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A B S T R A C T  

 

Background: The most desirable outcome of endodontic treatment is to achieve 

a fluid-tight seal of the root canal space. Root canal sealers are used in combina-

tion with core filling materials to fill the irregularities in the root canal, resulting 

in a three-dimensional seal that prevents bacterial regrowth. 

Aim: This study was aimed to compare the apical sealing ability of three root 

canal sealers AH Plus, Endosequence BC, and Endoseal MTA, using a single cone 

gutta-percha obturation technique. 

Materials and methods: Forty extracted human single-rooted mandibular    

premolar teeth were decoronated to a standardized length of 15 mm and instru-

mented using crown down technique with the ProTaper gold rotary file system 

to apical file size F3. The roots were randomly allocated into three experimental 

groups (n=10) and two control groups (n=5). All the samples in experimental 

groups were obturated with a matched taper single cone: Group 1, Group 2 and 

Group 3 were obturated using AH Plus, Endosequence BC and Endoseal MTA 

sealers, respectively. Samples were immersed in 1% Methylene blue dye solu-

tion for 72 hours, and then the roots were split longitudinally and observed   

under a stereomicroscope. Apical microleakage was measured from the apex to 

the most coronal level of dye penetration. The data obtained were subjected to 

statistical analysis. 

Results: Samples in all the groups showed evidence of leakage, except in the 

negative control group. One-way ANOVA showed significant differences between 

the groups (p=0.00132). Posthoc analysis exhibited a significant difference     

between group 2 and group 3 (p=0.0102).   

Conclusion: Endosequence BC showed a superior seal and less microleakage 

compared to the two other sealers used in this study using a single cone gutta-

percha obturation technique.  
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1 .  I n t r o d u c t i o n  
 

The main intention of endodontic treatment is to eliminate microorganisms and 

to  obtain  a  three-dimensional  seal  of  the  root canal  space  preventing it  from  
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reinfection [1]. Numerous bacteria are resistant to 

many irrigating solutions and intracanal dressings, 

such as calcium hydroxide, and persist in areas like 

lateral canals and dentinal tubules. As a result, exten-

sive obturation is required to prevent apical or coro-

nal leakage, as well as to entomb residual debris and 

recalcitrant bacteria [2,3]. An ideal root canal filling 

must seal all portals of exit to the periodontium, 

providing a fluid-tight seal of the root canal space [4].  

 

An apical seal is the utmost essential factor for the 

success of endodontic therapy. About 58% of root ca-

nal treatment failures can be attributed to incomplete 

obturation of the root canal [5]. Hence, the apical seal-

ing ability of root canal filling materials is considered 

the most vital when obturating a root canal. The com-

monly used filling material is gutta-percha (GP) in 

conjunction with sealer for obturation. Root canal 

sealer is essential in achieving complete seal by seal-

ing the lateral canals, apical ramifications, with the 

possibility of attaining the good sealing ability to den-

tin, less solubility, good biocompatibility, mineraliza-

tion to dentin, and formation of calcified tissues to seal 

the apex [6].   

 

The single-cone obturation technique gained populari-

ty after the increasingly widespread use of rotary 

nickel-titanium (NiTi) instruments and matched-taper 

GP cones. Moreover, this technique is considered sim-

ple, which causes less stress for both patient and prac-

titioner [7]. New root canal sealers have recently been 

developed to replace traditional zinc oxide eugenol 

sealers. In particular, bioceramic-based sealers are 

gaining importance because of their alkaline pH, 

chemical stability, Less shrinkage, and biocompatibil-

ity [8,9]. Bioceramic based root canal sealers such as 

Endosequence BC sealer and Endoseal MTA sealer are 

offered as a pre-mixed syringe and usually contain 

calcium silicate. AH Plus, on the other hand, is an 

epoxy bisphenol resin sealant that comes in two tubes: 

epoxide paste and amine paste [10,11]. 

 

In endodontics, dye penetration, bacterial penetration, 

fluid filtering methods, and gas chromatography 

have been utilised to evaluate leakage. Dye penetra-

tion tests, however, appear to be most extensively uti-

lised since they provide a quantitative result and do 

not require sophisticated materials and equipment 

[10]. 

 

This study was designed to compare the apical sealing 

ability of  three different sealers using a single cone 
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obturation technique with a dye penetration method 

using the stereomicroscope.  

 

2 .  M a t e r i a l s  a n d  m e t h o d s  

 

2.1 Selection of samples and preparation 

 

The sample size was assessed based on the previous 

studies using the G Power 3.1 software with 80%  

power and 5% significance. Forty extracted human 

mandibular premolars with a single root and canal 

were included in the study. The teeth with calcified 

canals, cracks or fractures, development defects, multi-

ple canals, root caries, and endodontically treated 

teeth were excluded. For standardization, all the sam-

ples were decoronated to a length of 15mm by using a 

double-faced diamond disc (KG Sorensen, Barueri, SP, 

Brazil). Pulpal tissue extirpation was done, and the 

working length was determined using a size 10 K file 

(Dentsply, Maillefer, Tulsa, OK, USA). Biomechanical 

preparation for all the samples was done in crown-

down motion using ProTaper Gold (PTG, Dentsply Tul-

sa Dental Specialities, Tulsa, OK, USA) till F3 file size. 

Canals were irrigated between the use of files with 5ml 

of 3% Sodium hypochlorite (Prime dental PVT LTD., 

India). To remove the smear layer, all canals were irri-

gated with 3ml of 17% ethylenediaminetetraacetic 

acid (DESmear, Anabond Stedman pharma research, 

India).  The final rinse was performed by using 5 mL of 

distilled water to remove any remaining irrigating  

solution. All the irrigation procedure was followed  

using a side vented needle placed 1mm short of the 

apical foramen. After irrigation, the canals were dried 

with sterile absorbent paper points (Prime Dental PVT 

LTD., India). To eliminate inter-operator variability, all 

intracanal procedures were performed by a single  

operator. 

 

2.2 Grouping and obturation of the Samples 

 

All the forty samples were randomly divided into five 

groups consisting of three experimental groups (n=10) 

based on the sealer used for the obturation and one 

negative and one positive control group with five spec-

imens (n=5) in each. Samples in the negative control 

group did not receive obturation, while in the positive 

control group, the samples were obturated with single 

cone GP size F3 without sealer. In Group 1, AH Plus 

(Dentsply, Maillefer, Ballaigues, Switzerland) sealer 

was manipulated according to manufacturer’s instruc-

tions and was coated to canal walls using a #30 Len-

tulo spiral rotated at 300 rpm and 3 mm away from 
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the apex, and then all the samples were obturated us-

ing single cone obturation technique with sealer coat-

ed F3 size master cone GP. In Group 2, EndoSequence 

BC Sealer (Brasseler U.S.A., Savannah, GA) and in 

Group 3, Endoseal MTA sealer (Maruchi, Wonju, South 

Korea), the syringe tip was placed into the coronal one

-third of the root canal, and sealer was deposited by 

compressing the plunger of the syringe. The master GP 

of F3 size was coated with sealer and slowly intro-

duced into the canal, and all the samples were obturat-

ed using the single cone obturation technique. The 

excess GP in all the groups was seared at the orifice, 

and vertical compaction of the GP was performed. The 

canal orifices were sealed with Cavit-G (3M ESPE, Ger-

many). The obturation quality was evaluated radio-

graphically, and samples with inadequate obturation 

were excluded from the study and substituted with a 

new one. All samples were incubated for one week at 

37°C and 100% humidity in an incubator to allow the 

complete setting of sealers. 

 

2.3 Preparation of samples for Stereomicroscopic 

evaluation of dye penetration 

 

The external root surfaces in the experimental and 

positive control groups were coated with two layers of 

nail varnish, excluding the apical 2 mm of the roots. 

However, the root surfaces of the negative control 

teeth were entirely coated with two layers of nail var-

nish. The samples were then immersed in a 1% Meth-

ylene blue dye solution for 72 hours. Following this, 

the samples were removed from the dye and rinsed 

under running tap water for 15 minutes, and dried. 

The nail varnish was removed with a BP blade no. 11. 

The samples were sectioned longitudinally with a dia-

mond disk by placing the groove in a buccolingual di-

rection from coronal to apical, and the filling material 

was removed using an endodontic explorer to allow 

obvious assessment of linear dye penetration. For 

each sample, linear dye penetration was measured in 

millimetres from apex to the most coronal level of dye 

penetration using a stereomicroscope (Olympus BX50, 

Japan) at 30x magnification. 

 

2.4 Statistical analysis  

 

The obtained data were statistically analyzed using 

one-way ANOVA and Tukey’s post hoc test with IBM 

SPSS version 22 (IBM Corporation, New Orchard Road 

Armonk, New York 10504-1722, United States). The 

level of statistical significance was set at p < 0.05. 
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3 .  R e s u l t s  

 

The negative control group showed no linear dye pen-

etration, while the positive control group showed com-

plete dye penetration through the root canal space 

(Figure 1). The mean and standard deviation of linear 

dye penetration of the groups are given in Table 1. The 

maximum linear dye penetration was observed in 

group 2 and the minimum was in Group 2. The one-

way ANOVA test revealed a significant difference be-

tween the groups (p= 0.00132) (Table 1).  

 

In Tukey’s posthoc analysis (Table 2), statistically sig-

nificant differences were observed between group 2 

and 3 (p = 0.0102). However, group 1 did not show 

significant differences with group 2 (p = 0.446) and 

group 3 (p= 0.147).  

 

4 .  D i s c u s s i o n  

 

The success of endodontic therapy is accredited to var-

ious crucial factors such as meticulous instrumenta-

tion, thorough debridement, and three-dimensional 

obturation of root canal space with a fluid-tight seal 

[12].  Endodontic sealers have a key role in sealing the 

root canal system, entombing the residual bacteria, 

and filling the irregularities in the prepared canal sys-

tem [13]. The adhesion between the root canal dentin 

and GP is important in preventing microleakage, which 

can be attained through the use of different sealers 

[14]. Therefore, sealers have a great effect on the seal-

ing of the canal space and the success of treatment.  

 

With the introduction of matched GP, the traditional 

obturation is replaced with simple single cone obtura-

tion [15]. This technique has been considered less   

effective in sealing the root canal because of the larger 

bulk of cement that can be anticipated in the absence 

of condensation, resulting in more voids and shrinkage 

[16]. Recently, there has been development in the for-

mulation of root canal sealers with properties such as 

alkaline pH, biocompatibility, and lack of shrinkage. 

 

 Various methods have been advocated in the litera-

ture for testing microleakage in teeth, but the dye pen-

etration method is most widely used since it involves a 

simple technique and equipment and is economical 

[10]. Methylene Blue dye was used in this study as it 

has a high degree of staining, which allows easy quan-

titative assessment of the extent of dye penetration by 

linear measurement technique [6]. Furthermore, it 

diffuses easily and is not absorbed by the dentin ma-



103 

International Journal of Dental  Materials 2021;3(4): 100–105  

Figure 1: Stereomicroscopic images of tested samples showing linear dye penetration. 

Where A) negative control; B) Positive control, C) AH Plus, D) Endosequence BC, and 

E) Endoseal MTA  

1 2 3 

Groups n 
Mean ± Standard 

deviation 
F value 

Significance  

(p value) 

Group 1 - (AH Plus) 10 1.8432±1.2068 

5.104 0.00132 Group 2 - (Endosequence BC) 10 1.1306±0.9342 

Group 3 - (Endoseal MTA) 10 2.9670±1.6458 

Table 2: Comparison of three experimental groups with respect to dye penetration by 

one-way ANOVA. 

Table 2: Comparison of three experimental groups with respect to dye penetration by 

one-way ANOVA. 

Groups  
Mean Difference ± 

Standard Error 

Significance 

(p value) 

Group 2 - (Endosequence BC) 0.713 ± 0.410 0.446 
Group 1 - (AH Plus)  

Group 3 - (Endoseal MTA) 1.124 ± 0.410 0.147 

Group 2 - (Endosequence BC) Group 3 - (Endoseal MTA) 1.836 ±0.410 0.0102 
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trix apatite. Methylene blue was also the preferred 

choice because it has a molecular size and weight that 

is similar to a few bacterial by-products that have been 

reported to leak from the infected root canal into the 

periapical tissues causing irritation [17-19]. 

 

Results in the present study showed that Group 2, 

showed the minimum apical dye leakage with a mean 

value (1.1306 mm). The results of this study were in 

accordance with a previous study, which concluded 

that bioceramic sealer exhibited superior sealing com-

pared with three different sealers by matched taper 

single cone obturation technique using dye penetra-

tion method [20]. Ballulaya et al. (2017) evaluated the 

microleakage of six different sealers and found that 

Endosequence BC had reduced microleakage, despite 

the fact that the obturation technique used was lateral 

condensation [21]. The minimum apical dye leakage 

value of Group 2 can be attributed to its ability to 

chemically bond to root canal dentin, and its extremely 

smaller particle size and hydrophilic nature allow it to 

flow into all aspects of the canal anatomy. In addition, 

the Endosequence BC root canal sealer exhibits a 0.2% 

expansion during the setting period, which supports 

the spread of the sealer over the dentin walls of the 

root canal and the filling of the lateral canals [22]. All 

these features may contribute to the lower apical dye 

leakage observed in the present study.  

 

Group 1 showed more apical microleakage compared 

to Group 2 with a mean value (1.8432±1.2068 mm) 

but was not statistically significant (p=0.446). This 

result is in agreement with a study, which concluded 

that the Endosequence BC sealer exhibited superior 

sealing compared with the AH Plus sealer using the 

dye penetration method. This poor sealing ability of 

the AH Plus sealer could be due to inadequate bonding 

between the AH Plus sealer and the gutta-percha point 

due to shrinkage because of the faster setting of the 

sealer, allowing fluid leakage at this interface [23].  

 

Group 3 showed more apical microleakage with a 

mean value (2.9670±1.6458 mm) compared to Group 

2 which was statistically significant (p=0.0102)  and 

with no significant statistical difference (p=0.147) on 

comparison with Group 1. This finding is consistent 

with a study that found Endoseal MTA to have lower 

sealing ability than AH Plus when employed as a root 

canal sealer utilising the single cone obturation tech-

nique [24]. According to a study by Lim et al. (2015), 

the decreased sealing performance of Endoseal MTA 

can be attributed to its higher solubility (0.7%) than 

AH Plus (0.06%) [25]. MTA based sealers do not bond 

to either dentin or gutta-percha which may be the rea-

son for increased leakage observed in the present 

study [26,27]. 

 

5 .  C o n c l u s i o n  

 

Although none of the tested sealers prevents the apical 

microleakage completely, within the limitations of this 

study, it can be concluded that obturation with En-

dosequence BC sealer using a single cone technique 

resulted in superior apical sealability compared to the 

other two tested sealers. 
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