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Abstract 
Background and Aim: Previous studies have reported inconsistent 
findings on the effectiveness of endodontic retreatment rotary files for 
removal of residual filling materials. This study aimed to compare the 
efficacy of ProTaper, M3, and Edge Endo rotary retreatment systems for 
removal of root canal filling materials using cone-beam computed 
tomography (CBCT).    
Materials and Methods: This ex vivo experimental study involved 
mesiobuccal and mesiolingual canals of mandibular molars, and 
mesiobuccal canals of maxillary molars (n=60) with ≤20-degree 
curvature. Canals were instrumented with ProTaper files with the 
crown-down technique, and obturated with gutta-percha and AH26 
sealer via cold lateral compaction technique. Specimens were randomly 
assigned to three groups (n=20) of ProTaper, M3, or Edge Endo. CBCT 
imaging and AutoCAD software were used to quantify residual filling 
material in the coronal, middle, and apical thirds, and along the full 
canal length. Procedural errors, including file fracture, were recorded. 
Data were analyzed using the Kruskal-Wallis, Mann-Whitney, and Chi-
square tests, with a significance level of 0.05.    
Results: A statistically significant difference was observed in the apical 
third (P=0.02), with ProTaper retaining the most (47.11%±24.59%), 
and M3 the least (28.47%±28.07%) filling material. No significant 
differences were found in the coronal (P=0.282) and middle thirds 
(P=0.824). File fracture occurred in 12% of the cases, with no 
significant difference among the groups (P=0.809). 
Conclusion: Based on the results, while residual filling material 
remained in all canals, the M3 rotary retreatment files demonstrated 
superior efficiency in cleaning the apical third.  
Keywords: Cone-Beam Computed Tomography; Gutta-Percha; Molar; 
Root Canal Obturation; Root Canal Therapy  
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Introduction 
Although the overall success rate of root 

canal therapy is high, treatment failure and the 

need for retreatment remain potential outcomes 
[1]. In endodontic retreatment, complete 
removal of filling materials is crucial to ensure 
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adequate contact of irrigants and intracanal 
medicaments with the canal walls. Several 
techniques are available for removal of filling 
materials from the root canal system, including 
the use of heat, solvents, manual files, ultrasonic 
instruments, lasers, and rotary files [2, 3]. 
However, none of the available methods can 
achieve complete removal of root canal filling 
materials [4]. The use of manual files, with or 
without solvents, can be particularly time-
consuming and labor-intensive, especially when 
the filling material is highly compacted [3].  

Rotary instruments typically require less time 
for canal cleaning compared to manual 
instruments, which helps reduce both patient 
discomfort and clinician fatigue [4]. The use of 
nickel-titanium (NiTi) rotary instruments for 
safe and efficient removal of root filling 
materials during endodontic retreatment has 
been well documented.  

The ProTaper Universal retreatment kit 
includes three flexible instruments of varying 
lengths, specifically designed for removal of root 
canal filling materials from the coronal, middle, 
and apical thirds [5]. The M3 rotary files consist 
of three instruments with an inactive tip and a 
convex triangular cross-section, offering high 
flexibility and resistance to cyclic fatigue, which 
allows for continuous rotation [6]. The Edge-
Endo rotary files feature four instruments made 
from an annealed NiTi alloy, treated with a heat 
process called Fire-Wire, which enhances their 
flexibility and resistance to cyclic fatigue [7].  

Various methods, including stereomi-
croscopy, radiography, micro-computed 
tomography, and cone-beam computed 
tomography (CBCT), have been used to assess 
residual filling material in root canals after 
retreatment [8]. Stereomicroscopic assessment 
of longitudinally sectioned roots offers real-time 
visualization with reasonable accuracy; 
however, it may be prone to inaccuracies due to 
the loss of canal wall and displacement of gutta-

percha debris during sectioning [9]. 
Radiography, providing a two-dimensional 
image of a three-dimensional structure, is less 
accurate for identifying gutta-percha and sealer 
[10]. In contrast, CBCT has demonstrated 
superior diagnostic performance in evaluating 
root canal systems, assessing resorptive lesions, 
and planning endodontic surgeries. Thus, CBCT 
is considered a highly accurate method for 
evaluation of residual filling materials following 
root canal retreatment [10].  

Given the limited and conflicting findings in 
the literature regarding the efficacy of rotary 
files in endodontic retreatment, the present 
study aimed to evaluate the effectiveness of 
ProTaper, M3, and Edge Endo rotary 
retreatment files for removal of root canal filling 
materials using CBCT.  The null hypothesis 
stated that there would be no statistically 
significant difference in the volume of remaining 
root filling material following retreatment using 
ProTaper, M2, and Edge Endo rotary file systems 
as evaluated by CBCT volumetric analysis. 

 
Materials and Methods 

This ex vivo experimental study was 
conducted on 60 maxillary and mandibular 
molars extracted for purposes not related to this 
study. The study protocol was approved by the 
Ethics Committee of Babol University of Medical 
Sciences (IR.MUBABOL.HRI.REC.1400.053). 

The sample size for each group was 
determined based on the results of a similar 
study comparing the volume of residual filling 
materials after using ProTaper and H files [11], 
with a 95% confidence level (α=0.05) and a 
study power of 80% (β=0.2), yielding 20 
samples per group. 
Inclusion and exclusion criteria: 

The mesiobuccal canals of maxillary and 
mandibular molars, and mesiolingual canals of 
mandibular molars, with a curvature of less than 
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20 degrees based on Schneider’s method [12] 
and no isthmus, classified as Vertucci's type 4 
based on radiographic evaluation, were included 
[13]. Teeth with cracks, resorption defects, 
immature apices, or S-shaped curvature were 
excluded [11]. 
Specimen preparation: 

Soft tissue and calculus were mechanically 
removed from the root surfaces, and the teeth 
were disinfected in 0.5% chloramine T solution 
(Merck KGaA, Darmstadt, Germany). To 
standardize the samples, all teeth were 
decoronated to ensure that the root length was 
consistently 18 mm. A size 10 stainless-steel K-
file (Mani Inc., Tochigi, Japan) was then inserted 
into each root canal, with the file tip visible at 
the apical foramen. The working length was set 
to 1 mm shorter than the total root length. The 
roots were subsequently covered with two 
layers of paraffin wax (Kimia Gharb Co., Tehran, 
Iran), and mounted in dental gypsum (Pars 
Dandan, Tehran, Iran) blocks. All canals were 
instrumented with ProTaper NiTi rotary files 
(Sx, S1, S2, F1, and F2; Dentsply Maillefer, 
Switzerland) using a rotary endodontic motor 
(ENDO-MATE DT NE131; NSK, Nakanishi Inc., 
Tokyo, Japan) operating at 300 rpm with 3 N/cm 
torque, following the manufacturer's guidelines. 
The preparation of the apical region (apical 3 
mm) was completed using a F2 file (size: 25, 
taper: 0.08). During each instrumentation step, 
the canals were irrigated with 1% NaOCl 
(Morvabon, Tehran, Iran), delivered via a 
syringe with a 30-gauge needle (NaviTip, 
Ultradent Products Inc., South Jordan, UT, USA). 
The root canals were subsequently filled with 
size 25 (or one size larger to match the F2 file 
size) gutta-percha (Dentsply Sirona, Ballaigues, 
Switzerland) and AH26 sealer (Dentsply Sirona, 
Ballaigues, Switzerland) using the lateral 
compaction technique, ensuring that the last 
gutta-percha point could not penetrate more 
than 5 mm into the canal. Any excess gutta-

percha was removed using a heated plugger 
(Obtura Spartan, Algonquin, IL, USA). The 
obturation quality was assessed, and teeth with 
isthmuses were excluded from the study and 
replaced with new teeth. The access cavities 
were temporarily sealed with a cotton pellet and 
Cavisol temporary restorative material (Golchai 
Co., Tehran, Iran). To allow complete setting of 
the sealer, the samples were stored at 37°C and 
100% humidity for 14 days. Afterwards, the 
temporary restoration was removed, and extra-
pure chloroform (ED-430; Nik Darman, Iran) 
was used to soften the gutta-percha at the canal 
orifice [14]. 
Group allocation and procedure: 

A total of 60 teeth were randomly assigned to 
three groups, each containing 20 teeth, ensuring 
uniform distribution in terms of canal types: 
• Group 1 (retreatment with ProTaper 

Universal): ProTaper Retreatment files 
(Dentsply Maillefer, Ballaigues, Switzerland) 
were used at 300 rpm and 3 N/cm torque. 
The employed files included D1 (size: 30, 
length: 16 mm, taper: 9%), D2 (size: 25, 
length: 18 mm, taper: 8%), and D3 (size: 20, 
length: 22 mm, taper: 7%). The D2 file was 
used to the working length [5]. 

• Group 2 (M3 Retreatment System): M3 RT 
files (FKG Dentaire SA, La Chaux-de-Fonds, 
Switzerland) were used at 350 rpm and 2 
N/cm torque. The files included RT1 (size: 30, 
length: 16 mm, taper: 9%), RT2 (size: 25, 
length: 18 mm, taper: 8%), and RT3 (size: 20, 
length: 22 mm, taper: 7%). The RT2 file was 
used for the working length [6]. 

• Group 3 (Edge Endo XR Retreatment 
System): Edge Endo XR files (Edge Endo, 
Albuquerque, NM, USA) were used at speeds 
ranging from 300 to 500 rpm and 3 N/cm 
torque. The files included R1 (size: 25, length: 
15 mm, taper: 12%), R2 (size: 25, length: 15 
mm, taper: 8%), R3 (size: 25, length: 19 mm, 
taper: 6%), and R4 (size: 25, length: 23 mm, 
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taper: 4%). The R2 file was used for the 
working length [7]. 
Each file was limited to a maximum of three 

uses to simulate clinical use and minimize the 
risk of instrument fatigue or fracture. Procedural 
errors, such as perforation, ledge formation, 
blockage, or instrument fracture, were recorded. 
If an instrument fractured, the tooth was 
excluded from the study, and the broken 
fragment was retrieved using a hand K file (Mani 
Inc., Japan). Final irrigation was performed with 
5 mL of 17% EDTA (Aria Dent, Tehran, Iran) 
followed by 5 mL of 1% NaOCl (Morvabon, 
Tehran, Iran). Complete removal of the filling 
material was confirmed when no gutta-percha or 
sealer remained visible on the file flutes or 
during canal irrigation [5]. 
CBCT assessment after removal of root filling 
materials:                                                                           

After removal of the filling material, the teeth 
were mounted in wax, and CBCT images were 
acquired using NewTom 5G CBCT scanner (QR 
srl, Verona, Italy) with the exposure settings of 
90 kVp, 10 mA, and 8×8 cm field of view. To 
ensure blinding, the radiologist was unaware of 
the group assignments of the teeth. The CBCT 
images were analyzed in the axial, coronal, and 
sagittal sections with 1 mm slice thickness and 
0.5 mm slice interval, covering the apical to 
coronal region of the canal, using NNT Viewer 
software version 6.2 (QR srl, Italy). The root 
length was divided into three regions of apical, 
middle, and coronal. The percentage of 
remaining filling material in each region was 
calculated using AutoCAD 2006 software 
(Autodesk Inc., San Rafael, CA, USA). This was 
done by measuring the canal surface area 
covered by residual filling material and 
expressing it as a percentage of the total canal 
surface area [15]. Additionally, radiographic 
images of the samples were assessed in the 
sagittal view with a slice thickness of 0.5 mm. 
The image that best displayed the entire canal 

length, from the orifice to the apex, at a thickness 
of 1 mm, was selected for analysis (Figure 1). 
The remaining filling material was scored using 
a qualitative scoring system suggested by 
Madani et al. [11]: 
• Score 1: No remaining material or only a 

small amount on the dentinal surface (less 
than 25%). 

• Score 2: Some debris on the dentinal surface 
(between 25%-50%). 

• Score 3: Moderate debris on the dentinal 
surface (50%-75%). 

• Score 4: A large amount of debris on the 
dentinal surface (more than 75%). 

During all evaluations, no distinction was made 
between the filling material and the sealer. 
 
 
 
 
 
 
Figure 1. CBCT cross-sections: (A) Calculation of the 
surface area, (B1, B2, and B3) sagittal views for qualitative 
scoring 

 
Statistical analysis: 

Data were analyzed using SPSS version 26. 
Given that the data did not have a normal 
distribution based on the Shapiro-Wilk test 
result, the Kruskal-Wallis test followed by the 
Mann-Whitney test were used to compare the 
remaining filling material across the study 
groups. The Chi-square test was employed to 
assess the differences in the frequency of file 
fractures among the groups. A P value < 0.05 was 
considered statistically significant. 

 
Results 

The amount of remaining filling material in 
the apical, middle, and coronal thirds of the root 
in each group is presented in Table 1. 
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Table 1. Comparison of the percentage of remaining root filling material in the apical, middle, and coronal thirds of the roots 
among the study groups 
 

Root 
third Group Mean Standard 

Deviation 

95% Confidence interval for 
mean Minimum Maximum P 

value* 
Lower bound Upper bound 

Apical 
ProTaper 47.11 24.59 37.38 56.84 0 100 

0.02 M3 28.47 28.07 18.18 38.77 0 100 
Edge Endo 42.38 30.97 30.81 53.94 0 100 

Middle 
ProTaper 7.49 13.09 2.31 12.67 0 42.24 

0.824 M3 9.77 15.81 3.97 15.57 0 59.09 
Edge Endo 13.85 23.4 5.11 22.59 0 91.39 

Coronal 
ProTaper 1.84 4.44 0.08 3.60 0 16.66 

0.282 M3 0.57 2.14 -0.21 1.36 0 11.25 
Edge Endo 2.87 5.77 0.72 5.03 0 20.65 

 
*Kruskal-Wallis test 
 

A statistically significant difference in the 
amount of remaining filling material was 
observed in the apical third among the groups 
(P=0.02). The ProTaper group exhibited the 
lowest, while the M3 group showed the highest. 
Pairwise comparisons revealed a significant 
difference between the ProTaper and M3 groups 
in the apical third (P=0.005). However, no 
significant differences were observed in the 
amount of remaining filling material among the 
groups in the middle (P=0.824) or coronal 
(P=0.282) thirds of the root canal. 
File fracture frequency:   

The frequency distribution of file fracture is 
shown in Table 2. File fracture occurred in 12% 
of the teeth (10 root canals), and no statistically 
significant difference was observed among the 
groups in this regard (P=0.809). 
 
Table 2. Comparison of file fracture frequency during root 
filling material removal in the study groups  
 

               File 
Fracture 
Group 

No Yes P value* 

ProTaper 24 (30%) 4 (40%) 
0.809 M3 29 (36.3%) 3 (30%) 

Edge Endo 27 (33.7%) 3 (30%) 
*Chi-square test 

 
Additionally, no apical transportation was 

observed in any of the samples. 

Qualitative scoring of remaining filling material: 
Table 3 presents the results of the qualitative 

scoring for the remaining root canal filling 
material, as assessed visually on sagittal 
sections. No significant differences were 
observed in the frequency of scoring categories 
among the three groups (P=0.686, Figure 2). 

 
Table 3. Frequency distribution of scores for the remaining 
root filling material on the sagittal canal sections 
 

             
File 
Score 

ProTaper 
 

M3 
 

Edge Endo 
 

P 
value* 

Score 1 77.8% (21) 80.6% (25) 73.3% (22) 

0.686 
Score 2 18.5% (5) 12.9% (4) 13.3% (4) 
Score 3 3.7% (1) 6.5% (2) 13.3% (4) 
Score 4 0% (0) 0% (0) 0% (0) 

*Chi-square test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Comparison of the frequency distribution of 
remaining root filling material scores by the file type used 
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Discussion  
This study assessed the efficacy of three 

rotary retreatment systems ProTaper, M3, and 
Edge Endo—in removal of root canal filling 
material using CBCT. The null hypothesis of the 
study was rejected since the results indicated a 
significant difference among the three file 
systems in the apical third, and the maximum 
amount of residual filling material was observed 
in the apical third of the root canal. Notably, the 
mean volume of remaining filling material in the 
apical third was significantly lower when the M3 
system was used, as compared to ProTaper. 
These findings suggest that the M3 system was 
more effective in removing filling material from 
the apical third of the root canal. However, there 
was no statistically significant difference among 
the ProTaper, M3, and Edge Endo systems in 
terms of material removal from the middle and 
coronal thirds of the canal.  

The superior performance of the M3 system 
in the apical third may be attributed to its 
specific design features, such as an inactive tip 
and a convex triangular cross-section, which 
enhance debris removal while reducing the 
tendency to transport or deviate from the canal 
curvature. Additionally, the M3 files are made of 
heat-treated NiTi alloy, offering improved 
flexibility and resistance to cyclic fatigue, which 
are essential for navigating and cleaning the 
curved apical areas without excessive force 
application [6]. 

Consistent with the results of the present 
study, Kong et al. [16] found no significant 
difference among the ProTaper Retreatment, 
Fengdu O-file, and M3-RT systems in terms of 
cleaning the root canal. However, the M3-RT 
system performed better overall. Similarly, 
Abdelnaby et al. [17] reached comparable 
conclusions in their study, comparing three file 
systems of Reciproc Blue, Hyflex EDM, and 
ProTaper, highlighting similar trends in 
effectiveness.  

In the present study, the highest amount of 
remaining filling material was observed in the 
ProTaper group. This finding aligns with the 
results of Aly et al. [18], who assessed the 
removal of gutta-percha using ProTaper-D, R-
ENDO, and MTwo-R files. The ProTaper 
Retreatment files have a progressively 
increasing taper and greater core diameter, 
which reduces flexibility. This reduced flexibility 
may hinder adaptation to the canal curvature, 
especially in the apical third, leading to 
incomplete removal of filling materials. The 
aggressive cutting action of the ProTaper files 
may also push softened gutta-percha apically 
rather than removing it effectively. Similar 
results regarding the higher volume of residual 
filling material with ProTaper Retreatment files 
have been reported by Madani et al. [11] and Ali 
et al. [19].  

Edge Endo files, while also heat-treated, have 
a greater taper in their initial instruments (R1 
and R2) and a relatively short working length. 
Such design features may contribute to variable 
performance in deeper canal regions. Although 
more flexible than ProTaper, their larger tip 
diameters in initial files might cause resistance 
in narrow apical areas. 

Many researchers have reported that rotary 
instruments tend to push materials toward the 
apical region of the canal, regardless of the 
evaluation method used [20, 21]. This pushing 
effect is likely due to the rotary motion and 
helical design of the files, which can compact 
rather than remove gutta-percha and sealer 
when not accompanied by proper irrigation and 
solvent use. Additionally, the apical pressure 
applied to facilitate file penetration and solvent 
action may influence the amount of apically 
extruded debris. In a comparison of three file 
systems—TruNatomy, ProTaper, and RaCa—
Akshay et al. [22] found that while TruNatomy 
exhibited the best performance in removing root 
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canal filling material, it also caused the highest 
apical extrusion of debris.  

In contrast to the present findings, Khedmat 
et al. [4] reported a statistically significant 
difference between the Mtwo R and ProTaper R 
systems in removing filling material using CBCT. 
In their study, the volume of residual filling 
material was lower with the ProTaper R system 
compared to Mtwo R. They attributed this result 
to the length and progressive taper of the 
ProTaper files. Anatomical differences and 
variations in the initial preparation technique 
could explain the discrepancies in the results. In 
the present study, the use of multi-rooted molars 
with up to 20-degree curvature introduced 
greater anatomical complexity, better reflecting 
clinical retreatment scenarios. 

Some authors such as Atique et al. [23] found 
no significant difference in the efficacy of hand 
files and rotary files for gutta-percha removal. 
However, several other studies concluded that 
rotary file systems were generally more effective 
than hand files for this purpose [24-28]. 
Bramante et al. [29] attributed the advantage of 
rotary systems to the plasticizing effect of gutta-
percha during file use, which facilitates easier 
removal of the filling material. However, this 
softened state may paradoxically increase the 
adhesion of gutta-percha and sealer to dentin, 
especially in curved canals or under-compacted 
obturations, which could account for the 
persistent presence of filling material despite 
rotary use [30].  

In the present study, all the retreatment files 
left some filling material within the canal. This 
finding is consistent with previous studies that 
used various instruments, techniques, and 
solvents for retreatment [4, 15, 20, 21, 31, 32]. 
Instead of employing longitudinal sections, 
which could potentially displace material during 
sectioning and alter the tooth structure, sagittal 
CBCT sections were utilized in the present study. 
The results showed no statistically significant 

difference in the frequency of scores among the 
three file systems. This suggests that, while some 
systems may have quantitative advantages, they 
are not substantially superior when evaluated 
qualitatively. CBCT enables a more reliable and 
non-invasive assessment of residual filling 
material compared to destructive sectioning 
methods. 

Chloroform is widely regarded as the most 
effective solvent for dissolving gutta-percha [20]. 
In the present study, 1-2 drops of chloroform 
were applied to the root canal orifice for one 
minute to soften the gutta-percha and facilitate 
the use of retreatment files. However, softened 
gutta-percha becomes more viscous, and may 
adhere more tenaciously to canal walls, 
particularly in oval or curved regions, making 
mechanical removal less predictable. 

AH26 is a desirable choice for root canal 
sealing due to its antimicrobial properties, good 
adhesion to both gutta-percha and canal wall, 
long working time, easy mixing, and excellent 
sealing ability [33]. In a study by Kosti et al. [34], 
which assessed the removal of gutta-percha 
from endodontically treated teeth using four 
types of sealers (AH26, Roth 811, Endo-In, and 
RoeKaseal) with both manual and rotary 
techniques, residual sealer was found on the 
canal walls in all cases. The results showed no 
significant difference in the coronal third, but 
more residual filling material remained in the 
middle and apical thirds when AH26 sealer was 
used. The properties of the sealer, including 
adhesion to dentin and gutta-percha, the ability 
to penetrate dentinal tubules, layer thickness, 
dimensional changes, and solubility, may have 
made the removal process more difficult, 
particularly in the apical third.  

Ni-Ti files are renowned for their exceptional 
elasticity, which allows for more precise canal 
preparation, and reduces the occurrence of 
aberrations. Despite their good flexibility, file 
fracture remains a significant concern [35]. In 
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the present study, file fracture occurred in all 
three groups, although the frequency of 
fractures did not significantly differ among them. 
This outcome may be explained by similar usage 
limits (maximum of three uses) and similar 
torque/speed settings across groups, minimizing 
the influence of fatigue failure. The high taper of 
rotary files, coupled with the low radius of 
curvature in root canals, may contribute to 
instrument fracture. Another study also reported 
a higher risk of rotary instrument fracture 
compared to manual files [36].  

The discrepancies in the results of various 
studies evaluating the effectiveness of different 
files in removing root canal filling material may 
stem from differences in sample sizes, tooth 
types, obturation techniques, retreatment 
methods, and limitations in evaluation protocols. 
The present study’s limitations may affect the 
generalizability of its findings. Being an ex-vivo 
investigation, it did not fully replicate clinical 
conditions, such as anatomical variability, 
patient-related factors, or operator differences. 
The use of one single sealer (AH26) and one 
obturation technique (cold lateral compaction) 
may also limit applicability to other clinical 
scenarios. While CBCT provided a non-
destructive assessment, it may have limitations 
in distinguishing between sealer and gutta-
percha or detecting very small residual volumes. 
Ultimately, understanding the interaction 
between file design, sealer type, canal anatomy, 
and retreatment strategy is essential for 
optimizing clinical outcomes. To address these 
limitations, future studies should include a wider 
range of root anatomies, obturation materials, 
and solvents, along with larger sample sizes and 
clinical trials. Evaluating canal transportation, 
dentin preservation, and long-term outcomes 
would also help optimize the safety and 
effectiveness of rotary retreatment systems in 
clinical practice. 

Conclusion 
The result of the present study showed that 
none of the rotary retreatment files used in this 
study were able to completely remove the root 
canal filling material, with some material always 
remaining after retreatment. However, the M3 
retreatment files exhibited superior efficiency in 
cleaning the apical third of the root canal. 
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