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INTRODUCTION 

The most common cause of pulpal non-
vitality in children's immature permanent incisors, 
which range in age from 8 to 12, is traumatising 
dental injuries (TDIs). TDIs have the potential to 
cause pulpal necrosis and halt root growth if they 
harm the young teeth's Hertwig's epithelial root 

sheath (HERS).1 Any interference can result in a 
compromised crown–root ratio, thin root walls, and a 
wide-open apex without an apical stop because root 
growth is accomplished by the continuous deposition of 
dentine and cementum through stimulation and 
differentiation of HERS and surrounding progenitor 
cells.2  Maintaining the tooth's sound structure and 

BULLETIN OF STOMATOLOGY AND MAXILLOFACIAL SURGERY 

Volume21,Issue9 

                                                                                      ABSTRACT 

Background:In dentistry, bioceramics have found extensive application, especially in endodontics. The goal 

of the current study was to assess the release of calcium ions (Ca2+) from apical plugs made of three distinct 

bioceramic cements in immature teeth models with open apices. 

Materials and Methods: Three groups of ten samples each were created from a total of thirty lower 

premolar teeth. Dia-Root Bio MTA is in Group I; MTA Fillapex is in Group II; and Biodentine is in Group 

III. Every sample was made to resemble teeth that were still developing and had open apices. At the exposed 

apex region, a 4 mm apical stopper was placed. On days 8, 16, and 30, calcium ion release was quantified 

with an atomic absorption spectrophotometer. Mann-Whitney U and Kruskal-Wallis tests were used to 

analyse the data at a significance level of P < 0.05. 

Result:All groups demonstrated the highest levels of Ca2+ release till day 30th .Dia-Root Bio MTA showed 

the highest calcium ion release. 

Conclusion:Dia-Root Bio MTA showed the highest calcium ion release followed by biodentine. The tested 

materials can be used in regenerative endodontics for immature teeth development.  
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absence of pathology is the foundation of an effective 

endodontic treatment. Apexification can be used to 
treat young teeth with non-vital pulp, and 
appegonesis can be used to treat immature roots with 
vital pulp.Apexification has historically been 
accomplished by applying non-setting calcium 
hydroxide (Ca(OH)2) paste; however, this method 
necessitates frequent and prolonged root canal 
dressing. Apexification could be performed to create 

a root apex for the ensuing RCT if the dental pulp of 
young teeth experienced irreversible inflammation or 
necrosis. For open apical closure and periapical tissue 
repair, apexification and regenerative endodontic 
therapy are viable choices.3 

With the advent of novel materials and 
methods that produce positive treatment outcomes, 

the field of dentistry is always evolving.Among the 
newly developed materials that have revolutionised 
dentistry are bio-ceramics.4 Bioceramics, a novel 
class of dental materials, were first used in the field 
of endodontics in the early 1990s. Alumina, zirconia, 
bioactive glass, glass ceramics, hydroxyapatite, 
calcium silicate, and resorbable calcium phosphate 

are examples of bioceramics, which are 
biocompatible ceramic materials or metal oxides. 
Based on their reaction with surrounding tissues, 
bioceramics can be categorised as bioinert, bioactive, 
or biodegradable materials. The most widely 
utilisedbioceramics in endodontics are calcium 
silicate-based cements (CSCs), which are typically 
bioactive. [3]Bioceramics can be synthetic or natural. 

Materials that are either bioactive or bioinert, such as 
aluminium, calcium, silicate, or carbon.4 

Bieramics work through the release of 
calcium ions, high alkaline pH, and diffusion of the 
sealer particles into the dentinal tubules. They are 
biocompatible, biomineralization-stimulating, have 
low porosity and solubility, moderate flow, high 

radiopacity, and compressive strength.4 The way 
bioceramics interact with surrounding tissues mostly 
reflects their biocompatibility and bioactivity. Stem 
cells, osteoblasts/osteoclasts, dental pulp cells 
(DPCs)/periodontal ligament cells (PDLCs), and 
immune cells are all impacted by bioceramics in 
terms of their migration, differentiation, proliferation, 

and apoptosis. 5 
Calcium silicate-based bioceramics, such as 

MTA, Biodentine, Bioaggregate, and iRoot BP Plus, 
have been extensively utilised in endodontic 
treatment because of their superior biocompatibility, 
bioactivity, and sealing capacity.6 A popular calcium-
based sealer is MTA. MTA is very biocompatible and 
has good sealability. Through the release of calcium 

ions that react with phosphorus, MTA can promote 
the regeneration of hydroxyapatite.7 MTA products 
that are frequently used are ProRoot MTA and MTA. 
In addition to being successful CH replacements, 
MTA and Biodentine could also be utilised as 
efficient pulp capping materials.8 As a bioactive 

dental alternative, biodentine cement (Septodont, Saint 

MaurdesFossés, France) is sold. 9 
sealers made of calcium hydroxide, calcium 

silicates, calcium phosphates, and zirconium oxide that 
are based on bioceramics. These sealers have 
hydrophilic qualities and come in pre-mixed syringes for 
convenient application.10 

Nowadays, AH Plus (DentsplyDeTrey, 
Konstanz, Germany) is regarded by numerous studies as 

the gold-standard epoxy resin-based sealant. Epoxy 
resin-based root canal sealers are currently the most 
commonly utilised among the clinically available 
sealers. In 1957, Schroeder unveiled the AH series 
prototype, which had superior sealing capabilities and 
physical characteristics.11 

Both orthograde and retrograde filling, which 

strive for apical sealing, can be used to accomplish root-
end filling. Bioactivity, biocompatibility, long-term 
sealing ability, good operational performance, and the 
capacity to encourage tissue healing are all desirable 
qualities in an apical sealing material.12 

Long-term calcium hydroxide [Ca(OH)2] 
treatment has historically been utilised to create an 

apical barrier in immature, non-vital teeth. Recent 
research, however, has revealed that long-term use of 
Ca(OH)2 can weaken teeth's resistance to fracture, 
casting doubt on the efficacy of this treatment method. 
An alternative to this traditional method is the 
application of an apical barrier made of calcium 
phosphate, dentin chips, or freeze-dried cortical 
bone/dentin.13 

The current research was done to evaluate the 
various bioceramic based sealers in calcium ion (Ca2+) 
release from apical plugs for regenerative endodontics of 
immature permanent teeth. 
MATERIALS AND METHOD 

The Paediatric and Preventive Dentistry 
department conducted this in vitro investigation. The 

study comprised a total of thirty single-rooted lower 
premolar teeth with any disease that had been excised for 
orthodontic purposes. Group I consisted of Dia-Root Bio 
MTA (Diadent, Cheongju, South Korea), Group II 
consisted of MTA Fillapex (Angelus Odontologicas), 
and Group III consisted of Biodentine (Septodont, Saint-
Maur-des-Fosses, France). Each group contained ten 

samples following sterilisation. Every sample was made 
to resemble teeth that were still developing and had open 
apices. At the exposed apex region, a 4 mm apical 
stopper was placed. On days 8, 16, and 30, calcium ion 
release was quantified with an atomic absorption 
spectrophotometer. Mann-Whitney U and Kruskal-
Wallis tests were used to analyse the data at a 
significance level of P < 0.05. 

RESULT 

At days 8, 16, and 30, Group I displayed the 
highest amounts of calcium ion (Ca2+) release, followed 
by Group III, while Group II displayed the lowest levels 
(Table 1). All three evaluation points had significant 
differences between groups, according to the Kruskal-
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Wallis test results (P < 0.001). On days 7 and 15, the 

three groups showed significant differences (P < 
0.05) according to the Mann-Whitney U test. 

 

 

 
 

                  Table 1. Comparison of the groups' Ca2+ release (ppm) profiles  

Evaluation Day Materials group Mean ± SD  

 

IQR  

 

8th Group I 17.05 ± 0.43 
 

0.73  
 

Group II 08.24± 0.32 0.64 

Group III 13.11 ± 0.48 
 

0.80  
 

16th Group I 17.36 ± 0.71 1.12 

 

Group II 07.12 ± 0.42 0.54 

Group III 11.67 ± 0.48  
 

0.68 
 

30th Group I 2.43 ± 0.32 
 

0.32 
 

Group II 1.75 ± 0.31 
 

0.22 

Group III 2.01 ± 0.04 0.24  
 

SD: Standard deviation, IQR: Interquartile range 
 

DISCUSSION 

Achieving a "closed apex" by apexification 
using biocompatible materials is crucial since it 
promotes the development of mineralised tissues like 
bone or osteodentin. For apexification or 
apexogenesis to be successful, the calcium release 
profile is essential. Calcium promotes the growth of 

dental pulp cells by assisting in cell differentiation, 
hard tissue mineralisation, and the control of 
osteopontin and bone morphogenetic protein 2 
(BMP-2) levels.13 

Ca2+ release in the deionised water around 
the root-end filling materials was verified in this 
investigation. In this investigation, Dia-Root Bio 
MTA showed the maximum Ca2+ release. The 

outcome is related to Sahiba et al. In simulated 
immature teeth with open apices, Sahiba et al. 
assessed the release of calcium ions (Ca2+) from 
apical plugs made by three distinct bioceramic 
cements. When compared to ProRoot MTA, Dia-
Root Bio MTA displayed the maximum calcium ion 
release after 15 days.13 

The best bio-ceramic materials for 
endodontic hole sealing and repair are 
EndoSequence and Biodentine.14 At a twelve-month 
follow-up, Ghaly et al. found that the Well-Root PT 
group had a higher mean periapical bone 
radiodensity than the MTA group.15 Donnell et al. 
came to the conclusion that MTA, Biodentine, and 

TotalFill Putty are great clinical outcomes and very 
effective apexification materials.1 According to Vyas 
et al., GuttaFlowBioseal and Biodentineapexification 
groups displayed the highest fracture resistance 

values. 16 Biodentine exhibited a higher compressive 

strength than MTA Repair HP and Bio-C Repair, 
according to Morais Rodrigues et al.9 Pallavi et al. claim 
that among the experimental groups, the MTA Fillapex 
sealer applied with lentulospiral produced the best 
apical seal. 17 By eliminating the need for numerous 
temporary coronal restorations, the substantial reduction 
in treatment duration for bioceramics has decreased the 

danger of microleakage and reinfection of the canal. [1] 
The MTA and biodentine groups that were 

examined in this study are efficient in the apexification 
or apexogenesis process. 
CONCLUSION 

The greatest calcium ion release was demonstrated by 
Dia-Root Bio MTA, which was followed by biodentine. 
The materials under test can be applied to the growth of 

immature teeth in regenerative endodontics. 
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