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Objective To evaluate the apical transportation and centering ability promoted by 

reciprocating and continuous rotary systems after root canal filling removal.

Materials and Methods After obturation, 40 mesial root canals of mandibular molars 

were distributed into four groups (n = 20) for filling material removal: PTU group–F2 

instrument (25.08) of ProTaper Universal system; R25 group–R25 instrument (25.08) 

of Reciproc system; X2 group–X2 instrument (25.06) of ProTaper Next system and X3 

group–X2 instrument (25.06) of ProTaper Next system, followed by X3 instrument (30.07). 

Cone-beam computed tomographic analysis was performed before and after filling mate-

rial removal for acquisition of apical images. Apical transportation (AT) and its direction, 

and centering ability (CA), were assessed using the equations AT = (X1–X2)–(Y1–Y2) and 

CA = (X1–X2/Y1–Y2 or Y1–Y2/X1–X2), respectively. Data were submitted to the nonpara-

metric Kruskal–Wallis and Dunn multiple comparison tests (p < 0.05) for statistical analysis.

Results There was no statistically significant difference among groups for AT (p > 0.05), 

with a tendency toward transportation in the distal direction. Also, there was no statis-

tically significant difference among groups regarding CA (p > 0.05).

Conclusions The different systems, including ProTaper Next, caused AT within the 

acceptable clinical limit after filling removal. In addition, none of the tested systems 

presented adequate CA.
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Introduction

The success rate of endodontic treatment has increased 

 significantly over the last few years, mainly due to the 

development of new instruments and techniques that 

have led to safer and more efficient clinical performance.1 

 However, failures may occur at any stage of treatment, 

thereby compromising the desired result.1,2 Endodontic 

retreatment continues to be the primary alternative for 

resolution of these cases, in which the filling material 

occupying the root canal must be removed to enable new 

instrumentation and filling to be performed.3-5

Systems that use a reduced number of instruments for 

mechanical preparation of root canals are a contemporary 

trend, making the treatment faster and consequently dimin-

ishing both operator and patient fatigue.6,7 According to this 

concept, it would be expected that these systems would also 

be used for filling material removal, thereby obtaining suc-

cess as relevant as that achieved when this procedure is per-

formed by traditional methods.8-10
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ProTaper Next system (Dentsply Maillefer, Ballaigues, Swit-

zerland) is composed of five instruments—X1 (17.04), X2 

(25.06), X3 (30.075), X4 (40.065), and X5 (50.06)—and it can 

perform mechanical preparation in a short period of time, in 

comparison with other rotary systems, due to the reduced 

number os instruments.5 Manufactured with M-Wire technol-

ogy, the instruments have an innovative design, due to their 

rectangular cross-sectional shape that allows only two cutting 

edges to touch the root canal walls simultaneously, while the 

other two rotate freely, resulting in a rotary movement out-

side of their center of mass.1 This kinematics of movement 

generates less stress on the instruments, providing a corridor 

through which residues resulting from instrumentation may 

circulate.11,12

Due to these characteristics, studies have reported that 

 ProTaper Next may be effective in performing endodontic 

retreatment.13,14 However, undesirable changes in the original 

trajectory of the root canal submitted to retreatment with this 

system still require more in-depth evaluations.15,16

Therefore, the purpose of this study was to evaluate the 

shaping ability (apical transportation and centering ability) of 

the ProTaper Next system after root canal retreatment in com-

parison with the ProTaper Universal (Dentsply Maillefer) and 

Reciproc (VDW, Munich, Germany) systems. The null hypothe-

sis tested was that there would be no difference in the shaping 

ability of the systems.

Materials and Methods

Sample Collection

In this study, 40 recently extracted human mandibular molars 

were used after obtaining approval from the Research Ethics 

Committee (Protocol CAAE No. 52219315.1.0000.5020). Sample 

size calculation was performed with the aid of the Sealed Enve-

lope software (Sealed Envelope Ltd., https://sealedenvelope.

com/), thereby obtaining a minimum number of 10 randomly 

selected root canals per experimental group for a power of 80% 

and type I error (level of significance) of 5%. The teeth selected 

had completely formed roots and two independent mesial root 

canals. In addition, the selected teeth should have a mesial root 

with an angle of curvature of 30 degrees and radius of curva-

ture of 10 mm, which were calculated following the methods 

of Schneider17 and Pruett et al,18 respectively. Radiographic and 

tomographic examinations confirmed the anatomic findings 

necessary for inclusion or exclusion of the teeth from the final 

sample. Then, the teeth were disinfected in a 0.5% chloramine-T 

solution and stored in a receptacle containing distilled water, in 

which they were kept at 5°C until they were used.

Initially, the distal roots were sectioned with a dia-

mond disc (KG Sorensen, Cotia, São Paulo, Brazil), and the 

mesial roots length standardized at 16 mm. Coronal access 

was achieved with a spherical diamond burr No. 1015 

(KG- Sorensen, São Paulo, SP, Brazil) mounted on a high-

speed hand piece (Extra Torque 605C; Kavo, Joinville, SC, 

Brazil) under copious water cooling. A glide plane was cre-

ated with an Endo Z burr (Dentsply Maillefer; Ballaigues, 

Switzerland) and a high-speed hand piece under copious  

water cooling.

Biomechanical Preparation and Root Canal Filling

With the purpose of standardizing the position of the roots 

during instrumentation, and later, when the tomographic 

examination was performed, the teeth were embedded in col-

orless self-polymerizing acrylic resin (Jet Classic, São Paulo, SP, 

Brazil), forming blocks that were afterward fitted onto a plastic 

base.

The mesial root canals were initially negotiated with sizes 

10 and 15 K-type files (Dentsply Maillefer), establishing the 

working length at 15 mm. Mechanical preparation was per-

formed with the ProTaper Universal (Dentsply Maillefer) 

system, in accordance with the sequence of instruments rec-

ommended by the manufacturer, which are as follows: SX 

(19.04), S1 (18.02), S2 (20.04), and F1 (20.07). The instruments 

were coupled to a 6:1 contra-angle reducer (ENDO 6:1; Siro-

na Dental Systems GmbH, Bensheim, Germany), driven by an 

electric motor (X-SMART Plus, Dentsply-Maillefer) in rotary 

movement, at a speed of 300 rpm and torque of 2 Ncm, in accor-

dance with the manufacturer’s instructions. The root canals 

were irrigated with 1 mL of 2.5% sodium hypochlorite solution 

(Rio Química; São José do Rio Preto, SP, Brazil) with the help 

of a disposable plastic syringe (Ultradent Products Inc., South 

Jordan, UT, United States) and yellow NaviTip needle (Ultra-

dent Products Inc.), 3 mm short of the working length, after 

each gradual insertion of the instruments. At the end of the 

instrumentation, the excess of solution was aspirated with a 

Capillary Tip (Utradent Products Inc.), and the root canals were 

again irrigated with 2 mL of 17% EDTA (Biodinâmica, Ibiporã, PR, 

Brazil) for 1 minute, followed by 2 mL of distilled water. There-

after, the root canals were dried with sterile absorbent paper 

points (Dentsply-Maillefer) and filled with gutta-percha ProTa-

per F1 cones (Dentsply Maillefer) and AH Plus sealer (Dentsply, 

Petrópolis, RJ, Brazil) by means of a thermoplastification tech-

nique. Subsequently, the samples were stored in an oven (ECB1; 

Odontobrás, Ribeirão Preto, SP, Brazil) at 37°C, and 100% rela-

tive humidity, for 15 days. At the end of this period, the sam-

ples were randomly distributed into four groups containing 

10 mesial roots each, totaling 20 root canals (n = 20).

Filling Material Removal

Each experimental group was submitted to a different filling 

material removal protocol, as follows: PTU Group–instrument 

F2 (25.08) of the ProTaper Universal (Dentsply Maillefer) sys-

tem in rotary movement at 300 rpm and torque of 2 Ncm; R25 

Group–instrument R25 (25.08) of the Reciproc (VDW) system in 

reciprocating movement; X2 Group–instrument X2 (25.06) of 

the ProTaper Next (Dentsply Maillefer) system in rotary move-

ment at 300 rpm and 2 Ncm torque; and X3 Group–instrument 

X2 (25.06) of the ProTaper Next (Dentsply-Maillefer) system in 

the cervical and middle thirds, followed by the instrument X3 

(30.07) for apical finishing, both in rotary movement at a speed 

of 300 rpm and 2 Ncm torque.

All the instruments were used in accordance with the rec-

ommendations of their respective manufacturers, in a 6:1 con-

tra-angle reducer (ENDO 6:1, Sirona Dental Systems GmbH), 

driven by an electric motor (X-SMART Plus, Dentsply Maille-

fer). The instruments were gradually inserted into the root 

canals, with an in-and-out motion, light apical pressure, and 
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amplitude of movement not exceeding 3 mm. At each insertion 

and removal of the instruments from the root canal, they were 

cleaned with sterilized gauze. Each instrument was used for 

reinstrumentation of a maximum of two teeth, with exception 

of R25, which was used in only one tooth. The same irrigation 

protocol used during biomechanical preparation of the root 

canals was repeated during the reinstrumentation procedure. 

All the above-described procedures (initial preparation and 

retreatment) were performed by only one operator, specialist 

in endodontics.

Apical Transportation

Before biomechanical preparation, all teeth were submitted 

to the Cone Beam Computed Tomography (CBCT) assessment 

(CS 8100 3D, Carestream Health Inc., Rochester, NY, USA) for 

acquisition of apical third images, and analysis of the original 

configuration of the root canal trajectories. After initial prepara-

tion and filling, all samples went through the same process, and 

again after filling material removal, resulting in taking a total 

of three datasets of tomographic images. For this purpose, each 

set resin block/base set was adapted to a wax platform (that 

had low density, thus not interfering in performing tomogra-

phy), with the mesial root parallel to the horizontal plane. Then, 

the samples were placed on the CBCT scanner, according to 

the following specifications: source of X-rays with value ten-

sion of 60 to 90 kVp, valve current 2 to 15 mA, and focal point 

of 0.7 mm.

For apical transportation analysis, images at 1 mm, 3 mm, 

5 mm, and 7 mm of the apical third were selected, generating a 

total of eight axial images of each 1 mm for each canal. The trans-

portation values were calculated by using the OsiriX Imaging 

software (OsiriX Imaging Software, http://dwww.osirix-viewer.

com), in which the postreinstrumentation and prereinstrumen-

tation diameters of the mesial root canal wall values were cal-

culated by using the following equation: AT = (X1–X2)–(Y1–Y2).

The value of X1 corresponded to the mesial dentin 

wall thickness postinstrumentation; X2 was the mesi-

al dentin wall thickness postreinstrumentation; Y1 was 

the distal dentin wall thickness postinstrumentation; and  

Y2 was the distal dentin wall thickness postreinstrumentation.19 

When the value of AT was equal to zero, there was no trans-

portation; when it presented a negative value, transportation 

occurred in the distal direction; and when the value was positive,  

transportation in the mesial direction was considered.

Centering Ability

The centering ability of the instruments was also calculat-

ed for the 1 mm, 3 mm, 5 mm, and 7 mm of the apical third, 

compared with the values obtained during the transporta-

tion analysis, using the equation described by Gambill et al19: 

CA = X1–X2/Y1–Y2 or CA = Y1–Y2/X1–X2. When the values 

were close to 1 (one), they indicated optimum centering ability; 

and when close to 0 (zero), they indicated lower ability of the 

instrument to maintain centralization in the root canal.

The images analysis and calculations for determining api-

cal transportation and centering ability were performed in a 

blind manner by a single and previously calibrated examiner.

Statistical Analysis

The values obtained (apical transportation and centering ability) 

were analyzed as independent factors, considering both mesial 

canals and apical distance. The Kolmogorov–Smirnov test was 

initially applied to test the normality of the sample. Then, the 

data were submitted to the nonparametric Kruskal-Wallis and 

Dunn multiple comparison tests (p < 0.05). Statistical analysis 

was performed with the aid of GraphPad InStat software for 

Windows (GraphPad Software; La Jolla, CA, United States).

Results

Apical Transportation

The graphical representation (mm) for apical transportation 

and its direction may be visualized in ►Fig. 1A, 1B.

There was no statistically significant difference among 

groups (p > 0.05), considering the different factors eval-

uated (apical distance and mesiobuccal or mesiolin-

gual root canals). Furthermore, a total of 13 root canals, 

distributed throughout the four experimental groups 

(PTU = 6; R25 = 3; X3 = 2; X2 = 2), had no apical trans-

portation. Considering the direction of apical transporta-

tion, the highest rates occurred in the distal/inner direc-

tion (57.8%) when compared with the outer mesial/outer  

direction (42.2%).

Centering Ability

None of the instruments tested had complete centering ability 

(= 1.0). The group that had the centering ability closest to the 

ideal value was the group in which filling material removal was 

performed with instrument X2, followed by PTU, R25, and X3 

Fig. 1 Mean values of apical transportation and its direction, and centering ability. (A) Graphic representation (mm) of mean apical transpor-

tation values. (B) Graphic representation of apical transportation direction. (C) Graphic representation of mean centering ability values. There 

was no statistically significant difference among groups (Kruskal–Wallis, the Dunn multiple comparisons test, p < 0.05). n = 20. M–mesial; 

D–distal; MB–mesiobuccal; ML–mesiolingual.
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groups. However, there was no statistically significant differ-

ence among groups (p > 0.05) (►Fig. 1C).

Discussion

The present study aimed to evaluate the shaping ability of the 

ProTaper Next system after filling material removal in compar-

ison with the ProTaper Universal and Reciproc systems. Based 

on the results obtained, the null hypothesis was accepted, as 

the different systems presented similar performance with 

regard to apical transportation and centering ability after  

root canal retreatment.

Systems that use a reduced number of instruments for 

mechanical preparation have been constantly used for root 

canal retreatment.5 Therefore, changes in the original trajecto-

ry after root canal filling removal, using these systems, must 

also be evaluated. To the best of our knowledge, there is little 

information related to the apical transportation caused by these 

instruments and their centering ability when they are used for 

filling material removal.5 Just as the action of the instruments 

might promote undesirable changes in the original trajectory of 

the root canal during its preparation,2,6 the same might occur 

during its retreatment.5

The mesial canals of mandibular molars represent a chal-

lenge to clinicians, because they are generally atretic, and their 

roots invariably present an accentuated degree of curvature.20 

For this reason, mandibular molars with two independent 

mesial canals, and a 30-degree angle of curvature—considered 

severe—were used in the present study. From a clinical point of 

view, it is relevant to simulate these conditions because these 

are the conditions that clinicians are frequently faced within 

their daily clinical practice.21

In this study, there was no significant difference among 

groups regarding transportation, irrespective of the apical 

portion or the mesial canal (buccal or lingual) assessed. These 

findings are in agreement with several other  studies;22-24 how-

ever, the authors would like to point out that these studies 

were not performed in root canals submitted to  retreatment, 

as it was performed in our study.

Fan et al25 have reported that apical transportation  greater 

than 0.300 mm is clinically unacceptable, as it hinders the 

following stages of endodontic treatment, mainly root canal 

filling. Although apical transportation occurred in almost 

of all samples in the present study, the values ranged from 

0.150 mm (mesial) to −0.225 µm (distal), ensuring favorable 
conditions to root canal obturation.

In a recent study, Nevares et al5 demonstrated that ProTaper 

Next and Reciproc systems had similar capacity for filling mate-

rial removal during retreatment. These systems also presented 

equivalent levels of apical transportation, with clinically accept-

able values.25 These results corroborated the findings of our 

study. However, in the study conducted by Nevares et al,5 rein-

strumentation of root canals in the ProTaper Next group was 

initially performed with the instrument X3 (30.075) in the cer-

vical and middle thirds, followed by the instrument X2 (25.06) 

for apical finishing. In the present study, in the X2 Group, there 

was no preflaring of the root canal (cervical and middle thirds 

enlargement) with the instrument X3. Only the instrument X2 

was used until working length was reached. Whereas, in X3 

Group, the instrument X2 was used in the cervical and mid-

dle thirds, followed by the instrument X3 for apical finishing. 

Therefore, it is valid to state that no enlargement of the cervical 

and middle thirds is needed when using the instrument X2 for 

root canal reinstrumentation.

Although apical preparation was performed with an 

instrument with larger diameter and taper (X3–30.075), 

the apical transportation was similar to the other groups. 

The same might be said in relation to the centering ability  

of the instruments. Larger diameter instruments tended to 

present greater difficulty in maintaining their long axis cen-

tralized with the root canal long axis.6 However, our findings 

demonstrated that the performance among the experimen-

tal groups was similar, even in the group where a larger 

instrument was used for apical preparation. Moreover, it is 

 important to point out that none of the instruments tested 

demonstrated complete centering ability.

In addition, a discrete tendency toward apical transpor-

tation in the distal/inner direction was observed. Of the 

320 points assessed in the root canals, 174 presented trans-

portation in this direction. Differently from that observed 

in the present study, other research work reported a ten-

dency toward higher transportation values in the mesial 

direction, as the distal wall of the root canal acts in the 

antifurca direction.21 This force presses the instrument 

against the mesial wall of the root canal, which is situat-

ed contrary to the curvature.23 However, we were able to 

note that the direction of transportation ranged according 

to the apical portion evaluated. In the first and third milli-

meters of the root canal, the trend toward transportation 

generally occurred in the mesial direction, whereas trans-

portation occurred in the distal direction in the fifth and 

seventh millimeters. You et al2 demonstrated that this sit-

uation—variation in the direction of transportation within 

one and the same canal—may frequently occur, depending 

on the angle and radius of curvature of the root. In addi-

tion, several studies have reported that root canal prepa-

ration depends more on the root canal anatomy than the 

instruments used.2,6,24

Solvents such as eucalyptol and chloroform are fre-

quently used in endodontic retreatment, because they 

promote gutta-percha dissolution, facilitating the action 

of instruments during root canal reinstrumentation.8,26 On 

the other hand, these substances are considered toxic, in 

addition to leading to formation of a softened gutta-per-

cha-based residue that is difficult to remove, because it 

strongly adheres to the root canal walls, particularly in 

the apical portion.8 For this reason, no type of solvent was 

used before the action of the instruments in this study. 

The presence of residual gutta-percha in the apical portion 

may present difficulty in apical transportation analysis, 

thereby, compromising the accuracy of the results.5 There-

fore, filling material removal in this study was performed 

according to the protocol of other recent studies that did 

not use solvents.4,14,27 Furthermore, it is worth emphasizing 

that this protocol was shown to be safe, since no instru-

ment was fractured during reinstrumentation, even with-

out presoftening of the gutta-percha.
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Conclusions

Despite the limitations of this in vitro study, the authors were 

able to affirm that all the systems tested, including ProTaper 

Next, presented clinically acceptable apical transportation val-

ues after filling material removal. With regard to their centering 

ability, none of the instruments were capable of maintaining 

their long axis centralized in the root canal, therefore, present-

ing similar performance.
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