of the

canals was obturated with gutta-percha (META
BIOMED CO., Ltd.,Korea ) till the canals’ orifices
and the coronal part of the teeth were restored
with composite (Compsan LCM, PROMEDICA
Neumunster/ Germany).

Fig. (A): Apical plug with MTA apical plugin right side and Bioceramic apical plugin left side. Fig. (B): Final restoration with

gutta-percha then composite.
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No antibiotics and/or analgesics were adminis-
trated during the study period. The pre- and post-
operative clinical and radiographical findings were
recorded.

Data Management and Statistical Analysis

tabulated, and
statistically analyzed by Statistical Package for

The data were collected,

social sciences software (SPSS) version 24. A
T-test was used for comparing the mean difference
between both groups, while the Chi-square test was
used for qualitative data. The level of statistical
significance was predetermined at a p-value of 0.05.

RESULTS

A total of 60 immature permanent anterior teeth
were treated in this clinical study. The mean age of
children included in Group A was 9+1.20 years while
in Group B, it was 9.50+1.08 years. The maxillary
central incisor was the most commonly involved
tooth in our study, while only three maxillary lateral
incisors were involved in three children. Pulp
involvement due to trauma was recorded in 75% of
the affected incisors while 25% of involvement was
due to extensive caries.

The preoperative clinical findings among the
study groups are presented in Table (1)

TABLE (1) Distribution of preoperative clinical
manifestations among the study groups:

Preoperative clinical Bioceramic MTA
manifestations N =30 N =30
Facial ecchymosis and edema 13.3% 10%

Swelling or abscess 50% 63.3%
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Regarding the postoperative clinical findings;
all participants responded successfully to the
intervention and show healing of soft tissue among
both bioceramic and MTA groups. Also, swelling
or abscess, and ecchymosis and edema were absent
among all studied groups (Table 2).

TABLE (2) Postoperative clinical manifestations
among the study groups:

Postoperative clinical manifestations | Bioceramic | MTA
Facial ecchymosis and edema 0% 0%
Swelling or abscess 0% 0%
Healing of soft tissue 100% 100%

Regarding the preoperative radiological findings,
all teeth showed open apex and widening in lamina
dura among both bioceramic and MTA groups.
While preapical radiolucency was present in 94%
of the teeth among the bioceramic group and 100%
of the MTA group (Table 3).

TABLE (3) preoperative radiological findings among

the study groups
Preoperative radiologic findings | Bioceramic MTA
Normal lamina dura 0% 0%
Preapical radiolucency 94% 100%

Regarding the post radiological findings of both
groups after 3 and 6 months of follow up, all teeth
show normal lamina dura among both groups. While
reduced radiolucency and obvious healing of bone
detected among 93.3% and 90% of teeth among
bioceramic and MTA groups respectively Table
4. The distribution of successful and failed cases
among the study groups are presented in Fig.1.

TABLE (4) postoperative radiologic findings after 3 and 6 months among the study groups

Bioceramic MTA
After 3 months After 6 months After 3 months After 6 months
Normal lamina dura 100% 100% 100% 100%
Reduced radiolucency 93.3% 93.3% 90% 90%
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Fig. (1) Distribution of successful and failed cases among the
study groups

DISCUSSION

The periapical lesion is the most common
sequelae of pulp necrosis either due to carious
involvement or trauma. Many materials have been
used successfully for apical closure and periapical
repair but the exact mechanism of action is unknown.
A permanent treatment is preferable to minimize
the chances of reinfection which can result in apical
periodontitis and inhibit canal closure.”’

The goal of the current study is to obtain an apical
barrier to prevent the passage of toxins and bacteria
because dental caries or traumatic injuries may
cause microbes to enter the dental pulp. This may
cause inflammatory changes in the pulp (pulpitis)
that are irreversible. Pulp necrosis (death) is the
outcome of irreversible pulpitis, which is a clinical
diagnosis based on subjective and objective findings
indicating that the clinically normal inflamed pulp is
incapable of healing. The susceptibility of microbial
invasion of dental pulp due to trauma or dental
caries increases after the emergence of the young
permanent tooth in the oral cavity, when the roots
are still developing.''*1?

In the current study, the apexification technique
was used because this technique considers the most
reliable model for testing new materials, as it allows
them to exhibit their primary effect on the tissue.
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Access cavity prepared to allow debridement of the
canal, irrigation of the canal with NAOCL 5% to
disinfection and cleaning of the canal.'?!

In the present study on 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.'¥
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.'5! 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.'®!7 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 81,

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. 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 "I, 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 capillary tip. Bioceramics have
shown radiopacity and flow in accordance with ISO

6876/2001 recommendations ?'22,

In the present study on regard to the positive
response observed in group B, the success rate
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was approximately (93,3%) all teeth showed no
signs and symptoms of inflammation clinically.
Moreover, 28 from 30 show the absence of

periapical and furcation radiolucency, root
resorption, and widening of periodontal ligament
radio-graphically. This result was in agreement with
other researchers. Marga Ree and Richard Schwartz
suggest that bioceramic materials are promising
material and also a good choice for cases in which
extrusion into the periapical tissues may damage
vital structures, such as the maxillary sinus or the
inferior alveolar nerve ! Dasarathan D, Abdullah
F, Saravanan P, Davidson D, Manali S, suggest that
bioceramic root canal sealer can be considered as
a suitable alternative to other materials used in the

apexification procedure.*!

In the present study, bioceramic material has
several advantages such as better clinical handling
properties. The difficulties in the handling of
MTA have been frequently reported by clinicians.
Another drawback of MTA is the potential for
staining dentin, which has been shown in several
Vitro studies clinical investigations, and case
reports which have shown that both white and
gray MTA cause discoloration. To date, there have
been no reports of staining of dentin by bioceramic
products, which has also been the experience of
the authors contain zirconium oxide and tantalum
pentoxide as opacifiers.”3% The presence of heavy
metals may be another potential drawback Of MTA.
The majority of papers show favorable properties
for bioceramic materials including biocompatibility,
bioactivity, and antimicrobial properties. It has
sealing properties similar to MTA, and some in vitro
studies show that bioceramic materials increase
resistance to fracture '3,

CONCLUSION

Both MTA and bioceramic root canal sealers
recorded successful clinical and radiographical
immature

outcomes in the apexification of

permanent teeth.
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