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Abstract 

Background: Complete root canal filling material removal 

throughout the retreatment is essential for effective disinfection 

and long-term treatment success. Bioceramic-based sealers, while 

offering excellent sealing and biocompatibility, are difficult to 

remove due to their chemical bonding and deep dentinal tubule 

penetration. Chelating agents such as 17% EDTA can dissolve the 

inorganic smear layer, and ultrasonic activation has been 

proposed to enhance its cleaning performance. 

Aim: To evaluate the effectiveness of ultrasonic activation of 

17% EDTA in removing bioceramic sealer remnants compared to 

EDTA without activation and file-only retreatment. 

Materials and Methods: A total of 30 extracted human 

mandibular premolars have been prepared, obturated with a 

bioceramic sealer, and incubated for four weeks. The specimens 

have been allocated randomly to three groups (n = 10 each): 

Group1 – 17% EDTA with no ultrasonic activation; Group2 – 

17% EDTA with ultra-sonic activation; Group3 – control (files 

only). Retreatment has been performed with the use of ProTaper 

Universal Retreatment files. In Groups 1 and 2, EDTA has been 

delivered with a 30-gauge side-vented needle; in Group2, 

ultrasonic activation was applied for 20 seconds initially and 30 

seconds during final irrigation. Samples were sectioned, imaged 

under SEM at coronal, middle, and apical thirds, and analyzed 

using ImageJ to quantify the percentage of uncleaned surface 

area. Data had been evaluated with the use of Shapiro–Wilk and 

one-way ANOVA tests (p < 0.050). 

Results: Mean residual debris was 39.8% ± 2.5 (EDTA + 

ultrasonic), 47.3% ± 2.8 (EDTA alone), and 65.2% ± 3.1 

(control), showing significant differences (p < 0.001). 

Conclusion: 

Ultrasonic activation markedly enhanced sealer removal, 

especially in the apical third, improving overall canal cleanliness. 
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Introduction : 
 

The crucial objective of the endodontic 

treatment is preserving apical and 

periapical tissue health, in   addition to the 

prevention of root filled canal 

recontamination(1). The endodontic 

treatment success is highly influenced by 

root canal obturation quality and the used 

materials, which include the endodontic 

sealers (2). The endodontic sealer plays a 

very important role in treatment of the root 

canals. It fills spaces, irregularities of the 

root canal and minor discrepancies 

between core filling material and the walls 

of the canal so that they form some 

coherent mass (3). Root canal sealers have 

an essential function in biological 

reactions with the tissues that surround it, 

since they encourage attachment between 

gutta-percha and dentinal walls, in 

addition to enabling the sealing of lateral, 

accessory canals, and multiple foramina, 

which promote healing when they come in 

contact with periapical tissues (4). 

Root canal filling materials need to be 

biocompatible as they can come into 

contact with periapical tissues directly (in 

extrusion cases) or indirectly through 

products that are released throughout the 

setting reaction (5). The sealers are 

classified according to their primary 

chemical composition into the following 

classes: zinc oxide–eugenol, glass 

ionomer, calcium hydroxide, resin, 

silicone, and bioceramic-based sealers , 

Lately, calcium silicate-based sealers 

(CSBS, bioceramic) have become quite 

popular(6). Many CSBS varieties were 

developed as pre-mixed and powder–

liquid compositions. Throughout setting, 

bioceramic-based sealers release hydroxyl 

and calcium ions, leading to a pH increase 

(>12). As a result, they show long-term 

antibacterial characteristics (7). In addition 

to that, bioceramic sealers bond 

chemically to dentinal tubules through 

hydroxyapatite production. During root 

canal treatment, sealers may project 

through accessory canals or apical 

foramen and interact with periapical 

tissues (8). Even though it is easy to 

remove gutta-percha, which has been 

utilized as the main core filling material, 

throughout retreatment , a significant 

drawback related to bioceramic materials 

is the challenge encountered in their 

removal from the root canal during re-

treatment (9). Conventional retreatment 

methods are ineffective in the removal of 

bioceramic sealer(7). Bioceramic-based 

root canal sealers are hard to remove from 

the root canal system as a result of their 

highly rigid structure once set and their 

interaction with dental tissues after failed 

treatment (10). Efforts have been made 

towards developing supplemental 

protocols to facilitate the removal of set 

bioceramic sealers. These protocols 

include using alternative solvents, 

mechanical removal, and irrigation 

activation (11). Several approaches, 

including hand files, reciprocating, or 

rotary equipment, have been utilized for 

root canal filling removal. Nonetheless, 

studies have indicated that none of these 

approaches can fully eliminate root filling 

materials, especially in complex 

anatomical configurations such as oval-

shaped, curved canals, and isthmuses(12). 

Modern irrigation activation techniques, 

including sonic and ultrasonic, were 

developed to enhance cleaning. Additional 

activation of irrigation during re-treatment 

was found to increase root canal filling 

material removal by 1.50–2.10 times (13). 

EDTA is a chelating solution broadly used 

for removing the smear layer. Its principal 

activity is removal of the inorganic part of 

smear layer. It is available in paste and 

liquid forms with concentrations of 15% 

and 17%. During endodontic treatment, 

washing with EDTA and NaOCl is 

recommended to eliminate both inorganic 

and organic parts of the smear layer(2). So 

the objective of this study is to evaluate 

the effectiveness of ultrasonic activation in 

enhancing the performance of 17% EDTA 

solution during endodontic retreatment 

procedures, specifically for bioceramic-

based root canal sealer removal, by 

improving irrigant penetration, facilitating 

disruption of the sealer–dentin interface, 

and promoting efficient debris elimination 

from complex root canal anatomies. 
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Material and Method 
The study was approved by the Research 

Ethics Committee of the College of 

Dentistry at Mosul University in Iraq since 

it used human teeth that had been 

extracted for orthodontic reasons. It was 

given a clearance number (REC reference 

no. UoM.Dent. 25/1017). The 

experimental work was conducted in the 

Department of Conservative Dentistry, 

College of Dentistry, University of Mosul, 

from January 2024 to June 2025. 

 

 Samples Preparation:  

Thirty extracted human lower premolars 

were collected from patients aged between 

18 and 28 years who had undergone 

extraction for orthodontic treatment 

purposes. All selected teeth exhibited 

straight canals, fully formed apices, and no 

signs of internal or external resorption(14). 

After extraction, the teeth were rinsed with 

running water, disinfected, and stored in 

1% thymol solution in a closed container 

to prevent microbial growth (15). 

Diagnostic periapical radiographs were 

taken (Vatec, Korea); A digital Vernier 

caliper was used to measure tooth length; 

extremely short specimens were excluded. 

The final 30 teeth were standardized to a 

length of 17 mm from the apex by 

sectioning the crowns with a diamond disc 

bur mounted on a straight handpiece fixed 

to a surveyor under continuous water 

coolant (16). Access cavities were 

prepared using a diamond round bur, and 

the entire roof of the pulp chamber was 

removed. Canal patency was confirmed 

with a size 10K-file (Dentsply Maillefer, 

Switzerland), followed by a size 15K-file. 

The working length was established at 

16.5 mm, calculated by subtracting 0.5 

mm from the length at which the file tip 

was visible at the apical foramen (17). 

Instrumentation was performed using the 

crown-down approach with ProTaper Next 

rotary nickel–titanium files (Dentsply 

Maillefer, Switzerland), starting with SX 

and progressing through S1, S2, F1, F2, 

F3, F4, and F5 (18). Speed and torque 

followed preset device settings. SX 

enlarged the coronal two-thirds, followed 

by S1 and S2 to WL, then F1–F5 to 

complete shaping (19). The irrigation 

protocol included 2 ml of 5% NaOCl 

(Cerkamed, Poland) as irrigant and 17% 

EDTA gel (Miveovem, Turkey) as 

lubricant throughout instrumentation. 

Samples were then rinsed sequentially 

with 5 ml of 5% NaOCl for 1 min, 5 ml of 

distilled water for 1 min, 5 ml of 17% 

EDTA for 1 min, and 5 ml of distilled 

water for 1 min (19). Sealer was inserted 

into canals, followed by placement of F5 

gutta-percha cones with the single-cone 

technique(18) . Excess material was 

removed with heated instruments. Teeth 

were wrapped in moist cotton, sealed 

coronally with GIC, placed individually in 

test tubes, and incubated at 37 °C and 95% 

humidity for 4 weeks to allow complete 

setting (20). 

 

Grouping of Samples: 

All samples had been randomly divided to 

3 groups with 10 samples for each as 

follow: 

Group1 – EDTA 17% Without 

Ultrasonic Activation 

Following obturation with a bioceramic 

sealer and incubation, retreatment has 

been initiated with the utilization of Pro-

Taper Universal Retreatment files (D1, 

D2, D3) to mechanically remove the root 

canal filling bulk. The chelating solution 

(17% EDTA) was delivered manually with 

the use of a 30-gauge side-vented needle 

inserted 2mm short of working length 

(WL). The protocol for EDTA exposure 

remained consistent across all canal thirds: 

• Coronal third: D1 file was used, 

followed by EDTA application for 

1 minute during instrumentation 

and an additional 2 minutes 

afterward. 

• Middle third: D2 file was used, 

with the same EDTA application 

times as above. 

• Apical third: D3 file was used, 

again followed by the same EDTA 

exposure timing. 

Instrumentation went on until there were 

no more obvious signs of obturation in the 

files, which meant they had been 

thoroughly cleaned. The goal of using 

EDTA was to chelate the smear layer and 

loosen the leftover sealer, although this 
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group did not apply ultrasonic or laser 

activation. 

 

Group 2 – EDTA 17% With Ultrasonic 

Activation 

Retreatment has been performed with 

utilizing ProTaper Universal Retreatment 

files (D1, D2, D3) to remove the bulk of 

obturation material. A 17% EDTA 

solution has been delivered with a 30-

gauge side-vented needle inserted 2mm 

short of WL, followed by ultrasonic 

activation. An ultrasonic tip (size 20, taper 

0.01) was placed 1mm short of WL and 

activated at a medium power setting for 20 

seconds during initial irrigation and 30 

seconds during final irrigation. Gentle up-

and-down motions were used to improve 

irrigant penetration and disrupt sealer 

remnants, especially in the apical third. 

 

Group 3 – Control Group (Files Only) 

This group underwent retreatment using 

ProTaper Universal Retreatment files (D1 

for coronal third, D2 for middle third, D3 

for apical third) without the use of any 

chemical irrigants or activation. No 

EDTA, ultrasonic, or laser activation was 

applied. This group served as the baseline 

to evaluate the cleaning efficacy of 

mechanical instrumentation alone. 

 

Evaluation of the residual bioceramic 

sealer 

After retreatment, all samples were 

sectioned longitudinally using a diamond 

disc bur mounted on a straight slow-speed 

handpiece under continuous water coolant.  

Firstly, these specimens were examned 

with a digital stereomicroscope connected 

to a computer. Images were produced at 

5× magnification to detect the entire root 

surface and image at 10× magnification to 

examine the coronal, middle, and apical 

thirds separately(4). The images facilitated 

documentation of each location and were 

then used for quantitative analysis. We 

chose random samples from each group 

for more surface characterization and 

studied them with a scanning electron 

microscope (SEM)(12). 9 images were 

gotten for each sample (three from each 

root third) focusing on the center of each 

region. Images were produced with 100× 

magnification for general examination, 

250× for smear layer assessment, and 

1000× for detailed examination of sealer 

residues and dentinal tubule exposure.(21).  

All SEM pictures were processed using 

ImageJ software (v. 1.53, National 

Institutes of Health, Bethesda, MD, US) to 

quantify the residual sealant. The software 

has been calibrated using the embedded 

scale bar in each image. The canal wall 

area was manually outlined using the 

polygon tool, and the remaining 

bioceramic sealer was isolated using the 

Color Threshold function. The sealer-

covered regions were measured in square 

millimeters using the Analyze > Measure 

tool, and the percentage of uncleaned area 

was calculated relative to the total canal 

surface. Each image was analyzed three 

times to ensure consistency, and the mean 

value has been used for the statistical 

comparisons as son in figure (1,2,3)(22). 

All analyses were performed using SPSS 

statistical software version 26.0 (IBM 

Corp., Armonk, NY, USA). 

 

Results 
A total of 90 root canal thirds area (30 

sample each sample with 3 area;coronal, 

middle, apical) were analyzed and evenly 

distributed across three groups (n = 30 per 

group). The primary measured outcome 

was the percentage of uncleaned canal 

surface area after retreatment using 

different EDTA irrigation protocols.   

 

Overall Comparative Analysis 

Table 1 shows the mean percentage of 

uncleaned root canal surfaces across all 

three groups. The control group exhibited 

the highest residual debris percentage 

(65.2% ± 3.1), followed by EDTA 

without activation (47.3% ± 2.8). The 

lowest value was recorded in the EDTA 

with ultrasonic activation group (39.8% ± 

2.5). The Shapiro–Wilk test confirmed 

that results were normally distributed 

across all experimental groups, as none of 

the p-values were below the 0.05 

significance level. Following this, a one-

way ANOVA revealed a statistically 

significant difference among the groups (p 

< 0.001), indicating that the irrigation 

protocol had a significant effect on the 
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residual of residual debris inside the 

canals. 

 

Comparative Evaluation by Canal 

Thirds 

Coronal Third 

The control group had the highest debris 

(65.0% ± 2.9), while EDTA + Ultrasonic 

activation showed the lowest (40.1% ± 

1.8) as seen in figure 4. 

 Middle Third 

The control group showed the highest 

debris (65.4% ± 3.3), while EDTA + 

Ultrasonic activation again had the lowest 

(39.5% ± 1.5) as seen in figure 4. 

ApicalThird 

The apical third showed similar trends, 

with the control group highest (65.2% ± 

3.1) and EDTA + Ultrasonic activation 

lowest (39.8% ± 1.6) as seen in figure 4. 

 

Discussion  
This study evaluated effects of 17% 

EDTA irrigation with and with no ultra-

sonic activation when compared to file-

only mechanical retreatment in the 

removal of bio-ceramic sealer remnants 

from the walls of root canal. Across all 

canal thirds, ultrasonic activation of 

EDTA achieved the lowest residual debris 

values (overall mean: 39.8% ± 2.5), 

followed by EDTA without activation 

(47.3% ± 2.8), while the control group 

(files only) exhibited the highest values 

(65.2% ± 3.1). The results demonstrate 

that the chelating properties of EDTA, 

along with its ultrasonic activation, 

markedly improve sealer removal during 

retreatment. 

 

Effect of EDTA Without Activation 

The application of EDTA alone markedly 

diminished residual debris in all canal 

thirds compared to the control group, 

validating its capacity to chelate inorganic 

constituents of the smear layer and 

partially dissolve hydroxyapatite deposits 

generated by bioceramic sealers. The 

results correspond with previous research 

by Cruz-Filho and Prado, who 

demonstrated that EDTA effectively 

removes the smear layer and exposes 

dentinal tubules, this led to improving 

mechanical cleaning. However, without 

activation, it is limited in it is ability to 

penetrate deeper abnormalities and 

complex anatomical area.(23). 

 Activation of EDTA by ultrasonic 

increases cleaning performance, producing 

significant decreases in residual sealer 

compared to non-activated EDTA. The 

improvement was most apparent in the 

apical third area, where canal constriction 

and anatomical complexity typically 

decrease irrigant flow. This correspond 

with research by Plotino and van der Sluis, 

which shown that acoustic streaming and 

cavitation produced by ultrasonics 

improve irrigant penetration and rupture 

the adherence of biofilm and debris(12). 

Capar et al. (2014) and Kato et al. (2020) 

also showed that ultrasonic agitation aided 

the clearance of filler materials during 

endodontic retreatment, especially in the 

apical area (22),(24). All of the groups, the 

apical third area had a greater amount of 

debris than the coronal and middle thirds, 

confirming the understood difficulty of 

cleaning this area. Ultrasonic activation 

regularly decrease apical debris compared 

to EDTA alone and the control, indicating 

its efficacy in decrease irrigate stagnation 

in the apical area (25). Our results 

corrspond with those of Gergi and 

Sabbagh, as well as Rödig, who showed 

that ultrasonic activation aided in the 

removal of filling materials and smear 

layer in comparison to syringe irrigation. 

Ballal showed that ultrasonic activation of 

chelators aided in the removal of debris 

and dentinal plugs, that lead to improving 

the exposure of dentinal tubules for 

subsequent disinfection. In the context of 

bioceramic sealer retreatment, Kharouf 

showed the challenges related with the 

removal of these sealers, attributed to their 

strong adhesion to dentin and deep 

penetration into tubules. The results we 

obtained showed that ultrasonic activation 

of EDTA  effectively reduces this problem 

to limited degree (26). 

 

Conclusion 

Activation of 17% EDTA by ultrasonic 

method showed a greater ability in 

eliminating bioceramic sealer remnants 

than non-activated EDTA irrigation and 

file-only retreatment. This effect of 
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cleaning was occurred in all canal thirds 

area, with the most significant 

improvement was seen in the apical third, 

where anatomical complexity generally 

prevents irrigant penetration. The results 

we obtained show the efficacy of both 

chelation with ultrasonic activation to 

enhance debris disruption, smear layer 

removal, and irrigant distribution in 

endodontic retreatment. The integration of 

ultrasonic activation into retreatment 

protocols may aided in the probability of 

attaining a cleaner canal system, which is 

necessary for effective disinfection and 

long-term treatment success. 
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A1                                                      B1                                                    C1 

 
A2                                                 B2                                               C2 

 
A3                                                B3                                                C3 

Figure 1.  images of SEM of EDTA group (17% EDTA without activation), with three area apical, 

middle and coronal at 100×, 250×, and 1000× magnifications. Apical third (A1–C1), middle third 

(A2–C2), coronal third (A3–C3). 
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A1                                               B1                                                   C1 

 
A2                                               B2                                                    C2 

 
A3                                                B3                                                   C3 

Figure 2 image of SEM for  EDTA + Activation group, with three area apical, middle and coronal at 

100×, 250×, and 1000× magnifications. Apical third (A1–C1), middle third (A2–C2), coronal third 

(A3–C3). 
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A1                                                   B1                                               C1 

 
A 2                                         B2                                                   C2 

 
A3                                          B3                                                        C3 

Figure 3.  image of SEM for Control group (files only), with three area apical, middle and coronal at 

100×, 250×, and 1000× magnifications. Apical third (A1–C1), middle third (A2–C2), coronal third 

(A3–C3). 

 

 

 
Figure (4)  remanent sealer by group and canal thirds 
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Table 1. Overall mean percentage of uncleaned areas 

Group N Mean % SD SE Min Max 

Control 

(Files only) 
30 65.2 3.1 0.6 60.5 70.0 

EDTA 17% 

(No 

activation) 

30 47.3 2.8 0.5 42.0 52.0 

EDTA 17% 

+ Ultrasonic 

activation 

30 39.8 2.5 0.5 35.5 44.5 
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