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Objectives: This study aimed to evaluate the efficacy of ProTaper, Mtwo, and 
WaveOne retreatment files and Hedstrom files for removal of gutta-percha from the 
straight root canals using cone-beam computed tomography (CBCT). 

Materials and Methods: Forty freshly extracted single-rooted and single-canal teeth 
were selected for this study. The teeth were decoronated, and biomechanical 
preparation was performed up to #30 K-file. The root canals were obturated using 
lateral compaction technique with gutta-percha and Resilon sealer. The teeth were 
then randomly divided into 4 groups, and CBCT images were obtained. All the canals 
were then retreated with either ProTaper retreatment files, Mtwo retreatment files, 
WaveOne files, or Hedstrom files. The surface area of the remaining filling material 
after the retreatment procedure was quantified by CBCT. Statistical analysis was 
performed via one-way ANOVA and the Tukey-Kramer multiple comparisons test. 

Results: None of the file systems could completely remove the filling material from 
the canals. Data analysis revealed significant differences between the groups in the 
apical and middle thirds (P<0.05).  

Conclusion: All the file systems left some filling material in the canals. Mtwo 
retreatment files had maximum efficacy for removal of filling materials in 
comparison with other files. WaveOne files can also be used for root canal 
retreatment. 
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INTRODUCTION 
Endodontic treatment failure may occur due 
 to the residual bacteria remaining in the root 

canal system as a result of inadequate 
biomechanical preparation, imperfect obturation, 
or improper post-endodontic restoration, 
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leading to coronal/apical leakage [1]. The 
endodontic treatment outcome can be 
evaluated by radiographic examination and 
also based on clinical signs and symptoms of 
the treated teeth [2]. 
Preservation of a healthy periapical tissue is 
one objective of non-surgical removal of gutta-
percha from the root canal system. Success of 
retreatment procedures depends on complete 
removal of the root filling material and 
persistent bacteria, as well as appropriate re-
obturation [3]. Gutta-percha and root canal 
sealer are most commonly used as root filling 
materials, and provide a hermetic seal [4,5].  
Use of hand files for the retreatment 
procedure of the root canals with well-
condensed root filling material with or 
without solvent is tiresome and time 
consuming [6]. Therefore, it is important to 
find the proper rotary file system for easy and 
effective removal of remnants from the root 
canal system [7]. One major advantage of 
using rotary instruments for gutta-percha 
removal is their fast action [8].  
The ProTaper Universal retreatment system is 
composed of three files (D1, D2 and D3) with 
the taper and tip size of 0.09/0.30mm, 
0.08/0.25mm and 0.07/0.20mm, respectively. 
D1, D2 and D3 have been exclusively designed 
for gutta-percha removal from the coronal 
third, middle third, and apical third of the root 
canal system, respectively. The Mtwo retreat-
ment system is composed of two retreatment 
files (size 15 with 0.05 taper and size 25 with 
0.05 taper) with cutting tips for effective 
removal of root canal filling material [9]. Also, 
biomechanical preparation of the root canal 
system using nickel-titanium files with M-wire 
alloy with one single file from the start to 
finish is a newly introduced concept [10]. 
Reciprocating files are manufactured from the 
M-wire NiTi alloy, which allows for higher 
flexibility and greater resistance to cyclic 
fatigue in comparison with the conventional 
NiTi files [11]. Currently, Reciproc and 
WaveOne are two reciprocating files available 
in the market. Reciproc has three file sizes 
(R25, R40 and R50) while WaveOne contains a 
small (21.06), a primary (25.08) and a large 
(40.08) file [12,13]. The procedure and 

technique of endodontic retreatment with 
rotary files are the same as the conventional 
procedure, and the gutta-percha is retrieved 
by the brushing motion of a file against the 
lateral root canal walls [13]. 
Cone-beam computed tomography (CBCT) is 
commonly used in endodontics, and has 
higher efficacy than conventional radiography 
for diagnosis of periapical pathologies and 
internal and external root resorption defects, 
evaluation of root canal morphology, and 
management of endodontic surgery [9,14]. 
The aim of the present study was to compare 
the gutta-percha removal efficacy of ProTaper, 
Mtwo, and WaveOne retreatment files and 
Hedstrom files from the root canals using 
CBCT. The null hypothesis was that there 
would be no statistically significant difference 
in gutta-percha removal efficacy of ProTaper, 
Mtwo and WaveOne retreatment files and 
Hedstrom files. 
 
MATERIALS AND METHODS 

Root canal treatment: 
Forty freshly extracted human mandibular 
single-rooted and single-canal premolars 
were collected after gaining ethical approval. 
Preoperative mesiodistal and buccolingual 
radiographs were obtained from each root to 
confirm the canal configuration and complete 
root formation, and ensure absence of root 
fillings, pins, internal resorptions or localized/ 
diffuse calcifications.  
Access cavity was prepared using high speed 
handpiece and diamond burs under 
continuous water irrigation. To ensure canal 
patency, a #10 K-file was placed in the canal. 
Roots were decoronated using a diamond disc 
operated at low-speed and standardized at 
16mm length. The root canals were prepared 
using K-files with the step-back technique. 
Instrumentation was standardized with a #30 
K-file reaching to the working length. 
Subsequently #35, #40, #45, #50, and #55 K-
files were used for step-back canal 
preparation, and final coronal flaring was 
performed with the Gates Glidden drills. 
During shaping, each canal was irrigated with 
17% EDTA (for smear layer removal) and 
2.5% NaOCl.  
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Canal obturation: 
The root canals were dried with paper points and 
obturated by lateral compaction, using gutta-
percha cones (Dentsply Maillefer, Ballaigues, 
Switzerland) and Resilon sealer (Research LLC, 
Madison, CT, USA). The coronal access cavity was 
sealed with a temporary filling material (Cavit G; 
3M ESPE, Seefeld, Germany). The specimens 
were stored at 37ºC in 100% humidity for 2 
weeks. At this stage, all primary CBCT images 
were taken using i-CAT CBCT scanner with 
120kVp and 3-8mA (Imaging Sciences 
International Inc., Hatfield, PA, USA) (Fig. 1).  

 

 
Fig. 1. Preoperative Images of obturated extracted 
premolars 

 
Retreatment technique: 
The samples were randomly allocated to 
groups 1 to 4 (n=20) according to the 
retreatment technique. A drop of xylene 
solvent was introduced into each canal and left 
in the canal for 2 min. 
Group I: Hedstrom files 
Hedstrom files (H type; Dentsply Maillefer, 
Ballaigues, Switzerland) #45, #40, #35, #30 
and #25 were used in the crown-down 
technique using circumferential quarter turn 
push-pull filing motion to remove gutta-
percha and sealer from the canal until the 
working length was reached with a #25 
Hedstrom file. Sizes 15 and 20 Hedstrom files 
were used for deep penetration down into the 
canal until the working length was reached. A 
step-back procedure was performed with 
1mm increments to #55 file. After withdrawal, 
the files were cleansed of any filling material 
before being reintroduced again into the root 
canal. Each file was discarded after 
instrumentation of five canals. Deformed files 
were discarded. Retreatment was considered 
complete when no filling material was 
observed on the file, and the canal walls were 
smooth and free of visible debris (Fig. 2). 

Fig. 2. Postoperative CBCT images of the samples 
treated with Hedstrom file, ProTaper, Mtwo, and 
WaveOne retreatment files 

 
Group II: ProTaper retreatment system 
All the 3 ProTaper Universal System 
retreatment files were used sequentially with 
the crown-down technique, until the working 
length was reached using a brushing action 
with lateral pressing movements. The D1 
ProTaper file was used to remove the filling 
material from the cervical third of the root 
canal. A D2 ProTaper file was used in the 
coronal two thirds of the root canal. The D3 
ProTaper file was used with light apical 
pressure until the working length was reached 
and no further filling material could be 
removed. 
Group III: Mtwo retreatment system  
Mtwo retreatment file was used according to 
the manufacturer’s instructions. Retreatment 
was initiated by placing the tip of R2 size 25, 
0.05 taper retreatment file on the gutta-
percha. The canals were instrumented to the 
working length using Mtwo R2 file with 
circumferential filing and a lateral pressing 
movement. Progression of the rotary files was 
performed by applying slight apical pressure 
and frequently removing the files to inspect 
the blade and clean the flutes from the debris. 
Group IV: WaveOne system: 
WaveOne single file (Dentsply Maillefer, 
Ballaigues, Switzerland) was used with a 
WaveOne motor (Dentsply Maillefer, Ballaigues, 
Switzerland) and operated with a reciprocating 
handpiece. The files were used with a 
progressive up and down movement no more 
than four times with minimal apical pressure. 
The files were then removed and wiped clean. 
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CBCT evaluation: 
Removal of the filing material from the canal 
walls was evaluated by CBCT using INVIVO-5.1 
View software (Imaging Sciences Inter-
national Inc., Hatfield, PA, USA). Forty teeth 
were fixed in 1-cm thick wax plates and placed 
on the desk of the i-CAT tomography device 
(120kVp, 3-8mA; Imaging Sciences Inter-
national Inc., Hatfield, PA, USA) for image 
acquisition. The longitudinal axis of each tooth 
was determined by the rotation tool. The area 
with maximum filling material was measured 
on axial, coronal and sagittal sections after 
adjusting the appropriate parameters for 
scanning, with 0.2mm voxel size (Fig. 2). 
The surface area of the canal and the residual 
filling material were calculated on the coronal 
and sagittal sections, and the percentage of the 
remaining filling material on the canal walls 
was calculated with the following equation:  

APRFM=
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑓𝑖𝑙𝑙𝑖𝑛𝑔 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙

𝑎𝑟𝑒𝑎 𝑜𝑓 𝑐𝑎𝑛𝑎𝑙 𝑤𝑎𝑙𝑙
 × 100 

APRFM represents area percentage of the 
remaining filling material. A grading system 
was used to score the amount of residual 
filling material in the coronal, middle and 
apical portion of each canal as follows [15]:  
1. No or slight presence (0-25%) of debris on 
the dentinal surface 
2. Some (25-50%) debris on the dentinal 
surface 
3. Moderate (50-75%) amount of debris on the 
dentinal surface 
4. Heavy presence (>75%) of debris on the 
dentinal surface. No attempt was made to 
distinguish between the filling material and 
sealer remnants. 
Next, the coronal, middle and apical thirds of each 
tooth were evaluated on axial sections (Fig. 3). 
Statistical analysis: 
Statistical analysis was carried out using SPSS 
version 16 software. Descriptive statistics 
such as mean and standard deviation were 
used to report the data. Comparisons between 
the groups were performed using ANOVA 
followed by Tukey-Kramer multiple 
comparisons test. Intergroup comparison was 
made using t-test. 

Fig. 3. Axial, coronal and sagittal sections of the 
coronal, middle and apical thirds 

 
Fig. 4. Residual filling material in the apical, 
middle and coronal thirds of the roots after using 
different files 

 
RESULTS 
The results showed that all the files used in the 
present study had optimal gutta-percha 
removal efficacy, but none of the files could 
completely remove the gutta-percha from the 
canals. There was a significant difference 
between Mtwo and Hedstrom files, and also 
ProTaper and Hedstrom files in the coronal 
and sagittal sections. The largest area of filling 
material remnants in the coronal, middle and 
apical thirds was seen in the Hedstrom file 
group followed by the WaveOne and ProTaper 
retreatment files. The least filling material 
remnants were seen in Mtwo retreatment file 
group. The percentage of remaining debris in 
each treatment group was calculated by 
means of i-CAT.  
Tables 1-4 show the comparison of files in the 
coronal and sagittal sections. Figure 4 shows 
the residual filling material in the apical, middle 
and coronal third of the roots after using different 

files. There was no significant difference 
between Mtwo file, ProTaper retreatment file 
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and WaveOne file, but there was a significant 
difference between Mtwo and Hedstrom files 
(P<0.05). There was a significant difference 
between ProTaper and Hedstrom files as well 
(P<0.05). There was no significant difference 
between WaveOne and Hedstrom files. As 
shown in Table 3, there was a significant 
difference within groups between the apical 
and middle sections. The groups were not 
significantly different in the coronal section 
(P=0.7).  
There was no significant difference between 
Mtwo and ProTaper in the apical, middle or 
 

coronal third (P=0.16, P=0.24, P=0.47, 
respectively). There was a significant 
difference between Mtwo and Hedstrom files 
in the apical, middle and coronal thirds 
(P=0.00 for all).  
Table 4 shows the mean values and standard 
deviation of residual filling material in each 
group. Analyzing the data showed that there 
was a significant difference between the 
groups in the apical (P=0.01) and middle 
thirds (P=0.04). In the coronal section, the 
groups did not have a significant difference 
(P>0.05). 
 

 

Table 1. Comparison of residual filling material in Mtwo with ProTaper, WaveOne and Hedstrom file in the 
coronal and sagittal sections (mean±standard deviation) 

 

Table 2: Comparison of residual filling material in ProTaper, with WaveOne and Hedstrom file in the coronal 
and sagittal sections (mean±standard deviation)

 

Table 3: Comparison of residual filling material between WaveOne and Hedstrom file (mean±standard deviation) 

 

Table 4. Mean values and standard deviations of residual filling material in each group 

 

Section Mtwo ProTaper Mean difference 95% CI of difference t-value P 

Coronal 36.76±8.6 40.54±14.2 3.78 -7.2–14.8 0.72 0.48 

Sagittal 40.28±10.2 41.56±7.1 1.28 -6.9–9.5 0.32 0.75 

  WaveOne     
 Coronal  36.76±8.6 47.94±17.9 11.18 -2.03–24.38 1.78 0.09 
Sagittal  40.28±10.2 43.76±6.34 3.48 -4.48–11.44 0.92 0.37 
  Hedstrom     
Coronal 36.76±8.6 55.16±14.4 14.62 1.21–28.03 2.29 0.03 
Sagittal  40.28±10.2 52.58±12.66 11.02 1.36–20.68 2.39 0.03 

Section ProTaper WaveOne Mean difference 
95% CI of 
difference 

t-value P 

Coronal 40.54±14.2 47.94±17.9 7.40 -7.77–22.58 1.02 0.32 
Sagittal 41.56±7.1 43.76±6.34 2.20 -8.55–4.15 0.73 0.47 
  Hedstrom     
Coronal  40.54±14.2 55.16±14.4 14.62 1.21–28.03 2.29 0.03 
Sagittal  41.56±7.1 52.58±12.66 11.02 1.36–20.68 2.39 0.03 

Section Wave One Hedstrom Mean difference 95% CI of difference t-value P 

Coronal 47.94±17.9 55.16±14.4 7.22 -8.04–22.48 0.99 0.33 

Sagittal 43.76±6.34 52.58±12.66 8.82 -0.58–18.23 1.97 0.064 

Area Mtwo ProTaper WaveOne Hedstrom F-value P 

Apical 12.76±1.52 13.69±1.31 13.80±1.20 15.13±1.87 4.24 0.01 
Middle 8.56±0.89 9.17±1.32 9.30±1.20 10.13±1.13 3.17 0.04 
Coronal 4.18±0.17 4.67±1.32 4.74±1.31 5.39±0.69 2.48 0.07 
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DISCUSSION 
Persistent residual bacteria are the main 
reason for failure of root canal treatment [16]. 
Success of non-surgical root canal retreatment 
depends on complete elimination of root 
filling materials [8]. Complete removal of pre-
existing filling materials from the canals is a 
prerequisite for successful nonsurgical root 
canal retreatment. This procedure can also 
remove the residual necrotic tissues or 
bacteria that may be responsible for persistent 
periapical inflammation, and allow further 
cleaning and refilling of the root canal system. 
Different methodologies have been reported 
to evaluate the amount of filling material 
remaining in the root canal after the 
retreatment procedure [8]. It can be assessed 
by radiography [17], longitudinal root 
splitting and linear measurement of the 
remaining gutta-percha and sealer, or by using 
a scoring system [18] or a clearing technique. 
Computed tomography [19] and microscopes 
have also been used for this purpose. Ideally, 
three-dimensional visualization of the root 
canal system would provide a better 
understanding of the distribution of debris 
after retreatment. 
Several methods and instruments can be used 
for retreatment of the root canal system such 
as stainless steel hand files, Gate Glidden drills, 
nickel titanium rotary instruments, ultrasonic 
devices, heat-bearing instruments, lasers, and 
solvents [20]. 

In the current study, all teeth were 
decoronated to ensure standardization of the 
teeth [21]. Several obturation techniques are 
available for root canal treatment. The choice 
depends on the canal anatomy and the unique 
objectives of treatment in each case. Newer 
methods include the use of injectable, 
thermoplasticized gutta-percha, carriers 
coated with an alpha phase gutta-percha, cold 
flowable filling materials that combine gutta-
percha and sealer in one product, and glass 
ionomer-embedded gutta-percha points [22]. 
Two basic obturation procedures include the 
lateral compaction and warm vertical 
condensation. The lateral compaction 
technique has been the gold standard to which 
other techniques have been compared.  

The lateral cold compaction technique has the 
advantage of excellent length control. Also, it 
can be used with any acceptable sealer. The 
lateral compaction technique is extensively 
used for root canal obturation [15]. 
Rotary and Hedstrom files with solvents were 
used in this study because they decrease 
patient and operator fatigue [11]. 
Conventional radiography cannot provide 
accurate information in all dimensions; 
whereas, CBCT provides three-dimensional 
information. CBCT has been designed to 
represent three-dimensional views of the 
maxillomandibular region, with a lower 
patient radiation dose compared with 
computed tomography. This technique gives 
detailed information about the morphological 
features without damaging the teeth or their 
surrounding tissue [23]. 

CBCT eliminates the shortcomings of two-
dimensional imaging, has lower radiation dose 
than medical computed tomography, and 
enables the clinicians to make more accurate 
decisions and design more accurate treatment 
plans. Three important parameters of CBCT 
include voxel size, field of view and slice 
thickness. The best voxel size would be 
0.2mm, with a shorter scanning time and 
lower radiation dose of patient [24]. Smaller 
voxel size increases the noise and the 
resolution. Images in smaller voxel sizes are 
sharper. For suspected root fractures, the used 
voxel size should be <0.2mm. For evaluation of 
internal root resorption, the voxel size should 
be 0.16mm. Voxel size used for the detection 
of depth of proximal carious lesions is 
0.125mm. The voxel size of 0.2mm is more 
accurate than 0.4mm. Voxel size is important 
in terms of image quality and has a direct 
correlation with scanning and image 
reconstruction time as well as the field of view, 
amperage and voltage [25]. In this study, 
0.2mm voxel size was used.  
In the present study, all teeth showed residual 
filling materials, and none of the file systems 
could completely remove the filling material. 
Among the tested file systems, Mtwo 
retreatment files had maximum efficacy for 
removal of the filling material followed by 
ProTaper retreatment files and WaveOne. 
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The maximum amount of residual filling 
material was recorded in Hedstrom file group. 
Mtwo Retreatment files had maximum efficacy 
for removal of filling material, because of the 
design and characteristic features of these 
files. Mtwo retreatment files have positive 
rake angle, two cutting edges, increasing pitch 
length from the apical towards the coronal 
region, and S-shaped cross section. The cutting 
blades form a vertical spiral, which provides 
better control and precise cutting through the 
canal [9].  

The results of the present study were in 
agreement with those of Yadav et al, [9] who 
found that Mtwo and ProTaper retreatment 
files left less filling material. Contrary to the 
results of the present study, Khedmat et al. 
[20] reported that ProTaper retreatment files 
had maximum removal efficacy of filling 
materials compared with Mtwo retreatment 
files. After Mtwo retreatment files, ProTaper 
retreatment files showed maximum gutta-
percha removal efficacy in this study. Superior 
performance of gutta-percha removal by 
ProTaper retreatment files was attributed to 
its progressive taper and length [26]. In the 
present study, WaveOne files also efficiently 
removed gutta-percha from the canals, as it 
has a reciprocating motion as well as marked 
taper, which makes greater contact area 
between the instrument and gutta-percha 
[27]. Silva et al. [27] showed that WaveOne 
files have faster rate of removal of gutta-
percha than ProTaper retreatment files.  

 
CONCLUSION 
None of the systems tested in this study could 
completely remove gutta-percha from the 
canals. Further in vivo studies are required to 
evaluate post-instrumentation pain and 
prognosis in use of these systems. 
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