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Performance of progressive and constant tapered instruments rotary 
systems at canal preparation

Desempenho de sistemas endodônticos rotatórios constante e progressivo no preparo do canal radicular

ABSTRACT

Objective
The aim of this study was to compare the performance of two nickel-titanium rotary systems regarding the preparation time, final shape of canal, 
incidence of aberration, transportation, and fracture of instrument.

Methods
A total of 40 simulated canals in resin blocks with 30o curves and a length of 17 mm were divided randomly into two groups: preparation with 
ProTaper and BioRaCe systems up to F5 and BR5 respectively. Pre- and post-operative canal images were taken and superimposed in order to 
identify aberrations, transportation, and to take measurements of the canal width. In addition, the preparation time and instrument fractures 
were recorded. The data were analyzed using Student's t test.

Results
There is no difference (p>.05) comparing the systems regarding preparation time, canal aberration, and instrument fracture rates. The 
progressive tapered instruments of ProTaper prepared significantly larger canal widths in the apical third (p<.05).

Conclusion
Overall, both systems provided safe canal preparation, associated with few canal aberrations and instrument fractures.

Indexing terms: Dental pulp cavity. Endodontics. In vitro techniques.

RESUMO

Objetivo
Comparar o desempenho de dois sistemas rotatórios em relação ao tempo de preparo, formato final e alterações do canal, desvio e fratura de 
instrumento.

Métodos
Um total de 40 canais simulados em blocos de resina com curvatura de 30o e comprimento de 17 mm foram divididos randomicamente nos 
sistemas ProTaper e BioRaCe preparados até F5 e BR5 respectivamente. Imagens pré e após o preparo dos canais foram obtidas e superpostas 
para identificação de alterações de forma, desvios e largura. O tempo de preparo e fratura de instrumentos também foram avaliados. Os dados 
foram analisados por teste t de Student.

Resultados
O tempo de preparo, alterações de forma e taxa de fratura de instrumentos não teve diferença entre os dois sistemas avaliados (p>0,05). Os 
instrumentos progressivos do ProTaper resultou em canais significativamente mais largos no terço apical (p<0,05). 

Conclusão
Os dois sistemas rotatórios avaliados resultaram em preparo endodôntico seguro, com poucas alterações e fratura de instrumento.

Termos de indexação: Cavidade pulpar. Endodontia. Preparo endodôntico.
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INTRODUCTION

The great variation in teeth anatomy could 
complicate the shaping and disinfection in the root 
canal preparation and lead to deviations and aberrations 
[1,2]. The difficulty of enlarging curved canals led to the 
development of instruments [1], such as nickel-titanium 
(NiTi) rotary instruments which present super elasticity 
[3-5]. The instruments of the systems have difference in 
the design – taper, blade, tip – which could influence the 
final shape of the root canal, preparation time, incidence 
of aberrations, and transportation [6,7].

The ProTaper instruments present a convex 
triangular cross-sectional design, a progressive taper, 
and a non-cutting tip. Despite also having the triangular 
cross-sectional design and non-cutting tip, the BioRaCe 
instruments present a constant taper and alternating 
cutting edge. These systems present a difference in taper 
design (progressive and constant) that could influence 
the final shape of the canal and preparation time [7,8]. 

 Therefore, the aim of this study was to compare 
two (NiTi) rotary systems regarding the preparation 
time, final shape of canal, incidence of aberration, 
transportation, and fracture of instrument. The null 
hypothesis tested is that there is no difference between 
progressive and constant tapered designs.

METHODS

A total of 40 simulated canals in resin blocks 
(Endo-Blocks, Dentsply Maillefer, Ballaigues, Vaud, 
Switzerland) with 30o curves and a length of 17 mm 
were used. Canals were photographed to show their 
full curvature. Using a camera (Panasonic F10 CCD, 
Panasonic, Lake Forest, California, USA) with a film 
focus distance of 32 cm, the images were obtained and 
stored in Image Pro Plus software (Media Cybernetics, 

Bethesda, Maryland, USA). The simulated canals were 
divided randomly into two groups of 20 specimens. Each 
group was prepared using a different instrument system.

Preparation of canals

 Two nickel-titanium instrument systems, 
ProTaper Universal (Dentsply Maillefer, Ballaigues, Vaud, 
Switzerland) and BioRaCe (FKG Dentaire, La Chaux-de-
Fonds, Neuchatel, Switzerland) were used in a crown-
down preparation technique. Each instrument was used 
to enlarge four canals. If the instruments fractured, they 
were replaced. The instruments were powered by a 
hand-piece and an electric motor (X-SmartTM, Dentsply 
Maillefer, Ballaigues, Vaud, Switzerland). The ProTaper 
system was used at a speed of 250 rpm and a torque 
control level of 1 Nm, while for the BioRaCe instruments, 
the rotational speed was set to 500 rpm and a torque 
control level of 1 Nm, based on the manufacturers’ 
instructions. 

All canals were instrumented to a working length 
of 16 mm and the first instrument used in preparation 
was size 10 K-file. The ProTaper instruments sequence 
was S1, S2, and SX until two-thirds of working length 
and S1, S2, F1, F2, F3, F4, and F5 to working length. 
For the BioRaCe system, the instrumentation sequence 
was BR0, BR1, BR2, BR3, BR4, and BR5. Both systems 
were used based on the manufacturers’ instructions. 
A lubricant for root canals (Glyde, Dentsply Maillefer, 
Ballaigues, Vaud, Switzerland) was placed on each 
instrument prior to use. Between each instrument, the 
canals were irrigated with 0.5 mL of distilled water, 
and the working length was recapitulated with a size 
10 K-file. A single operator trained to use both systems 
prepared all canals. Although the instruments have 
different diameters and tapers (Table 1), the ProTaper 
and BioRaCe systems were used up to F5 and BR5 
respectively to study their performance.

Table 1. The instruments’ sequence, their diameter and taper for each system.

ProTaper BioRaCe

Sequence Working length 
(mm) Diameter Taper Sequence Working 

length (mm) Diameter Taper

F1 16 20 .07 BR1 16 15 .05

F2 16 25 .08 BR2 16 25 .04

F3 16 30 .09 BR3 16 25 .06

F4 16 40 .06  BR4 16 35 .04

F5 16 50 .05 BR5 16 40 .04
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Preparation time

 The time required to prepare the simulated 
canals was measured in seconds; the time required to 
change instruments, to use lubricant, and to irrigate 
was not included. The total preparation time included 
the F1, F2, F3, F4 and F5 instruments for the ProTaper 
system, and BR1, BR2, BR3, BR4 and BR5 for BioRaCe. 
The time using S1, S2 and SX and BR0 instruments were 
discarded to be possible to compare both systems with 
the same number of used instruments. The mean of the 
preparation time per instrument was also calculated. 

Canal widths

The post-operative widths were measured for 
each millimeter of the canals. Adobe Photoshop software 
(Adobe Systems, San Jose, California, USA) was used to 
make these measurements. A single operator trained to 
use the program analyzed all images. 

Canal aberrations

Pre-operatively, and after using each instrument, 
an image of each canal was obtained. The pre- and post-
operative images were superimposed in order to identify 
the presence of aberrations, including zips/elbows, 
danger zones, ledges, and perforations [2]. The presence 
of canal transportation was recorded. A single blinded 
investigator conducted the evaluations. 

Instrument fracture

The instruments were visually evaluated after 
each use. If a deformation or fracture was detected, 

the instrument was replaced, and the occurrence was 
recorded. 

Data analysis

Student`s t test was used to analyze preparation 
time, canal widths, instrument fracture, and canal 
aberration comparing ProTaper and BioRaCe. SPSS 
17.0 (SPSS Inc., Chicago, Illinois, USA) was used at a 
significance level of .05.

RESULTS

Preparation time

 The mean of preparation time per instrument 
was 7.6 (±3.0) seconds for the ProTaper system and 7.9 
(±3.2) seconds for the BioRaCe system. The mean of 
the total preparation time was 38.2 (±4.0) seconds for 
ProTaper and 40.8 (±5.9) for BioRaCe. There was no 
significant difference between the systems (p>.05).

Canal widths

 The results for canal widths are presented in 
Figures 1 and 2 and Table 2. Comparing the ProTaper 
and BioRaCe systems, the F1 prepared significantly 
larger canals than BR1. The F2 prepared larger canal 
widths than BR2 and F3 larger than BR3, except at 1 
mm from the apex. The F4 prepared significantly larger 
canals than BR4, except at apical third (at 1, 2, and 3 
mm from the apex) and the F5 prepared larger canals 
than BR5, except at 2, 3 and 4 mm from the apex.

Table 2. Comparison of canal widths (mm) obtained with ProTaper and BioRaCe instruments at different distances from the apex.

1 mm 2 mm 3 mm 4 mm 5 mm 6 mm 7 mm  8 mm 9 mm 10 mm 11 mm 12 mm 13 mm

F5 0.484 
(±0.047)A

0.682 
(±0.043)

A

0.735 
(±0.028)A

0.752 
(±0.038)A

0.764 
(±0.034)

A

0.78 
(±0.039)A

0.817 
(±0.024)A

0.854 
(±0.024)A

0.901 
(±0.017)A

0.954 
(±0.037)A

1.145 
(±0.075)A

1.429 
(±0.087)A

1.822 
(±0.15)A

BR5 0.442 
(±0.034)B

0.669 
(±0.046)

A

0.724 
(±0.044)A

0.734 
(±0.03)A

0.741 
(±0.03)B

0.744 
(±0.021)B

0.759 
(±0.023)B

0.804 
(±0.028)B

0.838 
(±0.037)B

0.909 
(±0.026)B

0.963 
(±0.046)B

1.072 
(±0.102)B

1.424 
(±0.019)B

F4 0.403 
(±0.057)A

0.532 
(±0.033)

A

0.593 
(±0.022)A

0.652 
(±0.031)A

0.688 
(±0.031)

A

0.749 
(±0.026)A

0.8 
(±0.027)A

0.843 
(±0.025)A

0.893 
(±0.022)A

0.939 
(±0.034)A

1.094 
(±0.073)A

1.371 
(±0.128)A

1.755 
(±0.166)A

BR4 0.416 
(±0.045)A

0.529 
(±0.044)

A

0.577 
(±0.039)A

0.597 
(±0.035)B

0.639 
(±0.021)

B

0.671 
(±0.026)B

0.71 
(±0.017)B

0.761 
(±0.024)B

0.806 
(±0.024)B

0.897 
(±0.026)B

0.948 
(±0.034)B

1.055 
(±0.094)B

1.386 
(±0.187)B

F3 0.353 
(±0.043)A

0.442 
(±0.033)

A

0.543 
(±0.039)A

0.617 
(±0.031)A

0.665 
(±0.031)

A

0.718 
(±0.024)A

0.763 
(±0.019)A

0.809 
(±0.032)A

0.875 
(±0.025)A

0.927 
(±0.03)A

1.068 
(±0.079)A

1.317 
(±0.101)A

1.655 
(±0.148)A

BR3 0.368 
(±0.042)A

0.401 
(±0.031)

B

0.469 
(±0.04)B

0.526 
(±0.034)B

0.584 
(±0.027)

B

0.649 
(±0.028)B

0.71 
(±0.02)B

0.768 
(±0.028)B

0.815 
(±0.033)B

0.905 
(±0.029)B

0.943 
(±0.028)B

1.055 
(±0.05)B

1.422 
(±0.157)B
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Canal aberrations
 No statistically significant differences (p>.05) 

regarding aberrations were found between the ProTaper 

F2 0.311 
(±0.041)A

0.384 
(±0.032)

A

0.476 
(±0.035)A

0.539 
(±0.03)A

0.59 
(±0.02)A

0.645 
(±0.027)A

0.718 
(±0.027)A

0.769 
(±0.03)A

0.83 
(±0.030)A

0.906 
(±0.047)A

1.078 
(±0.078)A

1.327 
(±0.102)A

1.672 
(±0.135)A

BR2 0.318 
(±0.03)A

0.352 
(±0.02)B

0.411 
(±0.025)B

0.447 
(±0.026)B

0.501 
(±0.015)

B

0.538 
(±0.027)B

0.598 
(±0.021)B

0.618 
(±0.020)B

0.647 
(±0.034)B

0.717 
(±0.024)B

0.77 
(±0.05)B

0.978 
(±0.199)B

1.437 
(±0.291)B

F1 0.307 
(±0.039)A

0.354 
(±0.029)

A

0.427 
(±0.036)A

0.489 
(±0.035)A

0.558 
(±0.027)

A

0.619 
(±0.031)A

0.685 
(±0.026)A

0.742 
(±0.025)A

0.804 
(±0.033)A

0.933 
(±0.099)A

1.087 
(±0.124)A

1.323 
(±0.176)A

1.646 
(±0.197)A

BR1 0.252 
(±0.047)A

0.271 
(±0.038)

A

0.305 
(±0.034)A

0.356 
(±0.039)A

0.435 
(±0.042)

A

0.495 
(±0.043)A

0.555 
(±0.041)A

0.593 
(±0.032)A

0.621 
(±0.055)A

0.6889 
(±0.039)A

0.741 
(±0.055)A

0.906 
(±0.194)A

1.37 
(±0.28)A

*t-test. Significance level of 0.05. 
Capitalized letters represent comparisons in the columns between the instruments of both systems. Different letters represent significantly difference 

(p<.05).

Figure 1. Canal widths prepared with ProTaper instruments

Figure 2. Canal widths prepared with BioRaCe instruments.

and BioRaCe systems. With the ProTaper instruments, the 
F3 instrument caused one ledge in the middle third and 
one zip was produced by the F5 in the apical third. During 
enlargement with a BR1 instrument, a ledge occurred in 
the middle third of the canal. One canal of each system 
was discarded due to aberrations. Transportation was 
observed in all prepared canals.

Instrument fracture 

One ProTaper instrument (F3) and one BioRaCe 
(BR1) fractured; there was no significant difference 
between the instrument systems (p>.05). The BR1 
instrument fractured at third use and the F3 at the second 
canal preparation. These instruments fractured when the 
canal aberrations occurred.

DISCUSSION

The use of rotary systems with different taper 
did not influence the preparation time and incidence of 
aberrations, transportation, and fracture of instrument. 
However, a larger canal diameter in the middle and coronal 
thirds was obtained with progressive tapered instruments. 
Therefore, the null hypothesis tested is rejected.

 One of the advantages of rotary instruments is 
their effectiveness in preparing larger canals in a shorter 
amount of time [5]. Regarding total preparation time, 
in the present study, there was no significant difference 
between progressive tapered instruments and constant 
tapered instruments, contradicting a previous study 
wherein a progressive tapered system was faster than 
a constant tapered system [7]. However, the constant 
tapered system used in that study was different than the 
constant system used in the present study. Few studies 
presented the preparation times for rotary systems [5,9], 
ranging from 46 to 152 seconds depending on the 
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anatomy of teeth and the number of used instruments. 
Considering the fact that simulated canals were used 
in this study and the variation in clinical situation, 
the preparation time achieved was clinically reliable. 
However, even with an acceptable preparation time, these 
instruments should promote a large enough canal width 
and avoid canal aberrations and instrument fractures to 
be clinically usable.

The enlargement is associated with the ability 
to remove infected contents aiding the decontamination 
procedures of the root canal [10]. The first three ProTaper 
instruments were not enough to fully instrument under 
incisors, requiring the F4 and F5 instruments [11]. 
Considering the mandibular first molar, in the apical third 
of the mesial root, the widths were up to 0.44 mm and 
in the apical third of the distal root, up to 0.48 mm. At 5 
and 6 mm from the apex, the widths of the distal canals 
were up to 1.34 mm [12]. It would support an apical 
working width of at least an ISO size 40 (diameter of 
0.4 mm) to adequaly clean the apical third of the distal 
canals of the mandibular first molar [12]. In the present 
study, it correspondes to F4, F5 or BR5. Generally, the 
progressive tapered instruments of ProTaper prepared 
larger canal widths than constant tapered instruments of 
BioRaCe. A previous study comparing the different taper 
of instruments showed no significant difference between 
both systems regarding dentinal tissue removal, but a 
different constant taper system was used [8]. An increased 
canal enlargement provides higher decontamination [10], 
however as the enlargement increases, a higher incidence 
of aberration could be expected. 

 Canal aberration is related to the final canal 
shape [13], which could lead to perforation or incomplete 
obturation. In the present study, the F5 instrument caused 
just one zip in the apical third, the F3 caused one ledge 
in the middle third and BR1 caused a ledge in the middle 
third. In the present and previous studies, the ProTaper 
and BioRaCe systems showed no difference regarding 
canal aberrations [14]. Canal aberration can be related 
to instrument design [13], increasing when instruments 
with an active cutting tip are used [15]. In the present 
study, the instruments have a non-active cutting tip, 
which could explain the results. Besides the design of 
the instrument, the risk of aberration can be increased 
by canal transportation [16]. In the present study, 
canal transportation was observed with both systems. 
Comparing both systems, progressive tapered instruments 
produced more pronounced canal transportation in 
the apical and middle thirds than constant tapered 

instruments elsewhere [8,14,17]. However, despite the 
presence of canal transportation, the results of the present 
study indicated few aberrations with both systems. The 
occurrence of canal aberrations and instrument fractures 
did not increase using up to F5 and BR5 instruments.

 Instrument fracture is a concern at canal 
enlargement and it is associated with the safe use of 
the rotary instruments [16]. Both systems presented 
instrument fracture in this study—one F3 instrument and 
one BR1. The fractured instruments in the present study 
were the same ones that produced aberrations. The B1 
instrument fracture occurred at third use and the F3 at 
the second canal preparation without visual deformation. 
Instrument fracture often occurs clinically without plastic 
deformation [18] when they are subjected to cyclic 
fatigue stresses [19,20]. Previous studies observed that 
the F3 instruments are very susceptible to cyclic fatigue 
[21,22]. The angle and radius of canal curvature, and the 
increased diameter and taper of the instruments affected 
the instruments’ susceptibility to cyclic fatigue [19,20,23]. 
Although an increase in instrument size could decrease 
the resistance to cyclic fatigue [20,22,24], in the present 
study the instruments with largest diameter of the systems 
did not suffer fracture.

 Simulated canals have been used in several studies 
[4,13,14,15,17,21,25] and they allow test the instruments 
performance under standardized condition, indicating the 
instrument potential 11. All instruments of the systems 
were tested to know the instruments performance in 
laboratorial conditions.

CONCLUSION

Within the methodology and results of the 
present study, it is possible to conclude that progressive 
tapered instruments prepared larger canal widths and 
there is no difference regarding preparation time, canal 
aberration and fracture of instruments between both 
systems. Overall, both systems provided safe canal 
preparation, associated with few canal aberrations and 
instrument fractures.
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