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Objective  The aim of this study was to investigate the effect of additional apical 
preparation using the ProDesign Logic (PDL) 50/.01 rotary heat-treated nickel–
titanium (NiTi) file with a larger diameter and minimal taper for retreatment of curved 
root canals.
Materials and Methods  Mesial curved root canals of 12 mandibular molars were 
prepared using PDL 25/.06 and filled using the continuous wave of condensation 
technique and AH Plus sealer. After retreatment using ProDesign S (PDS) 25/.08, 
PDL 25/.06 and PDL 35/05, a complementary procedure was performed with 
PDL 50/.01. Microcomputed tomography (micro-CT) scanning was performed before 
and after retreatment procedures. The cyclic fatigue resistance of unused PDS 25/.08, 
PDL 25/.06, PDL 35/.05 and PDL 50/.01 instruments (n = 12) was evaluated in a 
stainless-steel device.
Statistical Analysis  Data on the volumes of the root canals and the remaining filling 
materials were submitted to the paired t-test. Cyclic fatigue resistance data was sub-
mitted to one-way ANOVA and Tukey’s tests (α = 0.05).
Results  Use of PDL 50/.01 decreased the remaining filling materials in the apical 
third (p < 0.05). The root canal volume was similar in the cervical and middle thirds 
before and after preparation using PDL 50/.01 (p > 0.05). PDL 50/.01 presented the 
highest cyclic fatigue resistance (p < 0.05).
Conclusions  Use of the PDL 50/.01 instrument as an additional apical preparation 
for retreatment of curved root canals improved filling material removal in the api-
cal third, while maintaining the dentin in the cervical and middle thirds. In addition, 
PDL 50/.01 presented high-flexural resistance.
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Introduction
Endodontic retreatment in mandibular molars poses greater 
difficulty owing to the curvature in molar mesial roots.1,2 Use 
of nickel–titanium (NiTi) instruments with larger diameter in 
curved root canals can lead to deviations and instrument frac-
ture, because of low flexibility3 and cyclic fatigue resistance.4 
However, heat treatments have been developed to optimize 
the mechanical properties of NiTi instruments.5,6 Controlled 
memory (CM) heat treatment promotes an NiTi alloy mar-
tensitic phase at room temperature,7 providing greater flex-
ibility and resistance to cyclic fatigue,8 thus enabling apical 
enlargement in curved root canals.9

Although mechanized NiTi instruments have been used in 
endodontic retreatments because of their safety10 and effec-
tiveness in removing filling materials,11-14 these materials 
cannot be fully removed from the root canal,15-22 especially 
in the apical third of curved root canals.23 Apical enlarge-
ment can improve removal of filling materials13; however, an 
increase in the apical preparation of curved root canals using 
instruments with larger diameter may result in excessive 
dentin removal.24

ProDesign Logic (PDL) and ProDesign S (PDS) (Easy 
Equipamentos Odontológicos; Belo Horizonte, MG, Brazil) 
are NiTi rotary instruments with CM heat treatment. The 
PDL 50/.01 file has a large tip size and minimal taper, 
which has been proposed to perform apical enlargement 
in endodontic retreatments.13 Use of PDL size 50/.01 have 
been found to significantly decrease the amount of fill-
ing material in the apical third of curved lateral incisors.13 
However, there are no studies to date that have evaluated 
the increase in root canal volume promoted by the PDL 
50/.01 instrument in retreating curved root canals. In addi-
tion, the cyclic fatigue resistance of PDL 50/.01 has not yet 
been evaluated.

The aim of this study was to use microcomputed tomog-
raphy (micro-CT) to evaluate the effect of apical enlarge-
ment with the PDL 50/.01 instrument in the retreatment of 
curved mesial root canals of mandibular molars. The cyclic 
fatigue resistance of the NiTi rotary PDS 25/.08, PDL 25/.06, 
PDL 35/.05 and PDL 50/.01 instruments was also evaluated. 
The first and second null hypotheses were that using a PDL 
50/.01 instrument after retreatment with PDL 35/.05 would 
not decrease the amount of remaining filling material, and 
would not change the root canal volume, respectively. The 
third null hypothesis was that there would be no difference 
in the cyclic fatigue resistance among the NiTi rotary instru-
ments evaluated.

Materials and Methods
Sample Size Calculation
The tests were performed with a specific G* Power software 
program (3.1.7 for Windows, Heinrich Heine, Universität 
Dusseldorf, Germany). The t-test for two dependent groups 
was used with an alpha type error of 0.05 and beta power 
of 0.95 for all the variables. Previous studies were used 
to determine the specific effect size for the amount of 

remaining filling material (2.348)12 and root canal volumes 
(1.209).9 A total of 12 specimens were indicated as the ideal 
size required.

Specimen Selection
After approval of the study by the Institutional Ethics Committee 
(64736116.4.0000.5416), 12 human mandibular first and sec-
ond molars were selected. The inclusion criteria included two 
independent mesial root canals according to Vertucci’s type IV 
classification,25 angle of curvature between 25°and 35°,1 and 
radius of curvature smaller than 10 mm,26 as well as complete 
apical formation, and absence of root fractures, calcifications 
or internal resorptions. The specimens were selected by a dig-
ital radiography system (RVG 6100; Kodak Dental Systems, NY, 
USA) and micro-CT (SkyScan 1176; Bruker-micro-CT, Kontich, 
Belgium) used at 35-µm voxel size, and the following settings 
were considered: copper and aluminum filter, exposure time 
of 87 ms, average of 3 frames, 180°rotation, 0.5 rotation step, 
80 kV, and 300 µA. A total of 12 roots were selected, totaling 
24 root canals, including the mesiobuccal and the mesiolin-
gual canals of each root. The root length was standardized 
at 18 mm, with a tolerance of ± 1 mm. The specimens were 
embedded in silicone (Oranwash; Zhermack, Badia Polesine, 
Italy) to simulate the periodontal ligament. All the root canals 
were prepared, filled, and retreated using the same technique, 
to allow comparison of the variables before and after use of 
the PDL 50/.01.

Root Canal Preparation
Conventional access cavities were performed, and the root 
canals were explored with a size #10 K-file (Dentsply Sirona 
Endodontics; Ballaigues, Switzerland). The working length 
(WL) was established 1 mm short of the apical foramen. 
Preparation was performed using PDL 25/.01 operated by a 
VDW Silver (VDW GmbH; Munich, Germany) electric motor in 
rotary motion at a speed of 350 rpm and 1 Ncm torque, with 
in-and-out movements up to the WL. Then, PDL size 25/.06 
was used at 600 rpm and 3 Ncm torque, as described above. 
Each root canal was irrigated with 5 mL of 2.5% sodium hypo-
chlorite (NaOCl) (2.5 mL after use of each file). Final irriga-
tion was performed with 2.5 mL EDTA under agitation for 
3 minutes, and then irrigation using 5 mL of distilled water.

Root Canal Filling
The root canals were filled using the continuous wave 
of condensation technique. Tanari 25/.06 (Tanariman; 
Manacapuru, AM, Brazil) gutta-percha points were selected 
according to the tip size and taper measured by a profilo-
meter (Profile Projector Nikon model 6C-2; Nikon, Tokyo, 
Japan). After radiographic evaluation was made of the 
selected gutta-percha point adaptation, the point was 
covered with AH Plus sealer (Dentsply DeTrey GmbH, 
Konstanz, Germany) and placed in the root canal with a size 
25 Lentulo (Dentsply Maillefer, Ballaigues, Switzerland). The 
thermoplastic plugger from the Termo Pack II System (Easy 
Equipamentos Odontológicos, Belo Horizonte, MG, Brazil) 
was used for plasticization, cutting and compaction of the 
gutta-percha within the apical root canal up to 3 mm of the 
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WL. The thermal injector of the system was used to inject 
the warmed gutta-percha. Compaction was performed with 
NiTi condensers (Easy Equipamentos Odontológicos, Belo 
Horizonte, MG, Brazil). A radiograph was taken to deter-
mine the quality of the obturation. Coronal sealing was per-
formed with Coltosol restorative material (Vigodent, Rio de 
Janeiro, RJ, Brazil), and the roots were kept in an incubator at 
a temperature of 37°C in 95% humidity for 7 days, to allow 
the sealer to set.

Root Canal Retreatment
A VDW Silver electric motor was used in rotary motion at 
600 rpm and 3 Ncm torque. In-and-out movements were 
performed up to the WL. PDS 25/.08 was used to remove the 
filling from the cervical and middle thirds, and PDL 25/.06 
was used to remove the filling from the apical third. The 
root canals were enlarged with PDL 35/.05 as described 
above. Each root canal was irrigated with 6 mL of 2.5% NaOCl 
(2 mL for each instrument). Final irrigation was performed as 
described in the preparation step.

Supplemental Cleaning Approach
The PDL 50/.01 was operated with a VDW Silver electric 
motor in rotary motion at a speed of 350 rpm and 1 Ncm 
torque, with in-and-out movements up to the WL. The root 
canals were irrigated with 2 mL of 2.5% NaOCl. Final irriga-
tion was performed as previously described.

Micro-CT Scanning and Analysis
The roots were scanned using micro-CT before and after 
root canal retreatment, and after apical enlargement 
with PDL 50/.01. The scanning parameters were copper 
and aluminum filter, 90 kV, 278 mA energy, 180°rotation, 
0.5 rotation step, average of 3 frames, and 8.74 µm voxel 
size. The images obtained were reconstructed using the 
NRecon software program (v.1.6.3; Bruker-micro-CT) and 
superimposed by geometric alignment in the Data Viewer 
software program (v.1.5.1; Bruker-micro-CT). Volumetric 
analysis was performed in all the root canals using a 
CTAn software program (v.1.14.4; Bruker-micro-CT) with 
a specific task list. Root canal volume and remaining fill-
ing material were quantified after the retreatment steps. 
The gray scale range, which is required to recognize each 
object under study, was determined in a density histogram 
by using the adaptive threshold method. Representative 
images were performed using the models obtained by 
the CTVox software program (v.3.2; Bruker-micro-CT). 
Evaluation was performed in the apical third and the cer-
vical/middle thirds of the root canals. A value of approxi-
mately 9 mm was determined for the total length analysis, 
approximately 3 mm for the apical third, and 6 mm for the 
cervical/middle thirds.

Cyclic Fatigue Test
The cyclic fatigue resistance of unused PDS 25/.08, PDL 
25/.06, PDL 35/.05 and PDL 50/.01 instruments was evaluated 
(n = 12). The static bending test was performed in a device 

simulating an artificial canal with a 60°angle and 5-mm radius 
of curvature (►Fig. 1) The instruments were used at 300 rpm 
and 300 g/cm torque of continuous rotary motion, driven by 
a VDW Silver (VDW Silver, GmbH, Munich, Germany) electric 
motor. All instruments were rotated until fracture, and WD-40 
synthetic oil (WD-40 Multipurpose Product, Brazil) was used 
to reduce friction. The time to failure was obtained in minutes.

The device used for the tests consisted of an iron base 
(50 × 30 cm) with a fixing support for the low-speed hand-
piece, in accordance with previous studies.27,28 After the 
instruments had been coupled to the low-speed handpiece, 
the height of the support was adjusted, so that the instru-
ment could be inserted into the artificial canal without caus-
ing stress, thus allowing free rotation. The curvature of the 
stainless-steel artificial canal was fitted into a cylinder guide 
made of the same material. A groove served as the guide 
path for the instrument, which remained curved and free to 
rotate. During the tests, the instruments were placed, so that 
1 mm of the instrument tip protruded beyond the end of the 
artificial canal walls, to allow the tip to be visualized, and the 
moment of instrument fracture to be determined.

Statistical Analysis
All the data were analyzed with the GraphPad 
Prism 7.00 statistical software package (GraphPad Software, La 
Jolla, CA, USA). The data were submitted to the Shapiro–Wilk 
normality test. The paired t-test was used for comparison of the 
root canal retreatment before and after PDL size 50/.01 taper 
preparation. One-way ANOVA and Tukey tests were used to 
compare instruments for cyclic fatigue. The level of significance 
was set at 5% for all the analyses.

Results
Use of PDL 50/.01 decreased the remaining filling material and 
increased the root canal volume in the apical third (p < 0.05). 
(►Table 1, ►Table 2, and ►Fig. 2).The volume of the root 
canals was similar in the cervical/middle thirds before and 
after preparation with PDL 50/.01 (p > 0.05) (►Table 2). PDL 
50/.01 had higher cyclic fatigue resistance than PDS 25/.08, 
PDL 25/.06 and PDL 35/.05 (p < 0.05) (►Fig. 3).

Fig. 1  Representative image of the cyclic fatigue test.
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Table 1   Residual filling material (%) in the curved root canals before and after the use of PDL 50/.01 and the reduction of residual 
filling material (%) (mean and standard deviation)

Before PDL 50/.01 After PDL 50/.01 Reduction in residual filling 
material (%)

Cervical/middle 9.876 ± 2.543a 9.289 ± 3.523a 5.97 ± 1.54

Apical 8.920 ± 3.230a 3.895 ± 1.897b 56.35 ± 9.76

Abbreviations: PDL, ProDesign Logic; PDS, ProDesign S.
Note: Different lowercase letters on same line represent significant intragroup differences (p < 0.05).

Fig. 2  Three dimensional reconstructions and cross-sectional images 
of mesial root canals of mandibular molars after the steps of obtu-
ration, retreatment, and additional retreatment. Filling material is 
shown in white.

Table 2   Root canal volume (mm3) in the curved root canals before and after the use of PDL 50/.01 and root canal volume 
increase (%) (mean and standard deviation)

Before PDL 50/.01 After PDL 50/.01 Volume increase

Cervical/middle 3.952 ± 0.208a 4.001 ± 0.432a 1.23 ± 0.32

Apical 0.617 ± 0.105b 0.861 ± 0.092a 39.54 ± 4.87

Abbreviations: PDL, ProDesign Logic; PDS, ProDesign S.
Note: Different lowercase letters on same line represent significant intragroup differences (p < 0.05).

Fig. 3  Means and standard deviations of time up to instrument frac-
ture. Different uppercase letters indicate a statistical intergroup dif-
ference (p < 0.05).

Discussion
Endodontic retreatment is the main option when endodontic 
treatment failure occurs.29 However, failure during removal of 
the filling material may not allow disinfection of the root canal 
system.12,16 The remaining filling material allows the reinfection 
of the root canal system, leading to the maintenance of periapi-
cal peridontitis.30 Apical enlargement two sizes larger than the 
instrument used for root canal preparation is recommended 
to improve the removal of filling materials.31 Therefore, in the 
present study, root canals were prepared up to size 25/.06 and 
were enlarged up to size 35/.05 during retreatment. However, 
corroborating previous investigations,11,13,18 the present study 

showed a considerable percentage of filling material inside the 
root canals, with a mean of 9.87% and 8.92% in the cervical/
middle and apical thirds, respectively.

The first null hypothesis was rejected, since the 
PDL 50/.01 instruments reduced 56.35% of the remain-
ing filling material in the apical third of the curved mesial 
root canals of lower molars. Significant reduction in resid-
ual material at apical levels in curved root canals after 
additional apical enlargement is reported.13,32 Removal of 
the remaining filling material probably occurred because 
greater apical enlargement increases the ability of the 
instrument to reach the root canal walls.33 In addition, the 
increase in the volume of the apical third after using the PDL 
50/.01 allows better cleaning of the root canal, favoring the 
effect of the irrigating solution,34 and enhancing root canal 
disinfection.35

Apical enlargement may promote excessive removal of 
dentin, thus decreasing root strength.24 Therefore, the cur-
rent study assessed the volume of the root canals before and 
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after retreatment. Our second null hypothesis was partially 
accepted, since the volume of the root canals was similar in 
the cervical/middle thirds before and after preparation using 
PDL 50/.01. This indicates that this instrument maintains 
dentin thickness in the danger zone of mandibular molars. 
The small taper of these instruments allows apical prepa-
ration with no dentinal removal in the cervical and middle 
thirds. The root canal preparation for retreatment using 
PDL 35/.05 involves a 0.55-mm diameter at 4 mm from the 
apical preparation. PDL 50/.01 taper has a diameter of 0.54 at 
4 mm from the apical preparation; therefore, its effect occurs 
only in the apical third. In addition, the CM heat treatment 
of this instruments allows root canal enlargement of curved 
canals with no apical transportation.9

The fracture of mechanized NiTi instruments may cause a 
deleterious effect on root canal disinfection.29 Cyclic fatigue 
fractures occur after repeated tension and compression 
forces on instruments submitted to motion in curved root 
canals.36 The third null hypothesis of this study was rejected, 
since PDL 50/.01 showed higher cyclic fatigue resistance 
than PDL 25/.06, PDL 35/.05 and PDS 25/.08. The minimal 
taper (.01) of PDL size 50 presents less metallic volume 
than the other instruments evaluated. Instruments with a 
larger metal mass volume have lower flexural strength.36 
PDS and PDL instruments were found to have higher cyclic 
fatigue resistance than the HyFlex CM, Edge File, and Mtwo 
systems.8

The main limitation of this supplemental cleaning 
approach using PDL 50/.01 is that this instrument did not 
provide effective removal of the remaining filling in the 
cervical and middle thirds of the root canal. Hence, a sug-
gested approach would be to associate the PDL 50/.01 with 
an effective supplemental cleaning process for the cervical 
and middle thirds. However, the significant decrease in the 
remaining filling material in the apical third promoted by 
PDL 50/.01 has clinical relevance, since cleaning of the apical 
third is a challenge in retreatment procedures.23,37 The apical 
third of the canal is always more difficult to clean, an aspect 
worth pointing out, because it represents a critical infec-
tion zone prone to development and maintenance of apical 
periodontitis.38

Larger apical enlargement during retreatment procedures 
decreases the remaining filling material,32 reducing endotoxin 
levels.39 On the other hand, preparation of curved mesial root 
canals using larger diameter instruments may produce exces-
sive dentin removal in the danger zone, reducing tooth resis-
tance.24 The present results have shown that apical enlargement 
with mechanized NiTi instruments having minimal taper, such 
as PDL 50/.01, seems to be effective in reducing the remaining 
filling material in the apical third of curved root canals of man-
dibular molars, with no additional dentin removal in the cer-
vical and middle thirds. Moreover, a low risk of cyclic fatigue 
fracture was observed for this instrument. However, the proto-
col evaluated in the current study was not able to remove the 
filling material completely from the root canals.

Conclusions
The PDL 50/.01 instrument improved removal of filling mate-
rial in the apical third when used as a supplemental procedure 
for retreatment of curved root canals, and it also proved safe 
in not promoting dentin removal in the cervical and middle 
thirds. In addition, PDL 50/.01 had high flexural resistance.
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