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ABSTRACT
Aim: To analyze the shaping ability of Unicone (Medin), 

Wave One (Dentsply Maillefer) and Reciproc (VDW) recipro-
cating systems through the use of micro-computed tomography 
(MCT) in simulated curved canals. Methods: The shaping time, 
the centering ability and the changes in canal volumes of these 
systems were measured. Sixty artificial root canals with a curva-
ture range of 300 in resin blocks, were scanned pre and postoper-
atively by MCT. The resin blocks were divided into four groups 
(n=15) and the root canals were shaped using three reciprocating 
systems and Ni-Ti Flex files (Dentsply Maillefer) for the control 
group. The data were analized using the software CTAnalyser 
and the Shapiro-Wilks test with p<0.05 indicating a statistically 
significant difference. Results: The results showed statistically 
significant difference (p<0.05) between the reciprocating and 
manual instruments regarding the shaping time. There was 

not statistically significant difference between the reciprocating 
systems used in this study. In the cervical portion of the canal, 
the Unicone system showed the highest volume increase of the 
reciprocating systems. No statistically significant differences re-
garding the centering ability of the reciprocating systems were 
found. Conclusions: In comparison to the manual preparation 
technique, the reciprocating instruments provided a faster shap-
ing of the simulated root canals and similar centering ability. 
Lastly, concerning the volume increase of the root canal por-
tions, statistically significant differences in the cervical portion of 
the root canals were observed, identifying the highest values for 
the Unicone group within the reciprocating systems. Lastly, the 
reciprocating systems provided an adequate centering ability.

KEYWORDS: Endodontics; Dental Instruments; X-Ray 
Microtomography.

INTRODUCTION
The maintenance of the original shape of the canal and the 

position of the apical foramen are essential factors during bio-
mechanical preparation1. The mechanized instrumentation with 
nickel-titanium (Ni-Ti) instruments is widely used in the prepa-
ration of root canals. These instruments produce fast, tapered, 
centralized preparations with a lower rate of procedural errors2,3. 
These systems are currently being improved with new alloys, 
reducing the number of files in the instrumentation sequence as 
well as the working time, while maintaining quality and safety 
of preparation4. Nowadays, systems with a single instrument, 
using a modified nickel-titanium (Ni-Ti) alloy, have been devel-
oped5. These instruments have provided greater agility in the 
preparation of root canals due to the simplification of the instru-
mentation technique5.

In 2008, the preparation of root canals using only a ProTaper 
F2 instrument (Dentsply Maillefer, Switzerland) in reciprocat-
ing motion was proposed, presenting a new perspective in re-
lation to Ni-Ti files5. This movement comes with the preroga-
tive of reducing the risk of fracture by the cyclical fatigue of the 

instruments5-8, favoring greater safety in the instrumentation of 
curved canals9. Among the instruments available in the market 
that are indicated to be used in the reciprocating movement, 
Wave One (Dentsply Maillefer, Ballaigues, Switzerland) and Re-
ciproc (VDW GmbH, München, Germany) are the most studied 
and have already been evaluated regarding the safety and qual-
ity of the preparation of curved root canals10-13.

Recently, the Unicone reciprocating instrument (Medin, Nové 
Město, Czech Republic) was introduced on the market. This in-
strument has a triangular section, diameters of 20, 25 and 40, 
with a fixed taper value of 0.06. There is little data supporting 
the quality of preparation and safety when using this system 
for the preparation of root canals. Therefore, the objective of the 
present study was to analyze the quality of the Unicone recipro-
cating system, comparing it with the Wave one and Reciproc sys-
tems, by analyzing the volume change, centering ability and also 
the time spent in preparing simulated curved canals. The null 
hypothesis is that all systems require the same time to prepare 
simulated curved canals. There is no difference in the quality and 
safety of the preparation with the different reciprocating systems.
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METHODOLOGY
The evaluation of the preparation of artificial canals with re-

ciprocating instruments was done by micro-computed tomog-
raphy (MCT). Sixty acrylic blocks with artificial canals, 30º of 
curvature and working length of 17mm were used in this study. 
Each specimen was scanned twice (pre and post instrumenta-
tion) using a high-definition MCT scanner (SkyScan 1174v2; 
Bruker-microCT, Kontich, Belgium). The parameters used were 
50 kV, 800 mA, 180º of rotation with a step size of 1.0 and an 
isotropic resolution of 22.86 µm. Bidimensional images of all 
samples were reconstructed in different angular projections 
by means of a modified Feldkamp conic beam reconstruction 
algorithm, which is computer-processed and controlled by the 
NRecon v.1.6.4.8 software (Bruker-microCT).

Sample preparation
The acrylic blocks were divided into 4 groups (n = 15): Group 

I - Wave One 25/08 (Dentsply Maillefer, Ballaigues, Switzer-
land); Group II – Reciproc 25/08 (VDW GmbH, München, 
Germany); Group III - Unicone 25/06 (Medin, Nové Město, 
Czech Republic); Group IV - Manual instrumentation. For this 
purpose, NiTi Flex files (Dentsply Maillefer, Ballaigues, Swit-
zerland) and Gates Glidden #3 (Dentsply Maillefer, Ballaigues, 
Switzerland) were used in a crown-down manner up to a 25 
instrument. In all the experimental groups a 10 and 15 K file 
were used to initially explore the canals. Afterwards, all differ-
ent reciprocating instruments were used to prepare the canals 
following the manufacturer’s instructions, and recommended 
torques and speeds using an electric motor VDW Silver (VDW 
GmbH, München, Germany). The Unicone file was used in the 
“Wave One all” preset program as recommended by the manu-
facturer. Saline solution was used to irrigate the simulated root 
canals using a 29-gauge needle (NaviTip, Ultradent, Brazil). 
After the instrumentation, all blocks were scanned again us-
ing the same previous parameters. Also, the time taken to 
prepare each sample was recorded for all the experimental 
groups by the means of a digital chronometer (KIKOS CR100, 
São Paulo, Brazil).

Evaluation of the centering ability
The evaluation of the results was performed using two-di-

mensional and three-dimensional cross-sectional images, which 
were analyzed (apical, middle and cervical portions of the root 
canal) with the CTAnalyser software (CTan, version 1.8.1.5, Sky-
scan, Aartselaar, Belgium) using the 2D tool and 3D analysis, 
respectively. In addition, the centering ability measurement was 
performed by 2D images in the simulated canals sections ob-
tained by micro-computed tomography, comparing the initial 
distance with the final distance of the canal wall to the outer 
surface of the block in the mesio-distal direction14.

Statistical evaluation
The data obtained in each test were submitted to the Shapiro-

Wilks normality test and due to the normality of the data, the 
Anova and Tukey tests were used for the comparisons between 
the groups. The level of significance was 5%. All values were 
processed using Prism 6.0 (GraphPad Software, Inc., La Jolla, 
CA, USA).

RESULTS
Table 1 - Presents the mean and standard deviation of the time 

spent for the preparation of the simulated curved canals. There 
was statistically significant difference (P <0.05) between recip-
rocating and manual instruments in relation to the preparation 
time. Among the reciprocating systems there were no statisti-
cally significant differences (P> 0.05).

Table 2 - Shows the mean and standard deviation of the canal 
volumes. All groups significantly increased the volume of the 
root canals in the three portions evaluated in this study (P <0.05). 
The Unicone group had a significant volume increase in the cervi-
cal region when compared to the Reciproc and WaveOne groups 
(P <0.05). Finally, the volume increase of the Manual group was 
significantly larger (P <0.05) than the rest of the groups.

Table 3 - Shows the thickness of the mesial and distal walls 
of the pre and post instrumentation samples for all the experi-
mental groups. Regarding the centering ability of the reciprocat-
ing systems considered in this study, no statistically significant 
diferences were found. The reciprocating instruments as well as 
the manual operated instruments showed a greater tendency of 
wear to the mesial aspect of the root (p < 0.05).

Figure 1 - Shows samples of the instrumentation promoted by 
the different systems used in this study.

Figure 1 - A) Reciproc B) Wave One C) Unicone D) Manual

Table 1 - Mean and standard deviation of the time needed for the instrumentation 
of the simulated root canals.

reciprocating systems preparation time (min)

Reciproc 2.01±0.41a

Wave One 1.73±0.71a

Unicone 1.61±0.27a

Manual 7.31±1.31b

A different letter in each column indicates statistically significant differences (p < 0.05).

Table 2 - Mean and standard deviation of the volume of the simulated root canals 
after instrumentation.

0-3mm 3-6mm 6-9mm

Reciproc 68.73±10.22 a 80.87±5.59 a 73.80±3.59 a

Wave One 67.27±9.65 a 79.80±5.49 a 74.80±3.74 a

Unicone 73.47±7.58 a 83.07±5.05 a 80.07±3.10 b

Manual 68.47±18.65 a 83.53±6.01 a 87.20±1.69 c

A different letter in each column indicates statistically significant differences (p < 0.05).
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DISCUSSION
The aim of this study was to measure the centering ability, 

the shaping time and the changes in canal volume of simulated 
root canals prepared with three different reciprocating systems. 
An adequate shaping should be based on the ability of endodon-
tic instruments to follow and maintain the anatomy of the root 
canals, removing a suitable amount of dentin in the inner and 
outer walls of the root canal while avoiding the displacement of 
the apical foramen15. The preparation of the canal using a single 
instrument in reciprocating motion has the purpose of favoring 
canal enlargement with adequate taper and less time of prepara-
tion4. The results of this study showed that reciprocating instru-
ments were able to speed up the preparation of the root canal 
in relation to manual instrumentation, being in agreement with 
other studies that verified the greater speed of reciprocating in-
struments for the preparation of root canals11,16. Consequently, 
the null hypothesis concerning the preparation time of the simu-
lated root canals was rejected, since every group had a different 
shaping time.

In order to verify and measure the shaping ability promoted 
by different instrumentation systems, micro-computed tomog-
raphy (MCT) has been proposed as a suitable method for this 
purpose17. Micro-computed tomography (MCT) is a high-resolu-
tion research technology that allows the development of accurate 
three-dimensional models and the acquisition of quantitative 
data18,19. This technology has been described as a non-invasive 
and reproducible method that favors different evaluations with-
out destruction of the samples20, 21.

In several studies, acrylic blocks have been used to analyze 
the quality and safety of different instrumentation systems10-13. 
The use of resin blocks in this study enabled standardization of 
root canal anatomy, such as angle, curvature radius, diameter 
and length of the root canal 15. Therefore, this technique allows a 
reduction of variations during the instrumentation procedures22. 
However, resin blocks present different properties when com-
pared to human teeth, as they do not provide information about 
remaining dentin thickness after root canal preparation15,23. As a 
result, other studies are needed to analyze the shaping ability of 
these reciprocating systems in human teeth23.

The shaping ability of an endodontic file has been associated to 
the number of flutes, cross-section, helical and rake angle, tip de-
sign, metallurgical properties and surface treatment4. Few studies 
have tested the shaping ability, cyclic and torsional resistance of 
the Unicone system15,24-26. In a study by Maia-Filho et al.15 (2015), 
the Unicone system presented the best proportion of shaping be-
tween the inner and outer walls along the whole length of the root 
canal. However, there was not statistically significant difference 
between Reciproc, Unicone and Protaper Universal associated 
to the modification of the root canal curvature. Concerning the 
results of this study, no statistically significant difference related 
to the centering ability of the reciprocating systems considered in 
this study was found. Therefore, the null hypothesis referring to 
the quality and safety of the reciprocating systems was accepted.

When comparing the volume increase in the apical, middle 
and cervical thirds of the root canals, it was found that the api-
cal and middle portions showed statistically similar values. 
Nonetheless, in the cervical portion, the manual group favored 
a significantly larger volume increase in relation to the recipro-
cating systems, possibly due to the use of Gates Glidden drills. 
A larger cervical preparation favors a greater escape of debris 
and a greater space for the irrigating solution to flow back into 
the pulp chamber27. Furthermore, in relation to the reciprocat-
ing systems, the Unicone system favored a significantly larger 
volume increase in relation to the other two systems, possibly 
because of its constant taper, while the others systems present a 
taper decrease after the initial 3mm of the instrument.

CONCLUSIONS
Within the limitations of this study, all reciprocating instru-

ments provided faster preparations in simulated curved canals 
compared to manual operated instruments. In addition, no sta-
tistically significant differences related to the centering ability of 
the endodontic systems used in this study were found. Finally, 
concerning the volume increase in the different levels of the 
simulated root canals, statistically significant differences in the 
cervical portion were observed, identifying the highest values 
for the Unicone group within the reciprocating systems.
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RESUMO
Objetivos: Analisar por meio do micro tomógrafo computado-

rizado (MTC), a qualidade do preparo promovido pelos sistemas 
reciprocantes Unicone (Medin), Wave one (Dentsply Maillefer) 
e Reciproc (VDW). Material e Métodos: Foi feita uma avaliação 
da alteração do volume, centralização e tempo de preparo de 
canais curvos simulados. Foram utilizados sessenta blocos de 
acrílico com canal artificial com curvatura de 300. Cada espéci-
me foi escaneado 2 vezes (pré e pós-instrumentação) por meio 
do (MTC). Os blocos foram divididos em 4 grupos (n=15) e os 
canais foram preparados com os sistemas reciprocantes, sendo o 
grupo controle preparado com limas NiTi Flex (Dentsply Mail-
lefer). A alteração do volume, centralização e tempo de prepa-
ro dos 3 sistemas foram medidos e comparados com os dados 
obtidos previamente. Os dados foram analisados utilizando o 
software CTAnalyser e submetidos ao teste de normalidade de 

Shapiro-Wilks, sendo o nível de significância de 5%. Resultados: 
Houve diferença estatisticamente significante (P<0.05) entre os 
instrumentos reciprocantes e os manuais em relação ao tempo 
dispendido para o preparo. Na porção cervical do canal, o volu-
me promovido pelo sistema Unicone foi maior do que nos ou-
tros, sendo o grupo manual significantemente maior em relação 
a todos os grupos. Não observou-se diferença estatística signifi-
cante na centralização do preparo entre os sistemas reciprocan-
tes. Conclusão: Em relação à técnica manual, os instrumentos 
reciprocantes proporcionaram uma agilidade maior no preparo 
dos canais e apresentaram semelhanças no aumento do volume 
das porções do canal radicular. Finalmente, os sistemas recipro-
cantes promoveram um preparo centralizado.

PALAVRAS-CHAVE: Endodontia; Instrumentos Odontológi-
cos; Microtomografia por Raio-X.
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