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Objective: This study aimed to evaluate the canal cen-
tering ability and topography of BioRaCeTM (BR), Wi-
zard CD PlusTM (WP), and Wizard NavigatorTM (WN) 
instruments. Materials and method: mesiobuccal roots 
of upper first molars were selected and randomly dis-
tributed in three groups (n=10), according to the rota-
ry system used for instrumentation. Canal transporta-
tion was assessed at 2, 4, 6, and 8 mm from the root 
apex, by subtracting cone bean computed tomography 
(CBCT) images taken before and after preparation. The 
root canal center was marked in pre- and post-prepa-
ration images, and the distance between these points 
was measured in bucco-palatal (BP) and mesio-distal 
(MD) directions. New instruments were analyzed un-
der scanning electron microscopy (SEM) regarding their 
surface finishing, topographical features, and surface 
defects. The SEM images were obtained at the tip of the 
instrument, and at 5 mm from the tip. Data of the canal 
centering ability were analyzed by two-way ANOVA (α 
= 0.05). Results: regardless of root level (2, 4, 6, and 8 
mm), all groups presented canal transportation in both 
directions. Significant differences were not detected (p 
> 0.05). Surface finishing was regular in the BR group 
with rounded transitional angle. Cutting edges had a 
sharp angle in BR and WN groups, while WP instru-

ments had a flattened angle. Conclusion: despite such 
topographical differences between the rotary instru-
ments tested, none of them were able to exactly main-
tain the original root canal center, and no significant 
differences were observed among groups.

Keywords: Root canal preparation. Endodontics. Scan-
ning electronic microscopy. Rotary instruments.

Introduction

Appropriate cleaning and shaping are essential 
for successful root canal therapy1,2, as they create 
room for the action of irrigating solutions and in-
tracanal medications in order to combat bacteria 
and their byproducts. Transportation may be de-
fined as some undesired deviation of the original 
root canal lumen3, and it can result in inadequate 
cleaning and adversely affect treatment prognosis. 
A centered enlargement allows the maintenance of 
the initial root canal shape, providing more efficient 
disinfection while avoiding root perforations4-7. 

http://dx.doi.org/10.5335/rfo.v19i1.3525
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The introduction of nickel-titanium (NiTi) ins-
truments opened up new perspectives in Endo-
dontics, since their superelasticity contributes to 
a more centered preparation along the root canal 
walls in comparison to stainless steel hand instru-
ments6,8,9. Nevertheless, ideal instruments are still 
desired, and wide ranges of NiTi rotary systems are 
constantly being developed. 

On the other hand, the continuous use of NiTi 
instruments may cause deformation in their metal 
structure10, which may contribute to inadequate 
preparation, resulting in insufficient sanitization of 
the root canal system. Additionally, the presence of 
surface defects in endodontic instruments may con-
tribute to their fracture11.

Wizard CD PlusTM (WP) and Wizard Naviga-
torTM (WN) are recently introduced NiTi rotary sys-
tems, which present instruments with ISO-sized 
tips (ISO 3630-1:2008).  Each system offers file se-
quences with different tapers, i.e., .02 to .14 for WP, 
and .04 to .07 for WN instruments. BioRaCeTM (BR) 
has the same physical characteristics as the former 
RaCe system; however, they differ in taper, instru-
mentation sequence, and handle configuration. BR 
has shown satisfactory results in the preparation of 
curved root canals12. 

Furthermore, these instruments present diffe-
rences in their design and surface. BR instruments 
receive an electropolishing surface treatment12-15, in 
order to remove machining defects, while WP and 
WN instruments are not submitted to any surface 
treatment.

  Although these features, as well as instrument 
surface defects, may greatly affect the canal cente-
ring ability, there are few studies on the ability of 
BR and WP instruments to avoid canal transporta-
tion12,16, whereas WN systems have yet to be studied. 

Thus, the present study aimed to assess the 
canal centering ability of BR, WP, and WN instru-
ments, while associating this feature with instru-
ment characteristics observed by SEM.

Materials and method

The present study was approved by the Institu-
tional Ethics and Research Committees (11/05622) 
of the Pontifical Catholic University of Rio Grande 
do Sul (PUCRS).

Thirty upper first molars were selected and ra-
diographed using a direct digital system (CCD Cyg-
nus Ray MPS; Progeny, Buffalo Grove, USA). Teeth 
presenting endodontic manipulation, incomplete 
root formation, calcifications and/or root resorption 
were excluded. The maximum degree of mesiobuc-
cal canal curvature and their positions were deter-
mined as previously reported17,18. In the majority 
of samples, canals showed curvatures between 25o 

and 35o (ranging from 0.5o to 58.1o), each starting 
between 6 and 7 mm from the apex (apical distance 
ranging from 3.96 to 14.35 mm). 

Teeth were randomly stratified into three 
groups (n=10), considering variations in canal ana-
tomy. Distribution was performed according to the 
rotary system employed for preparation: BioRaCeTM 
– BR (FKG Dentaire, Les Chaux-de-Fonds, Switzer-
land), Wizard CD PlusTM - WP (Medin, NovéMěsto 
at Moravě, Czech Republic) or Wizard NavigatorTM – 
WN (Medin, NovéMěsto at Moravě, Czech Republic). 
Ten sets of each system were used, thus establishing 
a single use for the NiTi files. Prior to preparation, 
the mesiobuccal roots were sectioned at their cemen-
toenamel junction, using a high-speed diamond bur 
(KG Sorensen, Cotia, Brazil) under water-cooling. 

Canal Preparation 

The working length (WL) was visually establi-
shed. A size #10 K-file (Dentsply-Maillefer, Ballai-
gues, Switzerland) was inserted into the root canal 
until its tip was visible at the apical foramen. The 
WL was determined by reducing 1 mm from the to-
tal length, and recorded. It was set between 15 and 
17 mm in all samples. A single trained operator per-
formed canal instrumentations for all groups. Sizes 
#10 and #15 hand files were used throughout the 
WL. Then, NiTi rotary systems were used with a 
pecking motion. At each change of instrument, the 
canals were irrigated with 2 mL of 1% NaOCl (Bio-
dinâmica Quimica e Farmaceutica Ltda, Ibiporã, 
Brazil). The order in which instruments were used, 
their speeds, and torque are shown in Table 1.

Table 1 -	 Instruments sequence, speed, and torque used for canal 
preparation

Group BR WP WN
Speed 600 rpm 250 rpm 250 rpm
Torque Maximum 0.2 - 3 N.cm 1.2 - 2.3 N.cm
Sequence 25.08¶ 30.08§ 25.07§

15 K –file† 15 K-file† 15 K –file†

15.05† 25.10§ 30.06§

25.04† 15 K –file† 15 K –file†

25.06† 30.06§ 25.06§

35.04† 15 K-file† 15 K –file†

40.04† 25.04§ 20.06†

20.04† 15.05†

20.02† 10.04†

20.04† 15.05†

25.04† 20.06†

30.06† 25.06†

30.06†

§ As far as it penetrates; † at the WL; ¶ at 12 mm
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CBCT

Canal transportation was assessed by subtrac-
ting CBCT images taken before and after instru-
mentation. The specimens were fitted into a Fox 
scale (Bio Art Equipamentos Odontológicos, São 
Carlos, Brazil) and adapted to a Cone Beam I - Cat 
tomograph (Imaging Sciences International Inc., 
Hatfield, USA), operated at 120 kV, and 46.72 mA. 
Images were captured in a small field of view (6 cm) 
using exposure time of 40 s, and voxel size of 0.2 × 
0.2 × 0.2 mm. Xoran - Cat software (Imaging Scien-
ces International Inc., Hatfield, USA) was used for 
image reconstruction. Slices in the axial direction 
generated DICOM format archives19.

Measurements of canal transportation

A single blinded and calibrated examiner perfor-
med centering ability analysis. Images of the axial 
sections corresponding to 2, 4, 6, and 8 mm from the 
apex were transferred to Adobe Photoshop program 
(version CS3; Adobe Systems Inc, San Jose, USA). 
At each section, pre- and post-preparation images 
corresponding to the canal center were marked. Whi-
le marking the center region, one parallel line was 
drawn at the root canal limits (mesial, distal, buc-
cal, and palatal). Next, measurements were made 
in the BP and MD directions, and the intersection 
between the two measures was marked. Captured 
images were overlapped through the subtraction te-
chnique (Fig. 1A), and the distance between the two 

points was measured in both BP and MD directions 
(Fig. 1B-D). The closer to zero the measure was, the 
more centered the canal preparation5.

SEM analysis

New instruments were washed in ultrasonic vat 
(Cristófoli, Campo Mourão, Brazil), packed in surgi-
cal grade paper (Descapark, Sao Paulo, Brazil), and 
sterilized by autoclaving (Dabi Atlante, Ribeirão 
Preto, Brazil). All instruments were then examined 
under a Philips XL 30 microscope (Eindhoven, Nor-
th Brabant, Netherlands) at their tips, and at 5mm 
from it, at ×100 magnification. A single blinded and 
calibrated examiner analyzed the images to verify 
the surface finishing of these instruments, as well 
as topographical features and surface defects. Data 
obtained was descriptively analyzed. 

Statistical analysis

Measures of centering ability were analyzed 
using two-way ANOVA. The significance level was 
set at 5%.

Results

Canal transportation occurred in all groups, but 
significant differences were not detected (Fig. 1E-
F), regardless the apical distance (2, 4, 6 and 8 mm) 
and canal direction (p > .05) (Fig. 1). 

Figure 1 -	 Methodology used for measuring centering ability. (a) Pre and post-instrumentation images were overlapped by subtraction tech-
nique; (b-c) The central position of the root canal was marked prior (dark gray dot) and post-preparation (light gray dot); (d) Canal 
transportation was measured in bucco-palatal (BP) and mesio-distal (MD) directions (arrows); (e-f) Graph (Box Plot) showing the 
centering ability at the MD and BP direction
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.The analysis of SEM images showed that BR 
instruments presented rounded tip, transitional 
angle, and surface finishing that was regular and 
polished. The cutting edges had a sharp angle. WP 
instruments showed a transitional angle, although 
the tip had a more abrupt edge. Surface finishing 

was irregular and the cutting edges had a flattened 
angle. WN instruments had an abrupt transition 
from the instrument shank to its tip, the surface 
finishing was irregular, and the cutting edges had a 
sharp angle (Fig. 2).

Figure 2 -	 Instruments surface under SEM. (A) 25.08 BR instrument showing round tip and transitional angle. 30.08 WP file presenting a transi-
tional angle, although the tip had a more abrupt outline. 25.07 WN showing an abrupt transition from the instrument shank to its tip 
(arrows); Surface finishing was irregular for WP and WN files, and polished for BR instruments (*). (B) WP instrument flutes presented 
flattened cutting edges (∆) compared to BR and WN files, in which a sharp angle could be detected. (C) Intentional groove defects 
were found at the flutes of 30.08 WP files. Unintentional abrupt flute features could be detected along the instrument differing from 
25.07 WN and 25.08 BR instruments (★). BR files presented a well-defined and polished outline

Discussion

The present study analyzed the centering ability 
of two recently introduced NiTi rotary systems (WP 
and WN), in comparison to an already established 
system (BR). The results observed herein showed 
that, generally, BR, WP, and WN instruments pro-
duced similar canal transportation, which was also 
comparable with the amount of deviation produced 
by other commonly employed rotary systems7,20. 
Recent studies have shown that NiTi files did not 
avoid the occurrence of apical transportation5,19,21, 
but this deviation is reduced when compared to ma-
nual techniques4,6,7. 

Acceptable limits for canal transportation 
should be based on dental anatomical features. 
Thus, the measurement of canal wall thickness at 
different apical distances is of utmost importance 
when determining appropriate preparation tech-
niques. In mesio-buccal roots of maxillary molars, 
dental walls are thicker toward the cervical portion. 

Regarding mesiobuccal canals of maxillary molars, 
approximately 2 mm from the apex, root canal wall 
thickness is set between 0.84 and 2.15 mm, whilst, 
at an apical distance of about 8 mm, this measure is 
comprised between 1.23 and 1.58 mm22. Correlation 
among data presented suggests that all groups pro-
moted tolerable canal transportation in most of the 
samples. Meanwhile, particularly for BR and WN 
groups at 2 mm from the apex, canal transportation 
was critical in some specimens if considering the 
possibility of iatrogenic complications. At this point, 
although not statistically significant, a potentially 
relevant advantage was detected for WP centering 
ability; this fact may be explained by greater WP 
file tapers, which were designed to provide further 
elimination of cervical interferences23.

A number of study models have been used to 
compare canal shape before and after instrumen-
tation5-7,9,12,21,24,25. However, taken into account the 
importance of dental tissue hardness and the mor-
phological complexity cited above, curved roots 
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of human molars were preferred26. Moreover, to 
avoid the influence of confounding factors, groups 
were balanced for variations in canal anatomy, as 
recommended16.

As well as previous studies5,7,16,19,21, this inves-
tigation used CBCT images to assess the centering 
ability of different instruments. Besides being a non-
-destructive and accurate method, this technique 
allows observation in both MD and BP directions, 
which is not possible when applying conventional 
radiographs27. Endodontic literature has yet to cle-
arly establish an association between canal curva-
ture and transportation directions. Whereas, some 
studies using mesiobuccal canals showed tendency 
toward mesial transportation19,25, which has been at-
tributed to curvatures frequently observed in a dis-
tal positions. Meanwhile, other authors have stated 
that the direction of canal curvature has no effect 
on the direction of transportation28. One possible 
explanation for conflicting results is that methods 
employed no longer assessed the discrepancies be-
tween MD and BP transportation. The methodology 
adopted herein allowed such an approach, showing 
similar canal transportation in both directions. 

Giannastasio et al.16 (2013) evaluated the apical 
transport of two rotary systems, Wizard CD Plus 
and Protaper Universal, in simulated root canals. 
The authors used the same subtraction technique 
and found that both systems promoted little apical 
transport with no statistically significant differen-
ce between them. Their findings are in agreement 
with those of the present study.

In this study, BR instruments presented a regu-
lar and polished surface when observed by SEM. In 
accordance with Yamazaki-Arasaki et al.15 (2013), 
BioRaCe and ProTaper instruments presented less 
roughness than other systems. On the other hand, 
WP and WN instruments showed irregular edges 
under SEM. These features were tactilely perceived 
by the friction during instrumentation, and could 
affect the canal centering ability, thus producing 
greater transportation in one direction. Neverthe-
less, irregularities in WP and WN groups may yet 
have contributed to such poor standardization of 
centering ability, which was supported by the high 
standard deviations observed. 

However, despite differences in the topography 
of such instruments, no statistically significant di-
fference between groups was observed. The basic 
sets recommended by the manufacturer were used 
for the preparation of root canals in this study, ho-
wever, the apical instrument in the BR group was 
40.04, and for the WP and WN groups it was 30.06. 
The larger apical diameter presented by BR instru-
ments could have negatively influenced the centra-
lization of preparation. Such a hypothesis was not 
confirmed in this study because this system showed 
similar results of others systems. The fact that this 

group presents a regular surface might have in-
fluenced these results. Considering that in the pre-
sent study a single use was established for the ins-
truments, further studies are necessary to assess 
the influence of repeated uses on centering ability.

Conclusion

Taking into account the small dimensions of 
root canal walls, it can be concluded that none of 
the NiTi rotary instruments presented ideal cente-
ring ability, despite the differences in the topogra-
phy of such instruments.

Resumo
Objetivo: Este estudo teve como objetivo avaliar a cen-
tralização do preparo e a topografia dos instrumentos 
BioRaCe® (BR), Wizard CD Plus® (WP) e Wizard Navi-
gator® (WN). Materiais e método: raízes mesio-vestibu-
lares de primeiros molares superiores foram seleciona-
das e distribuídas aleatoriamente em três grupos (n=10), 
de acordo com o sistema rotatório utilizado para a ins-
trumentação. O transporte do canal foi avaliado a 2, 4, 
6 e 8 mm do vértice radicular, por meio de subtração de 
imagens de tomografia computadorizada de feixe côni-
co (TCFC), obtidas antes e depois do preparo. O centro 
do canal radicular foi marcado em imagens pré e pós-
-preparo, e a distância entre estes pontos foi medida nas 
direções vestíbulo-palatina (VP) e mésio-distal (MD). 
Instrumentos novos foram analisados ​​sob microscopia 
eletrônica de varredura (MEV) em relação ao seu acaba-
mento superficial, características topográficas e defei-
tos superficiais. As imagens em MEV foram obtidas na 
ponta do instrumento e a 5 mm da ponta. Os dados de 
centralização do preparo foram analisados ​​por ANO-
VA de dois critérios (α=0,05). Resultados: independen-
temente do nível radicular (2, 4, 6 e 8 mm), todos os 
grupos apresentaram transporte do canal em ambas as 
direções. Diferenças significativas não foram detectadas 
(p > 0,05). O acabamento superficial foi regular no gru-
po BR com o ângulo de transição sendo arredondado. 
As arestas de corte apresentaram um ângulo agudo nos 
grupos BR e WN, enquanto os instrumentos WP pos-
suíam um ângulo achatado. Conclusão: apesar de tais 
diferenças topográficas entre os instrumentos rotatórios 
testados, nenhum deles foi capaz de manter exatamente 
o centro original do canal radicular, e não foram obser-
vadas diferenças significativas entre os grupos.

Palavras-chave: Preparo do canal radicular. Endodon-
tia. Microscopia eletrônica de varredura. Instrumentos 
rotatórios.
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