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ABSTRACT: Main objective of obturation in endodontics is total obliteration of root canal system and 

development of fluid tight seal at the apical foramen,which provides a biological environment for healing of 

periapical tissue¹. The method most frequently used to fill the root canal employs a semi solid,solid or a rigid 

core material cemented in the canal with a root canal sealer. Inadequate sealing with an endodontic sealer can 

have detrimentral effect such as prolongation of inflammation and infection². The aim of this study was to 

compare analysis of apical seal by bioceramic sealer, MTA, AH plus and their effect on the fracture resistance of 

root canal dentin-An Ex-vivo study. Eighty single rooted extracted mandibular premolars were decoronated to a 

length of 11 mm. The divide two groups of 40 teeth are respectively used for sealing ability and for fracture 

resistance. Each group was obturated with lateral condensation technique by using the following sealers. For 

sealing ability 40 teeth, they were randomly divided into 4 groups 10 of each groups: group-I: roots were 

obturation by bioceramic sealer, group-II: roots were obturated with bioceramic sealer, group III: roots were 

obturated with AH Plus. & group-IV:roots were positive control (obturation done without sealer). The specimen 

were immersed in 2% methylene blue dye for 7 days in a close container and the specimen were check for 

microleakage under stereomicroscope. The fracture resistance were check under UTM and the result were 

analysis was using ANOVA and POST HOC test. The sealing ability of group–I (bioceramic) shows the least 

microleakage than group II & Group III. The highest fracture  resistance is seen in group I Bioceremic followed 

by Group 3 (AH Plus) and the lowest fracture resistance is group 4 (positive control). We concluded that 

Endosequence BC shows the highest sealing ability and highest fracture resistance increased   in root-filled 

single-rooted premolar teeth. 
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I. INTRODUCTION 

 An endodontically treated tooth is weaker and more prone to fracture than vital teeth.
1
 11%– 13% of 

extracted teeth with endodontic treatment are associated with vertical root fractures rendering it the second most 

frequent identifiable reason for loss of root-filled teeth.
2,3

 There are several factors that affect the strength of 

endodontically treated tooth including loss of tooth structure because of caries or trauma, access cavity 

preparation, dehydration of dentin, overzealous instrumentation and irrigation of the root canal, excess pressure 

during root obturation, and preparation of intra-radicular post space.
4,5

 These factors interact cumulatively to 

influence tooth loading and distribution of stresses, ultimately increasing the possibility of catastrophic failure. 

Sealers can be a cause of root canal failure due to microleakage at sealer-dentin or sealer-core material 

interface.
6,7

 Bonding of sealer to the root canal dentin walls and formation of monoblock can eliminate this 

drawback. 

 An ideal endodontic sealer should fulfill all ideal requisites. A tight seal at the apex can enhance, sealer 

bond chemically to the dentinal wall of the root canal,and mild expansion of sealer improves its adaptation to the 

canal wall. It should be anti bacterial and resistant to the solution. One of such sealer is bioceramic sealer.
8 

Growing interest in reinforcing the root canal system has led to the development of adhesive root canal sealers. It 

is thought that adhesion and mechanical interlocking between the material and root canal dentin will strengthen 

the remaining tooth structure, and thus reduce fracture risk.
9 

 A new Bio Ceramic sealer Endosequence BC sealer (Brasseler, USA), has recently been introduced to 

the market. It is a premixed bioceramic endodontic sealer According to the manufacturer’s description, it is a 

convenient, ready-to-use injectable white hydraulic cement paste developed for permanent root canal filling and 



To study and compare the apical sealing ability and fracture resistance to root canal dentine with… 

www.ijdmsr.com                                                          22 | Page 

sealing applications. Also, it is an insoluble, radiopaque, and aluminium-free material which requires the 

presence of water to set andharden.
10 

 Epoxyresin-based dental materials (AH Plus) have been proposed to be excellent agents to reinforce an 

endodontically treated tooth through the use of adhesive sealers in the root canal system.
11

 However, despite 

several advantages exhibited by bonding agents and resins studied to date, they had problems in working 

properties (hydrophobic nature), radio-opacity and lack of re-treatability when used for endodontic purposes.
12,13 

MTA Fillapex is the first MTA based salicylate resin sealer. It is a bioceramic type of sealer that can readily set 

in presence of moisture and is able to cause cementogenesis and thus helps in repair of apical tissue.
14

 As it is 

known that MTA does not bond to dentin, the presence of resins in Fillapex sealer increases the flow properties, 

and the presence of MTA would cause interfacial deposition of hydroxyapatite, which would increase the 

frictional resistance of the obturating material.
15

 However, MTA has certain drawbacks like difficulty in 

handling, degradation of type 1 collagen and alteration of micro hardness of dentin.
8 
Many root canal obturating 

systems are available to clinicians, yet no consensus exists regarding the superiority of any one in root canal 

obturation.
 

 Hence, the present study was undertaken with the objectives to evaluate  sealing ability and fracture 

resistance of four root canal sealers namely  like Endosequence BC sealer (Brasseler USA), MTA based-MTA 

Fillapex (Angelus) and Epoxy Resin-based sealer AH plus (DENTSPLY ). 

 

 

II. MATERIAL & METHODS 
 Eighty freshly extracted human single canal mandibular premolar with a root length of at least 12 mm 

were collected from the Oral and Maxillofacial Surgery Jaipur  Dental College and Hospital, Jaipur and stored in 

physiological saline. Soft tissue remnants and calculus in the teeth were removed. They were confirmed by 

digital radiograph (RVG, Gendex) from buccal, lingual and proximal views to ensure that they had single canals. 

Teeth with immature apices, those that had undergone root canal treatment, or those that had root caries or 

restorations, two root canals, fractures, resorption and calcified canals were excluded from the study. 

 

TOOTH  PREPARATION: 

 All the teeth specimens were decoronated using a double sided diamond coated disc, to adjust the 

remaining root length to a standardized length of 11 mm. In all the1 specimens, access openings were prepared 

using #4 round bur and working length was determined by placing a No 10 K file (Mani) in to the root canal, 

until it was just visible at the apical foramen. 

 The recapitulation was done with master apical file before using next larger instrument. Copious root 

canal irrigation using 5ml of 3 % sodium hypochlorite solution using a syringe and 27 gauge needle was 

performed after each instrumentation. Final flush with 5ml of 17% EDTA was done in order to remove the smear 

layer for 1-2 minutes. This was followed by a final irrigation with 5ml of 0.9% Normal saline. Each of the root 

canal specimens were dried with sterile paperpoints. 

 All the eighty instrumented roots were divided into two groups of 40 teeth each which are again 

subdivided into 4 groups of ten teeth each. The divided two groups of 40 teeth are respectively used for sealing 

ability and for fracture resistance. Each group was obturated with lateral condensation technique by using the 

following sealers. 

For sealing ability 40 teeth: The teeth were randomly divided into 4 groups 10 of each group: 

Group-I : roots were obturated by bioceramic sealer 

Group-II : roots were obturated  with bioceramic MTA. 

Group-III :  roots were obtutarted  with AP Plus. 

Group-IV :  positive  control group (obturation done without sealer). 

 

PREPARATION TO CHECK THE SEALING ABILITY: 

DYE PENETRATION: 
 After removal from the incubator,the roots were dried amd given two coats of nail varnish. The 

specimen were immersed in 2% methylene blue dye for seven days in a close container. After removal from dye 

the roots were rinsed in tap water and the nail varnish was removed with the help of acetone ( Loba Chemie Pvt 

Ltd). 

 

PREPARATION OF THE SPECIMEN FOR MICROLEAKAGE EVALUATION: 
 The varnish layers were scrapped off and the roots were split longitudinally parallel to the long axis 

with the diamond disc using a water coolant. 
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STEREO MICROSCOPE OBSERVATION:  
 Level of linear dye leakage was measured in cleared roots to the maximum points of penetration using a 

stereo microscope X 10 magnification( Nissho Optical Co.Ltd ,Japan) with a built in millimeter scale to the 

nearest 0.1mm. The data collected was compiled,tabulated and put to statistical analysis. 

 

STATISTICAL ANALYSIS: 
 The results were analysed by one way ANOVA and multiple post hoc procedures. Statistical 

significance were defined in advance as p< 0.05 using the SPSS9.0 for windows ( SPSS Inc, Chicago, IL,USA) 

statistical package. 

 
III. RESULT 

 Our study showed that the Group 1(bioceramic) shows the least microleakage and Group 4(positive 

control) shows the greatest microleakage. It was seen that there was a statistically significant difference in mean 

microleakage between the groups (p=<0.001) (table 1).  

 

Table 1: Shows the distribution of dye penetration scores in all the group. 

 Micro-leakage 

 Number Mean Std. 

Deviation 

Std. 

Error 

Minimum Maximum F-value p-value 

Group 1 

(Bioceramic) 

10 0.38 0.42 0.13 0.00 1.20 39.732 <0.001* 

Group 2 (MTA) 10 0.94 0.30 0.09 0.40 1.40   

Group 3 (AH-plus) 10 1.42 0.27 0.09 1.00 1.80   

Group 4 (Positive 

control) 

10 1.92 0.32 0.10 1.40 2.40   

 

 The inter-group comparison of mean Micro-leakage was done using the Post-hoc bonferroni test. The 

mean Micro-leakage was significantly more among group 4 than group 3 which was significantly more than 

group 2 which was significantly more than group 1 (table 2). 

 

Table 2: Inter-group comparison of mean Micro-leakage 

  Micro-leakage 

Groups Groups Mean Difference p-value 

Group 1 (Bioceramic) Group 2 (MTA) -0.56 0.003* 

Group 3 (AH-plus) -1.04 <0.001* 

Group 4 (Positive control) -1.54 <0.001* 

Group 2 (MTA) Group 3 (AH-plus) -0.48 0.015* 

Group 4 (Positive control) -0.98 <0.001* 

Group 3 (AH-plus) Group 4 (Positive control) -0.50 0.010* 

 

 The highest fracture resistance is seen in group1 bioceramic followed by group 3 (AH plus) then group 

( 2 MTA) and the lowest fracture resistance is group 4( positive control ). It was that there was satistically 

significant difference in mean fracture resistance within the groups (p=0.002) (graph 1). The mean fracture 

resistance was significantly more among group 1(Bioceramic) in comparison to group 2(MTA) and group 3(AH 

Plus) was significantly more than group 4(Positive Control) (table 3). 
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Table 3: The inter group comparison of mean fracture resistance 

  Fracture resistance 

Groups Groups Mean Difference p-value 

Group 1 (Bioceramic) Group 2 (MTA) 97.19 0.004* 

Group 3 (AH-plus) 83.22 0.015* 

Group 4 (Positive control) 185.47 0.001* 

Group 2 (MTA) Group 3 (AH-plus) -13.97 0.353 

Group 4 (Positive control) 88.28 0.017* 

Group 3 (AH-plus) Group 4 (Positive control) 102.25 0.007* 

POST hoc test    * Significant difference 

 

IV. DISCUSSION 
 Leakage into the root canal system can occur via four possible roots: (a) through the apical foramen can 

root filling material and the root canal wail,(b) through the apical foramen by infusion into the material,(c) from 

outside the tooth through expose dentin, accessory canals etc and (d) through the coronal access cavity.
16 

 In the present in vitro study, results revealed that the bioceramic group (group1) has the highest    

sealing ability values (0.38) and the highest fracture resistance (383.44N).  Positive control group (group 4), has 

the lowest sealing ability (1.92) and the lowest fracture resistance (69.38 N).  

 The mean fracture resistance of endosequence BC   in the current study was higher (383.44  N) than the 

mean fracture resistance of AH plus (300.22 N), as reported by Topcuoglu et al
17

, AH Plus (248.36 N) as 

reported by Khan S et al
18

 and MTA Fillapex (286.25 N),as reported by Mandava et al.
15

 Therefore the mean 

fracture resistance with Endosequence BC in our study was favourable and higher compared to mean fracture 

resistance of various other sealants. 

 Hatibovic and Kofman et al 
19 

assessed the fracture resistance of root dentine in open apex cases for 

longer duration and they demonstrated an increase in fracture resistance; however in closed apex cases MTA 

showed a reduction in fracture resistance
20

 which was similar to our study. Various Studies have showed that 

fracture resistance of teeth obturated with MTA Fill apex was low probably due to lack of bonding of MTA to 

the dentin.
21

 These results are similar to our study result with MTA Fillapex. 
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 In contrast to our study, Celikten et al
22

 and Jainaen et al
23

 demonstrated low fracture resistance for 

teeth obturated with Endosequence BC sealer, and AH Plus sealer respectively. According to Celikten et al,
22

 the 

reduced fracture resistance offered by Endosequence BC sealer could be due to the reduced moisture in the 

dentinal tubule required for the setting of sealer. Jainaen et al
23

 stated that reduced fracture resistance of AH Plus 

was due to the reduced compressive and tensile strength of AH Plus in comparison with dentine. 

 Researchers have analysed and concluded that single circular canals have lower and more uniform 

stress distribution than oval canals in which greater stresses are present at the labial and lingual canal extensions 

and at the cervical and middle thirds.
24

In all of the premolar samples used in the present study, had a circular 

cross- section, which would have resulted in uniform distribution of load and also simulated the clinical situation 

where chewing forces are maximum. 

 Some studies have suggested that lateral condensation creates stresses in the root during obturation, 

which could lead to subsequent fracture. Single cone Obturation technique is a simple and time efficient 

technique which has become popular after the advent of NiTi rotary instruments. Ersev et al 
25 

 reported that the 

group in which AH Plus was used with the matched taper single-cone technique showed significantly higher 

fracture resistance than the instrumented but not obturated roots. The major advantage of using single cone 

obturation technique is that it forms a uniform mass in combination with endodontic sealers thereby preventing 

failures observed among multiple cones as in cold lateral condensation technique
26

. In the present study, as 

lateral condensation obturation technique was used because it excluded both the excessive dentin removal 

required to facilitate the plugger‟s insertion during vertical compaction and the wedging forces of the spreaders 

during lateral compaction. In the present study aluminium foil and acrylic resin blocks were used to simulate the 

periodontal ligament and alveolar bone and a single load to fracture was applied vertically as in many other 

studies that evaluated the effect of root canal sealers on the fracture resistance of root filled teeth. 

In summarized that the present invitro study shows   Endosequence –BC sealer have improved the fracture 

resistance of endodontic ally treated teeth.  Further invivo studies will throw light into the clinical application of 

this promising material in future endodontics. 

 

V. CONCLUSION 
 The present study concluded that Endosequence provides the best sealing ability and best fracture 

resistance. Further research is necessary to take advantage of the excellent biological properties of this cement 

under clinical applications. Additional invitro, ex vivo, and invivo research must be conducted to evaluate the 

performance of this new material and to confirm its use in endodontic therapy and the possibility of retreatment. 
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