
 
                                                                           

 

 

SHRI DHARMASTHALA MANJUNATHESHWARA 

UNIVERSITY, DHARWAD, KARNATAKA 

 

THE TUBULAR PENETRATION DEPTH AND ADAPTATION OF 

ENDODONTIC SEALERS: A SCANNING ELECTRON 

MICROSCOPIC STUDY  

 By 

                                               ADITYA PARIK 

                                       Dissertation Submitted to the 

Shri Dharmasthala Manjunatheshwara University, Dharwad, Karnataka, 
 

In partial fulfillment 

of the requirements for the degree of 

 

                       Master of Dental Surgery (M.D.S) 

          in 

    CONSERVATIVE DENTISTRY AND ENDODONTICS 

      Under the guidance of                 

  DR. AMIT K PACHLAG 

                                                           PROFESSOR                      

DEPARTMENT OF CONSERVATIVE DENTISTRY AND        

              ENDODONTICS 

S.D.M COLLEGE OF DENTAL SCIENCES AND HOSPITAL, 

                     SATTUR, DHARWAD. 

                                                            2019-2022 

             
I 



SHRI DHARMASTHALA MANJUNATHESHWARA UNIVERSITY, DHARWAD, 



KARNATAKA, 



 



DECLARATION BY THE CANDIDATE 



 



I hereby declare that this dissertation/thesis entitled “THE TUBULAR  



 



 

LIST OF ABBREVIATIONS 

 

 

RCT- Root canal treatment 

SEM- Scanning electron microscope 

GP- Gutta percha 

EDTA- Ethylenediaminetetraacetic acid 

MTA- Mineral trioxide aggregate 

CLSM- Confocal laser-scanning microscope 

CFSE- Carboxyfluorescein diacetate succinimidyl ester  

PUI- Passive ultrasonic irrigation 

PIPS- Photon-induced-photoacoustic streaming activation 

VIII 



t 

                                               ABSTRACT 

 

Aim: The aim of this in vitro study was to evaluate the tubular penetration depth and 

interfacial adaptation among three endodontic sealers – AH plus, Dia-proseal and Cerafill 

RCS sealer in human extracted teeth. 

Materials and methods: 60 human extracted teeth were obtained and were then 

decoronated to a standardized length of 12mm. After this Biomechanical preparation was 

carried out and teeth were enlarged to 30/9 % taper. Teeth were then randomly assigned 

to 3 different groups - Group 1 (AH plus), Group 2 (Dia-proseal), Group 3 (Cerafill 

RCS). After this sealer application was done using lentulospirals and the roots were 

obturated. The teeth were stored in 100% humidity at 37°C for 1 week to allow the 

complete setting of the sealer. Sectioning was carried out under a hard tissue microtome 

and samples were obtained at a distance of 3mm and 6mm from the apex after which the 

samples were subjected to Scanning electron microscope and images were analyzed. 

Statistical analysis was carried out using One-way ANOVA and Tukey’s post-hoc test. 

Results: The results showed that Group 1 (AH plus) showed highest dentinal tubule 

penetration and adaptation when compared to Group 2 (Dia-proseal) and Group 3 

(Cerafill RCS). 

Conclusion: The tubular penetration and adaptation differs with the different physical 

and chemical properties of the sealers used. AH Plus showed the greatest optimal tubular 

penetration and adaptation to the root canal wall of the sealers tested. 
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1. INTRODUCTION 

 

The objective of root canal treatment is to treat periapical infection or to prevent 

their development. Removing the infectious materials from the root canal completely and 

leak-proof root filling play crucial roles in preventing reinfection after root canal 

treatment (rct)[1] . This can be achieved by chemomechanical preparation and three 

dimensional obturation of the root canal system[2]. Poorly filled areas of root canal system 

can be a cause for the growth of  bacteria, as it was reported that 58% of treatment failure 

was due to incomplete obturation[3].  

Although gutta-percha, the most regularly used core filling material can be 

adapted reasonably to the canal walls, it is essential to place a root canal sealer, because 

of the canal irregularities and size of the tubules in dentin[4]. Endodontic sealers helps in 

sealing the canal system by filling the anatomical irregularities, ramifications and 

dentinal tubules, thus improving the adaptation of root filling at the dentin material 

interface[5]. In addition, root canal sealers often have the ability to penetrate into the 

accessory canals, lateral canals, and dentinal tubules.  

           The penetration of root canal sealer into the dentinal tubules forms a physical 

barrier[6], improves retention of the root filling[7] and entombs residual bacteria[8]. The 

farther a root canal sealer can penetrate the tubules, the more it can exert an antibacterial 

effect, if present[9]. During the past century, gutta-percha combined with zinc oxide–

eugenol sealer has been the most regularly used obturation system and has served as a 
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benchmark when evaluating newer materials[10]. 

Epoxy resin-based root canal sealers (AH plus, dentsply, germany) have an 

established record in endodontics and has been used as the gold standard for evaluation 

with other sealers [11]. It has shown to produce excellent bond strength to the canal wall 

and an satisfactory long-term dimensional stability[11]. And it  is cytocompatible[12], 

biocompatible and has good tissue tolerance[13], long-term dimensional stability[14], and 

good sealing ability[15]. 

Dia-proseal (Diadent, Seoul, Korea) novel epoxy resin based root canal sealer 

with comparable composition to AH plus[16] which incorporates calcium hydroxide. 

According to the manufacturer, it has several characteristics, such as fast setting time, 

volume stability, good sealing of complex root canal system, long term storage and a dual 

syringe set up for easy manipulation of sealer. It is claimed to have improved 

antibacterial properties due to the incorporation of calcium hydroxide[17].  

Cerafill RCS (Prevest Denpro Limited, Jammu and Kashmir, India) root canal 

filling and sealing material is ready to use premixed filling and sealing material which is 

based on the bioceramic technology. It is an alumina free calcium silicate-based material.  

The benefits of deep tubule penetration depth are, Firstly, it enhances the contact 

area between root fillings and dentin, which can increase the sealing capacity of the 

whole root canal system. In addition, it might stop the bacteria from entering the dentin 

tubule and its antimicrobial effect will increase when in closer contact with the 

microbes[18]. 

Moreover, deep sealer penetration also increases the fracture resistance of root 

canal[19]. Therefore, tubular penetration depth and adaptation are two essential properties 
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for an ideal sealer.  

The aim of this in vitro study was to assess the penetration depth and adaptation 

of the endodontic sealers, AH-plus (epoxy resin-based sealer), Dia-proseal (epoxy resin-

based sealer) and Cerafill RCS (alumina free calcium silicate-based bioceramic sealer) 

after obturation using cold lateral compaction technique under a scanning electron 

microscope. 
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2. OBJECTIVES 

 

1. To evaluate the tubular penetration depth among three endodontic sealers. 

2. To evaluate interfacial adaptation among three endodontic sealers. 
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3. REVIEW OF LITERATURE 

 

 

The effect of the smear layer on the penetration depth of three different root canal 

sealers into the dentinal tubules was examined in 64 recently extracted single-rooted 

teeth. After chemomechanical preparation, the samples were randomly divided in two 

equal groups. The smear layer remained intact in group A, whereas complete removal of 

the smear layer was performed in group B. Two roots from each group were used as 

controls. Ten roots from each group were obturated with laterally condensed gutta-percha 

points and sealers AH Plus, Apexit, and Roth 811, respectively. Examination in scanning 

electron microscope revealed that the smear layer obstructed all the sealers from 

penetrating dentinal tubules. In contrast, smear layer removal allowed the penetration of 

all sealers to occur to a varying depth. These findings suggest that smear layer plays an 

important role in sealer penetration into the dentinal tubules, as well as in the potential 

clinical implications[6]  

 

The present in-vitro study was undertaken to evaluate the antimicrobial efficacy of 

a traditional zinc oxide eugenol based scaler(Tubliseal) with a iodoform incorporated zinc 

oxide eugenol based sealer (Endotas FS), a calcium hydroxide based sealer (Apexit) and 

the epoxy resin based sealers (AH PLUS and PC Seal), against the micro organisms 
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Enterococcus faecalis and Candida albicans. The method employed to test the 

antimicrobial efficacy was the Kirby-Bauer method (Agar efficacy of an iodoform 

incorporated zinc oxide eugenol based sealer, Endoflas FS against Enterococcus faecalis 

and Candida albicans was statistically superior to the rest of the test groups. Endotlas FS 

performed far better than even the controls being employed (Amoxycillin and Nystatin) 

respectively. Tubliseal, a zinc oxide eugenol based seater also showed significant 

antimicrobial properties, but was statistically inferior to Endoflas FS. Apexit, a calcium 

hydroxide based sealer did not show significant antimicrobial efficacy against both 

Enterococcus faecalis and Candida albicans. AH PLUS and RC seal, epoxy resin based 

sealers showed no antimicrobial properties whatsoever[20] 

 

According to study done by D V Patel to compare penetration depth into dentinal 

tubules of RealSeal with that of a well-established endodontic sealer (Tubliseal) by 

means of confocal microscopy. Where, twenty sound extracted, single-rooted premolars 

were selected. Following completion of root canal instrumentation, the teeth were divided 

into two groups using a stratified sampling method, ranking teeth according to size. In 

group 1, 10 teeth were filled with Gutta-percha and Tubliseal using cold lateral 

condensation. In group 2, 10 teeth were filled with RealSeal. Both sealers were labelled 

with Rhodamine B dye. The teeth were sectioned parallel to their long axis resulting in 20 

specimens per group. Confocal microscopy was used to assess the penetration depths of 

the sealers at three sites for each specimen (coronal, middle and apical). Data were 

analysed statistically using Stata Release 9.1. It showed that the penetration depth of 

RealSeal in each one of the thirds of the root canal was found to be higher than that of 

Tubliseal (P < 0.05). The penetration depths of the two sealers was found to be 
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significantly different (P = 0.001). The mean penetration value for the RealSeal group 

was 908.8 micron, whereas the mean value for the Tubliseal group was 139.5 micron[10].  

 

The aim of this study was to compare the depth and consistency of penetration of 

three different root canal sealer cements into dentinal tubules in extracted teeth and to 

measure the penetration of an epoxy resin-based sealer cement in vivo. Root canals of 50 

extracted human premolar teeth were prepared and obturated using three different sealer 

cements based on epoxy resin (AH26), zinc oxide eugenol (Pulp Canal Sealer EWT) and 

methacrylate resin (EndoREZ). Five teeth filled without sealer were used as controls. 

Teeth were sectioned and prepared for observation using scanning electron microscopy. 

A further 12 teeth with a history of successful root filling and subsequent extraction were 

collected and sectioned. The depth of sealer penetration into dentinal tubules was 

measured and the consistency and appearance of the sealer within the tubules observed. 

Results demonstrated that AH26 had the deepest penetration (1337 lm), followed by 

EndoREZ (863 lm) and Pulp Canal Sealer EWT (71 lm). The difference in penetration 

between all sealer groups was found to be statistically significant (p < 0.05). The resin-

based sealers appeared to penetrate tubules more consistently. In the clinical cases, all 

teeth demonstrated sealer penetration to varying depths (98–1490 lm). To conclude, the 

depth and consistency of dentinal tubule penetration of sealer cements appears to be 

influenced by the chemical and physical characteristics of the materials. Resin-based 

sealers displayed deeper and more consistent penetration. Penetration depths observed for 

the epoxy resin-based sealer in vivo were consistent with that found in the experimental[8] 
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The aim of this study was to investigate the apical sealing ability of a newly 

introduced root canal sealer: iRoot SP Root Canal Sealer. Sixty-eight extracted human 

anterior single-root teeth were used. The coronal part of each tooth was removed and the 

root canals were prepared with ProTaper files. The specimens were divided into 3 groups 

of 20 teeth each. Group A specimens were filled with iRoot SP using the continuous 

wave condensation technique; Group B specimens were obturated with iRoot SP using a 

single cone technique; Group C specimens were filled with AH plus by means of the 

continuous wave condensation technique. Evaluation of the apical leakage was performed 

with a fluid filtration method at 24 hours and 1, 4, and 8 weeks. Scanning electron 

microscopy (SEM) was used to qualitatively assess what mechanisms might be 

responsible for leakage of the different groups. Results indicated that there was no 

significant difference in fluid leakage among the groups, as well as no time effect on 

leakage (p < .05). SEM revealed both gap-free regions and gap-containing regions in 

canals filled with both materials. To conclude, iRoot SP was equivalent to AH Plus sealer 

in apical sealing ability[21]  

 

The aim of this study was to compare the percentage and depth of sealer penetration into 

dentinal tubules during obturation using Sealer 26, GuttaFlow, or Sealapex in root canals filled 

with the lateral compaction technique. Thirty root canals filled with the lateral compaction 

technique using GuttaFlow (n 10), Sealapex (n 10), or Sealer 26 (n 10) were analyzed using 

confocal microscopy. The teeth were sectioned at 3 and 5 mm from the apex, and statistical 

analyses was performed using analysis of variance–Tukey test (p < .05). The results indicated that 

Sealapex showed the deepest sealer penetration at both levels evaluated (P .05). No statistically 

significance was found between Sealer 26 and GuttaFlow at the 3 mm and 5 mm levels. No 

statistical significance was found in the percentage of penetration around the root canal wall 
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among the 3 sealers evaluated at both levels. The conclusion was that although Sealapex 

displayed deeper penetration into the dentinal tubules there was no difference in the percentage of 

adaptation to the root canal walls among the 3 sealers evaluated[22] 

 

The success of endodontic treatment depends on the eradication of microbes (if 

present) from the root-canal system and prevention of reinfection. The root canal is 

shaped with hand and rotary instruments under constant irrigation to remove the inflamed 

and necrotic tissue, microbes/biofilms, and other debris from the root-canal space. The 

main goal of instrumentation is to facilitate effective irrigation, disinfection, and filling. 

Several studies using advanced techniques such as microcomputed tomography (CT) 

scanning have demonstrated that proportionally large areas of the main root-canal wall 

remain untouched by the instruments, emphasizing the importance of chemical means of 

cleaning and disinfecting all areas of the root canal. There is no single irrigating solution 

that alone sufficiently covers all of the functions required from an irrigant. Optimal 

irrigation is based on the combined use of 2 or several irrigating solutions, in a specific 

sequence, to predictably obtain the goals of safe and effective irrigation. Irrigants have 

traditionally been delivered into the root-canal space using syringes and metal needles of 

different size and tip design. Clinical experience and research have shown, however, that 

this classic approach typically results in ineffective irrigation, particularly in peripheral 

areas such as anastomoses between canals, fins, and the most apical part of the main root 

canal. Therefore, many of the compounds used for irrigation have been chemically 

modified and several mechanical devices have been developed to improve the penetration 

and effectiveness of irrigation. This article summarizes the chemistry, biology, and 
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procedures for safe and efficient irrigation and provides cutting-edge information on the 

most recent developments[23]  

 

This study investigated the setting time and micohardness of a premixed calcium 

phosphate silicate–based sealer (EndoSequence BC Sealer; Brasseler USA, Savannah, 

GA) in the presence of different moisture contents (0–9 wt%). The moisture content that 

produced the most optimal setting properties was used to prepare set EndoSequence BC 

Sealer for cytotoxicity comparison with an epoxy resin–based sealer (AH Plus; Dentsply 

Caulk, Milford, DE). Standardized disks were created with BC Sealer, AH Plus, Pulp 

Canal Sealer EWT (positive control) (SybronEndo, Orange CA), and Teflon (Small Parts 

Inc., Miami Lakes, FL; negative control). Disks were placed in Transwell Inserts, 

providing indirect contact with MC3T3-E1 cells. Succinate dehydrogenase activity of the 

cells was evaluated over a 6-week period using MTT ((3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenylte- trazolium bromide) assay. Cytotoxicity profiles of BC Sealer and AH Plus 

were fitted with polynomial regression models. The time for 50% of the cells to survive 

(T0.5) was analyzed using the Wald statistic with a two-tailed significance level of 0.05. 

Results showed that BC Sealer required at least 168 hours to reach the final setting using 

the Gilmore needle method, and its micro hardeness significantly declined when water 

was included in the sealer (p = .004). All set sealers exhibited severe cytotoxicity at 24 

hours. The cytotoxicity of AH Plus gradually decreased and became non- cytotoxic, 

whereas BC Sealer remained moderately cytotoxic over the 6-week period. A significant 

difference (p < .001) was detected between T0.5 of BC Sealer (5.10 weeks; 95% 

confidence interval [CI], 4.69–5.42, standard error [SE] = 0.09) and T0.5 of AH Plus 

(0.86 weeks; 95% CI, 0.68–1.05; SE = 0.18). To conclude, further studies are required to 



REVIEW OF LITERATURE 
 

 

11  

evaluate the correlation between the length of setting time of BC Sealer and its degree of 

cytotoxicity[24] 

 

The aim of the present study was to evaluate the physicochemical properties of a 

bioceramic root canal sealer, Endosequence BC Sealer. Radiopacity, pH, release of 

calcium ions (Ca2+), and flow were analyzed, and the results were compared with AH 

Plus cement. Radiopacity and flow were evaluated according to ISO 6876/2001 

standards. For the radiopacity analysis, metallic rings with 10-mm diameter and 1-mm 

thickness were filled with cements. The radiopacity value was determined according to 

radiographic density (mm Al). The flow test was performed with 0.05 mL of cement 

placed on a glass plate. A 120-g weight was carefully placed over the cement. The largest 

and smallest diameters of the disks formed were measured by using a digital caliper. The 

release of Ca2+ and pH were measured at periods of 3, 24, 72, 168, and 240 hours with 

spectrophotometer and pH meter, respectively. Data were analyzed by analysis of 

variance and Tukey test (p < .05). Coming to results, the bioceramic endodontic cement 

showed radiopacity (3.84 mm Al) significantly lower than that of AH Plus (6.90 mm Al). 

The pH analysis showed that Endosequence BC Sealer showed pH and release of Ca2+ 

greater than those of AH Plus (P < .05) during the experimental periods. The flow test 

revealed that BC Sealer and AH Plus presented flow of 26.96 mm and 21.17 mm, 

respectively (p < .05). To conclude, Endosequence BC Sealer showed radiopacity and 

flow according to ISO 6876/ 2001 recommendations. The other physicochemical 

properties analyzed demonstrated favorable values for a root canal sealer[25]  
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Vibringe is a new device that allows continuous sonic irrigation of the canal system 

during endodontic treatment. The aim of this study was to compare the effect of different 

irrigation systems on sealer penetration into dentinal tubules of extracted single-rooted 

teeth. Fifty single-rooted human teeth were instrumented and randomly divided into 4 

groups: group 1 (control), saline; group 2 (conven- tional irrigation), 17% EDTA 

followed by 6% NaOCl; group 3 (EndoActivator), same irrigants as group 2; group 4 

(Vibringe), same irrigants as group 2. Obturation of all teeth was done with gutta-percha 

and SimpliSeal labeled with fluorescent dye. Transverse sections at 1 mm and 5 mm from 

the root apex were examined by using confocal laser scanning microscopy. Percentage 

and maximum depth of sealer penetration were measured by using NIS-Elements Br 3.0 

imaging soft- ware. The results showed that Groups 3 and 4 had a significantly greater 

percentage of the canal wall penetrated by sealer at the 5-mm level than group 1 (p < 

.0125), but not group 2. No other differences were found between the groups at either 

section level for both the percentage of sealer penetration and maximum depth. The 5- 

mm sections in each experimental group had a significantly higher percentage and 

maximum depth of sealer penetration than did the 1-mm sections (p < .0125). To 

conclude , the use of sonic activation with either the EndoActivator or Vibringe did not 

significantly improve the sealer penetration when compared with conventional 

irrigation[26] 

 

The aim of this study was to investigate the physical properties and biological 

effects of an experimentally developed injectable premixed calcium-silicate root canal 

sealer (Endoseal) in comparison with mineral trioxide aggregate (MTA) and a resin-based 

sealer (AHplus). The pH, solubility, dimensional change, flow, and radiopacity of the 
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materials were evaluated. Biocompatibility was evaluated on the basis of cell morphology 

and a viability test using MC3T3-E1 cells. For evaluate inflammatory reaction, the tested 

sealers were implanted into dorsal subcutaneous connective tissue of Sprague Dawley 

rats. After 7 days, the implants with the surrounding tissue were retrieved, and 

histological evaluation was performed. Results showed that Endoseal showed high 

alkalinity similar to that of MTA. The solubility of the tested materials was similar. The 

dimensional change and flow of Endoseal was significantly higher than that of other 

materials (p < 0.05). The radiopacity of Endoseal was lower than that of AHplus (p < 

0.05). The biocompatibility was similar to those of MTA. Inflammatory reaction of 

Endoseal was similar with that of MTA, but lower than that of AHplus (P < 0.05). To 

conclude, the present study indicates that Endoseal has favorable physical properties and 

biocompatibility. Therefore, we suggest that Endoseal has the potential to be used as a 

predictable root canal sealer[27] 

 

This study evaluated the bacterial leakage resistance and root canal lining efficacy 

of various root canal filling materials and methods by using confocal laser-scanning 

microscope (CLSM). Sixty extracted human premolars with mature apex and single root 

canal were randomly divided into 2 control groups and 4 experimental groups. Group 

CW was filled with continuous wave technique using gutta-percha and AH Plus sealer. 

Group GC was coated with AH-Plus sealer and then obturated with soften GuttaCore. 

Group GF was obturated using GuttaFlow and gutta-percha. Group EM was filled with 

EndoSeal MTA and gutta- percha using ultrasonic vibration. The AH-Plus, Gutta- Flow, 

and EndoSeal were labeled with Hoechst 33342 to facilitate fluorescence. The obturated 

root tip was incubated with Carboxyfluorescein diacetate succinimidyl ester (CFSE)-
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stained E. faecalis for 14 days. CLSM was performed to evaluate the sealer distribution 

and bacterial leakage for the apical 1-, 2-, 3-mm specimens. Statistically significant 

differences were determined by 1-way ANOVA with Tukey’s post-hoc test and Pearson’s 

correlation analysis. Group EM showed the better sealer distribution score than the other 

groups (p < 0.05). Group CW and group GC exhibited the less bacterial leakage than the 

group GF, while group EM showed the similar bacterial leakage score with the groups 

CW and GC. There was no significant correlation between the sealer distribution and 

bacterial leakage (p > 0.05). Under the conditions of this study, different root canal filling 

materials and methods showed different efficacy for canal distribution and bacterial 

leakage resistance[28] 

 

Varied physical and chemical characteristic of root canal sealers and different 

irrigant agitation systems can influence the depth of penetration. The aim of this in vitro 

study was to use a laser scanning confocal microscope in order to assess the dentinal 

tubules penetration of various sealers after the application of different final irrigation 

techniques. A total of 156 single-rooted extracted mandibular premolars were prepared 

up to size 40 and randomly distributed into four groups according to the sealer type (n 1⁄4 

39): AH Plus, iRoot SP, MTA Fillapex, and GF Bioseal. Each group was randomly 

subdivided into three groups according to the final irrigation protocol (n 1⁄4 13): 

conventional needle irrigation (CI), photon-induced-photoacoustic streaming activation 

(PIPS), and passive ultrasonic irrigation (PUI). After the final irrigation procedures, the 

root canals were obturated with single gutta-percha and labeled sealer mixed with 0.1% 

fluorescent rhodamine B isothiocyanate. Specimens were sectioned at 2, 5, and 8 mm 

from the apex, and all the sections were examined under confocal microscope to calculate 



REVIEW OF LITERATURE 
 

 

15  

the dentinal tubule penetration area. Data were analyzed using three-way analysis of 

variance and Tukey’s post hoc tests (P 1⁄4 0.05). The results showed that iRoot SP 

exhibited a significantly higher penetration area than the other groups (p 0.05). Er:YAG 

laser activation with PIPS and PUI had significantly higher penetration than CI (p < 

0.001). Statistically significant differences were also determined at each root canal third 

(coronal > middle > apical; p < 0.001). To conclude, the dentinal tubule penetration area 

was significantly affected by the selection of root canal sealer, final irrigation procedure, 

and root canal third. Use of iRoot with PIPS tip or PUI seems advantageous in dentinal 

tubule penetration[2]  

 

This study evaluated physicochemical properties, biocompatibility, and sealing 

ability of a newly launched resin-based sealer (Dia-Proseal, Diadent) compared to the 

existing root canal sealers (AHplus, Dentsply DeTrey and ADseal, Metabiomed). The 

physicochemical properties of the tested sealers including pH, solubility, dimensional 

change, and radiopacity were evaluated. Biocompatibility was measured using the 3-(4,5-

dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide (MTT) assay. For microleakage 

test, single rooted teeth were instrumented, and obturated with gutta-percha and one of 

the sealers (n = 10). After immersion in 1% methylene blue solution for 2 weeks, the 

specimens were split longitudinally. Then, the maximum length of staining was 

measured. Statistical analysis was performed by one-way analysis of variance followed 

by Tukey test (p = 0.05). Results showed that Dia-Proseal had the highest pH value 

among the tested sealers (p < 0.05). ADseal showed higher dimensional change compared 

to AHplus and DiaProseal (p < 0.05). The solubility values of AHplus and Dia-Proseal 

were similar, whereas ADseal had the lowest solubility value (p < 0.05). The ow values 
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of sealer in increasing order were AHplus, DiaProseal, and ADseal (p < 0.05). The 

radiopacity of AHplus was higher than those of ADseal and DiaProseal (p < 0.05). The 

cell viability of the tested materials was statistically similar throughout the experimental 

period. There were no significant differences in microleakage values among the tested 

samples. The present study concluded that Dia-Proseal has acceptable physicochemical 

properties, biocompatibility, and sealing ability[17] 

 

According to study done by Fatemeh Mohammadian on Scanning Electron 

Microscopic Evaluation of the Sealer-Dentine Interface of Three Sealers. Where, Thirty 

extracted human single-rooted teeth were prepared using ProTaper rotary files and were 

randomly divided into three groups (n=10) including BC Sealer, AH-Plus and Dorifill. 

The root canals were filled with cold lateral condensation technique and stored for 7 days 

in 100% humidity at 37°C. Cross sections were prepared from the coronal, middle, and 

apical sections of the roots. Then SEM images were taken and the width of gaps was 

measured by software. Sectional images were evaluated by two endodontists. Data were 

analyzed using two- and one-way ANOVA and Kruskal-Wallis tests. It showed that The 

mean gap width was significantly lower in coronal area in BC Sealer group compared to 

Dorifill (P=0.043) and likewise in AH-Plus group compared to Dorifill (P=0.018). There 

was no significant difference between BC Sealer and AH-Plus group in this area 

(P=0.923). No significant difference was detected in apical and middle zones among 

three sealers (P=0.367 and 0.643, respectively). Dentine-sealer interface showed no 

significant difference in three sealers in the apical area (P=0.051), but dentine-BC Sealer 

interface was better than AH-Plus in middle and coronal areas, and both outperformed 

Dorifill (P=0.001)[5] 
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According to study done by D V Patel to compare penetration depth into dentinal 

tubules of RealSeal with that of a well-established endodontic sealer (Tubliseal) by 

means of confocal microscopy. Where, Twenty sound extracted, single-rooted premolars 

were selected. Following completion of root canal instrumentation, the teeth were divided 

into two groups using a stratified sampling method, ranking teeth according to size. In 

group 1, 10 teeth were filled with Gutta-percha and Tubliseal using cold lateral 

condensation. In group 2, 10 teeth were filled with RealSeal. Both sealers were labelled 

with Rhodamine B dye. The teeth were sectioned parallel to their long axis resulting in 20 

specimens per group. Confocal microscopy was used to assess the penetration depths of 

the sealers at three sites for each specimen (coronal, middle and apical). Data were 

analysed statistically using Stata Release 9.1. It showed that the penetration depth of 

RealSeal in each one of the thirds of the root canal was found to be higher than that of 

Tubliseal (P < 0.05). The penetration depths of the two sealers was found to be 

significantly different (P = 0.001). The mean penetration value for the RealSeal group 

was 908.8 micron, whereas the mean value for the Tubliseal group was 139.5 micron[10]. 

 

According to study done by Murat DEMİRAL to investigate the tooth 

discolouration potential of Well Root ST, MTA Fill apex and Dia-Proseal root canal 

sealers. The crowns of sixty human maxillary central and lateral incisor teeth were 

sectioned and coronal pulps were removed. Pulp chambers were filled with selected root 

canal sealer except the control group (n = 15). The colour changes were determined using 

spectrophotometer at prior to filling, 1 week after filling, after 1 month and after 3 

months. One-way ANOVA and Bonferroni post hoc tests were used for data analysis. All 
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sealers caused clinically perceptible discolouration after 1 month showing significant 

differences from the control group (P < 0.05). There was no statistically significant 

difference among Well Root ST, Dia-Proseal and MTA Fill apex root canal sealers (P > 

0.05). Within the limitations of this study our data indicate Well Root ST, Dia-Proseal 

and MTA Fill apex induce a similar amount of perceptible tooth discolouration[16] 

 

According to study done by Bruno Piazza, on the topic The Influence of Humidity 

on Intra-tubular Penetration and Bond Strength of AH Plus and MTA Fillapex: An In 

Vitro Study. For this analysis, an apparatus was created to maintain the humidity of the 

specimens. Sixty bovine single-rooted teeth with similar anatomy were used. The teeth 

were randomly divided into 4 groups (n=15): G1 - AH/moist, G2 - AH/dry, G3 - 

MTAF/moist and G4 - MTAF/dry. A laser scanning confocal microscope was used to 

analyse the penetrability of the sealers into the dentinal tubules. A push-out test was 

performed to examine the diameter and height of the root canal fillings. The failure mode 

was analysed under a stereomicroscope at 40× magnification. The data were submitted to 

non-parametric Kruskal-Wallis and Dunn’s tests. The significance level was P<0.05. 

They found that, the MTAF sealer exhibited higher intra-tubular penetration values 

compared to AH Plus (P<0.05) sealer. AH Plus showed the highest bond strength values. 

Regarding the type of failure mode, a majority of cohesive failures was identified, 

irrespective of the moisture conditions, which were not statistically significant among the 

sealers (P<0.05)[29] 

 

According to Sampath Kumar Arikatla study was done to evaluate the interfacial 

adaptation and penetration depth of Bioroot RCS and MTA Plus sealers to root dentin. 
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Total of 60 single-rooted mandibular premolar teeth were prepared using Pro Taper 

rotary Ni-Ti files and were randomly divided into three groups (n = 20 each) according to 

the type of sealer used for obturation. After obturation with lateral condensation, half of 

the samples in each group (n = 10 each) were sectioned transversely for measuring 

tubular depth penetration under confocal laser scanning microscopy. Longitudinal 

sections were obtained for remaining half samples to evaluate the adaptation of sealer 

using scanning electron microscope. Data were analyzed using two-way ANOVA and 

Tukey post hoc tests. It showed that AH Plus sealer has shown significantly higher depth 

of penetration and minimum gaps than bioceramic sealers (P < 0.05) MTA Plus sealer 

exhibited significantly more interfacial gaps and less penetration depth than Bioroot RCS 

(P < 0.05)[4]  
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4. MATERIALS AND METHODOLOGY 

 

         This study was conducted in the department of Conservative Dentistry and 

Endodontics SDM college of Dental sciences and Hospital Dharwad. In this study the 

following materials and equipment’s were used.  

 

TABLE 1: MATERIALS 

Materials/ Equipment 

 

 

Commercial name / 

Manufacturer 

Purpose 

60 human single-rooted 

mandibular premolar 

Dept of OMFS, SDM 

College of Dental 

Sciences 

Samples for study 

AH plus  Dentsply, Germany Group 1 

Dia-proseal 
Diadent, Seoul, Korea Group 2 

Cerafill RCS 
Prevest Denpro Limited, 

Jammu And Kashmir, 

India 

Group 3 

Rotary instruments 
ProTaper rotary files 

(DenTsply Maillefer, 

Switzerland) 

Biomechanical 

preparation 
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Sodium hypochlorite 
Bangalore, India Preparation 

17% ethylenediaminetetraacetic 

acid 

Spectrum Reagents and 

Chemicals, Kochi, India 

Irrigation / 

Biomechanical 

preparation 

Irrigation needle 
Hindustan Syringes and 

Medical devices Ltd, 

Faridabad, India 

Irrigation protocol 

Saline 
Otsuka Pharmaceutical 

pvt Ltd, Ahmedabad, 

India 

Irrigation / 

Biomechanical 

Preparation 

Paper point 
Diadent, Cheongju, 

Korea 

Drying of 

canal/Obturation 

Lentulospiral  
Mani, Japan Coating sealer in canal 

Distilled water 
Waterman Distilleries, 

Belagavi, India 

Storage Medium 

Hard Tissue microtome 
Leica SP 1600, Leica, 

Mannheim, Germany 

Department of Oral 

Pathology, BDCH, 

Davangere 

Sectioning of tooth 

samples 

Scanning electron microscope 
SEM, EVO 18, Zeiss, 

Germany. 

Examination of dentinal 

tubule penetration 
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Centre of instrumentation 

facility, MAHE, 

Manipal. 

 

 

INCLUSION CRITERIA: 

Human single-rooted mandibular premolar teeth with the fully formed apices was used in 

this study. 

 

EXCLUSION CRITERIA: 

 Tooth with caries 

 Teeth with apical or surface resorption 

 Teeth with root cracks or defects confirmed by clinical evaluation were excluded 

 

 METHODOLOGY: 

A total of 60 extracted human single-rooted mandibular premolar teeth without caries, 

cracks, and apical, or surface resorptions were selected. 

To preserve the humidity, teeth were stored in saline, after the disinfection with 0.5% 

chloramine-T solution. All the teeth were decoronated at 1 mm coronal to the 

cementoenamel junction, using a diamond disk (Novo dental products, Mumbai) under 

copious water irrigation to yield root sections of 12 mm length. 

Access cavities were prepared, and the canal patency was checked using #10 k file (Mani 

Inc., Tochigi, Japan). Working length was determined and root canals were shaped using 

ProTaper rotary files (DenTsply Maillefer, Switzerland) up to F3 (30/0.09). During 

instrumentation, canals were irrigated with 3% sodium hypochlorite, and then, the root 
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samples were divided randomly into three groups (n = 20 each), according to the type of 

sealer used to obturate canals 

• Group 1: Obturation using AH plus sealer 

• Group 2: Obturation using Dia-proseal sealer 

• Group 3: Obturation using Cerafill RCS sealer 

 

OBTURATION OF CANAL: 

Before the obturation, canals were irrigated with 2 ml of 17% EDTA (Spectrum Reagents 

and Chemicals, Kochi, India) for 1 min to remove smear layer followed by final rinse 

with 5 ml of distilled water. Then, the canals were dried using absorbent points. The 

canal walls were coated with the sealer using lentulospiral (Mani, Japan) and obturated 

using lateral compaction technique. The teeth were stored in 100% humidity at 37°C for 

1 week to allow complete setting of the sealer. For examining the sealer penetration 

depth, root samples obturated with the sealer in each group (a total of n = 30 samples) 

were sectioned horizontally at 3 mm and 6 mm from apical foramen using hard-tissue 

microtome (Leica SP1600, Germany) under copious amount of water coolant. The 

remaining 30 samples (n = 10 each/group) were sectioned horizontally for measuring the 

sealer adaptation to the root dentin perimeter. 

 

 

SCANNING ELECTRON MICROSCOPIC ANALYSIS: 

The samples were dehydrated, mounted on an aluminium stub, sputter coated with gold, 

and observed under scanning electron microscopy (SEM, EVO 18, Zeiss, Germany). 

SEM was initially performed at 20 kV accelerating voltage at 500x magnification. Then 

tubule penetration depth of the sealers as well as the width between sealer and root canal 
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walls were assessed directly by quantitative measures at 2000x magnification. The most 

representative of root-sealer interface for each section (apical third and middle third, for 

each specimen) were selected; then the minimum and maximum depth of sealer 

penetration in the tubules were measured.  

 

STATISTICAL ANALYSIS: 

Findings were statistically analyzed using SPSS/PC software version 22 (IBM; Chicago; 

IL, USA). A one-way analysis of variance was used to compare the depth of penetration 

and interfacial gap formation in different areas. The Tukey's multiple post hoc test was 

used for pairwise comparison of the groups at 95% confidence level. 
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FIGURE 1 – Teeth were marked to a standardized length of 12mm 
 

 

FIGURE 2 – Decoronation of teeth
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FIGURE 3 – 30 single rooted extracted mandibular premolar teeth (for depth 

penetration) after decoronation 

 

 

FIGURE 4 - 30 single rooted extracted mandibular premolar teeth (for interfacial 

adaptation) after decoronation
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 FIGURE 5 - Sealers used for the study – AH plus, Dia-proseal, Cerafill RCS  

                    

FIGURE 6 – Irrigating solutions used for study 
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FIGURE 7 – Materials used for Biomechanical preparation and Obturation 

 FIGURE 8 – Teeth were then embedded 

in resin and sectioned using a hard tissue microtome
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 FIGURE 9 – Gold sputtering of the samples before SEM examination 

 

FIGURE 10 – The sectioned samples were visualized under a Scanning Electron 

Microscope
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4.RESULTS 

 

The following tables show the tubular penetration depth and adaptation of endodontic 

sealers that are used in the study obtained via Scanning Electron Microscope. 

 

Table 2: Tubular penetration depth of AH plus sealer at 3mm and 6mm. (in millimeter) 

Sample no. At 3mm At 6mm 

1.  0.45 0.93 

2.  0.33 0.88 

3.  0.28 1.54 

4.  0.54 1.93 

5.  0.38 0.99 

6.  0.25 1.77 

7.  0.44 1.57 

8.  0.48 2.09 

9.  0.39 1.66 

10.  0.23 2.21 

   AVERAGE 0.377 1.557 
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Table 3: Tubular penetration depth of Dia-proseal sealer at 3mm and 6mm. (in 

millimeter) 

Sample no. At 3mm At 6mm 

11. 0.33 0.87 

      12. 0.23 0.98 

13. 0.38 1.53 

14. 0.43 1.22 

15. 0.21 0.88 

16. 0.17 1.34 

17. 0.29 1.52 

18. 0.14 0.73 

19. 0.31 1.45 

20. 0.09 1.23 

   AVERAGE 0.258 1.175 
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Table 4: Tubular penetration depth of Cerafill RCS sealer at 3mm and 6mm. (in 

millimeter) 

Sample no. At 3mm At 6mm 

21. 0.11 0.57 

22. 0.21 0.45 

23. 0.09 0.77 

24. 0.14 1.12 

25. 0.22 0.38 

26. 0.06 0.77 

27. 0.05 1.02 

28. 0.16 0.67 

29. 0.1 0.98 

30. 0.06 1.28 

   AVERAGE 0.12 0.801 
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Table 5: Interfacial gap of AH plus sealer at coronal, middle and apical third. (in microns) 

Sample no. Coronal Middle  Apical  

31. 1.31 5.32 4.3 

32. 2.24 4.4 5.33 

33. 1.97 3.2 4.31 

34. 2.28 3.88 4.58 

35. 2.74 3.73 6.71 

36. 1.48 5.12 4.39 

37. 2.61 4.37 5.65 

38. 1.13 3.93 6.66 

39. 1.21 4.48 5.12 

40. 1.88 4.32 7.73 

   

AVERAGE 1.885 4.275 5.478 
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Table 6: Interfacial gap of Dia-proseal sealer at coronal, middle and apical third. (in 

microns) 

Sample no. Coronal Middle  Apical  

41. 2.97 5.48 6.21 

42. 3.38 4.21 5.3 

43. 2.17 5.49 7.2 

44. 3.32 3.21 5.38 

45. 2.18 3.12 5.55 

46. 2.43 4.88 4.9 

47. 1.23 3.19 6.31 

48. 3.65 4.26 7.76 

49. 2.71 5.44 6.89 

50. 1.21 4.73 7.84 

   

AVERAGE 2.525 4.401 6.334 
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Table 7: Interfacial gap of Cerafill RCS sealer at coronal, middle and apical third. (in 

microns) 

Sample no. Coronal Middle  Apical  

51. 3.98 6.55 5.58 

52. 5.71 5.54 7.53 

53. 3.21 7.1 8.9 

54. 4.5 8.72 7.21 

55. 3.54 7.83 6.58 

56. 4.42 8.48 7.28 

57. 3.89 5.89 8.67 

58. 5.57 6.71 7.95 

59. 3.59 5.68 6.89 

60. 4.44 7.12 5.68 

   

AVERAGE 4.285 6.962 7.227 
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Table 8: Comparison of depth of penetration of AH PLUS, DIAPROSEAL and CERAFILL 

RCS at 3mm and 6 mm 

 

Interpretation: 

The one-way ANOVA compares the means depth of penetration of AH PLUS, 

DIAPROSEAL and CERAFILL RCS at 3mm and 6 mm and determine whether any of 

those means are statistically significantly different from each other. To determine which 

specific groups differed from each other among depth of penetration, Tukey’s post hoc test 

was used. 

One-way ANOVA displays a statistically significant difference in depth of 

penetration of AH PLUS, DIAPROSEAL and CERAFILL RCS at 3mm (F= 

23.134; P=0.001) and 6 mm (F= 12.982; P=0.001). 

Tukey’s Post-hoc analysis displays a statistically significant deeper penetration among AH 

PLUS sealers when compared to DIAPROSEAL (Mean Difference = 0.12; P=0.01) and 

CERAFILL RCS (Mean Difference = 0.26; P=0.001) sealers at 3 mm whereas 

DIAPROSEAL sealer displays a statistically significant deeper penetration of sealer when 

compared to CERAFILL RCS sealers at 3mm. (Mean Difference = 0.14; P=0.003). 

Tukey's Post-hoc analysis shows that AH PLUS sealers have statistically significant deeper 

penetration when compared to DIAPROSEAL (Mean Difference = 0.38; P=0.039) and 

CERAFILL RCS sealers (Mean Difference = 0.76; P=0.001) at 6 mm, whereas 

DIAPROSEAL sealers have statistically significant deeper penetration when compared to 
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CERAFILL RCS sealers at 6 mm. (Mean Difference = 0.37; P=0.044). 

 

Graph 1: Distribution of depth of penetration of AH PLUS, DIAPROSEAL and 

CERAFILL RCS at 3mm and 6 mm 

 

 

Table 9: Comparison of interfacial gap of AH PLUS, DIAPROSEAL and CERAFILL 

RCS at Coronal, Middle and Apical region 

 

 

Interpretation: 

The one-way ANOVA compares the means interfacial gap of AH PLUS, DIAPROSEAL 
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and CERAFILL RCS at Coronal, Middle and Apical region and determine whether any 

of those means are statistically significantly different from each other. To determine 

which specific groups differed from each other among interfacial gap, Tukey’s post hoc 

test was used. 

 

One way ANOVA displays a statistically significant difference in interfacial gap of AH 

PLUS, DIAPROSEAL and CERAFILL RCS at Coronal region (F= 32.26;  P=0.001), 

Middle region (F= 32.71; P=0.001) and Apical region (F= 7.408; P=0.002). 

Tukey’s Post-hoc analysis displays a statistically significant higher interfacial gap among 

CERAFILL RCS sealers when compared to DIAPROSEAL (Mean Difference = -1.76; 

P=0.01) and AH PLUS (Mean Difference = -2.4; P=0.001) sealers at Coronal region. In 

contrast, there was no statistically significant difference in mean interfacial gap scores at 

the Coronal region between the AH PLUS sealer and the DIAPROSEAL sealer. (Mean 

Difference = -0.64; P=0.144) 

 

Tukey's post-hoc analysis reveals that CERAFILL RCS sealers exhibit statistically 

significant higher interfacial gap when compared to DIAPROSEAL (Mean Difference = -

2.56; P=0.01) and AH PLUS (Mean Difference = -2.69; P=0.001) sealers in the Middle 

region. In contrast, there was no statistically significant difference in mean interfacial gap 

scores between the AH PLUS sealer and the DIAPROSEAL sealer in the Middle region. 

Tukey's post-hoc analysis reveals that CERAFILL RCS sealers exhibit statistically 

significant higher interfacial gap in the Apical region when compared to AH PLUS sealers 

(Mean Difference = -2.69; P=0.001). In contrast, there was no statistically significant 

difference in mean interfacial gap scores among DIAPROSEAL sealer with AH PLUS 

sealer and CERAFILL RCS sealer in the Apical region. 
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Graph 2: Distribution of interfacial gap of AH PLUS, DIAPROSEAL and CERAFILL RCS 

at Coronal, Middle and Apical region 
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5. DISCUSSION 

 

 

Dentinal tubule penetration of a sealer is beneficial for a favorable treatment outcome. 

Sealer penetration would increase the interface between dentin and the material, which 

consequently would improve the mechanical retention of the sealer, this will in turn 

reduce micro leakage8.  It was reported by Sen et al (1996) that sealers which had deeper 

penetration into tubules showed less micro leakage when compared with those with less 

penetration30  It has also been observed that the farther a sealer could penetrate into the 

dentinal tubules, the more it could exert its antibacterial effect, if present2 .  

There are many factors which would influence the depth of sealer penetration such as 

irrigating technique, sealer application, obturation technique, physical and chemical 

properties of a sealer such as solubility, particle size, viscosity, film thickness and surface 

tension31 . Flow of a root canal sealer is defined as its ability to penetrate into dentinal 

tubules lateral canals accessory canals and root canal wall irregularities.32 

 

One of the most important factors influencing tubule penetration is the type of irrigating 

solution used. NaOCl and EDTA have been used as the irrigating solutions in clinical 

dental practice. Its use in demineralizing surface dentin to expose the contents of the 

dentinal tubules has been previously reported by, (Gwinett 1977, White et al 1987)7. 

NaOCl, commonly used in concentration of 0.5-6% is a potent antimicrobial agent which 

dissolves collagen and the pulpal remnant which are the most important organic 

components in dentin23. EDTA is used in the removal of smear layer and the dentinal 
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debris23. Also, it effectively dissolves the inorganic part of the dentin, including 

hydroxyapatite. According to a study done by Young Mi – Moon,  the use of 17% EDTA 

as a final irrigant before obturation resulted in significantly better sealer penetration at the 

coronal part of dentin33–36 

Another study conducted by Aysun Kara Tuncer et al (2012) inferred that the compound 

use of NaOCl and EDTA influenced the sealer penetration into dentinal tubules. Hence 

their combined use would open up the dentinal tubules and ensure deeper penetration of 

sealers into them37 

 

The materials used in this study include AH plus (Dentsply, De Trey Konstanz, 

Germany) which is an epoxy-bis-phenol resin based sealer that also contains adamantine 

and bonds to root canal38 and has gained admiration due to its radiopacity, 

biocompatibility, ease to use and availability39. 

Diaproseal ((Diadent, Seoul, Korea) which is a resin based material which is relatively 

new to the market. And its manufacturer claims of good sealing and antibacterial 

properties due to incorporation of calcium hydroxide. 

Cerafill RCS (Prevest Denpro Limited, Jammu and Kashmir, India) 

 

Also, sealer application in the canal and the extent of canal wall coverage is important. 

Multiple techniques of the canal placement have been advocated ranging from simple 

paper points to files, lentulospirals, spreaders, master gutta percha points and 

ultrasonics22. Laboratory studies have concluded that the distribution of a sealer inside the 

canal walls is not affected by the method of sealer application in the canal40–42. Different 

obturating techniques have been used in combination with different sealers. Continuous 

wave technique (CW Technique) and single cone technique (SC Technique) are by far the 
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most commonly used all over the world 

 

Reasonable attempts were made to minimize the variables and the operator bias in our 

study. To avoid the influence of the root canal anatomy and variations such as the webs, 

fins etc, single rooted teeth with single canal were selected. To overcome operator 

influence in the nature of sealer application, a single operator performed the entire 

clinical procedure and the depth of the lentulospiral was established around 2- 3mm away 

from the working length 

  

Due to few drawbacks of confocal laser scanning microscopy(CLSM) like non-

fluorescent material could not directly displayed because of which scanning electron 

microscope was used in this study for the analysis43 

 

In the study done by Donner Meyer et al they found rhodamine B dye leached from 

sealers even though the materials were completely set. Leaching was impressive, chiefly 

when calcium silicate based sealers were used. Hence scanning electron microscopy was 

used which offers a number of benefits where the image is produced using SEM allows 

Highly detailed observation of dentinal tubules and the integrity44. 

 

In this study two of the resin based sealers(AH PLUS sealer and DIAPROSEAL) are 

compared with a newly developed bioceramic sealer(CERAFILL RCS), the results 

showed a significantly deeper penetration among AH PLUS sealers when compared to 

DIAPROSEAL (Mean Difference = 0.12; P=0.01) and CERAFILL RCS (Mean 

Difference = 0.26; P=0.001) sealers at 3 mm whereas DIAPROSEAL sealer displays a 
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statistically significant deeper penetration of sealer when compared to CERAFILL RCS 

sealers at 3mm. (Mean Difference = 0.14; P=0.003). 

At 6mm AH PLUS sealers have statistically significant deeper penetration when 

compared to DIAPROSEAL (Mean Difference = 0.38; P=0.039) and CERAFILL RCS 

sealers (Mean Difference = 0.76; P=0.001) at 6 mm, whereas DIAPROSEAL sealers 

have statistically significant deeper penetration when compared to CERAFILL RCS 

sealers at 6 mm. (Mean Difference = 0.37; P=0.044). 

 

AH plus penetrated to a greater depth when compared to other two sealers due to its creep 

capacity and long setting time, which increases the mechanical interlocking among sealer 

and root dentin39.Cerafill RCS being a calcium silicate sealer is proven to show greater 

solubility and dimensional changes after immersion in water compared with resin based 

conventional sealers45  

 

The deepest tubular penetration was observed at 6 mm from the apex than at 3 mm level 

of the root canal for all the tested sealers. Because of the fact that number of tubules and 

tubule patency is generally less in apical region due to sclerotic dentin4,46 

 

The factors affecting the degree of adhesion comprises the adherent's (dentin) 

intermolecular surface energy and cleanliness and the adhesive (sealer) surface tension 

and wetting ability4,47. 

 

In this study AH plus sealer exhibited the least number of gaps containing areas which is 

supported by previous studies48. The superior adaptation of AH Plus may be due to its 



DISCUSSION 

44 

 

 

chemical bonding to root dentin by forming covalent bonds among the epoxy resin and 

collagen39. 

 

As per the result of this the interfacial gap is more in the apical region when compared to 

middle and coronal third Cerafill RCS showed a highest interfacial gaps when compared 

with Diaproseal and AH plus sealer. Due to lesser density and diameter of dentinal 

tubules found at the apical region4 it showed a higher interfacial gap.



45 
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6. CONCLUSION 

         CONCLUSION 

 

The tubular penetration and adaptation differs with the different physical and chemical 

properties of the sealers used. AH Plus showed the greatest optimal tubular penetration and 

adaptation to the root canal wall of the sealers tested. 
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7. SUMMARY 

 

Obtaining a hermetic seal with a biocompatible material is an important objective of root 

canal treatment which is fulfilled with the help of root canal sealers. The penetration of 

sealers into dentinal tubules improves the connection between sealer, obturating material 

and dentin, thereby enhancing sealing ability and retention through mechanical 

interlocking. Through its antibacterial effect, deeper penetration of sealers would also 

help in avoidance of the colonisation of residual bacteria and reinfection of the root canal. 

There are many types of root canal sealers available in the market classified mainly on the basis 

of their composition. Bioceramic and Resin based sealers have gained popularity due to their 

superior physical properties. Thus the present study was undertaken to evaluate the dentinal 

tubule penetration and adaptation of 3 different types of root canal sealers – AH plus, Dia-proseal, 

and Cerafill RCS under a Scanning electron microscope. The study sample was divided into 3 

groups – Group 1 (AH plus), Group 2 (Dia-proseal), Group 3 (Cerafill RCS) with a sample size of 

10 per group for dentinal tubule penetration and adaptation respectively. The samples were coated 

with the respective sealers and obturated using cold lateral condensation technique. The samples 

were then sectioned using a hard tissue microtome and further analysed under a Scanning electron 

microscope. Results were obtained and analyzed via One-way anova test and Tukey's post-hoc 

tests. Group 1 (AH plus) showed highest dentinal tubule penetration and adaptation when 

compared to Group 2 (Dia-proseal) and Group 3 (Cerafill RCS). Within the limitations of the 

present study, it was concluded that the tubular penetration and adaptation varies with the 

different physical and chemical properties of the sealers used. AH Plus showed the most optimal 

tubular penetration and adaptation to the root canal wall of the sealers tested and therefore its use 

in clinical scenarios will lead to a better obturation and higher success rate of the Root Canal 

Treatment .
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