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ABSTRACT 

BACKGROUND AND OBJECTIVES:  

The application of Bioceramic sealer  during the root canal obturation is gaining 

concern due to its bioactive characteristic to form an apatite in dentinal tubules. In this 

regard, this study was done to   investigate and compare the ability of the different 

bioactive sealers(Total Fill BC sealer, Endoseal MTA and Sealapex) in the 

biomineralization of dentin.  

MATERIAL AND METHODS: 

Sixty curved roots (mesiobuccal, distobuccal) from human maxillary molars were 

used. Out of sixty teeth ,thirty teeth were pretreated with Phosphate buffered solution. 

10 teeth were assigned to three groups of sealers  GROUP A(ENDOSEAL MTA),   

GROUP B(SEALAPEX) and  GROUP C(TOTAL FILL BC SEALER). The root 

canals were instrumented by using the rotary files with continuous sodium 

hypochlorite (2.6%) irrigation. Final irrigation was done with 5% EDTA and sodium 

hypochlorite. The canals were obturated with gutta percha using, Endoseal MTA , 

Sealapex  and Total Fill BC sealer in combination with the cold lateral compaction. 

After setting, the roots were sectioned horizontally at 5mm from the apex. Assessment 

of biomineralization was performed by  using scanning electron microscopy.  

Statistical analysis was performed by One-way ANOVA and Tukey’s Post-hoc 

analysis(p<0.001).  

RESULTS: 

Total fill BC sealer penetrated significantly deeper into dentinal tubules when 

compared to Endoseal MTA and Sealapex 
X 



 

Even the biomineralization capacity was highest for Total Fill BC sealer. As for the 

pretreatment with the Phosphate buffered solution it obtained a favorable results with 

all the three sealers. 

CONCLUSION:  

Within the limitation of this study, bioceramic sealer and calcium hydroxide based sealers 

were used for root canal obturation that resulted in harmonious intratubular depth penetration 

and dentinal tubule biomineralization. 
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1.INTRODUCTION 

Biomineralization is a process which leads to the formation of an interfacial layer with 

tag- like structure at cement- dentin interface. According to the International 

Organization for Standardization, materials are bioactive when they form apatite in body 

fluids, including synthetic body fluids. Bioactive materials have the capacity to interact 

with the living tissue which allows the integration of the biomaterial into the 

environment. When a bioactive material is implanted, a series of biochemical and 

biophysical reactions occur at the implant-tissue interface, resulting in the formation of a 

carbonated apatite layer1.  

Endodontic treatment is an ongoing process to eliminate infection  and to create a fluid-

tight seal at the root apex2. 

Cleaning and shaping of the root canal system is required to achieve the biological and 

mechanical objectives of the endodontic treatment. This involves removal of the pulp 

tissue, microorganisms and their by-products and also shaping the canal  for subsequent 

root canal filling to achieve the desired three-dimensional obturation3. 

Guttapercha is the most commonly used root canal filling material but it does not  adhere 

to the root canal walls. Hence, endodontic sealer is used to fill the gap between the gutta-

percha cone and root canal walls and this can be achieved by even application of the 

sealer in proper consistency4,5. Endodontic sealers are based on  their main components, 

such as zinc oxide and eugenol, resin, and calcium hydroxide. Zinc oxide eugenol based 

sealers block the cement dentin interface and prevents  biomineralization.   
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 Numerous bioactive materials have been introduced in the recent years, among them  

mineral trioxide aggregate  has wide range of applications such as  pulp capping, 

pulpotomy, apexogenesis, apexification, perforation repair, root canal filling, or root 

canal sealing with gutta percha6. The bioactivity occurs because of the release of calcium 

and hydroxide ions. The high pH of MTA cause the phosphate ions in body fluids to 

precipitate with the calcium ions and form hydroxyapatite. These products require water 

for setting, making them ideal for use in high-moisture environments, such as the oral 

cavity6. 

Other than the  tricalcium silicate sealers,  bioceramic and calcium hydroxide based 

sealers also have the ability to form intratubular mineralization.  

Sealapex (Sealapex® SybronEndo, Glendora, CA) is a sealer that contains calcium oxide 

and forms calcium hydroxide on contact with the tissue fluid. It is  biocompatible and has 

an osteoinductive ability that helps to stimulate the deposition of mineralized tissue, thus 

inducing apical sealing after endodontic treatment7,8. 

EndoSeal MTA (Maruchi, Wonju, Korea), a finely pulverized pozzolan-based MTA was 

recently introduced. Pozzolan materials  are those which contain a siliceous or siliceous-

aluminous material. These pozzolan materials  chemically reacts with calcium hydroxide 

in the presence of moisture to form compounds with adequate cementitious properties 

that may contribute to the effective flow of the substance, sufficient working consistency, 

and a reduced setting time up to approximately 4 minutes9 
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The setting reaction of Total fill BC(FKG Dentaire, La-Chaux-de-Fonds, Switzerland)  

sealer is triggered by  the presence of moisture in dentinal tubules leading to formation of 

hydroxyapatite. This ensures optimum chemical adhesion between the dentin and the 

cement.  

The bioactivity of MTA has been attributed to its ability to produce hydroxyapatite(HA) 

in the presence of phosphate-buffered saline (PBS)10,11. Sarkar et al suggested that 

calcium ions released by MTA react with phosphate in PBS, yielding an HA interfacial 

layer in the MTA-dentin interface. 12,13. Till date no study has been done to compare the 

intratubular biomineralization of  tricalcium silicate sealers, bioceramic sealers and 

calcium hydroxide sealers. 
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2. AIMS AND OBJECTIVES 

 

1. To compare the biomineralization ability among bioactive materials like 

 

     GROUP A :   ENDOSEAL MTA  

     GROUP B :  SEALAPEX  

     GROUP C : TOTAL FILL BC 

2. To compare the biomineralization among the groups with pretreatment Phosphate 

Buffered Solution(PBS) and without pretreatment Phosphate Buffered Solution. 
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3. REVIEW OF LITERATURE 

The study done by YEON-JEE YOO et al on Dynamic Intratubular Biomineralization 

Following Root Canal Obturation With Pozzolan-Based Mineral Trioxide Aggregate 

Sealer Cement was to assess the biomineralization of dentinal tubules following root 

canal obturation by using pozzolan-based (Pz-) MTA sealer cement (EndoSeal MTA, 

Maruchi). Sixty curved roots (mesiobuccal, distobuccal) from human maxillary molars 

were instrumented and prepared for root canal obturation. The canals was obturated 

with gutta-percha (GP) and Pz-MTA sealer by using continuous wave of condensation 

technique. Canals obturated solely with ProRoot MTA (Dentsply Tulsa Dental) or Pz-MTA 

sealer was used for comparison. In order to evaluate the biomineralization ability under 

different conditions, the PBS pretreatment before the root canal obturation was 

performed in each additional samples. At dentin-material interfaces, the extension of 

intratubular biomineralization was analyzed using scanning electron microscopy (SEM) 

and energy dispersive spectroscopy. When the root canal was obturated with GP and 

Pz-MTA sealer, enhanced biomineralization of the dentinal tubules beyond the 

penetrated sealer tag was confirmed under the SEM observation (p<0.05). Mineralized 

apatite structures (calcium/phosphorous ratio, 1.45–1.89) connecting its way through 

the dentinal tubules were detected at 350–400mm from the tubule orifice, and the pre-

crystallization seeds were also observed along the intra- and/or inter-tubular collagen 

fiber. Intratubular biomineralization depth was significantly enhanced in all PBS 

pretreated canals (p<0.05). Pz-MTA cement can be used as a promising bioactive root 
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canal sealer to enhance biomineralization of dentinal tubules under controlled 

environment9. 

 

In the study done by Greer E. McMichael on Dentinal Tubule Penetration of Tricalcium 

Silicate Sealers. Eighty single-rooted teeth were randomly divided into 8 groups of 10 

and obturated with 1 of the previously mentioned sealers mixed with trace amounts of 

rhodamine using either the CW or SC technique. Teeth were sectioned at 1 mm and 5 

mm from the apex and examined under a confocal laser microscope. The percentage of 

sealer penetration and the maximum sealer penetration were measured.  The tricalcium 

silicate sealers penetrated tubules as deep as 2000 mm (2 mm). The percentage of 

sealer penetration was much higher 5 mm from the apex, with many specimens having 

100% penetration for both SC and warm vertical techniques. MTA Fillapex, a resin-based 

sealer with less than 20% MTA particles, had significantly greater tubule penetration 

with a warmvertical technique versus the SC technique at the 1-mm level14.  

 

A study done by Jessie F. Reyes-Carmona on Biomineralization Ability and Interaction of 

MineralTrioxide Aggregate and White Portland Cement With Dentin in a Phosphate-

containing FluidDentin disks with standardized cavities were filled with ProRoot MTA, 

MTA Branco, MTA BIO, white Portland cement+ 20% bismuth oxide (PC1), or PC1 + 10% 

of calcium chloride (PC2) and immersed in 15 mL of PBS for 2 months. The precipitates 

were weighed and analysed by scanning electron microscopy (SEM) and x-ray 
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diffraction.The calcium ion release and pH of the solutions were monitored at 5, 15, 25, 

and 35 days. The samples were processed for SEM observations. Data was analyzed by 

using analysis of variance or Kruskall-Wallis tests. Their findings revealed the presence 

of amorphous calcium phosphate precipitates with different morphologies. The apatite 

formed by the cement-PBS system was deposited within collagen fibrils, promoting 

controlled mineral nucleation on dentin, observed as the formation of an interfacial 

layer15. 

 

Study done by J. Camilleri on Dynamic sealing ability of MTA root canal sealer where the 

surface characteristics of the material in HBSS was evaluated under the scanning 

electron microscope after 1 and 28 days, and the leaching of both sealers were assessed 

by inductively coupled plasma atomic absorption spectrometry (ICP-AAS). In addition, 

24 single rooted extracted teeth were root filled using warm vertical compaction with 

either MTAS or PCS used as sealers with gutta-percha. Four teeth were used as positive 

and negative controls. Sealing ability was evaluated after 1 or 28 days using the fluid 

filtration method. Results Mineral trioxide aggregate sealer exhibited crystalline 

deposits rich in calcium and phosphorus on its surface when in contact with a 

physiological solution. These crystalline deposits were absent in PCS and on MTAS 

stored at 100% humidity. The sealing ability of MTAS was similar to that of PCS16. 
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The study done by Luciano Tavares Angelo Cintra on the topic Biocompatibility and 

biomineralization assessment of a new root canal sealer and root-end filling material 

investigated the short-term subcutaneous tissue reaction and biomineralization ability 

of two epoxy-based root canal sealers containing calcium hydroxide (MBP and MBPc) 

and ProRoot MTA. Polyethylene tubes containing the materials were implanted into the 

dorsal connective tissue of Wistar rats (n = 52) for 7 or 30 days; empty implanted tubes 

served as controls. Specimens were stained with hematoxylin–eosin and von Kossa stain 

or left unstained for observation under polarized light. Qualitative and quantitative 

evaluations of all tissue reactions were performed. One-way ANOVA and the Kruskal– 

Wallis test were used for statistical analysis (P < 0.05).  No significant differences were 

observed among the groups. All three materials induced mild-to-moderate tissue 

reactions at 7 days, which decreased over time. Dystrophic mineralization and 

birefringent structures were observed only in the ProRoot MTA® group17. 

 

According to study done by David C Bird an In vitro evaluation of dentinal tubule 

penetration and biomineralization ability of a new root-end filling material compared 

the ability of Capasio and mineral trioxide aggregate (MTA) to penetrate human dentinal 

tubules and examine the interaction of Capasio and MTA with a synthetic tissue fluid 

(STF) and root canal walls in extracted human teeth. Root-end preparations were filled 

with Capasio or MTA, allowed to set for 4 weeks in STF, and then sectioned at 1, 2, and 3 

mm from resected surface. Depth of penetration was evaluated by using scanning 
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electron microscopy (SEM). Next, Capasio and MTA samples were prepared both in 1-g 

pellets and in root-end preparations. Samples were placed in STF, allowed to set, and 

then characterized by using SEM, energy dispersive x-ray analysis (EDXA), and x-ray 

diffraction (XRD) techniques. Concluded that When used as a root-end filling material, 

Capasio is more likely to penetrate dentinal tubules. Both Capasio and MTA promote 

apatite deposition when exposed to STF18. 

 

In a review written by George Bogen and  Sergio Kuttler on the topic Mineral trioxide 

aggregate obturation: a review and case series it was written as Mineral trioxide 

aggregate (MTA) has emerged as a reliable bioactive material with extended 

applications in endodontics that include the obturation of the root canal space. This 

article examines the literature supporting MTA as a canal filling material, suggests 

methods for its delivery and placement, and presents clinical cases that demonstrate its 

effectiveness in resolving apical periodontitis under a variety of circumstances. Case 

reports are presented documenting clinical outcomes after the application of MTA that 

include retreatment, obturation combined with root-end resection, apexification, 

internal resorption, dens in dente, and in conventional endodontic therapy. The review 

introduces clinicians to an alternative treatment strategy that might improve the healing 

outcomes for patients presenting with complex and challenging endodontic 

conditions19. 
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In a study done by Viviane Haiub Brosco on the topic Bacterial leakage in obturated root 

canals-part 2: a comparative histologic and microbiologic analyses aimed to check 

presence of dentin infection in root canals, obturated with 4 techniques submitted to 

the bacterial leakage test, was evaluated using histologic methods. The canals of palatal 

roots of 160 molars were instrumented and divided into different groups, according to 

the obturation technique used (lateral condensation, MicroSeal system, Touch 'n Heat + 

Ultrafil, and Tagger's hybrid technique) and extent of the remaining obturation material 

(5 mm and 10 mm). Ten additional roots were used as control samples. The roots were 

sterilized in ethylene oxide and mounted on a device for evaluation of bacterial leakage 

using the bacteria Enterococcus faecalis for 120 days. After the leakage test, roots were 

microscopically analyzed for the presence of dentin infection in the root canals and 

dentinal tubules. A total of 154 specimens were analyzed using both methodologies in 

the experimental groups; 50 root canals (32.4%) showed bacterial leakage at the end of 

the experimental period, and 118 (76.6%) showed the presence of bacteria in the root 

canals using the histologic criteria. The lateral condensation technique allowed lower 

penetration of bacteria in the root canals and dentinal tubules, followed by Touch 'n 

Heat + Ultrafil, MicroSeal, and Tagger's hybrid technique, which allowed significantly 

greater penetration of bacteria. Root canals with 10 mm of remaining obturation 

material presented similar bacterial penetration as root canals with 5 mm. concluded 

that even when an adequate seal of the apical foramen was shown by the absence of 

turbidity in the bacterial leakage test, E. faecalis dentin infection was present in a high 

percentage of the root canals after 120 days of root filling exposure to the bacteria20. 
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According to study done  Yoorina Choi on the topic Biological effects and washout 

resistance of a newly developed fast-setting pozzolan cement they aimed to evaluate 

the biological effects of a newly developed fast-setting, mineral trioxide aggregate-

derived pozzolan cement (Endocem). Biocompatibility was evaluated on the basis of cell 

morphology and a viability test. The expression of osteogenic genes was evaluated by 

performing real-time polymerase chain reaction, and calcified nodule formation was 

assessed by alizarin red S staining. The setting time was measured, and washout testing 

was performed by placing the material into fetal bovine serum. Their  results suggested 

that Endocem can be used as an available retrograde filling material because it sets 

faster and shows similar biological effects when compared with ProRoot21. 

 

According to study done by Ahmad M El-Ma'aita on the topic A micro-computed 

tomography evaluation of mineral trioxide aggregate root canal fillings which aimed to 

assess the effect of indirect ultrasonic activation on the incidence of voids within 

mineral trioxide aggregate (MTA) root canal fillings and at their interface with the canal 

walls by using a nondestructive 3-dimensional (3D) micro-computed tomography 

(micro-CT) analysis. Extracted human teeth with single canals and minimal curvatures 

were decoronated, instrumented to size 50/05 apically, and randomly allocated into 4 

groups (n = 12). MTA was compacted manually by using hand pluggers in group A (MC). 

Indirect ultrasonic activation was applied to each increment of manually compacted 
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MTA for 1 second in group B (1 sec-UC), 5 seconds in group C (5 sec-UC), and 10 seconds 

in group D (10 sec-UC). Filled roots were scanned with a micro-CT device, and 3D 

analysis of void incidence was carried out by using the SkyScan software. Statistical 

analysis showed a significantly lower incidence of voids (P < .05) in the manual 

compaction (MC) group (0.7%) compared with the ultrasonic activation for 1 second 

(3.8%), 5 seconds (1.7%), and 10 seconds (1.6%) groups22. 

 

In a study done by Marcela Fridland, and Rafael Rosado where they tested 

mineral trioxide aggregate (MTA) solubility and porosity with different water-to-powder 

proportions. The study also determined the chemical composition of the salts dissolved 

by MTA. Four sets of specimens using the following water-to-powder proportions were 

prepared: 0.26, 0.28, 0.30, and 0.33 grams of water per gram of cement. The latter is 

the ratio recommended by the manufacturer. It was determined that the degree of 

solubility and porosity increased as the water-topowder ratio increased. Significant 

differences were found among the sets of specimens. The chemical analyses of the salts 

dissolved by MTA in the water identified the presence of calcium as the main chemical 

compound. The pH level of the solution was highly alkaline, ranging between 11.94 and 

11.99. It can be stated that the calcium found in the solution should be in its hydroxide 

state at this high pH level. This ability to release calcium hydroxide could be of clinical 

significance because it could be related to the proven capacity of MTA to induce 

mineralization23. 
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According to study done by M G Gandolfi , P Taddei, A Tinti and C Prati  Apatite-

forming ability, considered as an index of bioactivity (bond-to-bone ability), was tested 

on ProRoot MTA cement after immersion in phosphate-containing solution (DPBS). Disk 

samples were prepared and immersed in DPBS for 10 min, 5 h, 1 and 7 days. The cement 

surface was studied by attenuated total reflectance Fourier transform infrared (ATR-

FTIR) spectroscopy, by micro-Raman spectroscopy and by environmental scanning 

electron microscope with energy dispersive X-ray (ESEM-EDX) analyses. The pH of the 

storage solution was also investigated. Spectroscopic analyses revealed calcium 

phosphate bands after 5-h immersion in DPBS. After 1 day, an even coating composed 

of apatite spherulites (0.1-0.8 micron diameter) was observed by ESEM/EDX. After 7 

days, its thickness had increased. Apatite nucleation had already occurred after 5-h 

immersion. At this time, the presence of portlandite (i.e. Ca(OH)(2) , calcium hydroxide) 

on the cement surface was also observed; at longer times, this component was released 

into the medium, which underwent a remarkable pH increase. The study confirmed the 

ability of ProRoot MTA to form a superficial layer of apatite within hours24.  

 

According to study done by Linlin Han , Takashi Okiji, Seigo Okawa on the topic 

Morphological and chemical analysis of different precipitates on mineral trioxide 

aggregate immersed in different fluids. The purpose of this study was to analyze the 

ultrastructures and chemical compositions of precipitates formed on mineral trioxide aggregate 
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(MTA; White ProRoot MTA) immersed in distilled water (DW) or phosphate buffered saline 

(PBS), based on the attribution that MTA's bioactivity and sealing ability are influenced by its 

interaction with the external fluid environment. After 1 and 14 days of immersion, precipitates 

formed on MTA disks were analyzed using wavelength-dispersive X-ray spectroscopy electron 

probe microanalyzer with image observation function (SEM-EPMA; EPMA1601, Shimadzu, 

Kyoto, Japan), and Fourier transform-infrared (FT-IR) spectroscopy. On DW specimens, cubic-like 

crystals containing Ca, O, and C (17, 66, and 17 at% respectively) were produced. State analysis 

of calcium k(β)spectrum also revealed calcium hydroxide. On PBS specimens, acicular-spherical 

and lath-like crystals with Ca/P molar ratios of 1.42 and 1.58 respectively were produced. In 

conclusion, the precipitates formed on DW specimens were identified as calcium carbonate and 

calcium hydroxide primarily, whereas the precipitates on PBS specimens were inferred to be 

amorphous calcium phosphate25. 

 

In a study done by Yipin Qi et al Effects of Molecular Weight and Concentration of 

Poly(Acrylic Acid) on Biomimetic Mineralization of Collagen aimed to systematically 

investigate the effect of the molecular weight (MW) and the concentration of PAA on the rate 

and pattern of biomineralization of collagen matrices. Densified type I collagen films were 

mineralized in supersaturated PAA-stabilized amorphous calcium-phosphate (PAA-ACP) 

solutions containing increasing MW (2 kDa, 50 kDA, 450 kDa) and concentrations (10, 25, 50 

mg/L) of PAA up to 7 days. The stability and physical properties of collagen-free PAA-ACP 

solutions were also investigated. In our system, lowering PAA MW and increasing PAA 

concentration resulted in solutions with increasing stability. Over stable PAA-ACP solutions that 

fully inhibited mineralization of the collagen matrices were achieved using PAA 2k-50. 
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Conversely, unstable solutions were obtained using high PAA MW at low concentrations. 

Nucleation and growth of significant amount of extrafibrillar minerals on the collagen fibrils was 

obtained using these solutions. In a wide range of combined MW and concentration of PAA we 

obtained intrafibrillar mineralization of collagen with hydroxyapatite crystals aligned parallel to 

the collagen fibril as in natural tissues. Intrafibrillar mineralization was correlated with PAA-ACP 

stability and growth of the PAA-ACP particles in solution. Our results support using PAA to 

surrogate NCPs function as selective inhibitors or promoters of biological mineralization and 

provide parameters to manufacture new biomimetic scaffolds and constructs for bone and 

dentin tissue engineering26. 

 

According to the study done by Ga-Yeon Jang et al on the topic Washout resistance 

of fast-setting pozzolan cement under various root canal irrigants aimed to investigate 

the effects of various root canal irrigants on the washout of Endocem in comparison to the 

previously marketed mineral trioxide aggregate (ProRoot; Dentsply) in a furcal perforation 

model. Here ProRoot and Endocem were placed into acrylic molds on moist Oasis. Each mold 

was then immediately exposed to either physiologic saline, 2.5% sodium hypochlorite (NaOCl), 

or 2% chlorhexidine (CHX) under gentle shaking for five minutes. Washout testing was 

performed by scoring scanning electron microscope (SEM) images. Their results suggested that 

Endocem can be considered a useful repair material for furcal perforation, especially in a single-

visit scenario27. 
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In a study done by Ji-Hyun Jang et al on the topic Tooth discoloration after the use of new 

pozzolan cement (Endocem) and mineral trioxide aggregate and the effects of internal bleaching 

aimed to evaluate tooth discoloration after the use of mineral trioxide aggregate (MTA) and to 

examine the effect of internal bleaching on discoloration associated with MTA. hirty-two teeth 

were endodontically treated. Three-millimeter plugs of MTA, ProRoot, Angelus, or Endocem 

were placed on the access cavities of 24 teeth. Eight teeth served as the control group. After 24 

hours, the access cavities were restored, and the tooth color was recorded at baseline and at 1, 

2, 4, 8, and 12 weeks. After 12 weeks, the MTA materials were removed under a microscope, 

and an internal bleaching treatment was performed. After removal of the MTA materials and 

after a 1-week bleaching treatment, the color changes were measured, and the MTA-dentin 

interfaces were observed under a microscope. Their study showed that ProRoot and Angelus 

caused tooth discoloration. However, Endocem did not affect the contacting dentin surface. 

Removing the discolored MTA materials contributed more to resolving the tooth discoloration 

than post-treatment internal bleaching28. 

 

According to the study done by Takashi Komabayashi and Larz S W Spångberg on the topic 

Comparative analysis of the particle size and shape of commercially available mineral trioxide 

aggregates and Portland cement: a study with a flow particle image analyzer The aim of this 

study was to characterize the particle size distribution and circularity of various Mineral Trioxide 

Aggregates (MTA) (ProRoot MTA/ MTA Angelus/Gray and White) and Portland cements with 

effective size ranges of 1.5-160 microm using a flow particle analyzer (Sysmex FPIA-3000, Kobe, 

Japan). Cumulative percentage of particles between 6 and 10 microm were, 65, 73, 48, 53, and 

70 %, for Gray ProRoot MTA, White ProRoot MTA, Gray MTA Angelus, White MTA Angelus, and 
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Portland cement, respectively. ProRoot MTA contains fewer large particles than MTA Angelus. 

MTA Angelus contains a higher number of small particles than ProRoot MTA. White MTA 

contains smaller particles with a narrower range of size distribution than Gray MTA. MTA 

Angelus particles have relatively low circularity and wide size distribution and are less 

homogeneous than ProRoot MTA29. 

 

In a study done by Masoud Parirokh and  Mahmoud Torabinejad on the topic 

Mineral trioxide aggregate: a comprehensive literature review--Part I: chemical, physical, 

and antibacterial properties A review of the literature was performed by using electronic 

and hand-searching methods for the chemical and physical properties and antibacterial 

activity of MTA from November 1993-September 2009. There are many published 

reports regarding the chemical, physical, and antibacterial properties of MTA. Our search 

showed that MTA is composed of calcium, silica, and bismuth. It has a long setting time, 

high pH, and low compressive strength. It possesses some antibacterial and antifungal 

properties, depending on its powder-to-liquid ratio30. 

 

According to study done by Su-Jung Park on the topic Odontogenic effect of a fast-

setting pozzolan-based pulp capping material Human dental pulp cells (hDPCs) were 

cultured, and the effects of Endocem and a previously marketed MTA (ProRoot; 

Dentsply, Tulsa, OK) on biocompatibility were evaluated by assessing cell morphology 

and performing a cell viability test. Chemical composition of each material was analyzed 

by energy-dispersive X-ray spectroscopic analysis. Odontoblastic differentiation was 
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analyzed by alkaline phosphatase activity and alizarin red S staining. The expression of 

odontogenic-related markers, namely dentin sialophosphoprotein, dentin matrix protein 1, 

and osteonectin, was evaluated by real-time polymerase chain reaction, Western blotting, 

and immunofluorescence analysis. Pinpoint pulp exposures were made on rat teeth and 

then capped with ProRoot or Endocem. After 4 weeks, reparative tertiary dentin 

formation and inflammatory responses were investigated histologically. Their results 

indicate that ProRoot and Endocem have similar biocompatibility and odontogenic 

effects. Therefore, Endocem is as effective a pulp capping material as ProRoot31. 

 

In a study done by Li Peng on the topic Outcome of root canal obturation by warm 

gutta-percha versus cold lateral condensation: a meta-analysis. The purpose of this study 

was to evaluate clinical outcome differences of root canal obturation by warm gutta-

percha (GP) or cold lateral condensation (CLC) through a systematic review and meta-

analysis. There were 10 clinical studies evaluated. Postoperative pain, long-term 

outcomes, obturation quality, and overextension were the characteristics investigated. 

The results suggest that the two obturation techniques are not significantly different 

except in overextention. The relative risk (RR) value of warm GP versus CLC and 95% 

confidence interval (CI) of the first three criteria were 1.10 (0.71, 1.71), 0.78 (0.58, 1.05), 

and 1.31 (0.98, 1.76), respectively. Overextension was more likely to occur in the warm 

GP obturation group in comparison with the CLC group. The RR value and 95% CI were 

1.98 (1.33, 2.93). In conclusion, warm GP obturation demonstrated a higher rate of 

overextension than CLC. Postoperative pain prevalence, long-term outcomes, and 

obturation quality were similar between the two groups32. 
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4. MATERIALS AND METHODS 

 

Materials/ Equipment 

 

 

Commercial name / 

Manufacturer 

Purpose 

60 human maxillary 1st molars Dept of OMFS, SDM 

College of Dental Sciences 

 

ENDOSEAL MTA 

 

Marauchi USA Group A 

SEALAPEX 
Kerr endodontics Group B 

TOTAL FILL BC  
FKG Dentaire Group C 

#4 round carbide burs 
  

Endo-Z burs 
  

#10 stainless-steel (SS) K-file 
  

Rotary instruments 
  

sodium hypochlorite 
Bangalore, India Preparation 

17% ethylenediaminetetraacetic 

acid 

Spectrum Reagents and 

Chemicals, Kochi, India 

Irrigation / Biomechanical 

preparation 
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Irrigation needle 
Hindustan Syringes and 

Medical devices Ltd, 

Faridabad, India 

Irrigation protocol 

Saline 
Otsuka Pharmaceutical pvt 

Ltd, Ahmedabad, India 

Irrigation / Biomechanical 

Preparation 

Distilled water 
Waterman Distilleries, 

Belagavi, India 

Storage Medium 

Paper point 
Diadent, Cheongju, Korea Drying of canal/Obturation 

Phosphate buffered saline(PBS) 
Dept of oral pathology, 

SDM college of dental 

science 

Storage Medium 
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METHODOLOGY 

 

Inclusion criteria: 

                     Mesiobuccal and distobuccal roots of human maxillary 1st molars with the 

fully formed apices will be used in this study. 

Exclusion criteria: 

• Teeth with root cracks or defects.  

• Tooth with the anatomic irregularities 

• Teeth with open apices 

 

Total of 60 human maxillary 1st molar teeth were accessed with #4 round carbide burs 

and Endo-Z burs. The canal patency was gained using a size #10 stainless-steel (SS) K-

file until the tips will be visible at the apical foramen. The working length was taken 

1mm short from the measured length. 

Cleaning and shaping of the root canals were done  with hand and rotary instruments by 

following step back technique .The root canals will be irrigated with 2ml of 5.25% 

sodium hypochlorite (NaOCl) solution during the preparation, and 17% 

ethylenediaminetetraacetic acid (EDTA) solution (pH 7.2) was also used for 1min before 

final flush with 2.5ml of 5.25% NaOCl solution. The protocol for obturation was as 
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follows,  10 canals were obturated with Gutta Percha cone and Pozzolan MTA sealer 

(EndoSeal MTA) by using cold lateral compaction method , Total fill BC sealer and  

 Gutta Percha cone  was used for another 10 canals and remaining 10 canals were 

obturated using sealapex sealer and Gutta Percha cone.  

For the phosphate buffered saline(PBS) pretreatment, additional 10 canals were assigned 

to each experimental group. They were immersed in sterile PBS solution for a minute and 

dried with sterile paper points before root canal filling. 

Following the obturation, the teeth was stored at 37˚C with 100% humidity for a day to 

allow complete setting of the filling materials, and sealed the access cavities using 

intermediate restorative material (IRM) 

Assessment of Dentinal Tubule Biomineralization 

After 12 weeks, the specimens were evaluated by scanning electron microscopy to 

characterize microstructural variations of the dentinal tubules. Mesiobuccal or 

distobuccal root was separated from the teeth with a slow-speed, water cooled diamond 

saw. The separated roots will be split in horizontal direction for cross-section analysis at 

5mm level from the apex. Root segments were briefly washed in distilled water and 

sputter coated with gold for SEM observation. At the interface of main canal and 

obturation material, the depths of material penetration into dentinal tubules and 

intratubular mineralization was recorded. 
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COLOUR PLATE 1 

MATERIALS  

 

Figure 1 : Mesiobuccal and distobuccal root of maxillary first molar 
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Figure 2 : Sealers used for the study 
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Figure 3 : Irrigating solutions used for the study 
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Figure 4 : Gold sputtering of the samples 
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Figure 5: Samples after gold sputtering 
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Figure 6: Examination of the samples under scanning electron microscope 
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4.RESULTS 

The following table gives values for dentinal tubule penetration and biomineralization 

of endodontic sealers using scanning electron microscope 

Table 2: Biomineralization capacity of total fill BC, endoseal MTA and sealapex 

sealer at 5mm with phosphate buffered solution 

Sl.No TOTAL FILL BC 

SEALER 

 

ENDOSEAL MTA 

 

SEALAPEX 

 

1.  3.94 1.68 1.02 

2.  1.94 2.21 1.01 

3.  1.56 1.91 1.02 

4.  2.22 1.91 0.89 

5.  1.93 1.68 1.34 

6.  2.02 1.7 0.21 

7.  1.02 2.3 0.11 

8.  1.94 2.07 0.43 

9.  3.02 1.89 0.54 

10.  1.02 1.78 0.32 

11.  2.02 1.7 1.45 

12.  3.02 1.69 0.54 

13.  1.57 2.03 0.32 

14.  2.22 2.03 0.45 

15.  2.24 1.67 0.32 
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16.  3.02 1.78 0.43 

17.  2.02 1.87 0.21 

18.  2.03 1.67 1.32 

19.  1.89 1.78 0.32 

20.  1.79 2.02 0.32 

21.  1.69 1.89 0.54 

22.  1.59 1.87 0.43 

23.  1.89 1.68 1.34 

24.  3.02 1.76 0.32 

25.  2.02 1.65 1.01 

26.  2.02 1.78 0.23 

27.  1.89 1.78 0.43 

28.  1.79 1.67 0.43 

29.  1.69 1.65 0.22 

30.  1.59 1.86 0.03 

Average  2.054 1.832 0.585 
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Table 3: Biomineralization capacity of total fill BC, endoseal MTA and sealapex 

sealer at 5mm without phosphate buffered solution 

Sl.No TOTAL FILL BC 

SEALER 

 

ENDOSEAL MTA 

 

SEALAPEX 

 

1.  2.37 1.83 0.22 

2.  2.17 1.77 0.2 

3.  2.26 2.03 0.43 

4.  2.02 1.34 0.34 

5.  2.54 1.54 0.22 

6.  1.78 1.67 0.89 

7.  1.67 1.9 0.32 

8.  1.43 2.03 0.21 

9.  2.76 1.87 1.02 

10.  1.43 1.76 0.33 

11.  2.65 1.56 0.23 

12.  1.74 1.87 0.67 

13.  2.67 1.78 0.43 

14.  2.17 1.87 0.56 

15.  1.45 1.76 0.43 

16.  1.89 1.89 0.22 

17.  1.87 1.87 0.34 

18.  1.76 1.98 0.43 
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19.  1.89 1.89 0.43 

20.  1.76 1.76 0.76 

21.  2.76 1.9 0.43 

22.  2.3 1.87 1.02 

23.  2.86 1.56 0.34 

24.  1.86 1.87 0.43 

25.  1.54 1.9 0.43 

26.  1.65 1.76 0.34 

27.  1.65 1.54 0.32 

28.  1.32 1.98 0.56 

29.  1.23 1.78 0.21 

30.  1.24 1.97 0.56 

Average  1.956 1.8033 0.444 
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Table 4: Dentinal tubule penetration of total fill BC, endoseal MTA and sealapex 

sealer at 5mm with phosphate buffered solution 

Sl.No TOTAL FILL BC 

SEALER 

 

ENDOSEAL MTA 

 

SEALAPEX 

 

1.  2.23 1.04 1.25 

2.  1.74 0.79 0.81 

3.  1.04 1.85 0.72 

4.  1.96 1.74 0.97 

5.  1.41 0.92 0.7 

6.  1.79 1.66 0.66 

7.  1.73 1.03 0.83 

8.  0.79 1.31 1.25 

9.  1.82 1.23 0.84 

10.  1.23 1.72 0.65 

11.  1.09 1.23 0.76 

12.  1.89 1.65 0.56 

13.  1.78 1.65 0.65 

14.  1.76 1.02 0.54 

15.  1.89 1.54 0.56 

16.  1.56 1.04 0.65 

17.  1.76 1.05 0.78 

18.  1.89 1.06 0.65 
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19.  1.98 1.54 0.44 

20.  1.67 1.67 0.45 

21.  1.87 1.09 0.34 

22.  1.76 1.54 0.65 

23.  1.89 1.43 0.67 

24.  1.76 1.34 0.43 

25.  1.89 1.54 0.76 

26.  1.67 1.46 0.45 

27.  1.9 1.76 0.45 

28.  1.76 1.56 0.76 

29.  1.89 1.23 0.66 

30.  1.76 1.43 0.65 

Average  1.37 1.37 0.68 
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Table 5: Dentinal tubule penetration of total fill BC, endoseal MTA and sealapex 

sealer at 5mm without phosphate buffered solution 

Sl.No TOTAL FILL BC 

SEALER 

 

ENDOSEAL MTA 

 

SEALAPEX 

 

1.  2.02 1.04 1.32 

2.  2.31 0.79 0.87 

3.  1.74 1.76 0.81 

4.  1.04 1.74 0.72 

5.  1.96 0.92 0.97 

6.  1.41 1.45 0.7 

7.  1.79 1 0.66 

8.  1.73 1.02 0.83 

9.  0.79 1.53 0.76 

10.  1.82 1.54 0.84 

11.  1.23 1.23 0.65 

12.  1.09 1.56 0.76 

13.  1.89 1.54 0.56 

14.  1.78 1.02 0.65 

15.  1.54 1.54 0.54 

16.  1.89 1.04 0.56 

17.  1.56 1.05 0.65 

18.  1.23 1.06 0.78 
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19.  1.89 1.23 0.65 

20.  1.43 1.54 0.23 

21.  1.65 1.09 0.45 

22.  1.54 1.23 0.34 

23.  1.45 1.65 0.65 

24.  1.76 1.43 0.67 

25.  1.54 1.54 0.43 

26.  1.76 1.46 0.56 

27.  1.67 1.76 0.45 

28.  1.65 1.56 0.45 

29.  1.76 1.23 0.22 

30.  1.65 1.43 0.66 

Average  1.619 1.332 0.64 
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Table 6: Descriptive statis tics (Mean and SD) 

 

 With PBS Without PBS Total 

N Mean SD N Mean SD N Mean SD 

Intratubular 

mineralization 

Total fill BC 

sealer 
30 2.05 0.61 30 1.96 0.48 60 2.01 0.55 

Endoseal MTA 30 1.83 0.17 30 1.80 0.16 60 1.82 0.17 

Sealapex 30 0.59 0.41 30 0.44 0.23 60 0.51 0.34 

Depth Penetration 

Total fill BC 

sealer 
30 1.71 0.31 30 1.62 0.32 60 1.66 0.31 

Endoseal MTA 30 1.37 0.29 30 1.33 0.28 60 1.35 0.28 

Sealapex 30 0.68 0.21 30 0.65 0.22 60 0.67 0.21 

N: Number of samples; SD: Standard deviation 

Table 7: Comparison of intratubular mineralization and depth of penetration among 3 

different sealers between with PBS and without PBS  

  Groups N Mean SD t 
P 

Value 

Intratubular 

mineralization 

Total fill BC 

sealer 

With PBS 30 2.05 0.61 
0.684 0.497 

Without PBS 30 1.96 0.48 

Endoseal MTA 
With PBS 30 1.83 0.17 

0.667 0.507 
Without PBS 30 1.80 0.16 

Sealapex 
With PBS 30 0.59 0.41 

1.643 0.106 
Without PBS 30 0.44 0.23 

Depth 

Penetration 

Total fill BC 

sealer 

With PBS 30 1.71 0.31 
1.074 0.287 

Without PBS 30 1.62 0.32 

Endoseal MTA 
With PBS 30 1.37 0.29 

0.516 0.608 
Without PBS 30 1.33 0.28 

Sealapex 
With PBS 30 0.68 0.21 

0.69 0.493 
Without PBS 30 0.65 0.22 

*Statistical significance set at 0.05; N: Number of samples; SD: Standard deviation 

Independent sample t test displays no statistically significant difference in intratubular 

mineralization and depth of penetration among Total fill BC sealer, Endoseal MTA and 

Sealapex sealers between with PBS and without PBS. (P>0.05)  
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Graph 1: Distribution of intratubular mineralization among 3 different sealers between 

with PBS and without PBS  

 

Graph 2: Distribution of depth of penetration among 3 different sealers between with 

PBS and without PBS  
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Table 8: Comparison of intratubular mineralization and depth of penetration between 

3 different sealers among with PBS and without PBS groups 
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 *Statistical significance set at 0.05; N: Number of samples; SD: Standard 

deviation 

Interpretation: 

One-way ANOVA reveals a statistically significant difference in intratubular 

mineralization  and depth of penetration between Total fill BC sealer (Group C), 

Endoseal MTA sealer(Group A), and Sealapex(Group B) sealer in PBS group. 

Similarly, in the absence of PBS, there was a statistically significant difference in 

intratubular mineralization  and depth of penetration between Total fill BC 

sealer(Group C), Endoseal MTA(Group A), and Sealapex(Group B),  sealers.  

Tukey’s Post-hoc analysis displayed a statistically significant higher Intratubular 

Mineralization among Total fill BC(Group C) sealer when compared to Endoseal 

MTA(Group A) )and Sealapex(Group B),  sealers with PBS group. Also  statistically 

significant higher depth penetration was observed in sealers in absence of PBS.  

Total fill BC (Group C) sealer showed statistically significant depth penetration and 

intratubular mineralization when compared to Endoseal MTA(Group A) and 

sealapex(GroupB) 
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Figure 1: Representative scanning electron microscopic images of teeth filled with 

Endoseal MTA(GROUP A) Sealapex(GROUP B) and Total Fill Bc sealer(GROUP C), 

and with phosphate buffered  pre treatment showing penetration of sealer into the 

dentinal tubules, depth penetration of the sealer into dentinal tubules is shown by arrow 

in the images. In the first image G represents Gutta percha, S for sealer and D for dentin. 
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Figure 2: Biomineralized dentinal tubules showing organized apatite nanoparticles along with the 

semiquantitative chemical composition showing Ca/P ratio of the sealers used in the study, Endoseal 

MTA(GROUP A), Sealapex(GROUP B) and Total Fill BC sealer (GROUP C) 
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6. DISCUSSION 

 

Success of an endodontic therapy depends on proper access opening, cleaning and 

shaping and  three dimensional obturation of the root canal space with adequate 

coronal and apical seal. The long term success of root canal is obtained by choosing 

an appropriate endodontic sealer33.Sealers are mixed in a thin consistency and coated 

onto gutta-percha points and obturation is completed. Sealers  acts as a lubricating 

agent during obturation providing three dimensional seal.34,35.  

Another function of sealer is to also seal lateral canals ,accessory canals and voids 

that cannot be sealed by obturating material alone.36,37. Fluid tight seal is very 

important to prevent apical percolation. Microleakage is defined as the “diffusion of 

the bacteria, oral fluids, ions and molecules into the tooth and the filling material 

interface” OR “defined as the clinically undetectable passage of bacteria, fluids, 

molecules or ions between tooth and the restorative or filling material38.” 

Hence microleakage is considered as a risk factor in causing apical periodontitis 

Selection of endodontic sealer is critical in determining the success of treatment, 

therefore it is pertinent to know the properties of the sealer in detail38. 

Endodontic sealers are classified depending on the composition as: zinc oxide 

eugenol, salicylate, fatty acid, glass ionomer, silicone, epoxy resin, tricalcium silicate, 

and methacrylate resin sealer systems. Some of the new sealers contain fillers or 

ceramic powders including calcium hydroxide, mineral trioxide aggregate (MTA), 

and calcium phosphate38.  
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The sealers used in the present study are sealapex(calcium hydroxide based), total fill 

BC sealer and Endoseal MTA(calcium silicate based sealer). Sealpaex is composed 

of calcium oxide which forms calcium oxide after hydration on contact with tissue 

fluid it is biocompatible and osteoinductive leading to stimulation of, mineralised 

tissue, thus inducing apical seal after endodontic treatment. 

The advantages of using calcium hydroxide as a root-filling material are stimulation 

of the periapical tissues to promote healing and secondly for its antimicrobial 

effects39.According to the  

In vivo study done by Beuno CR et al there is high calcium and hydroxyl release 

after longer time intervals40, which was verified by the presence of birefringent 

granulation under polarized light. Biomineralization was observed at all time 

periods40. This is in accordance with our study. 

MTA is a tricalcium silicate cement having innumerable applications in endodontics, 

it is biocompatible and bioactive. It has the ability to regenerate periodontal ligament 

and form cementum in the  canal space and accessory canals when used as a root 

canal sealer41. 

According to the study done by Dreger et al MTA was more effective in promoting 

intratubular mineral deposition and biomineralization at dentin- cement interface. 

This study supports our study which  is “intratubular biomineralization of dentin 

using bioactive materials: an invitro study”18.  
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The two of the bioceramic sealer used in the study were Total fill BC(FKG Dentaire, 

La-Chaux-de-Fonds, Switzerland) sealer and Endoseal MTA(Maruchi, Wonju, South 

Korea) 

Pozzolan cement is a siliceous or siliceous aluminous material and Endoseal MTA is 

based on pozzolan cement composed of calcium silicate, calcium aluminate, calcium 

aluminoferrite, and calcium sulphate, the cement has excellent physical and 

biological properties similar to MTA42 

EndoSeal MTA chemically reacts with calcium hydroxide in the presence of 

moisture  forming  compounds with adequate cementitious properties, leading to 

proper flow ,working consistency, and a reduced setting time of almost 4 minutes 

and it also has the ability to promote dentinal tubule biomineralization9. 

A pozzolan based MTA material(Endoseal MTA) showed a intratubular 

biomineralization in a study done by Yoo et al 9and this is supportive to our study 

where in endoseal MTA showed higher intra tubular biomineralization when 

compared to sealapex. 

Total fill BC sealer is a new calcium silicate-based root canal sealer and it consists of 

dicalcium silicate, tricalcium silicate, calcium hydroxide, monobasic calcium 

phosphate, zirconium oxide, tantalum oxide, filler, and thickening agents. It is 

available as a premixed compound that can be directly used as a root canal sealer. 

The setting reaction of this sealer is by absorbing humidity from the dentinal tubule. 

According to the study done by Reszka et al total fill BC sealer has exhibited 

cytocompatibility, bond strength and higher dentin penetrability43.the above article 
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supports our study which showed higher dentin penetrability of Total fill BC sealer 

when compared with Endoseal MTA and sealapex 

During chemo mechanical preparation of the root canal ,sodium hypochlorite 

(NaOCl) was used in concentrations from 0.5 to 5% 44.  smear layer that may have 

been formed due to mechanical instrumentation was removed by using17% EDTA , 

EDTA causes dissolution of the inorganic debris and reduces the mineral content of 

dentin leading to peritubular and intertubular dentinal erosion45. It is shown that 

combined irrigant action enables a better treatment outcome  by reducing the 

microbial load.46,47 Hence in our study a combination of sodium hypochlorite and 

EDTA was used for the effective biomechanical preparation. 

The clinical radiographs are inaccurate in assessing the sealing ability of the densely 

filled root canal system which is surrounded by periapical tissue. Hence several 

methodologies such as micro-computed tomography proposed to assess the sealing 

ability of root canal filling materials but did not fully provide sufficient amount of 

information about the sealing of the root canal system. Hence confirmation of the 

dentinal tubule mineralization may provide the secondhand evidence showing the 

possible ultimate sealing of root canal system, and for this purpose, the present study 

was conducted to compare the biomineralization capacity and penetration depth of 

three endodontic sealer using scanning electron microscope9.  

Confocal laser scanning microscopy (CLSM) with the use of fluorescent organic 

dyes is used as a method to evaluate sealer penetration but the drawbacks of CLSM  
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is it cannot display non-fluorescent materials directly. The materials must  always be 

stained with fluorescent dyes that bind to the materials48.  

 The present study used scanning electron microscopy to evaluate the intratubular 

biomineralization and also penetration depth of the sealer. SEM allows detailed 

observation of the dentinal tubules and the surface appearance of the sealer cement 

without the use of dye to check for biomineralization. 

The results of this study showed significant(P<.001) depth penetration in sealers that 

used PBS as pre-treatment protocol. Statistically significant higher depth penetration  

was observed with Total fill BC sealer  group followed by  Endoseal MTA and least 

sealer depth penetration in Sealapex group .Total fill BC sealer and endoseal MTA, 

both being bioceramic sealers showed greater depth penetration when compared to 

sealapex  due to smaller particle size(less than 2 µm), low viscosity, and minimal or 

no shrinkage during the setting phase49. 

The present study tested the bioactivity of the two calcium silicate sealers and one 

calcium hydroxide-based salicylate sealer. The SEM EDS analysis showed the 

presence of oxygen, silicon, calcium and phosphate in all the three sealers used in the 

study. The results showed a statistically significant biomineralization with Total fill 

BC sealer when compared to Endoseal MTA and sealapex., 

According to Gower ,preconditioning with phosphate ions obtained from Phosphate 

buffered solution soaking sequence enhances the nucleation formation, which is 

known as polymer-induced liquid precursor (PILP) process9,50. 
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In this study the teeth were pretreated with the phosphate buffered solution and the 

results showed significant depth of penetration and biomineralization potential of the 

sealers . 

The calcium and hydroxyl ions  from the calcium silicate-based sealers react with 

phosphate-containing fluids to form an apatite layer10,12,15,24,51. PBS pretreatment 

before  obturation increased intratubular mineralization for both bioceramic sealers  

(Total fill BC sealer and Endoseal MTA) and calcium hydroxide based 

sealer(Sealapex). The biomineralization activity is highest for the bioceramic sealer 

when compared to the calcium hydroxide-based salicylate sealer. 
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7. CONCLUSION 

As per the literature, there is only one study  available related to Total fill BC sealer 

which has been cited in our study. In our study Total Fill BC sealer was compared 

with Endoseal MTA and Sealapex to evaluate the depth penetration and intratubular 

biomineralization. Within the limitation of this study, bioceramic sealer and calcium 

hydroxide based sealers were used for root canal obturation that resulted in 

harmonious intratubular depth penetration and dentinal tubule biomineralization. 

Preconditioning with PBS prior to root canal obturation promoted Polymer-induced 

liquid precursor (PILP) process, that led to improved biomineralization of the dentinal 

tubules. 

Hence, the Total fill BC sealer figuratively renders a new approach for bio-tight 

sealing of the root canal system. 
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8. SUMMARY 

The application of Bioceramic sealer  during the root canal obturation is gaining 

popularity due to its bioactive property to form an apatite in dentinal tubules. In this 

regard, this study was done to   investigate and compare the ability of the different 

bioactive sealers(Total Fill BC sealer, Endoseal MTA and Sealapex) in the 

biomineralization of dentin.  sixty curved roots (mesiobuccal, distobuccal) of human 

maxillary molars were used. Out of sixty teeth, thirty were pretreated with Phosphate 

buffered solution. 10 teeth were assigned to three groups of sealers , GROUP 

A(ENDOSEAL MTA),  GROUP B(SEALAPEX) and  GROUP C(TOTAL FILL BC 

SEALER). The root canals were instrumented by using the rotary files with continuous 

sodium hypochlorite (2.6%) irrigation. Final irrigation was either with 5% EDTA or with 

sodium hypochlorite. The canals were obturated by using Total Fill BC sealer, Endoseal 

MTA and Sealapex in combination with the cold lateral compaction. After setting, the 

roots were sectioned horizontally at 5mm from the apex. Assessment of biomineralization 

was carried out using scanning electron microscopy.  Statistical analysis was performed 

by One-way ANOVA and Tukey’s Post-hoc analysis(p<0.001). Total fill BC sealer 

penetrated significantly deeper into dentinal tubules when compared to Endoseal MTA 

and Sealapex. Even the biomineralization capacity was highest for Total Fill BC sealer. 

As for the pretreatment with the Phosphate buffered solution  favorable results  were 

observed with all the three sealers. Thus  use of Total fill BC sealer resulted in consistent 

penetration depth and dentinal tubule biomineralization. 
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