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Abstract

Pinheiro SR, Alcalde MP, Vivacqua-Gomes N,

Bramante CM, Vivan RR, Duarte MAH, Vasconcelos

BC. Evaluation of apical transportation and centring ability of

five thermally treated NiTi rotary systems. International

Endodontic Journal.

Aim To evaluate apical transportation and centring

ability during root canal preparation in mesial root

canals of mandibular molars associated with ProTaper

Gold (PTG), ProDesign S (PDS), Hyflex CM (HCM),

Hyflex EDM and ProDesign Logic (PDL).

Methodology Sixty mandibular first molars with

two separate canals in the mesial root were selected

after root anatomy pairing by microcomputed tomog-

raphy (microCT). The teeth were randomly divided into

five groups (n = 24); the root canal volume was calcu-

lated to ensure sample homogeneity. All the root canals

were prepared up to size 25 in accordance with the

instructions of each rotary system manufacturer. After

root canal preparation, the teeth were scanned by

microCT to analyse apical transportation, root canal

centralization and the pre- and post-preparation

root canal volume at the apical and cervical levels.

Kruskal–Wallis and Dunn tests were used for compari-

sons amongst groups for transportation values. For

volume changes, the parametric ANOVA and Tukey’s

tests were used

Results There were no significant differences in

apical transportation amongst the rotary systems

(P > 0.05). All the systems created apical trans-

portation; values ranging from 0.031 mm (PDL) to

0.072 mm (PTG), and enlargements between 39%

(HCM) and 91.1% (PDS) were observed. In relative

to cervical transportation, significant differences

were observed amongst the systems (P < 0.05).

Mean transportation values between 0.07 mm

(HCM) and 0.172 mm (PTG) were found, with

enlargements between 35.4% (HCM) and 51.5%

(PDS).

Conclusion All the thermally treated systems

resulted in similar apical transportation. In the cervi-

cal region, the Hyflex CM and Prodesign Logic sys-

tems were associated with more centred preparations.

Keywords: apical deviation, centring ability,

CM-wire, NiTi, root canal preparation.
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Introduction

Several types of thermal treatments have been devel-

oped with the aim of optimizing the mechanical

properties of NiTi alloys (Zhou et al. 2012, Marce-

liano-Alves et al. 2015, Silva et al. 2017). Controlled

memory treatment was introduced in 2010; Hyflex

CM (HCM; Colt�ene-Whaledent, Allst€atten, Switzer-

land) was the first rotary system in which this ther-

mal treatment was used. The files of this system were

made by a specific heating and cooling process of con-

ventional NiTi alloy, resulting in extremely flexible

instruments with 300% higher cyclic fatigue resis-

tance than the original alloy (Marceliano-Alves et al.
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2015, Saber et al. 2015). These characteristics are

attributed to the higher proportion of the martensitic

component in the alloy (Marceliano-Alves et al. 2015,

Saber et al. 2015). This system consists of instru-

ments that have various cross-sectional

designs, including triangular (sizes 25, .08 taper and

20, .06 taper) and quadrangular sections (sizes 20,

.04 taper, 25, .04 taper, 30, .04 taper and 40, .04

taper).

The ProTaper Gold (PTG; Dentsply Sirona, Bal-

laigues, Switzerland) system is another example of a

rotary system that is manufactured with a thermal

treatment. The Gold treatment intends to improve the

mechanical properties, especially the cyclic fatigue

resistance of the conventional NiTi alloy (Gagliardi

et al. 2015, Elnaghy & Elsaka 2016). The system has

exactly the same sequence of six instruments and the

same design and geometrical features as those of the

ProTaper Universal system (Elnaghy & Elsaka 2016).

The ProDesign S system (PDS; Easy Dental Equip-

ment, Belo Horizonte, MG, Brazil) is a rotary system

made of thermally treated NiTi alloy (shape memory

alloy). According to the manufacturer, this system is

composed of two cervical enlargement instruments,

one size 30, .10 taper with a double helix cross sec-

tion and another size 25, .08 taper with triangular

triple helix cross section. For the preparation of the

glide path, it has a size 25, .01 taper instrument with

a quadrangular section and a quadruple helix, which

is the only instrument of the system made of conven-

tional NiTi. For apical preparation, it has a size 25,

.06 taper instrument with a triangular cross-sectional

design and a triple helix.

The same company that manufactures the PDS sys-

tem introduced the ProDesign Logic (PDL; Easy Dental

Equipment), which is also made of shape memory

NiTi. The purpose of this system is to achieve more

conservative preparations using a single instrument

for preparing and finishing the root canal system. It is

composed of a glide path instrument available with

tip diameters of sizes 25, 30, 35 and 40, all with a

taper of .01 mm mm�1. In addition, there are size

25, .05 taper, 30, .05 taper, 35, .05 taper and 40,

.05 taper instruments for finishing the apical portion

(Rodrigues et al. 2016). The manufacturer indicates

that the preparation should be started by selecting

the glide path instrument, initially using a size 25,

.01 taper. If this instrument achieves patency easily,

the manufacturer suggests the use of the following

instrument and so on until the glide path reaches

patency with some difficulty, thus determining the

size of the main foramen and, consequently, the

instrument to be used for apical root canal prepara-

tion.

Recently, the Hyflex EDM system (HEDM; Colt�ene-

Whaledent) was launched. It consists of instruments

produced by a pioneering method in endodontics

called electroerosion. This manufacturing process

gives the instruments a hard and rough surface that

improves their cutting efficiency and provides excel-

lent mechanical properties (Pedull�a et al. 2016, Pirani

et al. 2016, Iacono et al. 2017). Its sequence is com-

posed of three instruments: one for cervical enlarge-

ment (size 25, .12 taper), one for the glide path (size

10, .05 taper) and the last for canal shaping. The lat-

ter instrument has a 0.25-mm tip with a taper of

0.08 mm mm�1 in the initial 4 mm, decreasing to

0.04 mm mm�1 towards the instrument midpoint.

These instruments also have different cross sections

along the body of the file, going from triangular in

the coronal portion, becoming rectangular in the mid-

dle portion and having a quadrangular section in the

initial portion of the file (Pedull�a et al. 2016, Venino

et al. 2017).

In general, the literature has revealed that NiTi

instruments produce few changes in canal anatomy

during root canal preparation. However, because of the

large number of systems available, each presenting dif-

ferent sequences composed of instruments with various

designs, tapers, and functions, it is important for clini-

cians to have information about their safety and effec-

tiveness during root canal preparation. Thus, the aim

of this study was to evaluate the apical and cervical

transportation associated with five mechanized rotary

instrumentation systems made of thermally treated

NiTi in mandibular molar mesial canals: ProTaper

Gold, Prodesign S, Hyflex CM, Hyflex EDM and Prode-

sign logic. The null hypothesis tested was that the

instruments would provide similar quality, apical

transport and centring ability.

Materials and methods

After being approved by the Local Research Ethics

Committee (Protocol. #1.180.816), an initial sample

of one hundred and twenty human mandibular

molars was collected. The teeth were stored in 0.1%

thymol solution for a period of 30 days until preoper-

ative radiographs were taken. Roots exhibiting exces-

sive curvatures, incomplete apex formation,

calcifications, fractures or fractured instruments were

discarded.
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The coronal access preparations were made with

diamond drills (sizes 1014, 3082; KG Sorensen, S~ao

Paulo, SP, Brazil) driven by a high-speed handpiece.

Sequentially, the root canals were irrigated with 2.5%

sodium hypochlorite, and a size 10 K-file (Dentsply

Sirona) was used to explore the mesial root canals

until its tip was visible through the apical foramen

(AF). This procedure was repeated with larger instru-

ments until the AF diameter and the root canal

length could be determined.

The files were visualized in the AF with the aid of

an operating microscope (Model MC-M12; DF Vascon-

celos, Valenc�a, RJ, Brazil) at 89 magnification. After

determining the root canal length, 1.0 mm was sub-

tracted to determine the working length (WL). The

mesial root canals chosen for this research were only

those with a length between 19 and 21 mm, classi-

fied as nTN M2Dn (Ahmed et al. 2017), shorter or

equal to 200 lm, and with curvatures ranging

between 25° and 35° determined according to the

method proposed by Schneider (1971). Considering

the inclusion and exclusion criteria established, 72

mandibular molars were selected.

Before microCT scanning, a sample size calculation

was performed using the G* Power v3.1 software for

Mac (Heinrich Heine, Universit€at D€usseldorf, Ger-

many) and the Wilcoxon–Mann–Whitney t test. The

data of transportation and enlargement of the root

canal from Gagliardi et al. (2015) were considered to

determine the effect expected for this study. Alpha-

type error was set at 0.05 and beta power at 0.80;

an N2/N1 ratio of 1 was established. A total of 20

canals were determined, however, due to the possibil-

ity of losing some specimens, the sample was

increased by 20%, totalling 24 canals per group.

The teeth were then scanned by microCT (SkyScan

1174; Bruker-microCT, Kontich, Belgium) using

50 kV and 800 lA, isotropic resolution of 14.1 lm,

360° of rotation around the vertical axis with rota-

tion step of 0.7° and saved on a hard disk. After

image reconstruction (NRecon v1.6.9; Bruker-

microCT), 3D models were created, and an internal

anatomy analysis was performed as described by Yin

et al. (2010) with the help of the program CTAn

v.1.12 (Bruker-microCT).

In addition, before canal preparation, based on the

initial microCT scanning, volume, perimeter and lar-

ger and smaller diameter values of each canal were

calculated. This procedure was used to guide the ran-

dom division of teeth root canals into five groups,

depending on the instrumentation system to be used,

thereby reducing study bias. Canal ovality and the

cross-sectional shape were also considered. Thus,

based on the similarity of internal anatomy, 60 teeth

(120 root canals) were randomly divided into five

groups (n = 24). After allocation, the data from the

initial scanning were statistically analysed by the

Kruskal–Wallis test, which indicated statistical simi-

larity amongst groups (P > 0.05).

Root canal preparation

After dividing the samples into groups, a single opera-

tor, previously trained in the use of the systems,

instrumented the canals. The Reciproc Silver (VDW

GmbH, Munich, Germany) coupled to a 6 : 1 contra-

angle (Sirona, Bensheim, Germany) was used to drive

the HCM, HEDM and PTG instruments; the Endo Easy

SI (Easy Dental Equipment) motor coupled to a 1 : 1

contra-angle (FX 25; NSK, Tochigi, Japan) was used

for the PDS and PDL groups.

Irrespective of the group, the foraminal patency in

all the teeth was checked with a size 10 K-file (Dents-

ply Sirona) up to the working length after the use of

each instrument. Subsequently, irrigation was per-

formed with 2 mL of 2.5% sodium hypochlorite

applied with a disposable syringe coupled to 30-G

needles (Endo-Eze NaviTip; Ultradent, Indaiatuba, SP,

Brazil). All canals were prepared until size of the

respective system sequence reached the WL; each

instrument was used for the preparation of only four

canals. When the system sequence had a cervical

preparation instrument, it was inserted up to 5.0 mm

short of the WL. The files of each system were used in

the following sequence:

ProTaper Gold

The instruments were rotated at a speed of 300 rpm

and torque of 4.0 N cm�1. The preparation sequence

started with the S1 instrument (size 17, .02 taper)

inserted into the cervical and middle third, followed

by the SX instrument (size 19, .35 taper) used as an

orifice opener. After this step, the S1, S2 (size 20, .04

taper), F1 (size 20, .07 taper) and F2 (size 25, .08

taper) files were used, in this order, until the WL was

reached.

ProDesign S

In this group, the size 30, .10 taper and size 25, .08

taper instruments were used to prepare the cervical

and middle thirds, respectively, at a speed of 900 rpm

and 3.5 N cm�1. Then, the instruments size 25, .01

Pinheiro et al. Thermally treated NiTi systems transportation
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taper with 350 rpm and torque of 0.5 N cm�1 and

size 25, .06 taper with 350 rpm and 1.5 N cm�1 of

torque were used until the WL was reached.

Hyflex CM

The instruments of this system were driven at a speed

of 500 rpm and 2.5 N cm�1. The size 25, .08 taper

instrument was used for cervical preparation, and the

size 20, .04 taper, size 25, .04 taper and size 20, .06

taper instruments were used in this sequence through

the WL.

Hyflex EDM

A speed of 500 rpm and a torque of 2.5 N cm�1 were

used to operate the instruments of this system. For

the cervical preparation, the size 25, .12 taper instru-

ment was used, followed by the size 10, .05 taper and

size 25, .08 taper to the working length for canal

preparation.

ProDesign Logic

The PDL size 25, .01 taper instrument was used at a

speed of 350 rpm and torque of 0.5 N cm�1, and the

motor was used to drive the size 25, .06 taper instru-

ment at a speed of 950 rpm and 4 N cm�1 sequen-

tially. Both instruments were inserted to the WL.

At the end of root canal preparation, irrespective

of the group, irrigation was performed with 5.0 mL

of 17% EDTA for 3 min, followed by final rinse

with 5.0 mL of saline solution. Subsequently, the

specimens were dried with paper points, and new

microCT images were captured and reconstructed

according to the same parameters as established

initially.

Considering the objectives proposed, the apical

transportation was observed at a coronal point

2.0 mm from the AF; regarding the centring ability

evaluation, sections 2.0 mm below the root furcation

were analysed.

Analysis of root canal transportation and canal

enlargement

For this step, the CTan v.1.12 software was used to

evaluate the increase in volume of the canals and the

remaining dentine thickness of the mesial and dis-

tal walls in the cervical and apical regions. The pre-

and post-instrumentation images were evaluated

1.0 mm below the furcation level and 2.0 mm above

the working length (Yin et al. 2010, Venino et al.

2017).

To analyse the apical and cervical transportation of

root canal preparations, the dentine thickness of the

mesial and distal walls was measured (mm). Then,

the values obtained were applied to the formula pro-

posed by Gambill et al. (1996). The pre- and postoper-

ative images were compared to verify the presence or

absence of transportation. According to Gambill’s for-

mula, a value equal to 0.0 indicated the absence of

transportation (Fig. 1).

Figure 1 Descriptive image of the methods used to present the points (cervical and apical) and analyse the transportation.
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The values of the root canal volumes in the cervical

and apical regions were calculated by means of CTAn

v.1.12 software, which allowed for the determination

of the increase in volume produced by the different

systems. The values were obtained in mm3 and were

later transformed into a percentage to compare pre-

and post-instrumentation.

Statistical analysis

The data obtained on the evaluation of transportation

and enlargement of the root canals were submitted to

the test of adherence to the normal curve by

Shapiro–Wilks test which showed a non-normal dis-

tribution for the transportation and a normal distribu-

tion for enlargement of the root canals. Thus, the

Kruskal–Wallis and Dunn tests were used for compar-

isons amongst groups considering the transportation

values. Considering the data of volume changes, the

parametric ANOVA and Tukey’s tests were used. For

both analyses, the significance level adopted was 5%.

Results

The patterns of transportation and preparations per-

formed with the mechanized instrumentation systems

made of NiTi thermally treated NiTi wire are shown

in Fig. 2.

Table 1 presents the medians of the apical trans-

portation values as well as minimum and maximum

values of this transportation and their tendency. The

Prodesign Logic and ProTaper Gold systems exhibited

Figure 2 Illustrative example of the preparations produced by the thermally treated systems (red: preoperative canal; green:

postoperative canal).
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the lowest (0.031 mm) and the highest (0.072 mm)

apical transportation values, respectively, with no sig-

nificant differences between groups (P > 0.05). ProTa-

per Gold (91%) and Hyflex CM (83%) had more

frequent transportation to the mesial side, which was

not observed in the other systems; considering that

the observed deviations are in the scale of tenths of

millimetres such deviations cannot be considered zips.

Table 1 also shows the percentage of enlargement

produced by the preparation systems and the remain-

ing dentine present in the apical third of the mesial

canals. Significant differences were found between the

groups, with Prodesign S (91.1%) and ProTaper Gold

(80.9%) having the highest enlargement values; the

lowest values were shown by Hyflex CM (39%)

(P < 0.05). No system had transportation greater

than 0.3 mm.

The median values of the preparation centring abil-

ity, minimum and maximum values of this trans-

portation and their tendency in the cervical region

are shown in Table 2. In this region, significant differ-

ences were observed (P < 0.05) when the groups

were compared. The Hyflex CM and Prodesign Logic

systems had the least root canal transportation in the

cervical region: 0.07 and 0.08 mm, respectively. On

the other hand, the ProTaper Gold and Hyflex EDM

systems had the greatest transportation values at

0.172 and 0.169 mm, respectively. Relative to the

trend towards transportation, a distal displacement of

more than 95% was observed in all groups.

Table 2 also presents the percentage of enlarge-

ment produced by the preparation systems and the

dentine remaining in the cervical third of the mesial

canals. The Prodesign S system (51.5%) had

Table 1 Medians, minimum and maximum values (mm), deviation tendency (%), mean enlargement (%) and dentine thickness

(mm) obtained from 24 measurements (one from each root canal; n = 24) provided by the rotary systems at the apical portion

System

Centring ability

Deviation

tendency

Enlargement

Dentine thickness

Mesial Distal
Mesial Distal

Median* Min.* Max* % % Mean SD Min. Max. Min. Max.

PTG 0.072 0.004 0.382 91.6 8.33 80.93 51.57 0.647 1.868 0.736 1.277

PDS 0.044 0.000 0.178 54.5 40.9 91.06 51.97 0.483 1.518 0.419 1.445

HCM 0.032 0.002 0.116 83.3 16.6 39.03 30.48 0.545 1.406 0.541 1.366

HEDM 0.036 0.001 0.155 45.8 54.1 82.46 68.53 0.468 1.551 0.656 1.298

PDL 0.031 0.001 0.145 45.8 54.1 66.39 51.36 0.516 1.385 0.469 1.291

*Data calculated according to the module of the deviation values.

Different lowercase superscript letters indicate significant differences according to the Kruskal–Wallis and Dunn tests (P < 0.05).

Different uppercase superscript letters indicate differences between the means of magnification of the channels according to ANOVA

and Tukey’s tests (P < 0.05).

Table 2 Medians, minimum and maximum values (mm), deviation tendency (%), mean enlargement (%) and dentine thickness

(mm) obtained from 24 measurements (one from each root canal; n = 24) provided by the rotary systems at the cervical

portion

System

Centring ability

Deviation

tendency

Enlargement

Dentine thickness

Mesial Distal
Mesial Distal

Median* Min.* Max* % % Mean SD Min. Max. Min. Max.

PTG 0.172 0.031 0.404 0 100 45.31 18.71 1.024 1.83 0.487 1.383

PDS 0.129 0.007 0.378 0 100 51.51 19.94 1.163 1.727 0.573 1.328

HCM 0.070 0.003 0.181 0 100 35.45 16.66 0.895 1.745 0.454 1.316

HEDM 0.169 0.016 0.338 4.2 95.8 44.31 16.96 1.101 1.714 0.453 1.338

PDL 0.081 0.008 0.395 0 100 36.56 15.76 1.011 1.618 0.614 1.375

*Data calculated according to the module of the deviation values.

Different lowercase superscript letters indicate significant differences according to the Kruskal–Wallis and Dunn tests (P < 0.05).

Different uppercase superscript letters indicate differences between the means of magnification of the channels according to ANOVA

and Tukey’s tests (P < 0.05).
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significantly greater enlargement values than those

observed with the Hyflex CM (35.4%) (P < 0.05). No

significant differences were found between the other

groups. All systems provided median values higher

than 0.80 mm; none of the groups had remaining

dentine values below 0.45 mm.

Discussion

The present study evaluated various factors of the

preparations produced by mechanized instrumenta-

tion systems with thermally treated NiTi files, focus-

ing on aspects related to the occurrence of apical

transportation and centralization of the preparations

in the cervical region. The null hypothesis was

rejected as there were differences between systems.

The study focused on the mesial canals of mandibu-

lar molars with moderate curvatures because not only

are these teeth some of the most frequently indicated

for root canal treatment (Wayman et al. 1994), but

they are also amongst those that often have apical

curvatures, a risk factor for the formation of zips, and

a higher risk of strip perforation in the furca region

(Rhodes et al. 1999). However, the wide anatomical

variability of these teeth required a meticulous process

of sample homogenization, a fundamental step to

guarantee the necessary validity of the results.

Aspects such as length, volume, anatomy, degree of

curvature and apical canal diameter are fundamental

in this process.

The systems used in this study had sequences that

provided various different types of root canal system

modelling. However, despite these variations, manu-

facturers recommend them for the same type of canal,

thus justifying their comparison. There is no consen-

sus in the literature about the ideal diameter of apical

preparation. The anatomopathological condition of

the teeth influences the diameter of the shaping

instrument used in this region (Peters 2004, Antunes

et al. 2015). In the present study, all canals were pre-

pared up to the WL with size 25 instruments; Paqu�e

et al. (2010) stated that the correct way to analyse

preparation techniques was to finalize all apical

preparation with instruments of the same diameter.

The method chosen for this observation was microCT

because it is a reliable method for the study of canal

instrumentation; this method has been widely used

when evaluating the quality of canal preparations

(Gagliardi et al. 2015, Marceliano-Alves et al. 2015,

Ozyurek et al. 2017, Saberi et al. 2017, Silva et al.

2017).

The apical portion was assessed in this study, as the

correct cleaning and modelling of this zone were

directly related to the success of the root canal treat-

ment (Antunes et al. 2015). It must be highlighted that

apical transportation favours microorganisms and tis-

sue remnants on the dentine walls, compromising dis-

infection as well as the sealing of the root canal system

(Wu et al. 2000). Apical transportation exceeding

0.3 mm has been considered to have a negative impact

on the clinical prognosis of treatment (Lim & Stock

1987). On the other hand, transportations up to

0.15 mm may be considered acceptable (Peters 2004).

In the present study, only two specimens of ProTaper

Gold and 1 of Hyflex CM groups had transportation

values higher than those acceptable, representing only

2.5% of the total sample. Thus, the systems evaluated

in this study were safe for the preparation of this region

of the root canal, even those with instruments with

greater taper in their apical portion, providing them

with a larger metal core. Possibly, this safety is attribu-

table precisely to the thermal treatment that increases

the flexibility of the NiTi alloy, a factor that could avoid

greater preparation on the side opposite the curvature.

In relation to the enlargement produced by the sys-

tems, significant differences were observed in the apical

portion, possibly due to the greater taper of the apical

instruments indicated by the manufacturers of the sys-

tems evaluated. A greater level of preparation was

observed for Prodesign S followed by Hyflex EDM and

ProTaper Gold, systems that produced enlargements

exceeding 80%, but without significant transportation.

This condition seemed to be related to the taper of the

instruments; however, the fact that no transportation

was observed indicated that this enlargement caused

no damage in terms of safety but could instead provide

more effective cleaning of the region.

It is important to note that even when using

instruments of the same diameter for the preparation

of the apical region, there were differences between

their taper and cross sections. In the ProTaper Gold

and Hyflex EDM systems, for example, the apical

preparation instrument had a taper of

0.08 mm mm�1, whilst in the other three systems,

the taper of the apical instrument ranged from 0.05

to 0.06 mm mm�1. Regarding the cross sections, in

the Hyflex CM and Hyflex EDM systems, the instru-

ments had a quadrangular shape, whilst in the

others, they had triangular sections. The Prodesign

Logic system had the smallest apical transportation

value but with no significant difference from the sys-

tems evaluated (P > 0.05). These results corroborated

Pinheiro et al. Thermally treated NiTi systems transportation
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the findings of other studies, which demonstrated the

ability of thermally treated NiTi instruments to pro-

duce preparations with low transportation values at

the apical level (B€urklein et al. 2014, Marceliano-

Alves et al. 2015, Saber et al. 2015, Silva et al.

2017). Despite the alloy treatment, factors such as

the number of instruments, cross section, shearing

potential, taper, speed and drive torque appeared to

be counterbalanced so that individually they did not

interfere with the results.

Despite the recognized importance of this stage of

the treatment, the preparation of the cervical third of

the canals may cause weakening of the root due to

excessive enlargement of the walls facing the furca

region (danger zone) or even lead to strip perforations

(Lim & Stock 1987, Gergi et al. 2010, Peters et al.

2014). To analyse the preparation in the cervical

region solely caused by thermally treated NiTi instru-

ments, no type of stainless-steel drill was used to per-

form cervical pre-enlargement in this study (B€urklein

et al. 2014, Marceliano-Alves et al. 2015).

Considering the results found for centring ability,

significant differences were observed between groups

(P < 0.05). Furthermore, all systems were found to

divert the preparation towards the furcation wall of

the furca, even those that did not have specific

instruments for the cervical preparation. The lowest

values were produced by the Hyflex CM and Prode-

sign Logic systems. This could be explained by the

fact that both do not have specific or even larger ori-

fice openers and have apical preparations limited to

files with small taper. Furthermore, these systems also

have cross sections that result in their metal cores

being small. The highest transportation values were

demonstrated by ProTaper Gold and Hyflex EDM sys-

tems that have cervical preparation instruments with

a taper of 0.11 and 0.12 mm mm�1, respectively

(Zhou et al. 2012, Gagliardi et al. 2015). Moreover,

another factor that may have contributed to the more

conservative format of Hyflex CM instruments is the

elongation of the pitch between the turns of the cut-

ting stem of the file when it is subjected to tensile

and compression stresses during the preparation of

the root canals (Marceliano-Alves et al. 2015). These

characteristics may explain the lower percentage of

enlargement found with the Hyflex CM system, both

at the apical and cervical levels.

The influence of the manufacturing method on the

cutting power of the instruments was not evident

because in the apical and cervical region, there was

statistical similarity between the Hyflex EDM system

produced by electroerosion (Iacono et al. 2017) and

the ProTaper Gold system (Elnaghy & Elsaka 2016,

Duque et al. 2017), which are manufactured by the

conventional machining method. Further studies are

necessary for a better understanding of the behaviour

of this instrument.

The transportation patterns found in the present

study highlighted the advantage of using these types of

mechanized preparation systems in clinical practice,

primarily due to their safety. Other aspects, such as

resistance to cyclic and torsional fatigue, clinical fac-

tors associated with the apical transportation (perma-

nence of microorganisms, filling difficulties, etc.) and

centring ability (perforation risk, predisposition to root

fracture, etc.) emphasize the quality of these systems.

However, it is up to clinicians to choose the prepara-

tion design that they desire to apply in their canal

preparation, whether to perform greater or less expan-

sion of the area of the canal whilst considering aspects

related to root canal system cleaning and the risks of

excessive enlargement. Further studies should be per-

formed to determine the apical and cervical enlarge-

ment pattern required to ensure proper cleaning

without compromising the fracture resistance of teeth.

Conclusion

The systems evaluated proved to be safe for the prepa-

ration of mesial canals of mandibular molars with

moderate curvature. In relation to apical transporta-

tion, all the systems used in this study behaved in a

similar way; however, considering the centring ability

in the cervical region, the Hyflex CM and Prodesign

Logic systems had lower transportation values.
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