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Aim
This research aimed to assess the effectiveness 
of irrigants (phosphoric acid, EDTA, and Triton) 
in eliminating the bioceramic sealer and smear 
layer from dentinal tubules during retreatment.

Materials and Methods
Twenty-seven single roots (n=9) were collected. 
All samples were instrumented using the 
WaveOne Gold file system (Dentsply Sirona Pty 
Ltd, Charlotte, NC, USA). Irrigated with 5% NaOCl 
and 17% EDTA. Subsequently, the obturation 
used cold and warm techniques with Ceraseal 
bioceramic sealer (Meta Biomed, Republic 
of Korea). Pre- and post-endodontic therapy 
periapical X-rays were done. then incubated 
at 37°C in 100% humidity for two weeks. 
Reinstrumentation was performed using the 
ProTaper Gold system (Dentsply Sirona Pty Ltd, 
Charlotte, NC, USA). The samples were randomly 
divided into three groups. Group (A): Phosphoric 
acid 37% Group (B): EDTA 17% with ultrasonic 
activation Group (C): TRITON using ultrasonic 
activation, all samples were longitudinally 
sectioned using a low-speed saw (Isomet 

Buehler Co., USA); hereafter, chosen portions 
were affixed to matrices and gold-sputtered 
using a sputtering apparatus. The samples were 
examined with a scanning electron microscope 
(Jsm-6060LV, Jeol Ltd., Tokyo, Japan) for 
evaluation.

Results
The results of the bioceramic removal showed 
that the EDTA was statistically more effective 
than phosphoric acid and Triton in removing 
the bioceramic sealer (p<0.05), except for the 
phosphoric acid with single cone obturation 
reported better efficiency and Triton with single 
cone technique in the coronal part only, then 
reported reduced effectiveness significantly in 
the middle and apical parts (p>0.05).

Conclusion
This research concludes that EDTA is more 
successful than phosphoric acid and Triton in 
eliminating the bioceramic sealer and smear 
layer from root canals. None of the tested 
supplementary cleaning materials or techniques 
completely removed the residual filling material.

Endodontic retreatment, 
Bioceramic sealer, 
Irrigation materials, 
Ultrasonic activation, 
Scanning electron 
microscope.
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INTRODUCTION

Endodontic treatment involves removing a maximum 
number of microorganisms from the root canal and the 
hermetic sealing of the canal to avert the proliferation of 
surviving bacteria or recontamination. A prevalent cause 
of endodontic failure is inadequate cleaning or shaping of 
the root canal, which can retain microbial remnants and 
necrotic tissue in the apical third, potentially serving as a 
substrate for new bacterial growth (1,2). 
According to a comprehensive analysis, the failure rates 
of early endodontic treatments vary between fifteen 
percent and thirty-two percent (3). Therefore, endodontic 
retreatment may occasionally be necessary; this method is 
still the go-to for most cases despite having considerably 
higher failure rates (4). Additionally, it is crucial to 
consider the following factors when choosing a dental 
material, post-fiber type, and restoration cementation 
technique: bioactivity (5); improved stress distribution 
during chewing on the dental residual structures (6); 
and optimal features for post-endodontic reconstruction 
(7). As part of a retreatment technique, the pulp cavity 
is emptied, the root canal is mechanically prepared, 
chemical-mechanical disinfection is performed, and 
finally, the root canal is sealed (7). 
Filling materials, especially endodontic sealers, can 
adhere to dentin and form mechanical imbrication (8) 
due to their ability to enter dentinal tubules. Based on 
their main ingredients, bioceramic sealers, glass ionomer, 
epoxy resin, calcium hydroxide, zinc oxide, eugenol, and 
newer versions of these sealers are classified. Due to its 
great bioactivity and biocompatibility, endodontists 
have recently taken into consideration bioceramic filling 
sealers (9). These are bioactive and were developed 
to increase the quality of root canal sealing (10). A 
radiopacifier called zirconium oxide, calcium phosphate, 
calcium hydroxide, and di- and tricalcium silicate make 
up the bulk of these bioactive ingredients, which are 
designed to enhance root canal closure (11). Among their 
many desirable qualities, there are a slightly alkaline pH, 
bioactivity, biocompatibility, non-toxicity, dimension 
stability, sealing ability, and the prospect of increased 
root strength after filling (12,13).
The fact that many of these components come with their 
preparations already mixed facilitates the insertion. 
Although bioceramics have the well-known drawback of 
being difficult to remove from the root canal walls (14), 
nothing is known regarding their retreatment potential 
because of their adhesive qualities to dentin. The 
reduced success rate of endodontic retreatment might be 
explained, in part, by the fact that the remains act as a 
physical barrier between the irrigating solution and the 
bacteria that live in inaccessible places such as dentinal 
tubules, lateral canals and isthmi (15,16). Additional 
failure causes include new root canal filling adhesion 
issues caused by leftover material to radicular dentin (17).
Root canal filling materials have been removed using a 

variety of methods, such as rotary and manual files, XP-
endo Finisher R, chelating agents, ultrasonic devices, 
gentle waves, lasers, Endovac, heat, and solvents (18–20). 
There is a great deal of variation in the study outcomes 
because of the different approaches used. However, not a 
single instance showed full removal of sealer. In clinical 
practice, there is currently no recommended process for 
removing bioceramics sealer. The chelating agent is far 
more effective than the alternatives when it comes to 
removing sealer. We recommend adding a chelating agent 
like Triton or Dual Rinse to make the new solution gentler 
on dentin than traditional solvents. This might be useful 
for removing sealers (21–23). To evaluate the retreatability 
of the bioceramic sealers, the studies considered various 
parameters such as the ability to reach working length 
(WL) (24,25) and patency (24,26,27). Also documented 
were the times it takes to attain working length (28,29) 
or finish the retreatment operation (26,28,29). Methods 
such as digital radiography (33), scanning electron 
microscopy (25,30), confocal microscopy (29), micro-
CT (26,29), and optical microscopy (24,31) were used to 
assess the material remains. 
Although the methods used had their benefits, they also 
had their drawbacks. There is no reliable way to quantify 
the overall canal area using radiography or digital 
pictures of teeth that have been vertically sectioned since 
they only provide two-dimensional information about 
a three-dimensional environment. Another drawback 
is the fact that different viewers can reach different 
subjective assessments of the remaining content. In 
addition, root splitting might displace some of the filling 
remains (26,32,33). Conversely, the cleanliness of the 
open or blocked dentinal tubules may be subjectively 
evaluated using scanning electron microscopy (30). 
Micro CT can evaluate objectively the residual debris with 
little operator bias; it is a non-invasive and repeatable 
assessment approach (26). Nevertheless, it does not pick 
up on the relative amounts of gutta-percha and sealer 
residues (32). Confocal microscopy is also the only tool 
that can reliably show the breadth and depth of sealer 
penetration into dentinal tubules (29). 
The aim of the study was using three distinct obturation 
strategies, this research aimed to determine which 
irrigation material was the most effective in removing the 
bioceramic sealer. 
The tested null hypothesis was that there is no difference 
in the overall proportion of remaining smear layer and 
open dentinal tubules when three different irrigation 
solutions were tested.

MATERIALS AND METHODS 

Teeth selection and root canal preparation 
A total of twenty-seven teeth, each with one canal, were 
taken from the Oral Surgery Department's outpatient 
clinic. The samples were categorized into three groups 
based on the material used (phosphoric acid, EDTA, and 
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Triton). The obturation method (lateral compaction, 
single cone, or vertical compaction) will further divide 
each group into three subgroups. All teeth must have a 
fully developed apex, a root canal curvature of no more 
than 20 degrees, no signs of decay or previous endodontic 
treatment, and a minimum root length of 13 mm to be 
considered. The research did not include teeth that had 
any kind of damage, such as fractures, resorption, or open 
apices. At the cementoenamel junction, the teeth were 
being sectioned. Radiology images were taken by Durra 
Dental in Bietigheim-Bissingen, Germany, to verify that 
the root canal did not have any internal resorption or 
calcification (Fig.1). The teeth were cleaned using scalers, 
which included removing calculus and soft tissue debris. 
Afterward, the teeth were rinsed under a constant flow 
of water. A 10/15 K-file (Dentsply Maillefer, Ballaigues, 
Switzerland) was inserted until its tip became visible at 
the apical foramen, and the working length was set 1.0 
mm short of this measurement. The canal preparation 
included the sequential use of the WaveOne Gold file 
system (Dentsply Maillefer, Ballaigues, Switzerland). 
The concluding irrigation step included the application 
of 2 ml of 17% EDTA (Ogna Lab, Muggiò, Italy) for 2 
minutes, followed by a final rinse with 5 ml of 5% NaOCl 
for 5 minutes, aimed at enhancing the elimination of 
inorganic and organic components. 
The root canals were irrigated with saline solution 
(SALF SPA, Cenate Sotto, Italy), dried using paper 
points (Dentsply Maillefer, Ballaigues, Switzerland), 
and obturated employing various techniques (lateral 
compaction, single cone, and vertical compaction) 

along with Bioceramic sealer Ceraseal (Meta Biomed 
Co., Cheongju, Korea). The obturation procedures were 
validated by radiographical perspectives. To prevent 
excessive expression of sealer, a sphere of translucent 
utility wax was placed around the root tips. Using the 
manufacturer-supplied tips, bioceramic sealer was 
meticulously put into the coronal third of every channel.
For two weeks at 37°C with 100% humidity, all specimens 
were placed in a laboratory incubator (Steinberg, nowy 
kisielin-innowacyjna gora Poland, EU) to ensure that the 
sealer had time to fully set. To keep the teeth in place and 
avoid the extrusion of irrigants during the endodontic 
operation, specimens were prepared by being immersed 
“in a two-piece metal muffle that contained silicone 
material” (Fig. 2).

Retreatment 
Re-instrumentation was by the crown-down approach 
included using ProTaper Gold (Dentsply Maillefer, 
Ballaigues, Switzerland) to remove all of the root canal 
filling materials: 
•	 Group A, consisting of 9 specimens, phosphoric 

acid 37% (3M, Carl-Schurz-Str. 1. 41453 Neuss – 
Germany) were applied for 1 minute. This includes 
all three subgroups, with 3 specimens each obturated 
using a single cone, lateral compaction, and vertical 
compaction, respectively.

•	 Group B, consisting 9 of specimens, EDTA 17% (Ogna 
Lab, Muggiò, Italy), was employed for 1 minute. This 
includes all three subgroups, with 3 specimens each, 
obturated using a single cone, lateral compaction, 

Fig. 1 SEM for the specimens irrigated with EDTA 17% were be obturated with lateral compaction technique (A) coronal part, (B) middle part, (C) apical part.

A B C

Fig. 2 SEM for the specimens irrigated with phosphoric acid 37% were be obturated with single cone technique
(A) coronal part, (B) middle part, (C) apical part.

A B C
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and vertical compaction, respectively. 
•	 Group C, consisting of 9 specimens, TRITON 

(Brasseler, Savannah, USA) were employed for 1 
minute. This includes all three subgroups, with 
3 specimens each obturated using a single cone, 
lateral compaction, and vertical compaction, 
respectively. 

Subsequently, Passive Ultrasonic Irrigation (PUI) was 
executed by activating the irrigating solutions for groups 
B and C. The root canals were undergoing ultrasonic 
operation with the irrigant for 1 minute. Following the 
final irrigation, a 5 mL flush of saline solution (SALF 
SPA, Cenate Sotto, Italy) was administered to the canals 
to counteract further irritant effects, followed by drying 
with sterile paper points (Dentsply Maillefer, Ballaigues, 
Switzerland). The dental samples from both groups were 
sliced longitudinally using a low-speed saw (Isomet, 
Buehler Co., USA). To prevent contamination of the root 
canal area, the samples were not cut all the way through 
and were subsequently broken with a blad. 
The samples were examined using a scanning electron 
microscope (Jsm-6060LV Scanning Electron Microscope, 
Jeol Ltd., Tokyo, Japan) at various magnifications of 
1000x after being placed on matrices and gold-sputtered 
using an EMITECH K550 sputtering equipment.

Observation
Using a grading system ranging from 1 to 5, the researcher 
assessed the number of smear layers or plugs on the 
tooth surface by examining images captured under a 
microscope at various magnification levels (1000x).
1.	 “more or equal to 50%;”
2.	 “less or equal to 40%;”
3.	 “less or equal to 30%;”
4.	 “less or equal to 20%;”
5.	 “Less or equal to 10%.”
Amount of obstruction of dentinal tubules found in the 
three groups Using the same rating system as before for 
debris assessment, the researcher has assessed the number 

of blocked tubules by observational investigations using 
a scale from 1 to 5. The 'amount of obstructed dentin 
tubules' were divided from 1 to 5:
1.	 “more or equal to 90%;”
2.	 “less or equal to 70%;
3.	 “less or equal to 50%;”
4.	 “less or equal to 20%;”
5.	 “Less or equal to 10%”. 
Two calibrated expert operators performed the 
microscopic observations; when their assessments 
differed, they re-evaluated the microscopic image jointly 
and reached a consensus. A statistical test (Wilcoxon 
and Fisher) was used to assess the collected data, with a 
p-value set at p<0.01.

RESULTS

Several example results related to the smear layer removal 
results are shown in (Table 1). EDTA was better for 
removing the smear layer in all the groups (p<0.05), except 
there was EDTA equivalent effectiveness with phosphoric 
acid with single cone technique. These findings were 
confirmed by the statistical evaluation (Wilcoxon p-value 
0.01) of the difference values of three groups. For that 
the hypothesis of all treatment being equal was rejected.  
The results of bioceramic removal are shown in (Table 2). 
EDTA was statistically more effective than phosphoric acid 
and Triton in removing the bioceramic sealer from all root 
canal thirds (p<0.05) (Figure 1). except the phosphoric acid 
with single cone obturation reported better efficiency in all 
canal thirds (Figure 2). Triton with single cone technique 
in the coronal part only was more affected (p<0.05), then 
reported reduced effectiveness significantly in the middle 
and apical parts (p>0.05) (Fig. 3).

DISCUSSION

The sealing efficacy of a sealer is associated with its 
solubility and its adhesion to gutta-percha. The sealing 

Tab. 1 Opened tubules (SC: Single Cone; CW Continuous Wave; LC: 
Lateral Condensation). The scores were: 1: “more or equal of smear 
layer or plugs to 50%”; 2: “less or equal of smear layer or plugs to 40%”; 
3: “less or equal of smear layer or plugs to 30%”; 4: “less or equal of 
smear layer or plugs to 20%”; 5: “Less or equal of smear layer or plugs 
to 10%”. The differences among the scores of the three groups are 
statistically significant different (p<0.01).  

Tab. 2 Quantity of smear layers or plugs along the root canal walls 
(SC: Single Cone; CW Continuous Wave; LC: Lateral Condensation). The 
scores were: 1: “more or equal close tubules to 50%”; 2: “less or equal 
close tubules to 40%”; 3: “less or equal close tubules to 30%”; 4: “less 
or equal close tubules to 20%”; 5: “Less or equal close tubules to 10%”. 
The differences among the scores of the three groups are statistically 
significant different (p<0.01).

25

4 4

5 5

6 6

2 2

SC SCCW CWLC LC

3 3

1 1

0 0
EDTA EDTATRITON TRITONPA PA



Haichal W. S. et al.

Early Access © Tecniche Nuove18

in contact with root canal dentin is enhanced by the 
capacity of bioceramic cement, owing to its calcium 
phosphate concentration, to adopt a crystalline form akin 
to that of hard biological tissues upon complete curing 
(34,35). Consequently, there was no significant difference 
in the quality of obturation when comparing single-cone, 
lateral condensation, and thermal techniques utilizing 
bioceramic sealer; the literature continues to favour 
the use of bioceramic cement with cold techniques 
and it is less inclined to endorse their application with 
warm techniques (36,38). Most bioceramic cements are 
very fluid and feature extremely minute particles, with 
an average size of just 0.2 μ. Due to their hydrophilic 
characteristics and low contact angle, third-generation 
bioceramic cement facilitates the easy spreading of sealer 
across the dentinal wall and their penetration into root 
dentin tubules and abnormalities (34). Hydrated calcium 
silicate forms hydroxyapatite when it comes in touch with 
phosphate-containing bodily fluids. Bioceramic sealers 
are quickly becoming the gold standard in endodontics, 
replacing the old standards that relied on a thin layer of 
cement and more gutta-percha (39).
The chemical link with dental substrates may have 
benefits for the obturated canals' sealability. However, 
it may also make removal exceedingly difficult if 
retreatment is needed (40), prior studies' heavy usage of 
epoxy resin sealer as a comparison (41). There is currently 
no retreatment strategy that has successfully removed all 
root canal-filling material (42,43).
Therefore, to overcome this challenge, in the present study, 
the evaluation was by SEM of the coronal, the middle, 
and the apical parts of the canals, and demonstrated that 
EDTA 17% for 1 minute with Passive Ultrasonic Irrigation 
(PUI) application showed significant difference to remove 
the smear layer and bioceramic sealer compared with 
phosphoric acid and Triton irrigation material. For that 
the tested null hypothesis was rejected.
The pH of the solution significantly influences the efficacy 
of EDTA solutions in cleansing root canals. The pH 
influences Ca2+ availability in several ways. The chelation 
efficacy of EDTA at elevated pH is shown to be superior 
owing to an increased ratio of ionized to nonionized 
molecules in the solution. At elevated pH levels, the 
surplus of hydroxyl groups will impede the dissociation of 

hydroxyapatite, hence restricting the availability of Ca2+ 
ions. At low or neutral pH, the binding of Ca2+ tends 
to enhance the dissociation of hydroxyapatite, hence 
increasing its availability for chelation (44). 
Reports indicate that PUI promotes more efficient 
cleansing of the intermediate regions of the canal 
compared to the final few millimetres (45), even 
if mechanical activation of irrigants offers various 
advantages in root canal therapy. Consequently, the area 
percentage of the residual filling material was greatest in 
the apical third, followed by the middle, and finally, the 
coronal level. Two physical processes occur when waves 
go from the file to the irrigant: acoustic stream and irrigant 
cavitation. Cavitation is the distorting of preexisting 
bubbles in the irrigant, and the acoustic stream is the 
fast circular or vortex-shaped movement of the fluid 
around the file (46). Possible explanations include the 
plasticization of gutta-percha due to vibrations at the tip, 
which debond the sealer, and the heat produced by friction 
at the tip (47).  Additionally, it was discovered that using 
37% phosphoric acid gel for 1 minute caused an uneven 
etching pattern and an over-etched substrate in the root 
canal. As a result, the demineralization zone became too 
deep for the primers that were inserted afterward to fully 
penetrate. The high viscosity of the gel formulation likely 
contributed to the persistence of endodontic debris and 
smear layer remnants in the deeper sections of the root 
canal. These results indicate that the effective contact 
durations vary throughout the root canal surface; another 
research has shown that shortening etching periods and 
constantly re-applying the phosphoric acid gel using a 
micro brush may improve its effectiveness (48).
More little debris ends up in the dentinal tubules because 
of the difficulty in rinsing the gel formulation from the 
top of the post space (47). It follows that compared to a gel 
formulation, liquid phosphoric acid may provide reduced 
surface energy and improved wettability. Research on the 
adhesion enhancement of fibre posts has shown that the 
etchant cannot flow along the root canal due to the gel's 
high viscosity, thereby leading to spot where the smear 
layer remains. One possible explanation for the increased 
bond strength values compared to gel formulations is 
that the liquid formulation has better flow qualities, 
which allow it to reach the most problematic portions 

Fig. 3 SEM for the specimens irrigated with Triton were be obturated with vertical compaction technique (A) coronal part, (B) middle part, (C) apical part. 

A B C
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of the post space. Possible causes of these discrepancies 
include variations in how the liquid phosphoric acid is 
applied (48,49). Although promoted as a revolutionary 
dual-action root canal irrigant, the current research 
found that Triton was less successful than EDTA and 
phosphoric acid in removing the bioceramic sealer and 
smear layer. According to prior research, Triton is just as 
efficient as EDTA in removing smear layers, and it also 
has antibacterial properties (50,51).
One investigation found that EDTA-mixed materials, 
such as SmearOFF (52) or etidronic acid (HEDP) [53], 
were less efficient than Triton alone in removing the 
smear layer. Additional research is required to determine 

Triton's surface tension. However, variations in solution 
penetration and surface tension may account for the 
observed variances in the current study. 

CONCLUSION

Within the limitations of this in vitro study, it can be 
concluded that EDTA is more successful than phosphoric 
acid and Triton in eliminating the bioceramic sealer and 
smear layer from root canals and opening the dentinal 
tubules. None of the tested supplementary cleaning 
materials or techniques completely removed completely 
the residual filling material.

REFERENCES

1. Nair PNR, Sjögren U, Krey G, Kahnberg KE, Sundqvist G. 
Intraradicular bacteria and fungi in root-filled, asymptomatic 
human teeth with therapy-resistant periapical lesions: A long-
term light and electron microscopic follow-up study. J Endod. 
1990 Dec;16(12):580–8. 
2. Siqueira Junior JF, Rôças I das N, Marceliano-Alves MF, Pérez 
AR, Ricucci D. Unprepared root canal surface areas: causes, 
clinical implications, and therapeutic strategies. Braz Oral Res. 
2018 Oct 18;32(suppl 1). 
3. Ng Y -L., Mann V, Rahbaran S, Lewsey J, Gulabivala K. Outcome 
of primary root canal treatment: systematic review of the 
literature – Part 1. Effects of study characteristics on probability 
of success. Int Endod J. 2007 Dec 11;40(12):921–39. 
4. Ng Y -L., Mann V, Gulabivala K. Outcome of secondary root 
canal treatment: a systematic review of the literature. Int Endod 
J. 2008 Dec 11;41(12):1026–46. 
5. Lardani L, Derchi G, Marchio V, Carli E. One-Year Clinical 
Performance of ActivaTM Bioactive-Restorative Composite in 
Primary Molars. Children. 2022 Mar 19;9(3):433. 
6. Chieruzzi M, Rallini M, Pagano S, Eramo S, D’Errico P, Torre 
L, et al. Mechanical effect of static loading on endodontically 
treated teeth restored with fiber-reinforced posts. J Biomed 
Mater Res B Appl Biomater. 2014 Feb 2;102(2):384–94. 
7. Ruddle CJ. Nonsurgical Endodontic Retreatment. J Calif Dent 
Assoc. 2004 Jun 1;32(6):474–84. 
8. Haragushiku GA, Sousa-Neto MD, Silva-Sousa YTC, Alfredo E, 
Silva SC, Silva RG. Adhesion of Endodontic Sealers to Human 
Root Dentine Submitted to Different Surface Treatments. 
Photomed Laser Surg. 2010 Jun;28(3):405–10. 
9. 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. 
10. Carvalho CN, Grazziotin-Soares R, de Miranda Candeiro GT, 
Martinez LG, de Souza JP, Oliveira PS, et al. Micro push-out bond 
strength and bioactivity analysis of a bioceramic root canal 
sealer. Iran Endod J. 2017;12(3):343. 
11. Zhang W, Li Z, Peng B. Assessment of a new root canal 
sealer’s apical sealing ability. Oral Surgery, Oral Medicine, 
Oral Pathology, Oral Radiology, and Endodontology. 2009 
Jun;107(6):e79–82. 
12. Zhang H, Shen Y, Ruse ND, Haapasalo M. Antibacterial 
Activity of Endodontic Sealers by Modified Direct Contact Test 
Against Enterococcus faecalis. J Endod. 2009 Jul;35(7):1051–5. 
13. Wang Z. Bioceramic materials in endodontics. Endod Topics. 
2015 May 27;32(1):3–30. 
14. AL-Haddad A, Che Ab Aziz ZA. Bioceramic-Based Root Canal 
Sealers: A Review. Int J Biomater. 2016;2016:1–10. 
15. Siqueira JF. Aetiology of root canal treatment failure: why 
well-treated teeth can fail. Int Endod J. 2001 Jan 7;34(1):1–10. 
16. Sundqvist G, Figdor D, Persson S, Sjögren U. Microbiologic 
analysis of teeth with failed endodontic treatment and the 
outcome of conservative re-treatment. Oral Surgery, Oral 
Medicine, Oral Pathology, Oral Radiology, and Endodontology. 
1998 Jan;85(1):86–93. 
17. Rached-Junior FJA, Sousa-Neto MD, Souza-Gabriel AE, 
Duarte MAH, Silva-Sousa YTC. Impact of remaining zinc oxide-
eugenol–based sealer on the bond strength of a resinous sealer 
to dentine after root canal retreatment. Int Endod J. 2014 May 
16;47(5):463–9. 
18. Takahashi CM, Cunha RS, De Martin AS, Fontana CE, 
Silveira CFM, da Silveira Bueno CE. In Vitro Evaluation of the 
Effectiveness of ProTaper Universal Rotary Retreatment 
System for Gutta-Percha Removal with or without a Solvent. J 
Endod. 2009 Nov;35(11):1580–3. 

condensation and thermoplasticized technique: An in vitro 
study. Journal of Conservative Dentistry. 2015;18(2):124. 
37. Pontoriero DIK, Madaro G, Vanagolli V, Benedicenti 
S, Verniani G, Ferrari Cagidiaco E, et al. Sealing ability of 
a bioceramic sealer used in combination with cold and 
warm obturation techniques. Journal of Osseointegration. 
2021;13(4):248–55. 
38. Pontoriero DIK, Ferrari Cagidiaco E, Maccagnola V, 
Manfredini D, Ferrari M. Outcomes of Endodontic-Treated Teeth 
Obturated with Bioceramic Sealers in Combination with Warm 
Gutta-Percha Obturation Techniques: A Prospective Clinical 
Study. J Clin Med. 2023 Apr 14;12(8):2867. 
39. Trope M, Bunes A, Debelian G. Root filling materials and 
techniques: bioceramics a new hope? Endod Topics. 2015 May 
27;32(1):86–96. 
40. Costa JL de SG, Barros APO, Junior AJ, Gelio MB, Dantas AAR, 
Kuga MC. Influence of residues from bioceramic sealer on the 
bond interface with universal adhesive in different application 
modes. Eur J Oral Sci. 2024 Aug 23;132(4). 
41. Al akam H, Kim HC, Jeong J. Retreatment Strategies for 
Cases Containing Calcium Silicate-Based Root Canal Sealers: A 
Comprehensive Review. Dent J (Basel). 2024 Feb 18;12(2):41. 
42. Zhekov KI, Stefanova VP. Retreatability of bioceramic 
endodontic sealers: a review. Folia Med (Plovdiv). 
2020;62(2):258–64. 
43. Kakoura DDS F, Pantelidou DDS PO. Retreatment Efficacy 
of Endodontic Bioceramic Sealers: A Review of the Literature. 
Odovtos - International Journal of Dental Sciences. 2018 May 
21;20(2):39–50. 
44. Oconnell M, Morgan L, Beler W, Baumgartner J. A 
Comparative Study of Smear Layer Removal Using Different 
Salts of EDTA. J Endod. 2000 Dec;26(12):739–43. 
45. Kato AS, Cunha RS, da Silveira Bueno CE, Pelegrine RA, 
Fontana CE, de Martin AS. Investigation of the Efficacy of 
Passive Ultrasonic Irrigation Versus Irrigation with Reciprocating 
Activation: An Environmental Scanning Electron Microscopic 
Study. J Endod. 2016 Apr;42(4):659–63. 
46. Mozo S, Llena C, Forner L. Review of ultrasonic irrigation in 
endodontics: increasing action of irrigating solutions. Med Oral 
Patol Oral Cir Bucal. 2012;e512–6. 
47. Scotti N, Scansetti M, Rota R, Breschi L, Mazzoni A, 
Pasqualini D, et al. Active application of liquid etching agent 
improves adhesion of fibre posts to intraradicular dentine. Int 
Endod J. 2013;46(11):1039–45. 
48. Rached-Júnior FA, Sousa-Neto MD, Bruniera JFB, Duarte 
MAH, Silva-Sousa YTC. Confocal microscopy assessment of 
filling material remaining on root canal walls after retreatment. 
Int Endod J. 2014;47(3):264–70. 
49. Pontoriero DIK, Verniani G, Manfredini D, Ferrari M, Ferrari 
Cagidiaco E. Efficacy on cleansing post space root canal walls 
after Hydraulic Endo-dontic Sealers were used. Journal of 
Osseointegration. 2024; 
50. Gandolfi MG, Taddei P, Pondrelli A, Zamparini F, Prati C, 
Spagnuolo G. Demineralization, Collagen Modification and 
Remineralization Degree of Human Dentin after EDTA and 
Citric Acid Treatments. Materials. 2018 Dec 21;12(1):25. 
51. Castagnola R. In Vitro Evaluation of Smear Layer and Debris 
Removal and Antimicrobial Activity of Different Irrigating 
Solutions. Eur Endod J. 2024;81–8. 
52. Khudhur HA, Bakr DK, Hamasaeed NH, Saleem SS, Mahdi 
SF, Tawfiq HF. Unveiling SmearOFF Efficacy in Smear Layer 
Removal through Ultrasonic Activation Examined by Scanning 
Electron Microscopy. Int J Biomater. 2024 Jan 21;2024(1). 
53. Ozel B, Ayhan T, Kaptan F, Sahin F, Karapınar-Kazandağ 
M. Dual- or single rinse? The tubular sealer penetration 
of endodontic chelating agents. PLoS One. 2024 Jun 
14;19(6):e0303377. 

19. Fenoul G, Meless GD, Pérez F. The efficacy of R-Endo ® 
rotary NiTi and stainless-steel hand instruments to remove 
gutta-percha and Resilon. Int Endod J. 2010 Feb 12;43(2):135–
41. 
20. Karamifar K, Mehrasa N, Pardis P, Saghiri MA. Cleanliness 
of canal walls following gutta-percha removal with hand 
files, RaCe and RaCe plus XP-Endo finisher instruments: a 
photographic in vitro analysis. Iran Endod J. 2017;12(2):242. 
21. Prado M, Gusman H, Gomes BPFA, Simão RA. Scanning 
Electron Microscopic Investigation of the Effectiveness of 
Phosphoric Acid in Smear Layer Removal When Compared with 
EDTA and Citric Acid. J Endod. 2011 Feb;37(2):255–8. 
22. Garrib M, Camilleri J. Retreatment efficacy of hydraulic 
calcium silicate sealers used in single cone obturation. J Dent. 
2020 Jul;98:103370. 
23. Rezaei G, Liu X, Jalali P. Efficacy of Different Solvents for 
Achieving Patency in Teeth Obturated Using Bioceramic Sealer. 
J Endod. 2023 Feb;49(2):219–23. 
24. Nagas E, Uyanik MO, Eymirli A, Cehreli ZC, Vallittu PK, Lassila 
LVJ, et al. Dentin Moisture Conditions Affect the Adhesion of 
Root Canal Sealers. J Endod. 2012 Feb;38(2):240–4. 
25. Agrafioti A, Koursoumis AD, Kontakiotis EG. Re-establishing 
apical patency after obturation with Gutta-percha and two 
novel calcium silicate-based sealers. Eur J Dent. 2015 Oct 
23;09(04):457–61. 
26. de Siqueira Zuolo A, Zuolo ML, da Silveira Bueno CE, Chu 
R, Cunha RS. Evaluation of the Efficacy of TRUShape and 
Reciproc File Systems in the Removal of Root Filling Material: 
An Ex Vivo Micro–Computed Tomographic Study. J Endod. 
2016 Feb;42(2):315–9. 
27. Arias-Moliz MT, Camilleri J. The effect of the final irrigant 
on the antimicrobial activity of root canal sealers. J Dent. 2016 
Sep;52:30–6. 
28. Uzunoglu E, Yilmaz Z, Sungur DD, Altundasar E. 
Retreatability of root canals obturated using gutta-percha 
with bioceramic, MTA and resin-based sealers. Iran Endod J. 
2015;10(2):93. 
29. Oltra E, Cox TC, LaCourse MR, Johnson JD, Paranjpe A. 
Retreatability of two endodontic sealers, EndoSequence 
BC Sealer and AH Plus: a micro-computed tomographic 
comparison. Restor Dent Endod. 2017;42(1):19. 
30. Suk M, Bago I, Katić M, Šnjarić D, Munitić MŠ, Anić I. The 
efficacy of photon-initiated photoacoustic streaming in 
the removal of calcium silicate-based filling remnants from 
the root canal after rotary retreatment. Lasers Med Sci. 
2017;32:2055–62. 
31. Ma J, Al-Ashaw AJ, Shen Y, Gao Y, Yang Y, Zhang C, et al. 
Efficacy of ProTaper Universal Rotary Retreatment System 
for Gutta-percha Removal from Oval Root Canals: A Micro–
Computed Tomography Study. J Endod. 2012 Nov;38(11):1516–
20. 
32. Hess D, Solomon E, Spears R, He J. Retreatability of 
a Bioceramic Root Canal Sealing Material. J Endod. 2011 
Nov;37(11):1547–9. 
33. Carpenter MT, Sidow SJ, Lindsey KW, Chuang A, McPherson 
JC. Regaining Apical Patency after Obturation with Gutta-
percha and a Sealer Containing Mineral Trioxide Aggregate. J 
Endod. 2014 Apr;40(4):588–90. 
34. Prati C, Gandolfi MG. Calcium silicate bioactive cements: 
Biological perspectives and clinical applications. Dental 
materials. 2015;31(4):351–70. 
35. Pontoriero DIK, Villani R, Bianchi G, Ferrari Cagidiaco E. Push-
Out Bond Strenght of four different bioceramic sealers tested 
with three different obturating systems: an In Vitro study. 
Journal of Osseointegration. 2023;15(3):210–6. 
36. Belsare L, Patil S, Bhede R, Gade J, Gade V. Evaluation of 
push-out bond strength of endosequence BC sealer with lateral 


