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ABSTRACT 

Aim-  Comparative evaluation of the effect of Calcium Hydroxide intracanal 

medicament on the dentinal tubule penetration of an Epoxy resin based sealer, AH 

Plus and a Bioceramic based root canal sealer, Bio-C using Confocal Laser Scanning 

Microscopy. 

Methodology- Seventy extracted human mandibular premolars were selected and 

decoronated to obtain a standardized root length of 14±1 mm. Working length was 

established using a 10 K-file and the specimens were divided into 3 groups: Group 1- 

Positive control group, Group 2- Negative control group, Group 3- Experimental 

group. Chemo-mechanical preparation was done using ProTaper Gold file system 

upto F4 for negative control group and upto F3 followed by calcium hydroxide 

placement for Experimental group. Calcium hydroxide was then removed and canal 

was prepared upto F4. All the specimens were then dried with paper points, divided 

into 2 subgroups based on sealer used and obturated with rhodamine labelled sealer. 

After incubation for a week, the specimens were sectioned to obtain apical, middle, 

coronal thirds and viewed under the CLSM for maximum depth of tubule penetration. 

Statistical analysis was done using One-way ANOVA and Tukey’s post-hoc tests. 

Results – Highly statistically significant difference was seen between the groups with 

Bio-C after Ca(OH)2 demonstrating the highest penetration. Among the three thirds, 

the highest penetration was seen in the coronal third for AH Plus, whereas Bio-C 

showed highest penetration in the middle third. Least penetration was seen in the 

apical section for all the groups. 
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Conclusion- Bio-C sealer showed promising results both with and without calcium 

hydroxide with highest in the middle third. AH Plus portrayed highest penetration in 

the coronal third. Future studies assessing long term behaviour of Bio-C sealer need to 

be taken into consideration. 

Keywords: Bio-C sealer, Calcium hydroxide, AH plus, Dentinal tubule penetration, 

Rhodamine dye, Confocal Laser Scanning Microscope. 
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INTRODUCTION: 

Root canal treatment aims at meticulous debridement and cleaning of any pulp 

tissue which is necrosed and infected from the ‘root canal system’ so that the canal 

can be adequately prepared and shaped for filling with an inert material thereby 

averting reinfection. Despite favorable success rate of endodontic treatment, a certain 

number of cases fail due to various factors like persistence of bacteria, incomplete 

filling, untreated canals, and improper ‘coronal’ seal. Persistent microbial infections 

being one of the prime factors for such treatment failure has led to a paradigm shift 

during root canal therapy which focuses on elimination of infection, prevention of 

fluid penetration and proliferation of bacteria1 within the canal and synchronously 

protecting the decontaminated tooth from future microbial invasion.2 

Residual bacteria remaining within the ‘root canal’ after preparation can result 

in continued infection when it comes in contact with the ‘periapical tissues’, the result 

of which is microbial recolonization of the obturated root canal.3 

Hence during endodontic therapy, along with various biomechanical 

preparation techniques and irrigation procedures, ‘intracanal medicaments’ such as 

‘Ca(OH)2’, Ledermix, Triple Antibiotic Paste, Iodine-potassium-iodine, etc. have 

been widely employed for disinfection of infected root canals during endodontic 

therapy.2  

Very often bacteria remaining within the root canal complexities in necrotic 

teeth damper the accomplishment of total disinfection without the use of an intracanal 

dressing. Single visit root canal treatment is usually not preferred in root canals which 

cannot be dried due to exudates in the presence of acute ‘apical’ periodontitis as it 
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could result in intensified postoperative pain and flare-up. In such situations, the 

placement of ‘Ca(OH)2’ which is the most widely used intracanal medicament has 

shown to increase the healing rates, whereas, when not placed, the bacterial counts are 

found to swiftly escalate.4 

‘Hermann’ in 1920 introduced ‘Ca(OH)2’ which demonstrated good 

antimicrobial and tissue dissolving ability, hard tissue formation and impediment of 

tooth resorption and is associated with peri-radicular healing.2,4 Its biological 

properties are achieved because of its high pH and ionic activity, diffusion through 

dentinal tubules and its influence on ‘apical’ tissues.5 

The different types of vehicles used along with ‘Ca(OH)2’, that is, ‘aqueous, 

viscous or oily’ has a pivotal role to play on account of its direct relationship with the 

velocity and concentration of ionic liberation to boot with the antibacterial action 

when the paste is carried into the contaminated area. Aqueous vehicles offer a benefit 

of rapid and high ionic dissolution. The high molecular weight of these vehicles 

maintains the paste in the desired area for longer time periods and also minimizes its 

dispersion into the tissues.6  The type of vehicle plays an important role and affects the 

removal of Ca(OH)2. 

The complete removal of ‘Ca(OH)2’ from the root canal is a quandary. There 

are no methods available till date, that can completely remove all the remnants from 

the canal though it is critical as these remnants affect the bonding capacity between 

dentin and sealer, penetrability of the sealer into the tubules and also sealing ability of 

‘root canal sealers’. Thus, the absolute elimination of ‘Ca(OH)2’ medicament prior to 

obturation is paramount, thereby directly affecting the treatment outcome.2, 7, 8 These 
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findings necessitate the need of future studies to assess impact of retention of 

‘intracanal medicaments’ on ‘tubular penetration’ of sealers. 

The most preferred obturation material is gutta percha along with the various 

‘root canal sealers’. Use of endodontic ‘root canal sealers’ enhances bonding to dentin 

by extending into the accessory and lateral canals. Its main role is to acquire a fluid 

tight hermetic seal through the entire root canal that includes the ‘apical’ foramen and 

canal irregularities. Sealers are also essential to obliterate the minor variance between 

the dentinal wall of the canal and the gutta percha filling material.9 

A key determinant associated with the clinical outcome and longevity of root 

canal therapy is the ‘tubular penetration’ depth of the sealer and also micro-gap 

between the sealer and root canal wall. The performance of a root canal sealer is 

measured by its ‘dentinal tubule penetration’ depth. Deeper ‘tubular penetration’ 

augments the contact area between root fillings and dentin, entombs the bacteria 

within the dentinal tubules and also has the advantage of increasing the fracture 

resistance of the root canal by improving the retention of root canal fillings. 10,11 

‘Epoxy resin-based sealers’ were introduced in endodontics by Schroeder and 

they are found to show improved bonding to the core obturation material and root 

canal dentin.12 

Epoxy based sealer, ‘AH Plus’ has been universally accepted as a gold 

standard amongst ‘root canal sealers’. This is a sealer against which other sealers can 

be compared because of its propitious handling characteristics and superior physical 

properties. Although, it has quite a few advantages such as low shrinkage, high radio 

opacity, low solubility and good biocompatibility; however, it is found to be toxic 
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when freshly mixed. Besides, it also lacks bioactive potential desired for periapical 

healing which lead to the pioneering of bioceramic sealers.3, 13, 14 

‘Bioceramic root canal sealers’ were first introduced by Krell and Wefel, its 

major advantages being their biocompatibility. They result in a chemical composition 

and crystalline structure analogous to tooth and bone apatite materials, thereby 

improving sealer to root dentin bonding.15  

Bio-C sealer is a new ‘bioceramic root canal sealer’ and is composed of 

calcium silicates, calcium oxide, calcium aluminate, iron oxide, zirconium oxide, 

silicon dioxide and dispersing agent. It has numerous advantages such as short setting 

time, high flow rate, alkalinization ability, radio-opacity and a low volumetric 

shrinkage.16 

Variations in properties (physical and chemical) of these ‘root canal sealers’ 

influences the depth of sealer penetration. Ability of different ‘root canal sealers’ to 

penetrate into the ‘dentinal tubules’ unswervingly and efficiently influences the 

choice of material for filling the root canals. Current literature has portrayed a 

similarity in composition between bioceramic sealers and ‘Ca(OH)2’ residues which 

could enhance its penetration property after ‘Ca(OH)2’ medicament. Hence, it is 

imperative to collate the penetration of various sealers employed in root canal 

treatment both with and without the use of intracanal medicament.17 

Till date there are no studies comparing the dentinal ‘tubular penetration’ of 

‘Bio-C’ sealer with other sealers after ‘Ca(OH)2’ medicament. Hence, the present 

study aims at comparing and evaluating the effect of ‘Ca(OH)2’ intracanal 

medicament on the ‘dentinal tubule penetration’ of ‘epoxy resin-based sealer’, ‘AH 

Plus’ and ‘Bio-C’, ‘bioceramic root canal sealer.’ 
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AIM AND OBJECTIVES 

AIM OF STUDY: 

• Comparative evaluation of the effect of ‘Ca(OH)2’ intracanal medicament on 

the ‘dentinal tubule penetration’ of  Epoxy resin-based root canal sealer, AH 

Plus and Bioceramic based root canal sealer, Bio-C using Confocal Laser 

Scanning Microscopy. 

OBJECTIVES OF THE STUDY: 

• To evaluate effect of ‘Ca(OH)2’ intracanal medicament on ‘dentinal tubule 

penetration’ of an Epoxy resin based root canal sealer, AH Plus using 

confocal laser scanning microscopy. 

• To evaluate effect of ‘Ca(OH)2’ intracanal medicament on ‘dentinal tubule 

penetration’ of a Bioceramic based root canal sealer, Bio-C using confocal 

laser scanning microscopy. 

• To compare the ‘dentinal tubule penetration’ of an Epoxy resin-based root 

canal sealer, AH Plus and a Bioceramic based root canal sealer, Bio-C using 

confocal laser scanning microscopy. 
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HYPOTHESIS: 

 

NULL HYPOTHESIS: 

‘There is no difference in the dentinal tubule penetration of the Epoxy resin 

based root canal sealer, AH Plus and the Bioceramic based root canal sealer, Bio-C 

after use of Ca(OH)2 intracanal medicament.’ 

 

 

ALTERNATIVE HYPOTHESIS:  

‘There is a difference in the dentinal tubule penetration of the Epoxy resin-

based root canal sealer, AH Plus and the Bioceramic based root canal sealer, Bio-C 

after use of Ca(OH)2 intracanal medicament.’ 
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REVIEW OF LITERATURE: 

1. An in vitro study was conducted by Eid et al (2019) for evaluating the “tubular 

penetration” of 3 “root canal sealers”, ‘AH Plus, Apexit Plus and Smart paste bio’ in 

the ‘apical’, ‘middle’ and ‘coronal thirds’ using single cone obturation technique for 

which 30 teeth were prepared and then cross sectioned. “Tubular penetration” and 

adaptation of sealer to the root canals were evaluated under scanning electron 

microscope. Among the three tested groups, ‘apical’ third showed the least 

penetration whereas no statistical difference was noted between the ‘coronal’ and 

‘middle’ thirds. “AH Plus” reported optimal “tubular penetration” in the ‘apical’ 

section of all the sealers tested.[18] 

2. Uzunoglu-Özyürek E et al (2018) evaluated the effect of ‘Ca(OH)2’ dressing on the 

“dentinal tubule penetration” of two “root canal sealers” using CLSM. 52 human 

mandibular premolars were selected of which 4 representing the positive control 

tested the penetrability of ‘Ca(OH)2’. Twenty-four samples received ‘Ca(OH)2’, 

eliminated after 2 weeks with PUI. Two groups were made of these samples based on 

sealer type used, i.e., AH 26 and Bioroot-RCS and obturation was completed by 

single cone technique (F4 ProTaper cone used). Evaluation using image analysis 

showed least penetration in the ‘apical’ third and ‘Bioroot-RCS’ showed higher 

penetration than ‘AH Plus’ even in the presence of ‘Ca(OH)2’.
[2] 

3. Wang et al (2018) conducted an In-vitro study to evaluate the “dentinal tubule 

penetration” and filling quality of ‘bioceramic sealer (iRoot SP)’ for which he 

instrumented 42 extracted mandibular incisors using ProTaper universal system till 

F3. Samples were divided into 4 groups: ‘iRoot SP single cone group, iRoot SP warm 
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vertical group, “AH Plus” single cone group and “AH Plus” warm vertical group’. 

Obturation was done using sealers mixed with “Rhodamine B dye” for better 

perception using confocal microscopy. Penetration of sealer into dentinal tubules in 

all the sections and percentage of voids was evaluated after sectioning of samples at 2, 

4 and 6 mm. iRoot SP demonstrated statistically higher penetration than “AH Plus” in 

both the single cone and warm vertical technique at 2 mm from the apex, thereby 

indicating better filling quality.[14] 

4. Cruz et al (2017) in his In-vitro study evaluated the influence of ‘Ca(OH)2’ 

medicament on the “tubular penetration” of “AH Plus” and ‘MTA Fillapex’. 

Preparation of mandibular premolars (n=70) with single root canal was done with 

Profile instruments and were divided into 4 groups. ‘Ca(OH)2’ was placed in 2 of 

these groups for ‘15 days’ after which lateral condensation was done. Sealer 

penetration was then assessed using CLSM after transverse sectioning in the ‘middle’ 

and ‘apical third’. Decreased penetration was observed for “AH Plus” in the ‘middle 

third’. Overall, ‘Ca(OH)2’ didn’t influence ‘apical’ third sealer ‘penetration’ for the 

two sealers and “tubular penetration” was higher with MTA Fillapex than with “AH 

Plus”.[3] 

5. A study was done by de CAMARGO EJ et al (2015) evaluating the adaptation and 

root canal penetration in ‘coronal’, ‘middle’ and ‘apical’ third of methacrylate based 

resin sealer (Epiphany) after ‘Ca(OH)2’. Profile instruments were used for BMP in 30 

mandibular incisors which were randomly distributed into 3 groups, “group 1:no 

‘Ca(OH)2’ dressing, group 2: ‘Ca(OH)2 for 14 days’ + removal with ‘saline and 40 K-

file’ and group 3: 17% EDTA used in addition for removal of ‘Ca(OH)2’’. Canals 

were obturated using Rhodamine labelled Epiphany sealer and viewed under 
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magnification after sectioning. Significantly lower sealer penetration was seen in 

‘apical third’ compared to ‘middle’ and ‘coronal thirds’. Group 1 showed least 

adaptation than Group 2 and Group 3 and ‘Ca(OH)2’ was shown to favor 

methacrylate-based sealers penetration.[19] 

6. Reynolds et al (2020) compared the depth and percentage of “dentinal tubule 

penetration” of two bioceramic sealers, BC sealer, BC Sealer HiFlow and an“epoxy 

resin-based sealer”, 2Seal easymiX after single-cone and warm vertical obturation in 

fifty teeth. Control group were filled using the warn vertical technique only whereas 

the BCS and BCSHF groups were filled with SC or WV techniques. Samples were 

sectioned at 3 and 6 mm to visualize under CLSM and the results were observed. No 

difference which was significant in depth and percent of sealer penetration among the 

sealer types and obturation techniques was noted. Significantly deeper penetration 

was observed as 6 mm as compared to 3 mm by Mann Whitney test. The study 

concluded that the “dentinal tubule penetration” was similar using SC and WV 

techniques amongst the three sealers tested in the study. [20] 

7. Roula El Hachem et al (2018) conducted a study assessing the “dentinal tubule 

penetration” of ‘AH Plus, BC Sealer and a novel tricalcium silicate sealer’ for which 

96 maxillary CIs were selected. After dividing them into three groups, single cone 

obturation was completed using ‘gutta-percha’ with either of the 3 sealers: ‘AH Plus, 

BC Sealer or NTS’. CLSM was used for examination after sectioning at 1 and 5 mm 

from the apex. The sealer penetration depths were analyzed at their maximum depths 

and at four circumferential depths that is 9, 12, 3 and 6 o’clock using ImageJ 

software. ‘Penetration’ was significantly higher as seen at 5 mm as against 1 mm for 

all three groups according to the Two-way ANOVA test. Intergroup comparison 
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showed lower penetration for “AH Plus” at 5 mm than the other two sealers (p = 

0.012).  In conclusion, the BC Sealer and NTS exhibited better tubule penetration than 

the “AH Plus” sealer.[21] 

8. The “penetration” ability of ‘calcium silicate root canal sealers’ and ‘resin-based 

sealer’ was compared in a study done by Yemi Kim et al (2019) using the CLSM. 

Root canals of 60 single rooted premolars were instrumented using ProFile rotary 

instruments to a size 40/0.06 taper and were irrigated with ‘NaOCl and EDTA’, 

following which root canals were dried. Random division of the specimens into 3 

groups was done based on the sealers: ‘Group 1, gutta-percha (GP)/ “AH Plus” with 

continuous wave compaction; group 2, GP/BioRoot RCS with a single-cone 

technique; and group 3, GP/Endoseal MTA with a single-cone technique’. Sectioning 

was done to evaluate penetrability under the CLSM obtaining ‘apical’, ‘middle’ and 

‘coronal’ thirds. Statistical analysis done using Kruskal–Wallis and Mann–Whitney U 

post hoc tests showed greater fluorescence in the “AH Plus” group in ‘apical’ and 

‘coronal thirds’ as compared to ‘BioRoot RCS’ and ‘Endoseal MTA’ groups, whilst 

‘BioRoot RCS’ group displayed a higher intensity in ‘middle third’, comparable to the 

“AH Plus” group. In conclusion, type of sealer and root third significantly affected the 

pattern of penetration and distance.[22] 

9. An In-vitro study was done by Diana Eid et al (2021) for evaluating the “dentinal 

tubule penetration” of two ‘calcium silicate-based sealers’ using ‘warm vertical 

compaction obturation technique’ in comparison with the ‘single cone technique’ by 

CLSM. 44 mandibular single-rooted premolars were randomly divided into four 

experimental and two control groups based on sealer type (“Bio-C” or “HiFlow”) with 

either SC or WVC. After using Rhodamine labelled sealers, the specimens were 
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sectioned at 1 and 5 mm horizontally from the apex. Images were analyzed in the 

Image J software followed by statistical analysis using ‘Mann–Whitney U and 

Kruskal–Wallis tests’. Results showed significant difference betwixt the groups at ‘1 

mm (p = 0.0116)’ in contrast to results noted at ‘5 mm (p = 0.20)’ which were similar. 

‘The study concluded that Warm vertical compaction technique enhanced the 

penetration of calcium silicate-based sealers into the dentinal tubules in comparison 

with the Single cone technique at both level’.[23] 

10. Tavares et al (2020) evaluated premixed ‘calcium silicate-based sealer’ for its 

filling ability and compared it to ‘epoxy resin-based sealer’ using technique of ‘single 

cone obturation’ in root canals which were flattened. 32 second maxillary premolars 

with such anatomy were prepared by “Hyflex EDM 25/0.08” in adjunct with 

“ultrasonic tip Flatsonic and ProDesign Logic 25/0.03” and then filled with 2 “root 

canal sealers”, i.e., “Bio-C” Sealer or “AH Plus”. Micro-computed tomography 

(micro-CT) was used to analyze the percentage of voids in the cervical/ ‘middle’ 

thirds and in the ‘apical’ third. Mann–Whitney test revealed no statistical difference 

between “Bio-C” Sealer and “AH Plus” (p > .05). In the ‘apical third’, the respective 

percentages for “Bio-C” Sealer and “AH Plus” were 11.84% (4.85–27.00) and 9.21% 

(1.34–28.78). In conclusion, when single-cone technique was used, filling ability of 

both was found to be similar.[24] 

11.Turker et al (2018) studied the effect of “smear layer” on the depth of penetration 

and ‘push-out bond strength’ of “root canal sealers”. Herein, 2 groups were made of 

90 mandibular premolars: ‘smear layer preserved and smear layer removed’ and 

subdivided into 3 subgroups based on the sealer which was tested, i.e., ‘BioRoot RCS, 

AH 26, and MTA Plus’. Obturation was done following which 3 slices of 1 mm 
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thickness were taken from mid-root area of every root. Of these, 2 slices were for 

testing of ‘push-out bond strength’ and 1 was for calculating the “dentinal tubule 

penetration” depth using CLSM. Statistical analysis was done by Two-way ANOVA 

and post hoc Tukey test. The results showed that the retention of “MTA Plus” and 

“BioRoot RCS” was greater than “AH 26” in presence of ‘smear layer’. When it was 

eliminated, the depth of penetration was the lowest with BioRoot RCS (P<0.05). In 

conclusion, depth of penetration and percentage of “root canal sealers” remained 

unaffected by the presence or absence of smear. [11] 

12. Paula Muedra et al (2021) in his In-vitro study compared the ‘dentinal penetration 

of two silicate-based sealers using CLSM’. Human single root teeth (n=32) were 

instrumented up to 35/0.04 Mtwo system, irrigated with 5.25% NaOCl and 17% 

EDTA and then randomly assigned to three study groups namely, ES, group 

1(EndoSequence BC sealer), BR, group 2 (BioRoot RCS); and a control group with 

“AH Plus” (AHP). Samples were obtained from ‘coronal’, ‘middle’ and ‘apical’ thirds 

after single cone obturation and then penetration depth and percentage were 

measured. “Mann Whitney U test” and Wilcoxon t-test was used for statistical 

analysis with ES exhibiting greater penetration than “AH Plus” in the ‘apical’ and 

‘middle thirds (p < 0.05)’, and in ‘middle’ and ‘coronal thirds’ relative to ‘BR (p < 

0.05)’. The penetration percentage around perimeter of the canal was greater for ‘ES 

in all thirds’, except for ‘apical’ where “AH Plus” was higher (p < 0.05) and thereby 

concluding that the “pre-mixed silicate-based sealer” exhibited superior 

penetrability.[25] 

13. An In-vitro study was done by Chadha et al (2012) evaluating the penetration 

depth of three resin-based “root canal sealers” into the dentinal tubules at the 
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‘cervical’, ‘middle’ and ‘apical’ third of the root canal. 32 mandibular PMs were 

prepared and obturated using ‘EndoREZ + resin-coated gutta-percha points (group A), 

Epiphany + Resilon points (group B), or “AH Plus” + gutta-percha (group C)’. SEM 

analysis was done after longitudinally sectioning the teeth in a buccolingual 

orientation. EndoREZ sealer showed maximum penetration into dentinal tubules at 

‘cervical’, ‘middle’ and ‘apical’ third (525.2 μ, 327.802 μ and 198.36 μ). Epiphany 

sealer was the second and least penetration by “AH Plus”. The study concluded that 

the ‘penetration depth of EndoREZ and Epiphany is significantly greater than that of 

“AH Plus”’. [26] 

14. A study was done by Greer E. McMichael et al (2016) for measuring the “tubule 

penetration” with “tricalcium silicate sealers”; EndoSequence BC Sealer, QuickSet2, 

NeoMTA Plus, and MTA Fillapex using the ‘continuous wave (CW) and single-cone 

(SC) obturation techniques’. Eight groups were made of 80 single rooted teeth and 

were obturated with the sealers labelled with “Rhodamine dye” using either the “CW 

or SC technique”. Samples were sectioned at 1 mm and 5 mm from the apex and were 

seen under CLSM. When the maximum sealer penetration was measured, “MTA 

Fillapex” had significantly greater “tubule penetration” at the 1-mm level. In 

conclusion, “CW and SC techniques” had similar tubule penetration at 1-mm and the 

5-mm level with ‘BC Sealer, QuickSet2, and NeoMTA Plus’.[27] 

15. Jeong et al (2017) investigated the depths of penetration into dentinal tubules of a 

calcium silicate–based sealer by using 3 different obturation techniques. One hundred 

extracted human permanent anterior teeth were endodontically prepared and divided 

equally into 3 experimental groups and 1 control group as follows: ‘C Point single 

cone (CPSC), gutta-percha single cone (GPSC), gutta-percha vertical condensation 
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(GPVC), all with a calcium silicate–based sealer and calcium indicator Fluo-3, and C 

Point single cone with a calcium indicator Fluo-3 (CPF3) without sealer as the 

control’. Roots were sectioned, visualized under the confocal laser scanning 

microscope and the “sealer penetration depths” were measured at their maximum and 

at 4 circumferential depths. There was no statistically significant difference among the 

mean maximum depth (P = .7553) and among the average depths across all points for 

the 3 experimental groups as assessed by the One-way ANOVA. The study concluded 

that the obturation technique did not affect the sealer penetration into dentinal 

tubules.[28] 

16. Coronas et al (2020) evaluated the penetrability of a new “bioceramic root canal 

sealer” under the CLSM using Fluo-3. Forty distobuccal roots of the maxillary molars 

were prepared using Wave One Gold files upto size 35.06 and divided into 4 groups 

based on the filling techniques: ‘Sealer Plus BC /Lentulo; “Bioceramic”/EasyClean 

group, 3x20 s activation (Easy Clean instrument); “Bioceramic”/30 s Irrisonic; and 

“AH Plus”/Lentulo’. Analysis was done after sectioning of the specimens at 2 and 7 

mm, analysis was done using CLSM and sealer penetration assessed using Adobe 

Photoshop. Statistical tests were “Kruskal Wallis and Wilcoxon T tests”. The results 

were found to be kindred for both the sealers irrespective of the technique used to 

perform activation. The study concluded that the instrument type used for activation 

of bioceramic sealers did not affect its penetrability.[29]  

17. Caceres et al (2021) in her study compared the “dentinal tubule penetration” and 

adaptation of “premixed bioceramic sealer” and “epoxy resin-based sealer” using 30 

single straight roots. After instrumentation using ProTaper Next, the specimens were 

assigned to 2 groups according to the sealer used, that is “AH Plus” and “Bio-C” 
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sealer. The samples were viewed by SEM after sectioning at ‘2, 5 and 8 mm from the 

apex’ and analyzed for “tubular penetration” of sealers. The results analyzed by 

‘Shapiro Wilk, Levene and Mann-Whitney tests’ showed “Bio-C” sealer to have a 

significantly more penetration than “AH Plus” sealer in all sections.[30] 

18. A study done by Yang et al (2021) evaluated the ‘“dentinal tubule penetration” 

and retreatability of Endosequence BC Sealer HiFlow (HiFlow), iRoot SP, and “AH 

Plus” after using the single-cone (SC) or continuous wave condensation (CWC) 

technique’. 65 single rooted teeth were prepared using ProTaper Next system and then 

randomly assigned to 5 groups: ‘group 1, “AH Plus”/CWC; group 2, iRoot SP/CWC; 

group 3, iRoot SP/SC; group 4, HiFlow/CWC; and group 5, HiFlow/SC’. CLSM and 

SEM was used to assess the tubule penetration and remaining debris after retreatment 

and statistical analysis done using “Kruskal-Wallis test” and “Dunn’s multiple 

comparisons test”. Results showed significantly higher penetration area for 

HiFlow/CWC than for ‘iRoot SP/SC at 4 mm from the apex’ and greater depth of 

penetration at both 8- and 12-mm level. Less remaining sealer was noted with 

HiFlow/CWC and HiFlow/SC groups than ‘AH Plus/CWC group at 4-mm level’. In 

conclusion, recommendation for root canal therapy is the combined use of 

‘EndoSequence BC Sealer HiFlow with the continuous wave condensation 

technique’. [31] 

19. Dani Song et al (2021) compared the degree of dentinal penetration between 

epoxy based sealer applied using two different filling methods and an ultrasonically 

activated calcium silicate-based sealer using CLSM. 45 maxillary premolars with 

Vertucci type 2 canals were prepared using ProTaper system, out of which three 

groups were made as follows: ‘“AH Plus” + continuous wave technique (AHC 
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group); “AH Plus” + single cone technique (AHS group); and Endoseal MTA + single 

cone technique with ultrasonic activation (EMS) group’. Sealer penetration was 

assessed at ‘2 and 5 mm from the apex’ under confocal microscopy and results 

obtained assessed with ANOVA or “Kruskal–Wallis test”. Results showed higher 

values of all the parameters at “5 mm level” with “EMS group” showing the least 

values. At the 2 mm level, there was no significant difference between the groups. 

Higher values were observed in the AHC group as against other groups; however, the 

filling efficacy was questionable in the ‘apical’ third. [32] 

20.  A confocal microscopic study was conducted by Akcay et al (2016) to study the 

penetration of “root canal sealers” by using various final irrigation techniques for 

which 156 mandibular premolars with single root were prepared using “ProTaper 

system”. Four groups were made at random depending on the type of: “AH Plus”, 

‘iRoot SP, MTA Fillapex, and GF Bioseal’ and further subdivided into 3 groups based 

on irrigation protocol: ‘conventional needle irrigation (CI), photon-induced-

photoacoustic streaming activation (PIPS), and passive ultrasonic irrigation (PUI)’. 

Obturation was completed using rhodamine dye labeled sealer and specimens were 

visualized under the CLSM after sectioning at 2, 5 and 8 mm to measure tubule 

penetration area. It was seen that iRoot SP had the greatest penetration area than 

others, however there was no significant difference between the other three groups, 

i.e., “AH Plus”, MTA Fillapex, and GF Bioseal. CI demonstrated significantly lower 

penetration as compared to ‘Er:YAG laser activation with PIPS and PUI’. The 

‘coronal’ third demonstrated highest levels of penetration after which were ‘middle’ 

and ‘apical’ thirds. Concluding, the “root canal sealer” type, “final irrigation” protocol 

and “root canal third” affected “tubular penetration” and ‘use of iRoot with PIPS tip 

or PUI” was found to be advantageous’. [33]  
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MATERIALS AND METHODOLOGY 

STUDY DESIGN: 

In-vitro study 

SOURCE OF DATA:  

 The study was conducted in the “Department of Conservative Dentistry and 

Endodontics, KLE Academy of Higher Education & Research, KLE VK Institute of 

Dental Sciences, Belagavi” and the laboratory procedures were undertaken at Dr. 

Prabhakar Kore’s Basic Science Research Laboratory, KLE University, Belagavi. 

 Specimens were evaluated under the confocal laser scanning microscope at 

“Birla Institute of Technology and Science- Pilani, K. K Birla Goa campus”. 

Extracted human mandibular premolar teeth were collected from “Department 

of Oral and Maxillofacial Surgery, KLE Academy of Higher Education & Research, 

KLE VK Institute of Dental Sciences, Belagavi”. 

INCLUSION CRITERIA: 

Human mandibular premolars with single root and single straight canal with 

closed apex with initial ‘apical’ binding file size 25 K or less. 

EXCLUSION CRITERIA: 

• Teeth with radicular resorption, cracks or fracture line. 

• Root canal treated teeth. 

• Teeth with calcified canals. 

• Teeth with root caries. 

• Teeth with multiple canals/Anatomic variation.  

• Teeth with initial ‘apical’ binding file size more than 25 K. 
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SAMPLE SIZE ESTIMATION: 

S1=269.13                                                                        

S2=248.85                                                                       

d=255.19                                                                      

   

  n  = = 16 in each sub-group           

                         d2 

SAMPLING PROCEDURE: 

Samples were randomly allocated to groups and sampling procedure employed 

for the same was Multistage sampling technique. 

MATERIALS AND ARMAMENTARIUM: 

MATERIALS: 

• Human mandibular premolars 

• 0.1% thymol (s. d. fine chem limited), 0.9% saline (Amanta Healthcare) 

• 3% Sodium Hypochlorite (Vishal Dentocare, Ahmedabad) 

• 17% Ethylene diamine tetra acetic Acid (EDTA) (Canalarge, Ammdent, 

Punjab) 

• Paper points (Diadent Group International) 

• EDTA gel (Avue Prep) 

• Rhodamine B dye (Sigma Aldrich) 

• Distilled water 

• ‘Ca(OH)2’ intracanal medicament (UltraCalTM XS, Ultradent) 

2S
2
 (Z

α 
+ Z

β 
)

2

 

Zα=1.96 at 5% α error 

Zβ = 0.842 at 80% power 
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• ‘AH Plus’ sealer (Dentsply, Germany) 

• ‘Bio-C’ sealer (Angelus, Londrina, Brazil) 

• Gutta-percha points (Diadent Group International) 

• Caviton (GC Corporation, Japan) 

ARMAMENTARIUM: 

• Micromotor (NSK, Japan) 

• K Files (10-40) (Mani Inc, Japan) 

• ProTaper Gold nickel-titanium files (Dentsply Maillefer, Switzerland) 

• Endomotor (E-Connect Pro, Eighteeth) 

• 27-gauge syringe (UNOLOK) 

• Ultrasonic system handpiece and files (Satelec) 

• Lentulospirals (Mani Inc, Japan) 

• Diamond disks  

• Confocal laser scanning microscope (Olympus fluoview FV3000) 
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METHODOLOGY WITH FLOWCHART: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Seventy extracted human mandibular premolar teeth with single root and single 

canal were selected. They were disinfected in 0.1% thymol solution, cleaned of 

debris and calculus and stored in 0.9% saline till use 

Radiographs were taken for all the teeth and selected as per the inclusion and 

exclusion criteria 

10 K-file was used to determine WL by inserting into root canal till it was seen at 

the ‘apical foramen’ and then 1mm was subtracted from the recorded length 

GROUP 1: 
“POSITIVE 

CONTROL GROUP” 

GROUP 2: 
“NEGATIVE 

CONTROL GROUP” 

GROUP3: 
“EXPERIMENTAL 

GROUP” 

The teeth were decoronated using a diamond disk under copious water spray to 

acquire a standardized root length of 14 ± 1 millimeter 
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Instrumentation of the root canal was done till master ‘apical’ file size of F3 by using 
ProTaper Gold, nickel-titanium rotary instruments (Dentsply Maillefer, Switzerland) 

GROUP1: 

POSITIVE CONTROL 
GROUP (n=6) 

Irrigation was done with 2 mL of 3% sodium hypochlorite between successive files. 

Final irrigation was done with 5 mL ‘17% EDTA for 1 minute and 2 mL 3% sodium 

hypochlorite’ followed by 5 mL of distilled water and canals were dried with paper 

points 

‘Ca(OH)2’ dressing (UltraCal
TM

 XS, Ultradent) mixed with Rhodamine dye was placed 

into the canals with lentulospiral no. 30 and openings were sealed with Caviton 

Specimens were incubated at 37°C under humidified environment for a 7 day period 

and then examined under the CLSM (OLYMPUS FLUOVIEW FV3000) for 

penetrability of ‘Ca(OH)2’ 
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GROUP 2: 

NEGATIVE CONTROL 
GROUP (n=32) 

Instrumentation of the root canal was done till master ‘apical’ file size of F4 by using 
ProTaper Gold, nickel-titanium rotary instruments (Dentsply Maillefer, Switzerland) 

Irrigation was done with 2 mL of 3% sodium hypochlorite between successive files. 

Final irrigation was done with 5 mL 17% EDTA for 1 minute followed by 5 mL of 

3% sodium hypochlorite and 5 mL distilled water and then canals were dried with 

paper points 

GROUP 2A (n=16) 

“AH Plus” 

GROUP 2B (n=16) 

“Bio-C” 

Sealers mixed with Rhodamine dye was placed into the canal spaces with 

lentulospiral no. 40 

F4 gutta percha cone coated with labelled sealer was placed into the canals. 
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The root canal was obturated and excess gutta-percha was removed at orifice 

and condensed with a plugger. 

Teeth were then sealed with Caviton and incubated at 37°C under humidified 

conditions for a 7-day period. 

Specimens were sectioned at 3,7 and 11mm from the apex to represent the 

‘apical’, ‘middle’ and ‘coronal’ thirds respectively to obtain 1 mm thick 

sections and were then examined under the confocal laser scanning microscope 

(OLYMPUS FLUOVIEW FV3000) for ‘dentinal tubule penetration’ of sealers. 

GROUP3: 

EXPERIMENTAL 
GROUP (n=32) 

Instrumentation of the root canal was done till file size F3 using ProTaper Gold, 
nickel-titanium rotary instruments (Dentsply Maillefer, Switzerland) before 

‘Ca(OH)2’  placement and irrigation was done with 2 mL 3% sodium 
hypochlorite between successive files. 

‘Ca(OH)2’ dressing (UltraCal
TM

 XS, Ultradent) was placed in all the specimens 
and the teeth were sealed with Caviton 

Final irrigation was done with 5 mL ‘17% EDTA for 1 minute and 2 mL 3% 
sodium hypochlorite’ followed by 5 mL of distilled water and canals were dried 

with paper points 
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Obturation was completed as mentioned for the negative control group followed 

by incubation period of 7 days and then examination under the confocal laser 

scanning microscope (OLYMPUS FLUOVIEW FV3000) was done for ‘dentinal 

tubule penetration’ of sealers after sectioning of the specimens 

GROUP 3A (n=16) 

“AH Plus” 

GROUP 3B (n= 16) 

“Bio-C” 

Specimens were then irrigated with 5 mL 17% EDTA and 5 mL 3% sodium 

hypochlorite along with passive ultrasonic irrigation (Satelec unit) followed by 

5mL distilled water and instrumented with F4 ProTaper to remove ‘Ca(OH)2’   

Specimens were incubated at 37°C under humidified conditions for a 7 day 
period  
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DETAILS OF THE PROCEDURES CONDUCTED DURING THE 

RESEARCH: 

Seventy extracted human permanent mandibular premolars with single root 

and single canal were used for the study. They were then disinfected in 0.1% thymol 

solution, cleaned of debris and calculus and stored in 0.9% saline solution till use. All 

teeth were radiographed and were selected as per the inclusion and exclusion criteria. 

All teeth were decoronated using a diamond disk under continuous water 

cooling to obtain a standardized root length of 14 ± 1 mm. 10 K-file was used to 

determine WL by inserting into root canal till it was seen at the ‘apical foramen’ and 

then 1mm was subtracted from the recorded length 

Six specimens were chosen randomly to represent the “positive control group” 

and the remaining specimens were allocated to “negative control group” and 

experimental group. 

“Positive control group” was used to check for the penetrability of ‘Ca(OH)2’ 

and the “negative control group” was used to test the sealer penetration without 

‘Ca(OH)2’ in order to see the difference in sealer penetration in the experimental 

group after using ‘Ca(OH)2’. 

Specimens in the “positive control group” were instrumented till master 

‘apical’ file size of F3 using ProTaper Gold, nickel-titanium rotary instruments 

(Dentsply Maillefer, Switzerland) without applying apical pressure to the established 

working length. 
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During instrumentation, the canals were irrigated with 2 mL of 3% sodium 

hypochlorite between successive files. Final irrigation was done with 5 mL 17% 

EDTA for 1 minute and 2 mL 3% sodium hypochlorite followed by 5mL of distilled 

water for 1 minute. The canals were then dried with sterile absorbent paper points 

following which the canals were filled with ‘Ca(OH)2’ (UltraCalTM XS, Ultradent) 

mixed with Rhodamine dye with no. 30 lentulospiral. The ‘coronal’ openings were 

sealed with Caviton and were incubated at 37ºC under humidified conditions for 7 

days. The specimens were then examined under the CLSM (Olympus Fluoview 

FV3000) for penetrability of ‘Ca(OH)2’. 

In the “negative control group”, the canals were instrumented upto F4 

ProTaper and 2 mL of 3% sodium hypochlorite was used between successive 

instruments. ‘Final rinse’ with ‘5 mL 17% EDTA for 1 min and 5 mL 3% sodium 

hypochlorite’ followed by 5 mL of distilled water was done. 

In the experimental group, the canals were instrumented upto F3 ProTaper and 

filled with ‘Ca(OH)2’ intracanal medicament (UltraCalTM XS, Ultradent) as in the 

“positive control group” followed by a 7 days incubation period. After this, specimens 

were irrigated with ‘5 mL 17% EDTA and 5 mL 3% sodium hypochlorite’ along with 

passive ultrasonic irrigation (Satelec unit) followed by 5mL of distilled water and 

instrumentation was done with F4 ProTaper Gold file to remove the ‘Ca(OH)2’. 

All the root canals of the specimens in the “negative control” and experimental 

groups were irrigated with 5 mL distilled water and then dried with absorbent paper 

points. 
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Preparation of the sealers: 

To facilitate fluorescence under the CLSM, each sealer was mixed with 

“Rhodamine B dye” during manipulation in an approximate ratio of 0.1% (weight) 

The specimens of both the “negative control group” and experimental group 

were divided into 2 subgroups based on “root canal sealer” used. 

“Group 2A”: “AH Plus sealer”  

“Group 2B”: “Bio-C sealer” 

“Group 3A”: “AH Plus sealer”  

“Group 3B”: “Bio-C sealer” 

Each sealer was prepared according to the manufacturer’s instructions. The 

root canal walls were coated by sealers with lentulospiral no. 40 after which the 

master cone gutta percha was entirely coated with the labelled sealer and inserted in 

the canal up to the working length. The root canal was then obturated and excess 

gutta-percha was removed at orifice and condensed with a plugger. 

The teeth were sealed with Caviton and incubated at 37°C under humidified 

conditions for a 7-day period. 
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Preparation of samples: 

Samples were prepared by sectioning them horizontally at the ‘coronal’ 

(11mm from the apex), ‘middle’ (7mm from the apex) and ‘apical’ third (3mm from 

the apex) of each root to obtain 1mm thick sections. The specimens then were 

examined using CLSM (OLYMPUS FLUOVIEW FV3000) for “dentinal tubule 

penetration” of sealer. Epifluorescence was obtained using excitation and emission 

wavelengths of 514 and 561 nanometers respectively for “Rhodamine dye”. 

Calculation of ‘dentinal tubule penetration’: 

Images analysis was done using the Fiji Image J software and longest depth of 

sealer penetration for each specimen was measured. ‘The depth of penetration was 

measured from the canal wall to the point of maximum sealer penetration using the 

measuring tool in the Image J software’. Analysis was done by a single operator and 

each measurement was repeated twice in order to ensure reproducibility and 

consistency. 

STATISTICAL ANALYSIS: 

‘One-way ANOVA test’ was used for ‘statistical analysis’ for maximum 

‘tubular penetration’ depth and Tukey’s multiple post-hoc test was used for pairwise 

comparison among the four groups.  
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Fig 1: Human Mandibular Premolars 

 

Fig 2: Armamentarium 
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Fig 3: Materials 

 

 

Fig 4: Debris Removal 
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Fig 5: Decoronation 

 

 

Fig 6: Working Length Determination  
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Fig 7: Bio-Mechanical Preparation 

 

 

Fig 8: Calcium hydroxide placement using lentulospiral 
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Fig 9: Irrigation  

 

 

Fig 10: Passive Ultrasonic Irrigation  
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Fig 11: Dye Incorporation in Sealers 

 

Fig 12: Drying Canals with paper points  
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Fig 13: Obturation  

 

Fig 14: Incubation  
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Fig 15: Sectioning  

 

     

Fig 16: Confocal Laser Scanning Microscopy 
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RESULTS 

In all, 16 samples in each subgroup were analyzed for dentinal ‘tubular 

penetration’ of sealer in ‘coronal’, ‘middle’ and ‘apical’ third sections with and 

without the use of ‘Ca(OH)2’ as an intracanal medicament. 

Table 1 shows the mean depth of penetration, standard deviation and 

statistically significant p-value in ‘coronal’ section of the four groups containing 16 

samples each by One-way ANOVA. The highest mean depth of penetration in the 

‘coronal’ section was seen with ‘Bio-C’ sealer after ‘Ca(OH)2’ removal (Group 3B) 

being 1713.26 µm and the results were shown to be statistically significant 

(P=0.0001). Samples filled with “AH Plus” sealer after ‘Ca(OH)2’ (Group 2B) 

showed the least penetration, i.e., 1084.90 µm. [Table 1 and Graph 1] 

Tukey’s multiple post-hoc test was done for pairwise comparison of the four 

groups in the ‘coronal’ section and highly significant difference was seen between 

“AH Plus” (Group 2A) and ‘Bio-C’ after ‘Ca(OH)2’ removal (Group 3B). Statistically 

significant difference (p=0.0120) was seen between “Bio-C” sealer penetration with 

(Group 3B) and without ‘Ca(OH)2’ (Group 2B), thereby indicating that ‘Ca(OH)2’ 

showed a positive influence on the sealer penetration. Without ‘Ca(OH)2’, “AH Plus” 

showed a higher penetration clinically, however no ‘statistically significant 

difference’ was found (p=0.0670). [Table 2 and Graph 4] 

A statistically significant difference (p=0.0001) was observed in relation to the 

depth of ‘tubular penetration’ in the ‘middle’ section among all the groups and “Bio-

C” sealer after ‘Ca(OH)2’ removal (Group 3B) showed the highest penetration 
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(1914.62 µm). Lowest penetration was seen for “AH Plus” without ‘Ca(OH)2’ (Group 

2A) which was 848.37 µm. [Table 3 and Graph 3] 

For the ‘middle’ third, pairwise comparison showed that “Bio-C” sealer had 

the highest penetration compared to all the other groups irrespective of the placement 

of ‘Ca(OH)2’ (P<0.05). After ‘Ca(OH)2’ removal (Group 3B) “Bio-C” showed a 

highly statistically significant difference than without ‘Ca(OH)2’ (Group 3A). In the 

negative control group, i.e., without ‘Ca(OH)2’, “Bio-C” sealer (Group 2B) showed 

higher penetration than “AH Plus” sealer (Group 2A) with P=0.0001. After ‘Ca(OH)2’ 

removal, “AH Plus” did not show a statistically significant difference in penetration 

than without ‘Ca(OH)2’. [Table 4 and Graph 4] 

In the ‘apical’ third, highest depth of penetration was seen with “Bio-C” sealer 

without ‘Ca(OH)2’ (Group 2B) being 1482.82 µm and least for “AH Plus” without 

‘Ca(OH)2’ (Group 2A), i.e., 281.69 µm with a statistically significant difference (P= 

0.0001) among all the groups according to the One-way ANOVA test. [Table 5 and 

Graph 3]. 

Pairwise comparison for the ‘apical’ third sections showed statistically 

significant difference between all the groups (P<0.05). “AH Plus” showed a decreased 

“tubular penetration” compared to “Bio-C” sealer irrespective of the placement of 

‘Ca(OH)2’ whereas “Bio-C” penetrated deeper without ‘Ca(OH)2’ (Group 2B) than 

after ‘Ca(OH)2’ removal (Group 3B). [Table 6 and Graph 4] 

Comparison of the “tubular penetration” within the three sections of the four 

groups indicated a statistically significant difference (P=0.0001) in three groups, that 

is, “AH Plus” without ‘Ca(OH)2’ (Group 2A), “AH Plus” after ‘Ca(OH)2’ removal 
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(Group 3A) and Bio- C after ‘Ca(OH)2’ removal (Group 3B). The ‘coronal’ section 

showed the highest penetration for “AH Plus” (Group 2A and Group 3A) whereas for 

“Bio-C” after ‘Ca(OH)2’ removal (Group 3B), highest penetration was seen in the 

‘middle’ third. [Table 7 and Graph 5,6,7,8] 

Pairwise comparison showed significant difference between all the three 

sections for “AH Plus” without ‘Ca(OH)2’ (Group 2A) and ‘Bio-C’ after ‘Ca(OH)2’ 

removal (Group 3B). When “AH Plus” was used after ‘Ca(OH)2’ (Group 3A) there 

was no significant difference (P=0.194) between the ‘coronal’ and ‘middle’ third but a 

highly significant difference (P<0.05) was noted between the ‘middle’/ ‘apical’, and 

‘coronal’/ ‘apical thirds’. No ‘statistically significant difference’ between either of 

sections for ‘Bio-C’ sealer without ‘Ca(OH)2’ (Group 2B) was noted. [Table 8 and 

Graph 9] 
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Table 1: Comparison of four groups (2A, 2B, 3A and 3B) on coronal section with 

mean depth of tubular penetration by One way ANOVA 

Groups Mean SD F-value P-value 

Negative control (AH Plus) 

Group 2A 

1280.31 151.30 23.8860 0.0001* 

Negative control (Bio-C) 

Group 2B 

1465.37 291.90 

Experimental (AH Plus) 

Group 3A 

1084.90 207.14 

Experimental (Bio-C) 

Group 3B 

1713.26 203.04 

   *p<0.05 indicates significant result 
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Table 2: Pair wise comparison of four groups (2A, 2B, 3A and 3B) on coronal 

section with mean depth of tubular penetration by Tukeys multiple posthoc 

procedures 

Group (I) Group (J) 
Mean 

difference             
(I-J) 

SE p-value 

Negative control (AH 
Plus) Group 2A 

Negative control (Bio-
C) Group 2B 

-185.06 77.51 0.0900 

 
Experimental (AH 
Plus) Group 3A 

195.41 77.51 0.0670 

 
Experimental (Bio-C) 

Group 3B 
-432.96 77.51 0.0001* 

Negative control (Bio-
C) Group 2B 

Experimental (AH 
Plus) Group 3A 

380.47 77.51 0.0001* 

 
Experimental (Bio-C) 

Group 3B 
-247.90 77.51 0.0120* 

Experimental (AH 
Plus) Group 3A 

Experimental (Bio-C) 
Group 3B 

-628.36 77.51 0.0001* 

Statistically significant p<0.05 
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Graph 1: Comparison of four groups (2A, 2B, 3A and 3B) on coronal section 

with mean depth of tubular penetration 

 

Negative control (AH Plus)-Group 2A; Negative control (Bio-C)-Group 2B; 

Experimental (AH Plus)-Group 3A; Experimental (Bio-C)-Group 3B 
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Table 3: Comparison of four groups (2A, 2B, 3A and 3B) on middle section with 

mean depth of tubular penetration by One way ANOVA 

Groups Mean SD F-value P-value 

Negative control (AH Plus) Group 2A 848.37 281.36 

70.6220 0.0001* 

Negative control (Bio-C) Group 2B 1629.76 301.99 

Experimental (AH Plus) Group 3A 982.23 91.03 

Experimental (Bio-C) Group 3B 1914.62 241.06 

*p<0.05 indicates significant values 
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Table 4: Pair wise comparison of four groups (2A, 2B, 3A and 3B) on middle 

section with mean depth of tubular penetration by Tukeys multiple posthoc 

procedures 

*p<0.05 indicates significant values 

 

 

 

 

Group (I) Group (J) 

Mean 

difference               

(I-J) 

SE p-value 

Negative control 

(AH Plus) 

Group 2A 

Negative control (Bio-C) 

Group 2B 
-781.39 86.02 0.0001* 

 
Experimental (AH Plus) 

Group 3A 
-133.86 86.02 0.4110 

 
Experimental (Bio-C) 

Group 3B 
-1066.25 86.02 0.0001* 

Negative control 

(Bio-C) Group 

2B 

Experimental (AH Plus) 

Group 3A 
647.53 86.02 0.0001* 

 
Experimental (Bio-C) 

Group 3B 
-284.86 86.02 0.0080* 

Experimental 

(AH Plus) 

Group 3A 

Experimental (Bio-C) 

Group 3B 
-932.38 86.02 0.0001* 
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Graph 2: Comparison of four groups (2A, 2B, 3A and 3B) on middle section with 

mean depth of tubular penetration 

 

Negative control (AH Plus)-Group 2A; Negative control (Bio-C)-Group 2B; 

Experimental (AH Plus)-Group 3A; Experimental (Bio-C)-Group 3B 

Table 5: Comparison of four groups (2A, 2B, 3A and 3B) on apical section with 

mean depth of tubular penetration by One way ANOVA 

Groups Mean SD F-value P-value 

Negative control (AH Plus) Group 2A 281.69 82.77 

84.0780 0.0001* 

Negative control (Bio-C) Group 2B 1482.82 331.86 

Experimental (AH Plus) Group 3A 802.25 173.77 

Experimental (Bio-C) Group 3B 1048.12 209.73 

*p<0.05 indicates significant results 
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Table 6: Pair wise comparison of four groups (2A, 2B, 3A and 3B) on apical 

section with mean depth of tubular penetration by Tukeys multiple posthoc 

procedures 

Group (I) Group (J) Mean difference (I-J) SE p-value 

Negative control 
(AH Plus) 

Group 2A 

Negative control (Bio-C) 

Group 2B 
-1201.13 77.29 0.0001* 

 
Experimental (AH Plus) 

Group 3A 
-520.57 77.29 0.0001* 

 
Experimental (Bio-C) 

Group 3B 
-766.43 77.29 0.0001* 

Negative control 
(Bio-C) 

Group 2B 

Experimental (AH Plus) 

Group 3A 
680.57 77.29 0.0001* 

 
Experimental (Bio-C) 

Group 3B 
434.70 77.29 0.0001* 

Experimental (AH 
Plus) 

Group 3A 

Experimental (Bio-C) 

Group 3B 
-245.87 77.29 0.0120* 

*p<0.05 indicates significant results 

 

 

 



Results 

 Page 47 

 

Graph 3: Comparison of four groups (2A, 2B, 3A and 3B) on apical section with 

mean depth of tubular penetration 

 

Negative control (AH Plus)-Group 2A; Negative control (Bio-C)-Group 2B; 

Experimental (AH Plus)-Group 3A; Experimental (Bio-C)-Group 3B 

Graph 4: Comparison of four groups (2A, 2B, 3A and 3B) on coronal, middle 

and apical sections with mean depth of tubular penetration 

 

Negative control (AH Plus)-Group 2A; Negative control (Bio-C)-Group 2B; 

Experimental (AH Plus)-Group 3A; Experimental (Bio-C)-Group 3B 
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Table 7: Comparison of three sections (coronal, middle and apical) in four 

groups (2A, 2B, 3A and 3B) with mean depth of tubular penetration by one way 

ANOVA 

Groups Sections Mean SD F-value P-value 

Negative control                
(AH Plus) 

Group 2A 

Coronal 1280.31 151.30 

110.5480 0.0001* 

 Middle 848.37 281.36 

 Apical 281.69 82.77 

Negative control               
(Bio-C) 

Group 2B 

Coronal 1465.37 291.90 

1.3660 0.2660 

 Middle 1629.76 301.99 

 Apical 1482.82 331.86 

Experimental                    
(AH Plus) 

Group 3A 

Coronal 1084.90 207.14 

12.0720 0.0001* 

 Middle 982.23 91.03 

 Apical 802.25 173.77 

Experimental (Bio-C) 

Group 3B 
Coronal 1713.26 203.04 

68.8690 0.0001* 
 Middle 1914.62 241.06 

 Apical 1048.12 209.73 

*p<0.05 indicates significant values 
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Table 8: Pair wise comparison of three sections (coronal, middle and apical) in 

four groups (2A, 2B, 3A and 3B) with mean depth of tubular penetration by 

Tukeys multiple posthoc procedures 

*p<0.05 indicates significant values 

 

 

Groups Section (I) Section (J) Mean 

difference (I-

J) 

SE p-value 

Negative control                

(AH Plus) 

Group 2A 

Coronal Middle 431.94 67.36 0.0001* 

 Apical 998.62 67.36 0.0001* 

Middle Apical 566.68 67.36 0.0001* 

Negative control              

(Bio-C) 

Group 2B 

Coronal Middle -164.40 109.27 0.2980 

 Apical -17.46 109.27 0.9860 

Middle Apical 146.94 109.27 0.3780 

Experimental                    

(AH Plus) 

Group 3A 

Coronal Middle 102.67 58.24 0.1940 

 Apical 282.65 58.24 0.0001* 

Middle Apical 179.98 58.24 0.0090* 

Experimental (Bio-C) 

Group 3B 

Coronal Middle -201.36 77.28 0.0330* 

 Apical 665.14 77.28 0.0001* 

Middle Apical 866.50 77.28 0.0001* 
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Graph 5: Comparison of three sections (coronal, middle and apical) in group 2A 

with mean depth of tubular penetration 

 

Negative control (AH Plus)-Group 2A 

 

Graph 6: Comparison of three sections (coronal, middle and apical) in group 2B 

with mean depth of tubular penetration 
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Graph 7: Comparison of three sections (coronal, middle and apical) in group 3A 

with mean depth of tubular penetration 

 

Experimental (AH Plus)-Group 3A 

Graph 8: Comparison of three sections (coronal, middle and apical) in group 3B 

with mean depth of tubular penetration 
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Graph 9: Comparison of three sections (coronal, middle and apical) in four 

groups (2A, 2B, 3A and 3B) with mean depth of tubular penetration 

 

Negative control (AH Plus)-Group 2A; Negative control (Bio-C)-Group 2B; 

Experimental (AH Plus)-Group 3A; Experimental (Bio-C)-Group 3B 

 

 

 

 

 

12
80

.3
1

14
65

.3
7

10
84

.9
0

17
13

.2
6

84
8.

37

16
29

.7
6

98
2.

23

19
14

.6
2

28
1.

69

14
82

.8
2

80
2.

25

10
48

.1
2

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

1800.00

2000.00

Group 2A Group 2B Group 3A Group 3B

M
e

an
 v

a
lu

e

Coronal Middle Apical



Results 

 Page 53 

 

CLSM Images depicting penetration of AH Plus without calcium hydroxide 

placement [Group 2A] 

 

 

  

Fig 17 a: CORONAL  

[Group 2A] 

Fig 17 b: MIDDLE 

[Group 2A] 

Fig 17 c: APICAL 

[Group 2A] 
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CLSM Images depicting penetration of Bio-C without calcium hydroxide 

placement [Group 2B] 

 

 

  

Fig 18 a: CORONAL 

[Group 2B] 

Fig 18 b: MIDDLE 

[Group 2B] 

Fig 18 c: APICAL 

[Group 2B] 
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Fig 19 a: CORONAL 

[Group 3A] 

CLSM Images depicting penetration of AH Plus after calcium hydroxide 

removal [Group 3A] 

 

 

 

Fig 19 b: MIDDLE 

Group 3A] 

Fig 19 c: APICAL  

[Group 3A] 
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Fig 20 c: APICAL  

[Group 3B] 

CLSM Images depicting penetration of Bio-C after calcium hydroxide removal 

[Group 3B] 

 

 

 

Fig 20 a: CORONAL 

 [Group 3B] 

Fig 20 b: MIDDLE  

[Group 3B] 
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DISCUSSION 

One of the key elements for successful endodontic therapy is appropriate 

dentinal ‘tubular penetration’ of the sealer which is of utmost importance as it helps to 

improve the root canal filling retention. It also helps to entrap the residual ‘bacteria’ 

within the ‘dentinal tubules’ by acting like a barrier which has been observed to 

persist even after retreatment procedures. [34,35,36] The penetration of the sealer 

depends on multiple factors, such as, its physico-chemical properties, tubule density, 

tubule diameter, root canal dimensions and smear layer removal. [37]   

A very important property of sealer that determines its penetration into the 

‘dentinal tubules and irregularities’ within the canal system is ‘Flow’, which in turn is 

affected by the composition, particle size and film thickness of the sealer. [35]  Bronzel 

et al (2019) demonstrated that “Bio-C” sealer, a premixed calcium silicate-based 

sealer had the highest flow rate as compared to “AH Plus”, an ‘epoxy resin-based 

sealer’ and Totalfill BC which is also a calcium silicate-based sealer. [16] ‘AH Plus’ is 

considered as the ‘gold standard’ because of its good physicochemical properties such 

as low solubility and better handling characteristics against which all new sealers can 

be compared. [38] 

A systematic review and meta-analysis by Falk Schwendicke et al (2017) on 

single versus multiple visit root canal treatment concluded that risk of flare -up was 

found to be higher with single visit treatment and hence it was recommended to 

perform preferably multiple-visit treatment in teeth where the risk of complications 

was higher as in teeth with an already existing ‘periapical’ lesion. [39] 
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Calcium hydroxide is the most commonly used intracanal medicament in 

routine clinical practice owing to its excellent antibacterial and anti-inflammatory 

properties. An alkaline environment created by the ‘Ca(OH)2’ plays a positive role in 

‘apical’ healing by inducing hard tissue formation. However, it has been observed that 

‘Ca(OH)2’ cannot be completely eliminated from the ‘root canal system’, its residues 

thereby acting as a barrier for sealer penetration. [40,41]  Till date, no technique has 

been able to completely remove the ‘Ca(OH)2’. Routinely, conventional syringe 

irrigation was used but it was found to be less efficacious. Passive ultrasonic irrigation 

has been proved to be one of the best methods for ‘Ca(OH)2’ removal and hence was 

used in this study. [40,42]  This drawback may be overcome by the use of calcium 

silicate based sealers which in the presence of this alkaline environment and 

‘Ca(OH)2’ residues has shown better penetrability. [2] 

Studies done by Wang et al (2018), El Hachem R et al (2019) and Akcay et al 

(2016) have shown ‘bioceramic ‘root canal sealers’ to have a better ‘tubular 

penetration’ as compared to “epoxy resin-based sealer”, “AH Plus”. This can be 

attributed to their fluidity, hydrophilic nature and minute particle size, which enables 

better penetration and greater adaptation to the ‘dentinal tubules’. [14,15,21]   

Human mandibular premolars were selected for the study as they are most 

often encountered with anatomic variations which could be challenging and they are 

also commonly extracted for orthodontic treatment. [43] Specimens were stored in 

0.1% thymol solution in order to prevent fungal growth. All the specimens were 

decoronated so that we could obtain a standardized root length of 14 ± 1 mm with a 

flat ‘coronal’ surface for equivocal reference evaluation and elimination of 

discrepancies due to variation in access cavity preparations. ProTaper Gold files were 
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used for bio-mechanical preparation as they possessed superior flexibility and greater 

resistance to cyclic fatigue. [44,45] 

Standard irrigation protocol of 3% sodium hypochlorite was used between 

successive instrumentation due to its potential tissue dissolving and antimicrobial 

properties. Studies on whether the presence of smear layer interferes with ‘dentinal 

tubule penetration’ are still controversial and hence 17% EDTA was used after the use 

of NaOCl for smear layer elimination. Final irrigation was performed with distilled 

water to banish the effect of the remaining oxygen from NaOCl on the polymerization 

of the sealers. [46,47] 

Cavit was used as a temporary restorative material over the gutta percha in 

order to prevent microleakage.[48] All the samples were incubated at 37°C in 

humidified conditions for a week to ensure complete setting and polymerization of the 

sealer and simulate the oral environment. 

Confocal Laser Scanning Microscope was preferred for evaluation of the 

“tubular penetration” depth in this study over other methods such as SEM as it helped 

to visualize sections at different levels, creating a 3D image and also made depth 

measurement more precise. Additional step of sample preparation such as dehydration 

or gold spluttering was eliminated by using the CLSM, thereby preserving the 

integrity of the dentin and allowing the samples to be reused. One of the advantages 

of CLSM is that it avoids artifacts because the analysis is performed from the surface 

to 20-30 microns depth. The Rhodamine dye used to obtain the fluorescence was 

required in minute amount (0.1%) and hence the properties of the sealer remained 

unaffected. [49,50]  
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The results of this study show that ‘Bio-C’ sealer after ‘Ca(OH)2’ removal had 

higher ‘tubular penetration’ for the ‘coronal’ and ‘middle third’ of the root canal, 

whereas intergroup comparison for the ‘apical’ third showed ‘Bio-C’ without the use 

of ‘Ca(OH)2’ to have the highest penetration. Therefore, the null hypothesis that there 

would be no difference in penetration after the use of ‘Ca(OH)2’ was rejected. 

[Table7,8; Graph 9 and Fig 20 a, 20 b, 18 c] 

Intragroup comparison for ‘AH Plus’ sealer revealed highest penetration in the 

‘coronal’ third followed by ‘middle’ and least in the ‘apical’ third when used with and 

without ‘Ca(OH)2’. This was in accordance with a number of previous studies that can 

be due to the small diameter of the ‘apical’ third with less number and density of 

dentinal tubules. Another reason can be due to inefficacious irrigant delivery and 

ineffectual “smear layer removal” in the ‘apical region’.[51] [Table7,8; Graph 4 and 

Fig17, 19] 

For ‘Bio-C’ sealer, highest penetration was noted in the ‘middle’ third, 

followed by ‘coronal’ and lowest in the ‘apical’ third regardless of the use of 

‘Ca(OH)2’. The less tubule density and inefficient smear layer removal from the 

‘apical’ portion resulted in decreased penetration in the ‘apical’ third. Moreover, the 

‘apical’ root dentin is poorly permeable due to the sclerotic dentin as compared to the 

‘coronal’ and ‘middle’ third dentin.[52] [Table7,8; Graph 4 and Fig 18,20] 

Intergroup comparison revealed “Bio-C” sealer performing better than “AH 

Plus” sealer in the negative control (without ‘Ca(OH)2’ as well as the experimental 

groups (After ‘Ca(OH)2’ as intracanal medicament) with a statistically significant 

difference. [Table7,8 and Graph 9] A study done by Carolina Caceres et al (2021) 

comparing the ‘dentinal tubule penetration’ and adaptation of ‘Bio-C’ and ‘AH Plus’ 

using SEM analysis showed results analogous to our study with ‘Bio-C’ showing a 
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better penetration and adaptation. It was also observed that ‘Bio-C’ tags had enhanced 

adaptation to the walls of the tubules in contrast to ‘AH Plus’ which may be 

associated with sealer’s hydrophilic properties unlike ‘Epoxy resin-based sealers’ 

which are hydrophobic and have a high fluidity, thereby negatively affecting their 

penetrability and adaptation to the dentinal walls. [14,30,53] 

Although studies have shown that ‘Ca(OH)2’ residues block the dentinal 

tubules and hamper sealer penetration, ‘Bio-C’ sealer in our study showed an even 

more enhanced penetration after the use of ‘Ca(OH)2’. One of the reasons could be 

because of the alkaline environment created by ‘Ca(OH)2’. Calcium silicate based 

sealers have a high pH and hence greater penetration in such an environment. 

Ozyurek in his study assessing impact of ‘Ca(OH)2’ on ‘AH Plus’ and BioRoot RCS 

penetration, also demonstrated similar results with BioRoot RCS having deeper 

penetration after ‘Ca(OH)2’ than ‘AH Plus’. [2,54,55] 

Similar results were also seen by Cruz et al, wherein MTA Fillapex had a 

higher penetration when ‘Ca(OH)2’ residues were present. This is attributed to 

kindred properties of the sealer, affinity betwixt the MTA compounds and the 

‘Ca(OH)2’ residues in turn affecting the sealer penetration by a merge between these 

two compounds.[3,56] 

This study illustrated good performance of ‘Bio-C’ sealer in terms of ‘dentinal 

tubule penetration’ when compared to ‘epoxy resin-based sealer’, ‘AH Plus’. Further 

studies regarding push-out bond strength of ‘Bio-C’ sealer need to be done to evaluate 

the adaptation of the sealer. Research on this sealer is still scarce and hence further 

studies are needed in order to evaluate its long-term behavior to establish a strong 

evidence based literature. 
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CONCLUSION 

It can be concluded that ‘Bio-C sealer’ showed better ‘dentinal tubule 

penetration’ both after and without the use of ‘Ca(OH)2’ as an intracanal medicament. 

However, persistence of Ca(OH)2 medicament residues did not hinder but enhanced 

the tubular penetration of  the ‘Bio-C sealer’. Higher penetration was in “middle third” 

of the “root canal” for ‘Bio-C’ sealer whereas ‘AH Plus’ showed the greatest 

penetration within the ‘coronal third’. Least penetration was seen in the ‘apical third’ 

for all the samples. 

Future studies evaluating the other properties of the ‘Bio-C’ sealer and long-

term studies need to be done in order to establish a strong literature base. 
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SUMMARY 

Successful endodontic therapy is dependent on proper cleaning and 

debridement of the ‘root canal system’ and a fluid tight impervious seal. Various 

newer equipment and materials have been introduced in order to achieve a highly 

sterile environment within the canal resulting in successful outcomes. A number of 

“root canal sealers”, especially bioceramic sealers are being launched into the market 

with improved properties such a good flow. ‘Tubular penetration’ of sealer is one 

important feature that helps to establish a fluid impervious seal and enhanced 

adaptation between root dentin wall and core material. 

In this study, “dentinal penetration” after using ‘Ca(OH)2’ medicament has 

been evaluated as it has been observed that residues of this medicament could 

interfere with sealer penetrability. However, an association between these residues 

and the newer bioceramic sealers was found which led to the aim of this study. 

70 extracted human mandibular premolars were decoronated to achieve a 

standardized root length of 14±1mm using a diamond disk. WL was determined using 

a 10 K-file and the samples were divide into 3 groups, Positive control group, 

Negative control group and experimental group. Biomechanical preparation was 

completed with ProTaper Gold files up to size F3 followed by ‘Ca(OH)2’ placement 

for the Experimental group and the negative control group was prepared up to size F4. 

After medicament removal using passive ultrasonic irrigation, preparation was 

enlarged to F4 for the experimental group. Irrigation was done using 17% EDTA and 

final rinse by distilled water, dried using paper points and divided into 2 subgroups 

based on the sealer type. Obturation was done using sealer labeled with “0.1% 
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Rhodamine dye” and the samples incubated for a week. Sectioning was done for 

CLSM evaluation and images obtained were analyzed using Image J software. 

The ‘null hypothesis’ that ‘Ca(OH)2’ did not influence the sealer penetration 

was rejected. 

Highly significant results were obtained with ‘Bio-C’ sealer after ‘Ca(OH)2’ 

medicament showing the highest penetration than “AH Plus”. Among the sections of 

the ‘root canal’, ‘AH Plus’ exhibited greatest penetration in the ‘coronal third’ 

whereas for Bio-C, ‘middle third’ showed maximum penetration. Least penetration 

was seen with ‘AH Plus’ in ‘apical third’. 

 



References 

 

 Page 65 
 

REFERENCES 

1. Tabassum S, Khan FR. Failure of endodontic treatment: The usual suspects. 

European journal of dentistry. 2016 Jan;10(1):144. 

2. Uzunoglu-Özyürek E, Erdoğan Ö, Türker SA. Effect of calcium hydroxide 

dressing on the dentinal tubule penetration of 2 different root canal sealers: a 

confocal laser scanning microscopic study. Journal of endodontics. 2018 Jun 

1;44(6):1018-23. 

3. Cruz AT, Grecca FS, Piasecki L, Wichnieski C, Westphalen VP, Carneiro E, 

Fariniuk LF. Influence of the calcium hydroxide intracanal dressing on 

dentinal tubule penetration of two root canal sealers. Eur Endod J. 2017 Jan 

1;2:14. 

4. Mohammadi Z, Dummer PM. Properties and applications of calcium 

hydroxide in endodontics and dental traumatology. International endodontic 

journal. 2011 Aug;44(8):697-730. 

5. Fava LR, Saunders WP. Calcium hydroxide pastes: classification and clinical 

indications. International endodontic journal. 1999 Jul;32(4):257-82. 

6. Pannu R, Berwal V. Calcium Hydroxide in Dentistry: A Review. Journal Of 

Applied Dental and Medical Sciences. 2017;3:3. 

7. Nandini S, Velmurugan N, Kandaswamy D. Removal efficiency of calcium 

hydroxide intracanal medicament with two calcium chelators: volumetric 

analysis using spiral CT, an in vitro study. Journal of Endodontics. 2006 Nov 

1;32(11):1097-101. 

8. Zorzin J, Wießner J, Wießner T, Lohbauer U, Petschelt A, Ebert J. Removal of 

radioactively marked calcium hydroxide from the root canal: influence of 



References 

 

 Page 66 
 

volume of irrigation and activation. Journal of endodontics. 2016 Apr 

1;42(4):637-40. 

9. Zhou HM, Shen Y, Zheng W, Li L, Zheng YF, Haapasalo M. Physical 

properties of 5 root canal sealers. Journal of endodontics. 2013 Oct 

1;39(10):1281-6. 

10. Chen H, Zhao X, Qiu Y, Xu D, Cui L, Wu B. The tubular penetration depth 

and adaption of four sealers: a scanning electron microscopic study. BioMed 

research international. 2017;2017. 

11. Türker SA, Uzunoğlu E, Purali N. Evaluation of dentinal tubule penetration 

depth and push-out bond strength of AH 26, BioRoot RCS, and MTA Plus 

root canal sealers in presence or absence of smear layer. Journal of dental 

research, dental clinics, dental prospects. 2018;12(4):294. 

12. Marciano MA, Guimarães BM, Ordinola-Zapata R, Bramante CM, Cavenago 

BC, Garcia RB, Bernardineli N, Andrade FB, Moraes IG, Duarte MA. 

Physical properties and interfacial adaptation of three epoxy resin–based 

sealers. Journal of endodontics. 2011 Oct 1;37(10):1417-21. 

13. Candeiro GT, Lavor AB, Lima IT, Vasconcelos BC, Gomes NV, Iglecias EF, 

Gavini G. Penetration of bioceramic and epoxy-resin endodontic cements into 

lateral canals. Brazilian oral research. 2019;33. 

14. Wang Y, Liu S, Dong Y. In vitro study of dentinal tubule penetration and 

filling quality of bioceramic sealer. PloS one. 2018 Feb 1;13(2):e0192248. 

15. Al-Haddad A, Ab Aziz C, Zeti A. Bioceramic-based root canal sealers: a 

review. International journal of biomaterials. 2016;2016. 

16. Zordan-Bronzel CL, Torres FF, Tanomaru-Filho M, Chávez-Andrade GM, 

Bosso-Martelo R, Guerreiro-Tanomaru JM. Evaluation of Physicochemical 



References 

 

 Page 67 
 

Properties of a New Calcium Silicate–based Sealer, Bio-C Sealer. Journal of 

endodontics. 2019 Aug 22. 

17. Mamootil K, Messer HH. Penetration of dentinal tubules by endodontic sealer 

cements in extracted teeth and in vivo. International endodontic journal. 2007 

Nov;40(11):873-81. 

18. Eid BM. Scanning Electron Microscope Evaluation of Dentinal Tubules 

Penetration of Three Different Root Canal Sealers. EC Dental Science. 

2019;18:1121-7. 

19. de CAMARGO EJ, Vivan RR, Bramante CM, DUARTE MA, GRAEFF MS, 

SILVA PA, ZAPATA RO, de MORAES IG. The influence of calcium 

hydroxide on adaptation and root canal penetration in teeth filled with 

methacrylate-based resin sealer. Dent Press Endod. 2015;5:21-7. 

20. Reynolds JZ, Augsburger RA, Svoboda KK, Jalali P. Comparing dentinal 

tubule penetration of conventional and ‘HiFlow’bioceramic sealers with 

resin‐based sealer: An in vitro study. Australian Endodontic Journal. 2020 

Dec;46(3):387-93 

21. El Hachem R, Khalil I, Le Brun G, Pellen F, Le Jeune B, Daou M, El Osta N, 

Naaman A, Abboud M. Dentinal tubule penetration of AH Plus, BC Sealer 

and a novel tricalcium silicate sealer: a confocal laser scanning microscopy 

study. Clinical oral investigations. 2019 Apr;23(4):1871-6. 

22. Kim Y, Kim BS, Kim YM, Lee D, Kim SY. The penetration ability of calcium 

silicate root canal sealers into dentinal tubules compared to conventional resin-



References 

 

 Page 68 
 

based sealer: a confocal laser scanning microscopy study. Materials. 2019 

Jan;12(3):531. 

23. Eid D, Medioni E, De-Deus G, Khalil I, Naaman A, Zogheib C. Impact of 

warm vertical compaction on the sealing ability of calcium silicate-based 

sealers: A confocal microscopic evaluation. Materials. 2021 Jan;14(2):372. 

24. Tavares KI, Pinto JC, Santos‐Junior AO, Torres FF, Guerreiro‐Tanomaru JM, 

Tanomaru‐Filho M. Micro‐CT evaluation of filling of flattened root canals 

using a new premixed ready‐to‐use calcium silicate sealer by single‐cone 

technique. Microscopy Research and Technique. 2021 May;84(5):976-81. 

25. Muedra P, Forner L, Lozano A, Sanz JL, Rodríguez-Lozano FJ, Guerrero-

Gironés J, Riccitiello F, Spagnuolo G, Llena C. Could the calcium silicate-

based sealer presentation form influence dentinal sealing? An in vitro confocal 

laser study on tubular penetration. Materials. 2021 Jan;14(3):659. 

26. Chadha R, Taneja S, Kumar M, Gupta S. An in vitro comparative evaluation 

of depth of tubular penetration of three resin-based root canal sealers. Journal 

of conservative dentistry: JCD. 2012 Jan;15(1):18. 

27. McMichael GE, Primus CM, Opperman LA. Dentinal tubule penetration of 

tricalcium silicate sealers. Journal of endodontics. 2016 Apr 1;42(4):632-6. 

28. Jeong JW, DeGraft-Johnson A, Dorn SO, Di Fiore PM. Dentinal tubule 

penetration of a calcium silicate–based root canal sealer with different 

obturation methods. Journal of endodontics. 2017 Apr 1;43(4):633-7. 



References 

 

 Page 69 
 

29. Coronas VS, Villa N, Nascimento AL, Duarte PH, Rosa RA, Só MV. Dentinal 

tubule penetration of a calcium silicate-based root canal sealer using a specific 

calcium fluorophore. Brazilian dental journal. 2020 Jun 12;31:109-15. 

30. Caceres C, Larrain MR, Monsalve M, Peña Bengoa F. Dentinal Tubule 

Penetration and Adaptation of Bio-C Sealer and AH-Plus: A Comparative 

SEM Evaluation. European Endodontic Journal. 2021 Apr 22. 

31. Yang R, Tian J, Huang X, Lei S, Cai Y, Xu Z, Wei X. A comparative study of 

dentinal tubule penetration and the retreatability of EndoSequence BC Sealer 

HiFlow, iRoot SP, and AH Plus with different obturation techniques. Clinical 

Oral Investigations. 2021 Jun;25(6):4163-73. 

32. Song D, Yang SE. Comparison of Dentinal Tubule Penetration between a 

Calcium Silicate-Based Sealer with Ultrasonic Activation and an Epoxy 

Resin-Based Sealer: A Study Using Confocal Laser Scanning Microscopy. 

European Journal of Dentistry. 2021 Oct 21. 

33. Akcay M, Arslan H, Durmus N, Mese M, Capar ID. Dentinal tubule 

penetration of AH Plus, iRoot SP, MTA fillapex, and guttaflow bioseal root 

canal sealers after different final irrigation procedures: A confocal 

microscopic study. Lasers in surgery and medicine. 2016 Jan;48(1):70-6. 

34. Kok D, Rosa RA, Barreto MS, Busanello FH, Santini MF, Pereira JR, et al. 

Penetrability of AH plus and MTA fillapex after endodontic treatment and 

retreatment:a confocal laser scanning microscopy study. Microsc Res 

Tech. 2014;77(6):467–71. 

35. Silva RV, Silveira FF, Horta MC, Duarte MA, Cavenago BC, Morais IG, et al. 

Filling effectiveness and dentinal penetration of endodontic sealers:a stereo 



References 

 

 Page 70 
 

and confocal laser scanning microscopy study. Braz Dent J. 2015;26(5):541–

6.  

36. Kokkas AB, Boutsioukis ACh, Vassiliadis LP, Stavrianos CK. The influence 

of the smear layer on dentinal tubule penetration depth by three different root 

canal sealers:an in vitro study. J Endod. 2004;30(2):100–2. 

37. Al-Haddad A, Abu Kasim NH, Che Ab Aziz ZA. Interfacial adaptation and 

thickness of bioceramic-based root canal sealers. Dent Mater J 2015;34:516-

21. 

38. Lim M, Jung C, Shin DH, Cho YB, Song M. Calcium silicate-based root canal 

sealers: a literature review. Restorative Dentistry & Endodontics. 2020 Jun 

30;45(3). 

39. Schwendicke F, Göstemeyer G. Single-visit or multiple-visit root canal 

treatment: systematic review, meta-analysis and trial sequential analysis. BMJ 

open. 2017 Feb 1;7(2):e013115. 

40. Tavella e Silva NC, Gibin JT, Rivera IC, Rached Junior FJ, Leoni GB, 

Raucci‐Neto W. Calcium hydroxide paste removal strategies and bond 

strengths of epoxy‐and silicate‐based sealers. Australian Endodontic Journal. 

2021 Aug;47(2):236-44.  

41. Shetty S, Kahler SL, Kahler B. Alkaline material effects on roots of teeth. 

Materials (Basel) 2017;10:E1412. 

42. Neelakantan P, Sriraman urP, Gutmann JL. Removal of calcium hydroxide 

intracanal medicament by different irrigants and irrigating techniques: a cone 

beam computed tomography analysis. Gen Dent 2017; 65: 45–9. 



References 

 

 Page 71 
 

43. Albuquerque D, Kottoor J, Hammo M. Endodontic and clinical considerations 

in the management of variable anatomy in mandibular premolars: a literature 

review. BioMed research international. 2014 May 8;2014. 

44. Uygun AD, Kol E, Topcu MK, Seckin F, Ersoy I, Tanriver M. Variations in 

cyclic fatigue resistance among ProTaper Gold, ProTaper Next and ProTaper 

Universal instruments at different levels. International endodontic journal. 

2016 May;49(5):494-9. 

45. Nishad SV, Shivamurthy GB. Comparative analysis of apical root crack 

propagation after root canal preparation at different instrumentation lengths 

using ProTaper universal, ProTaper next and ProTaper gold rotary files: an in 

vitro study. contemporary clinical dentistry. 2018 Jun;9(Suppl 1):S34. 

46. Balguerie E, van der Sluis L, Vallaeys K, Gurgel-Georgelin M, Diemer F. 

Sealer penetration and adaptation in the dentinal tubules: a scanning electron 

microscopic study. Journal of endodontics. 2011 Nov 1;37(11):1576-9. 

47. Kuçi A, Alaçam T, Yavaş Ö, Ergul-Ulger Z, Kayaoglu G. Sealer penetration 

into dentinal tubules in the presence or absence of smear layer: a confocal 

laser scanning microscopic study. Journal of endodontics. 2014 Oct 

1;40(10):1627-31. 

48. Sivakumar JS, Kumar BN, Shyamala PV. Role of provisional restorations in 

endodontic therapy. Journal of pharmacy & bioallied sciences. 2013 

Jun;5(Suppl 1):S120. 



References 

 

 Page 72 
 

49. Perdigao JO, Lambrechts P, Vanherle G. Microscopy investigations: 

techniques, results, limitations. Am. J. Dent. 2000;13:3D18D. 

50. Tedesco M, Chain MC, Bortoluzzi EA, Garcia LD, Alves AM, Teixeira CS. 

Comparison of two observational methods, scanning electron and confocal 

laser scanning microscopies, in the adhesive interface analysis of endodontic 

sealers to root dentine. Clinical oral investigations. 2018 Jul;22(6):2353-61. 

51. Castagna F, Rizzon P, da Rosa RA, et al. Effect of passive ultrassonic 

instrumentation as a final irrigation protocol on debris and smear layer 

removal–a SEM analysis. Microsc Res Tech 2013;76:496–502. 

52. Paqué F, Luder HU, Sener B, Zehnder M. Tubular sclerosis rather than the 

smear layer impedes dye penetration into the dentine of endodontically 

instrumented root canals. International Endodontic Journal. 2006 

Jan;39(1):18-25. 

53. Arikatla SK, Chalasani U, Mandava J, Yelisela RK. Interfacial adaptation and 

penetration depth of bioceramic endodontic sealers. J Conserv Dent 2018; 

21(4):373–7. 

54. Ho CH, Khoo A, Tan R, et al. pH changes in root dentin after intracanal 

placement of improved calcium hydroxide containing gutta-percha points. J 

Endod 2003;29:4–8. 

55. Poggio C, Dagna A, Ceci M, et al. Solubility and pH of bioceramic root canal 

sealers: a comparative study. J Clin Exp Dent 2017;9:e1189–94 



References 

 

 Page 73 
 

56. Böttcher DE, Hirai VH, Silva Neto UX, Grecca FS. Effect of calcium 

hydroxide dressing on the long-term sealing ability of two different 

endodontic sealers:an in vitro study. Oral Surg Oral Med Oral Pathol Oral 

Radiol Endod. 2010;110(3):386–9. 



Annexures 

 

 Page 74 
 

ANNEXURE – I 

ETHICAL CLEARANCE CERTIFICATE 

 

 



Annexures 

 

 Page 75 
 

ANNEXURE – II 

BIOSTATISTIC CLEARANCE CERTIFICATE 

 

 



Annexures 

 

 Page 76 
 

ANNEXURE – III 

PLAGIARISM CHECK CERTIFICATE 

 

 
 


