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INTRODUCTION  

Complete obturation and hermetic seal of the root canal 

system is a critical step in successful root canal therapy, 

providing a bacterial-tight seal to inhibit bacterial 

penetration and their by-products into the cleaned and 

disinfected root canal system. For this reason, different 

endodontic materials and obturation techniques have 

been developed for decreasing microleakage and 

improvement of the seal of the prepared root canals. 
 The most common obturation technique is the cold 

lateral condensation of gutta percha using different type 

of sealers. The sealer is very important for long-term seal 

of the root canal filling because it adheres gutta percha to 

the root canal dentin and fills irregularities and spaces 

among gutta percha cones and between the root canal 

walls and fillings (1). 

 Endosequence BC sealer (Brasseler USA, 

Savannah, GA) is a new bioceramic sealer used with 

gutta percha. Endosequence BC Sealer is a premixed and 

injectable endodontic sealer, and its nanoparticle size 

allowed it to flow into canal irregularities and dentinal 

tubules. It is hydrophilic and uses moisture in dentinal 

tubules to initiate and complete its setting reaction. In 

addition, no shrinkage occurs on setting, resulting in a 

gap-free interface between the gutta-percha, sealer, and 

dentin (2). BC sealer has the ability to form 

hydroxyapatite forming chemical bond with the dentin 

wall (3). It is composed of calcium silicates, calcium 

phosphate monobasic, calcium hydroxide and zirconium 

oxide. 

MTA Fillapex (Angelus, PR, Brasil) is a MTA-

based sealer. Its composition after mixing is basically 

MTA, salicylate cement, natural resin, bismuth and silica (4). 

MTA Fillapex is the first two paste MTA-based root 

canal sealer. According to the manufacturers its MTA-

based composition provides a perfect sealing integrity 

and high biological regeneration (5). 

 Adseal sealer (Meta Biomed Co, Korea) is a resin-

based sealer. It contains epoxy resin, zirconium oxide, 

Ethylene glycol salycilate, and bismuth subcarbonate. 

Available in two paste-containing tubes (6), it has good 

adaptation to canal walls, low solubility, good flow and 

good radiopacity (7). 
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Abstract: 
Introduction: Bacteria and their by-products are the main cause of pulpal and periapical diseases. That is why all routes between root canal system 

and peridontium should be sealed to prevent bacterial leakage.  

Objectives: Was to compare the coronal bacterial leakage between different obturation materials.  

Materials and methods: Sixty single-canaled lower premolars were used in this study. Teeth were decoronated to standardize root 

length to 12 mm. Instrumentation was done using Protaper universal rotary system to file size F4, then teeth were divided into six 

groups, four experimental and two control (n=10). Group I: obturation was done using CPoint and Endosequence bioceramic sealer 

using single-cone technique; Group II: obturation was done using Protaper gutta percha and Endosequence bioceramic sealer; Group 

III: obturation was done using Protaper gutta percha and Adseal resin sealer; Group IV: obturation was done using Protaper gutta 

percha and MTA Fillapex sealer; Group V: used as positive control; Group VI: used as negative control. Groups II, III, IV, VI were 

obturated using lateral condensation technique. A split-chamber microbial leakage model was used to detect bacterial leakage. 

Turbidity in the lower chamber was observed daily for 60 days. Data were analyzed using Kruskal–Wallis and Monte-Carlo test.  

Results: all experimental groups showed leakage throughout the study period, Group I showed the best results with a mean of (37.30 

± 23.61) days while Group II and III showed nearly equal results with a mean of (32.10 ± 22.57) and (33.10 ± 19.90) days, 

respectively. Group IV showed a mean of (16.90 ± 8.21) days and was found to be statistically significant than the other groups (P= 

0.048).  

Conclusions: None of the tested materials were able to provide a complete hermetic seal. CPoint with endosequence bioceramic 

sealer provided the best coronal seal while MTA Fillapex was the worst. CPoint obturation system can be an alternative to lateral 

condensation technique. 
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CPoint obturation system (EndoTechnologies, 

Shrewsbury, USA), also known as Propoint which is a 

part of the Smartseal obturation system (8) is a novel 

single-cone hydrophilic system, according to the 

manufacturer, which provides a three-dimensional seal 

as it had greater efficiency in filling simulated lateral 

canals and a comparable homogeneity of obturation (9). 

CPoint cones contain a central polyamide core to provide 

good handling with an outer bonded hydrophilic polymer 

coating, which expands laterally without expanding 

axially by absorbing residual water from the 

instrumented root canal space and the naturally present 

moisture in the dentinal tubules (8). The lateral 

expansion of CPoints is claimed to occur nonuniformly 

with the expandability depending on the extent to which 

the hydrophilic polymer is pre-stressed (i.e., contact with 

a canal wall will reduce the rate or extent of polymer 

expansion) (10). 

 The sealing ability is a basic feature that needs to be 

tested for every root canal filling material or technique. 

Many experimental tests have been developed to detect 

the leakage that occurs along root fillings. Despite the 

limitation of the in vitro leakage tests, they supply an 

appropriate initial framework of new filling materials 

and techniques (11, 12). These methods include dye 

penetration, glucose leakage, fluid transport, 

electrochemical, radioisotopes and bacterial leakage. The 

bacterial leakage model was used in this study as it is 

more clinically relevant, producing more precise and 

reproducible data (13), using the etiologic agent of apical 

periodontitis (14). 

 The aim of the present in vitro study was to compare 

the coronal bacterial leakage through different obturation 

material and to study the effectiveness of the single-cone 

CPoint system to resist bacterial leakage compared to 

that of laterally condensed gutta percha with different 

sealers.  

 

MATERIALS AND METHODS 

Sixty single-canaled lower premolar teeth with fully 

developed root apices were used in this study. Teeth 

were thoroughly cleaned from any soft tissue or calculus 

deposition using curettes, with care not to damage the 

root surface. 

 To ensure the same length for all specimens, the 

crowns of all teeth were removed using diamond disks 

keeping the length of all roots standardized at 12 mm. 

Apical patency was checked using #10 K-files. #15 K-

file was inserted into each root canal for determination of 

the working length. 

 Instrumentation was done in a crown-down 

technique using rotary Protaper universal system 

(Dentsply Maillefer SA, Baillaigues, Switzerland). 

Rotary instrumentation was performed with the aid of 

electrical motor X-Smart device at speed of 250 RPM 

and torque of 3 N. The sequence of files used during 

instrumentation was that recommended by the 

manufacturer as SX, S1, S2, F1, F2, F3 and F4 was used 

as final apical file. Shaping files were used in brushing 

motion while finishing files was used in straight in and 

out motion. Glyde file prep was placed on each file 

before insertion inside the canals. Smear layer removal 

was done using 2.5% NaOCl and 17% EDTA solution 

then the canals were finally flushed with 5 ml distilled 

water. 

Teeth were then divided into six equal groups, four 

experimental and two control groups of ten teeth each. 

Obturation was performed according to the grouping. 

In group I, ten roots were obturated by CPoint and 

Endosequence bioceramic sealer. The tip of the syringe 

was inserted into the canal no deeper than the coronal 

one third. Gently and smoothly a small amount (1-2 

calibration markings) of the sealer was dispensed into 

the root canal by compressing the plunger of the syringe. 

The CPoint cone (size F4) was lightly coated with sealer 

then it was slowly inserted with a slight pumping motion 

to evenly distribute the sealer until it was fully seated. 

Obturation was done using Single-cone technique. 

In group II, ten roots were obturated with Protaper 

gutta percha with Endosequence bioceramic sealer. The 

sealer was inserted into the root canal as the previous 

group, the master gutta percha cone (size F4) was coated 

with the sealer then it was inserted in the canal with a 

pumping motion until it was fully seated. The obturation 

was completed using conventional lateral condensation 

technique with accessory gutta percha cones. 

In group III, ten roots were obturated with Protaper 

gutta percha with Adseal resin sealer. The base and 

catalyst were mixed on a mixing pad using spatula until 

reaching creamy homogeneous consistency, sealer 

carried to the canal using a #15 hand file, rotated in an 

anti-clockwise direction, the master gutta percha cone 

(size F4) was coated with the sealer and then inserted 

with a pumping motion until it was fully seated. The 

obturation was completed using conventional lateral 

condensation technique with accessory gutta percha 

cones. 

In group IV, ten roots were obturated by Protaper 

gutta percha Points and MTA Fillapex sealer. The self-

mixing tip was attached to the syringe then the sealer 

was immediately placed after mixing, it was applied in 

the root canal directly using an applicator tip adapted to 

the self-mixing tip, the gutta-percha was coated with a 

thin layer of the sealer then inserted until it was fully 

seated. The obturation was completed using 

conventional lateral condensation technique with 

accessory gutta percha cones. 

In group V, ten roots were prepared but not 

obturated and kept opened to act as a positive control 

group. 

In group VI, ten roots were filled with Protaper gutta 

percha and Adseal resin sealer using lateral condensation 

technique to act as a negative control group. 

After obturation, all specimens were stored at 37°C 

at 100% humidity for two weeks to allow full setting of 

the sealer. Good quality radiographs had been taken to 
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verify the quality of the root fillings. The external 

surfaces for groups (I, II, III, IV), except the coronal 

access and the apical 2 mm, were covered with two 

layers of nail polish and sticky wax. For group V, the 

external surface was not covered with nail polish. For 

group VI, root surfaces were completely covered with 

two layers of nail polish including the apex of the root 

and coronal access.  

A split-chamber model (15) was used for bacterial 

leakage evaluation using natural human saliva. Briefly, 

the tapered end of a 2-ml plastic eppendorf tube was cut 

and each root was placed into the tube. The root was 

positioned inside the tube so that its apical end was 

protruding from the cut-end section of the eppendorf 

tube. The junction between the plastic tube and the root 

was sealed with cyanoacrylate glue and nail polish. The 

apparatus (teeth and plastic tubes) were sterilized by 

exposure to Ultraviolet rays. Then the eppendorf tube 

containing the samples was placed in a glass bottle 

containing 3 ml sterile Schaedler broth so that at least 2 

mm of the root apex was immersed in the broth (as 

shown in figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): Diagrammatic illustration of the apparatus used in this 

study. 

 

The junction between the eppendorf and the glass 

bottle was sealed tightly with sticky wax and parafilm 

M. Each sample was enumerated for identification. To 

verify sterilization, the whole apparatus was incubated 

for 3 days at 37°C to check any turbidity in the broth of 

the lower chambers. 

The coronal chambers were filled with 1 ml of the 

mix of human saliva and broth (ratio 3:1). The saliva 

was collected from a single volunteer who did not brush 

for 12 hours before collection or were on antibiotic 

therapy. The system was stored in an anaerobic incubator 

with an anaerobic gas pack at 37°C and any changes in 

opacity of the broth in the apical chamber was checked 

daily for identification of bacterial contamination for up 

to 60 days (as shown in figure 2). If no turbidity was 

observed in the apical chamber for up to 7 days, the 

medium in the coronal chamber was changed.  

 Data was submitted to the non-parametric Kaplan-

Meier statistical analysis to a 5% significance level (p < 0.05), 

estimating the mean time of leakage in days for all 

groups. The results were statistically analyzed using 

Kruskal Wallis and Monte Carlo test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): a) Sample showing turbidity of the broth in the lower 

chamber; b) Sample showing clear broth in the lower 

chamber. 

 

RESULTS  
The daily contamination of obturated root canals of all 

groups after exposure to natural human saliva for a 

period of 60 days is shown in table 1. 

Table (1): The daily contamination of obturated root canals of 

all groups after exposure to natural human saliva for a period 

of 60 days. 

 

All samples of the positive control group showed 

leakage on the second day, indicating the ability of saliva 

to penetrate the prepared root canals. Also, none of the 

negative control specimens leaked within 60 days, 

indicating that the seal created between the two-

chambers of the systems was efficient.  

 Regarding the days of contamination, all 

experimental groups showed leakage throughout the 

study period, Group I showed the best results with a 

mean of (37.30 ± 23.61) days while Group II and III 

showed nearly equal results with a mean of (32.10 ± 

22.57) and (33.10 ± 19.90) days, respectively. Group IV 

showed the worst results with a mean of (16.90 ± 8.21) 

days and was found to be statistically significant than the 

other groups (P = 0.048). (As shown in table 2) 

Groups Group 

(1) 
 

Cpoint + 

BC 
sealer 

Grou

p (2) 
 

GP + 

BC 
sealer 

Group 

(3) 
 

GP + 

Resin 
sealer 

Group 

(4) 
 

GP + 

MTA 
sealer 

Group 

(5) 
 

Positive 

control 

Group 

(6) 
 

Negative 

control Sample 
number 

1 6 6 5 5 2 --- 

2 8 7 7 7 2 --- 

3 13 11 13 9 2 --- 

4 20 14 22 16 2 --- 

5 34 25 37 17 2 --- 

6 52 36 42 19 2 --- 

7 --- 42 43 19 2 --- 

8 --- --- 49 21 2 --- 

9 --- --- 53 24 2 --- 

10 --- --- --- 32 2 --- 
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 Sealer 

KW
2 

p 
CPoint 

+ BC 

(n = 

10) 

GP + 

BC 

(n = 

10) 

GP + 

Resin 

(n = 

10) 

GP + 

MTA 

(n = 

10) 

Contamination 
6.0 – 

60.0 

6.0 – 

60.0 

5.0 – 

60.0 

5.0 – 

32.0 

10.3 0.048 

Min. – 
Max. 

Mean ± 

SD. 

37.30 

± 

23.61 

32.10 

± 
22.57 

33.10 

± 
19.90 

16.90 

± 
8.21 

Median 43.0 30.50 39.50 18.0 

Post hoc 

adjusted 

analysis 

Group IV is significantly different 

from the others 

 

 

Table (2): Comparison between the different studied groups 

according to the days of contamination of each obturated root 

canal after exposure to natural human saliva. 
           KW2: Chi square for Kruskal Wallis test 

         *: Statistically significant at p ≤ 0.05 

 

 Regarding the percentage of samples that leaked at 

the end of the observational period, it was found that 

60% of roots in group I showed leakage, while in group 

II 70% of roots showed leakage, 90% of roots showed 

leakage in group III and 100% of roots in group IV 

showed leakage. The observed differences were found to 

be statistically non-significant (P = 0.208) (As shown in 

table 3). 

 

 CPoint + 

BC 
(n = 10) 

GP + BC 
(n = 10) 

GP + 

Resin 
(n = 10) 

GP + 

MTA 
(n = 10) 

MC
p 

No. % No. % No. % No. % 

Non - 

Contaminated 
4 40 3 30 1 10 0 0 

0.208 
 

Contaminated 6 60 7 70 9 90 10 10 

 

Table (3): Comparison between the different studied groups 

according to the % of contaminated and non-contaminated 

samples after exposure to natural human saliva for 60 days. 

       MC: Monte Carlo test *: Statistically sig. at p ≤ 0.05 

 

DISCUSSION 
All stages of endodontic therapy have equal importance, 

although more emphasis is given to obturation as its 

quality can determine the success or failure of therapy 

(16). 
Ingle and backland stated that 60 % of failures in 

endodontics can be attributed to incomplete obturation of 

the root canals (17). This demands three-dimensional 

obturation to decrease the microleakage that may occur 

through the root canal filling. 

Microleakage is one of the most crucial causes of 

endodontic failure and is defined as the passage of 

bacteria, fluids, and chemical substances between the 

root structure and filling material (18). Microleakage in 

endodontics is multi-factorial, as it may depends on 

several factors as root filling technique, root filling 

material, type of sealer used and bonding to root canal 

walls. So sealing all the communication pathways 

between the coronal and apical portions of the root canal 

system is necessary for the long-term success of the root 

canal therapy. 

In this study we examined the hypothesis that: the 

newly self-expanding hydrophilic CPoint obturation 

system and BC sealer would be able to prevent or 

decrease bacterial microleakage when compared to gutta 

percha with different type of sealers. 

Mandibular premolars with single canals were 

selected for this study as they have oval shaped canals, 

providing space between the rounded gutta percha and 

the root canal walls, such space will need greater amount 

of sealer between the filling material and root canal 

walls, which requires the use of a sealer with optimum 

sealing ability.  

Formalin solution was not used for storage of teeth 

as it has strong bactericidal effect (19) which might 

affect the bacterial leakage through the obturation 

material and it also might affect the bonding to dentin 

since it promotes cross-linking of collagenous proteins 

present in the dentin matrix leading to an accumulation 

of insoluble products along the canal wall after 

instrumentation which might influence sealer penetration 

resulting in the alteration of the seal (20). 

For standardization, the teeth were decoronated and 

the length of all roots were fixed to 12 mm, as it was 

found by Metzger et al (21) and Mozini et al (22) that the 

length of the filling material would affect the speed rate 

of bacterial leakage. Also the volume of the canals was 

standardized to the same taper and size by the use of 

universal ProTaper rotary files in a Crown down 

technique till size F4. 

During instrumentation, a smear layer is formed 

covering the dentin surface of the prepared root canals. 

This layer consists of organic and inorganic substances 

which includes microorganisms and necrotic tissues, 

occluding the dentinal tubules. This will prevent 

penetration of sealers and the complete adaptation of the 

obturating material to the prepared root surfaces which 

might increase leakage. Grandini et al (23) and Lim et al (24) 

recommended the removal of both organic and inorganic 

components of the smear layer using a combined 

application of Glyde file prep and 2.5% NaOCl, in 

accordance to the present study. Glyde file prep was 

used due to the adjunctive effect of EDTA on the smear 

layer and the effervescence which occurs due to the 

reaction between carbamide peroxide and sodium 

hypochlorite allowing dentinal shavings and pulpal 

remnants to be readily removed (25). It was also found 

by Baumgartner et al (26) that the removal of the smear 
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layer from the instrumented canal would leave a 

smoothly planed surface with patent tubular orifices that 

range from 2 to 4 µm in diameter. 

 17% EDTA solution was used for 1 min only, as 

increasing the time of exposure makes dentin susceptible 

to erosion (27). NaOCl was not used as a last irrigant as 

it is a strong oxidizing agent leaving behind an oxygen-

rich layer on the dentine surface, which results in a 

reduced bond strengths to sealers. So distilled water was 

used as a final flush in order to minimize the 

compromising effect of NaOCl (28).  

For standardization of obturation technique, lateral 

condensation technique was used in all groups except the 

CPoint group, which was used as a single cone. The 

main advantage of the CPoint system, according to the 

manufacturer, is its lateral expansion which occurs until 

it becomes prestressed by the contact with the canal 

walls. This exclusive property may be lost if it was used 

in conjugation with the lateral condensation technique.  

 Several methods have been described to evaluate 

the sealing quality of obturated root canals. Although 

each technique has its proponents, there is no general 

consensus in the profession as to which technique is the 

best (29). The model used in this study was the split-

chamber bacterial leakage model which was firstly 

designed by Torabinejad et al (1990) (13). It has been 

modified and used by several other researchers for 

coronal leakage studies (12, 30). This model was used as 

it is more clinically relevant, producing more precise and 

reproducible data (13), using the etiologic agent of apical 

periodontitis (14). 

The results of the negative control group in this 

study were 0 % as none of the ten teeth used showed any 

leakage. Their broth remained clear all through the study 

period. This proved that the seal between the two 

chambers of the system was efficient. 

Group I (CPoint + BC sealer) showed the best 

coronal seal by reducing the speed of bacterial leakage. 

These findings may be attributed to the expansion 

property possessed by the CPoint cones, where the cones 

were designed to expand laterally without expanding 

axially by absorbing residual water from the 

instrumented root canal space and the naturally present 

moisture in the dentinal tubules. This post-setting 

expansion shows an approximately 14% expansion after 

20 minutes (10) which could provide better sealing and 

adhesive properties, as it decreases the gaps and voids 

found between the main cone and the root canal walls. 

Also the use of bioceramic sealer with CPoint cones 

provided better sealing ability due to the slow setting 

time of bioceramic sealer which provides more time for 

the expansion of the CPoints pushing the sealer towards 

dentinal walls so better filling of the canals irregularities. 

Also it has been shown that the release of calcium and 

hydroxyl ions from the calcium silicate-containing 

material results in the formation of an apatite layer. 

Formation of this interfacial layer develops a chemical 

bond between calcium silicate-based materials and 

dentinal walls decreasing the marginal leakage and gaps (3). 

Moreover, BC Sealer’s extremely small particle size (2 

µm) (31) and hydrophilic nature allow it to flow into all 

aspects of the canal anatomy. The present results 

confirmed the findings reported by Hegde and Arora (15, 

32) that CPoint cones with BC sealer showed better 

sealing ability than laterally condensed gutta percha with 

resin sealer. Furthermore, El-Sayed et al (33) showed 

that the novel hydrophilic Smart-Seal system provided 

better sealing ability when compared to other single-cone 

obturation systems. 

According to group II (GP + BC sealer) and group 

III (GP + Resin sealer), both groups showed nearly equal 

results in delaying coronal bacterial leakage. Both types 

of sealers form chemical bond to dentinal walls which 

might provide better sealing ability which in turn should 

reduce leakage in clinical situations. Bonding of resin 

sealer may be associated with its ability to react with any 

exposed amino groups in collagen to form covalent 

bonds between the resin and collagen upon opening of 

the epoxide ring (34, 35). The results of this study 

coincide with that of Zhang et al (36) who found that 

there was no statistically significant difference between 

BC and Resin sealer in sealing ability when EDTA was 

used as irrigant. On the other hand, Al-Zaka et al (37) 

found that resin sealer provided better sealing ability 

than bioceramic sealer when EDTA used as an irrigant. 

It may be attributed to the effect of EDTA as it alters the 

surface energy of dentin which significantly decrease the 

wetting ability of dentin (37) thereby providing a 

suitable dentin substrate for adhesion of materials of a 

hydrophobic nature like Resin sealers. On the contrary, it 

would affect the adhesion of hydrophilic materials like 

BC sealer. 

Group IV (GP + MTA sealer) showed the worst 

results, where all samples showed leakage within 32 

days. This results are in line with Sonmez et al (5) who 

found that MTA Fillapex sealer showed inferior sealing 

ability when compared with resin sealer and MTA, they 

attributed that to salicylate resin component of the MTA 

Fillapex, which might adversely affect its sealing 

properties (38). Also Borges et al (39) used scanning 

electron microscopy to show that porosities and cracks 

occurred in the resin matrix of MTA Fillapex after 

subjecting to solubility test by immersion in water after 

setting, which might affect its molecular stability. On 

contrary, Ferreira et al (40) stated that MTA-based 

sealers showed reduction in leakage values over time, 

which could be attributed to the volumetric expansion 

after setting. 

 It was difficult to directly compare results of this 

study with those of other investigators as many different 

factors in the spectrum of the model systems used could 

account for variability of penetration data reported. 

These include type of teeth, amount of remaining tooth 

structure, preparation technique, obturation materials, 

model design, selection of organisms, sterilization 

techniques, and sample size. 
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CONCLUSIONS 
It was concluded from this study that: 
1) None of the tested materials were able to provide a 

complete hermetic seal, where all groups showed 

leakage within the study period. 
2) CPoint with endosequence bioceramic sealer provided 

the best coronal seal by reducing the speed of bacterial 

penetration through the root canal filling. MTA Fillapex 

had an inferior coronal seal compared to the other 

groups.  
3) Single-cone obturation with well-fitted CPoint cones 

and bioceramic sealer is an alternative for traditional 

lateral compaction technique. 
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