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the Apical Third of Curved Roots after Mechanical
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The present study evaluated by cone-beam computed tomography (CBCT) the apical canal transportation and centralizing ability of
different automated systems after root canal preparation. The mesiobuccal canals of maxillary first molars (n=10 per group) were
prepared with: GI - reciprocating system with K-Flexofile; GII - reciprocating system with NiTiFlex files; GIII - rotary system with
K3 instruments; GIV - rotary system with RaCe instruments. CBCT scans were taken before and after biomechanical preparation up
to a #40.02 diameter. Canal transportation was determined by measuring the smallest distance between the inner canal walls and the
mesial and distal sides of the root. The centralization ability corresponded to the difference between the measurements from transpor-
tation evaluation, using the linear voxel to voxel method of analysis. The mean transportation was 0.06 + 0.14 mm, with a tendency
to deviate to the mesial side of the root (n=22), with no statistically significant difference among the groups (p=0.4153). The mean
centralization index was 0.15 + 0.65 also without statistically significant difference among the groups (p=0.0881). It may be concluded
that apical canal transportation and centralization ability were not influenced by the type of mechanical movement and instruments used.
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INTRODUCTION

During biomechanical preparation of root ca-
nals, the action of the endodontic instruments on the
root canal walls can lead to transportation of the apical
foramina of root canals with accentuated curvatures due
to the lack of flexibility of the instruments or due to
the instrumentation technique used (1). Transportation
impedes adequate cleaning of the root canal because
some uninstrumented areas are left (2), favoring the
presence of non-vital or necrotic tissue, whereas other
areas can be extensively worn (1,3), thus compromising
treatment prognosis. Excessive dentin removal in asingle
direction within the canal rather than in all directions
equidistantly from the main tooth axis causes what is
known as canal transportation.

The technological advances that occurred in the
last decades allowed the development of instruments and
the improvement of techniques that enable more preci-
sion and efficacy in endodontic treatment. Endodontic
instruments are now produced with stainless steel and
nickel-titanium (NiTi) alloys and can be used both in
manual or automated techniques (4).

The instrumentation techniques that use au-
tomated systems can be carried out with continuous
(rotary) or reciprocating (alternated/oscillatory) move-
ments. The rotary system, which is characterized by a
360° rotation, has been shown effective in maintaining
the original curvature of the root canal when associated
with NiTi instruments and also presents more satisfactory
results regarding deviation when compared to manual
instrumentation techniques (1,5).
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The reciprocating system is characterized by a 45°
to 30° movement in clockwise/anticlockwise directions
(6) and can be associated with stainless steel or NiTi
files. Studies have shown that this system has a similar
pattern of root canal deviation compared to manual
instrumentation with stainless steel (4) or NiTi files (7).

Evaluation of transportation of the apical region
of the root canal after biomechanical preparation can be
performed with different methodologies i.e., radiographic
platform superimposing images of before and after instru-
mentation (7), muffle system (4) and computed tomogra-
phy (CT), which is the most current methodology for this
type of analysis (8,9). Cone-beam computed tomography
(CBCT) images can be analyzed with a software that
does not interfere in the original format of the images
(digital imaging communications in medicine - DICOM)
permitting the analysis of the position and direction of
canal transportation by CT scans obtained in voxel, for
tridimensional analysis, which allows the determination
of the values of radiological density.

The aim of this study was to evaluate the apical
transportation and the ability of centralization of the
reciprocating system, using stainless steel and NiTi files,
and of the rotary system, using K3 and RaCe NiTi instru-
ments, in mesiobuccal roots of maxillary first molars,
using voxel analysis of the images obtained with CBCT.

MATERIAL AND METHODS

Fifty human maxillary molars with a single mesio-
buccal canal, no calcifications and/or internal resorption
were selected. The angle and radius of the root curvatures
were determined from periapical radiographs according
to the methods proposed by Schneider (10) and Pruett
et al. (11), respectively. All teeth were shortened to a
length of 17 mm, and had curvatures between 22 and
38°, and a radius of 39 to 11.42 mm.

Pulp chamber access was carried out with the
Endo Z bur (Dentsply/Maillefer, Ballaigues, Switzer-
land) and the palatal and distobuccal roots were sec-
tioned at 6 mm from the apex with a conic bur (Zekrya;
Dentsply/Maillefer), both under water spray cooling at
high speed rotation. The apex of the mesiobuccal root
of each tooth was inserted into a rectangular (210 x
110 x 5.0 mm) perforated acrylic platform, in such a
way that the mesiobuccal roots were fixed at the same
level to ensure standardization of the specimens for the
tomography images before and after root canal instru-

mentation. The teeth were organized in 5 rows of 10
teeth and care was taken during placement of the teeth
to guarantee that the buccal-palatal and mesiodistal axes
were in the same direction.

Ten out of the 50 teeth were used as references for
the repositioning of the specimens in the acrylic device
during CBCT analysis. The remaining 40 teeth were ran-
domly assigned to 4 experimental groups (n=10), accord-
ing to the type of biomechanical preparation performed.

Initial CBCT images with 120,000 kV and 46.72
mA were obtained before root canal preparation. The
specimens were fitted into a Fox scale (Bio Art Equi-
pamentos Odontoldgicos, Sdo Carlos, SP, Brazil) and
adapted to a Cone Beam I - Cat tomograph (Imaging
Sciences International, Hatfield, PA, USA). The images
were captured in a small field of view (6 cm) with 40 s of
exposure time and a matrix of 800 x 800 pixels. Xoran-
Cat software was used (Imaging Sciences International
Hatfield) for image reconstruction, totaling 277 slices
in the axial direction, that generated DICOM format
archives with 7.47 MB.

Root canals were prepared according to a crown-
down technique. Some initial procedures were the same
forall groups: a#10 or#15 stainless steel K-file (Dentsply/
Maillefer) was passively inserted into the canals at an es-
tablished working length of 16 mm. The cervical third was
prepared with #1 and #2 Gates-Glidden burs (Dentsply/
Maillefer) at 7.0 and 5.0 mm, respectively. The first file
to bind at the apex was determined for all specimens and
was equivalent to #25.02.

In group I, the root canals were prepared with
stainless steel K-flexofiles (Dentsply/Maillefer). The
files were pre-curved and coupled to a TEP-4R hand-
piece driven by an Endo-Mate TC electric motor (NSK,
Nakanishi Inc., Tokyo, Japan) at a programmed velocity
of 5,000 oscillations per min. In group II, root canals
were prepared with NiTiflex files (Dentsply/Maillefer)
coupled to the same handpiece and electric motor used
for group I. The sequence of files used in groups I and
II was: 40.02 at 10 mm; 35.02 at 12 mm, and 30.02 at
14 mm; instruments 25.02, 30.02, 35.02 and 40.02 were
used at the working length (16 mm). In group II1, root
canals were prepared with the K3 system (SybronEndo,
Glendora, CA, USA) placed in a NML-F16R (NSK,
Nakanishi Inc.) handpiece and driven with an Endo-Mate
TC motor with a constant speed of 250 rpm and 2.9
Nem torque. In group IV, root canals were prepared with
RaCe rotary instruments (FKG, Les Chaux-de-Fonds,
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Switzerland) coupled to the same handpiece and driven
by the same motor used in group I11. The same sequence
of instruments was used for both groups: 25.06 at 12 mm
and 25.04 at 14 mm; instruments 25.02, 30.02, 35.02
and 40.02 were used at the working length (16 mm).

After biomechanical preparation, new CBCT
scans were performed in the same way as described
for the initial CBCT analysis. The CBCT images were
examined using the Cyclops MedStation software (http://
www.telemedicina.ufsc.br/cms/index.php?lang=en),
developed at the Image Processing and Graphic Com-
putation Laboratory (http://www.lapix.ufsc.br) of the
Federal University of Santa Catarina (UFSC), within
the Cylops Group (http://cyclops.telemedicina.ufsc.br)
and in partnership with the Telemedicine Laboratory
of the UFSC’s University Hospital Prof. Ernani de Séo
Thiago. This applicative (radiologic work station) allows
the magnification of areas of the image, showing each
voxel with its radiologic density. This tool also allows
the delimitation of radiologic density bands, voxel by
voxel, defined by the same operator, coloring the num-
bers and density bands of the tissue in an interesting and
differentiated manner. For the study, 3 bands of density
intervals were determined; the tooth was represented by
a white color, the empty space by a blue color and the
partial volume with a red color (Fig. 1).

CBCT images obtained at 3 mm from the apex
were analyzed. This analysis was performed in a light-
free environment in order to favor the visualization of
the images without distortions. Definition of the band

Figure 1. CBCT scan of a specimen in an axial cut with DICOM
format showing the voxel by voxel visualization method as used
in this study.
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interval for the dental tissue was determined by visual
inspection, by the right and wrong method, aiming the
interval that better identified the root canal perimeter.

For the external and internal (root canal) mea-
surements, the limits established were the voxels cor-
respondent to the effect of partial volume (in red). For
the external walls, it was considered that if there was
partial volume, dentine tissue was presented. For the canal
limit, it was considered that if there was partial volume,
there was air and, therefore, this was the limit of the root
canal. The measurements of the non-instrumented areas
and the measurements after root canal preparation were
done voxel by voxel, whereas M1 was the measurement
ofthe quantity of voxels from the external surface of the
mesial portion of the root to the mesial wall of the lumen
of'the non-instrumented canal; M2 was the measurement
of the quantity of voxels from the external root surface of
the mesial portion of the root to the wall of the lumen of
the canal after instrumentation; D1 was the measurement
of the quantity of voxels of the external surface of the
distal portion of the root to the distal wall of the non-
instrumented canal lumen; D2 was the measurement of
the quantity of voxels from the external surface of the
distal portion of the root to the distal surface of the lumen
after instrumentation. The data obtained was inserted into
the formula proposed by Gambill et al. (12) to calculate
canal transportation (CT): CT = (M1 - M2) - (D1 - D2).
Regarding transportation direction, CT equal to 0 (zero)
meant lack of transportation; a negative value represented
transportation to the distal direction, and a positive value
transportation towards the mesial direction.

Centralization ability ratio was calculated

using the values obtained during the measurement of
transportation for both methods with the equation:

M1 -M2 or D1-D2

D1-D2 M1 - M2

This equation was chosen according to the numer-
ator value, which was always the lowest result obtained
by the differences. A result equal to 1.0 pum indicated
perfect centralization. When this value was closer to
zero, it was considered that the instrument had a lower
capacity to maintain itself'in the central axis of the canal.

The results were analyzed subjected to statistical
analysis using GraphPad InStat software (Graph-Pad
Software Inc., San Diego, CA, USA). Data were sub-
jected to preliminary tests to verify the normality of
the distribution. When the sample presented a normal
distribution, parametric statistical tests were applied
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(ANOVA and Tukey’s test). When the distribution was
not normal, Kruskal-Wallis non-parametric test was
used. A significance level of 5% was set for all analyses.

RESULTS

To confirm the standardization of the sample
regarding the angle and radius of the curvature of the
canals, the experimental groups were submitted to
statistical analysis. The mean curvature angle of the
specimens was 30.6 £+ 3.48°, while the variation of the
radius was 7.26 = 1.87°. The angle of curvature between
the groups was compared with ANOVA, which showed
no significant statistical difference between the groups
(p=0.7273). The same result was encountered for the
radius of the curvature (p=0.9781).

Transportation Direction

The mean canal transportation values after in-
strumentation with the different techniques/instruments
were: 0.14 + 0.13 mm for group I, 0.06 + 0.16 mm for
group 11, 0.10 = 0.11 mm for group III and 0.06 + 0.13
mm for group I'V. Comparison of the groups showed no
significant difference (KW=2.85 and p=0.4153).

The use of automated instrumentation showed
deviation in 26 (65.0%) of the 40 measurements ob-
tained. Table 1 shows the direction of transportation in
each group, whereas instrumentation with K3 and RaCe
systems showed the most number of specimens with no
deviation followed by NiTiflex files and K-flexofiles
activated by the reciprocating system.

Centralization Ratio

Group IV (rotary instrumentation with the RaCe

Table 1. Direction of canal transportation after instrumentation at
the apical third of mesiobuccal roots of maxillary molars.

system) showed a higher tendency to maintain cen-
tralization (value near 1) (Table 2), but no statistically
significant difference was found among the groups
(KW=6.54 and p=0.0881).

DISCUSSION

There are many options of automated systems
that can be used by the dentist or the endodontist for
mechanical preparation of root canals. The use of these
systems help overcome or reduced many clinical dif-
ficulties and also diminish working time, fatigue and
especially the occurrence of transportation such as zips,
apical or lateral perforations and elbow formation (3,13).

Transportation can be defined as any undesired
deviation of the original root canal lumen (14) and can
result in inadequate cleaning and persistence of periapi-
cal lesions (15). Therefore, transportation derives from
inadequate control of the instruments during root canal
preparation and can adversely affect treatment prognosis.

Canal transportation has been studied with
several methodologies, but the cone beam volumetric
tomography is the most used methodology at the pres-
ent time because it does not require the destruction of
the specimen, is reproducible, allows the capture of
several images, and provides detailed information of
the root canal before, during and after biomechanical
preparation (3,5,8,12).

CBCT was developed for the maxillofacial area,
is performed by relatively small, low cost equipment
and can be used by many dental specialties (16). In this
type of tomography, the size of the voxel is determined
by the size of each pixel at the receptor of the image,
generating isotropic (height=thickness=depth) voxels
that allow the reconstruction of tomography images with
excellent precision and superior clearness (16). CBCT
can also be used for the study of root canal deviation

Table 2. Mean values (+SD) of the centralization ratio in each
experimental group.

Group Mesial - Distal devri\]a(zion Group Mean + SD
I- Reciprocating/K-Flexofiles 8 1 1 I- Reciprocating/K-Flexofiles 0.15+0 .34
II- Reciprocating/NiTiflex files 5 2 3 II- Reciprocating/NiTiflex files 0.35+0.47
I1I- Rotary/K3 System 5 0 5 III- Rotary/K3 System 0.50 +0.53
I'V- Rotary/RaCe System 4 1 5 IV- Rotary/RaCe System 0.65+0.41
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after instrumentation (9) as in the present study.

Regardless of the type of tomography, the ob-
tained images are exported to software that reconstructs
in slices and provides a volumetric tri-dimensional rep-
resentation in DICOM format (8). One must remember
that radiologic density of a tissue depends on the attenu-
ation that the x-ray beam undergoes when transposing
the tissue. A high attenuation of the original beam,
leads to less radiation reaching the film (or the radia-
tion receptors, in the case of computed tomography),
resulting in a lighter image denominated radiopaque (for
conventional radiographs) or hyperdense (for computed
tomography). After the acquisition of these images, the
linear analysis method (voxel by voxel) was used in
our study to evaluate transportation and centralization
ability of the different systems/instruments of the root
canal lumen after root canal preparation.

In the linear voxel by voxel analysis, the images
of the specimens were represented by only 2 structures:
the canal lumen that is presented as a vacant space and
the dentine tissue. The voxel images presented only 2
shades of gray: one corresponding to the vacant area
(darker color) and the other, corresponding to the dentine
tissue (lighter color). However, computed reconstruc-
tion of an object in digital imaging does not follow this
process because of the simple fact that the gray shade of
a voxel corresponds to the mean radiologic densities of
the tissue that are found in the volume of space defined
by the voxel (17). The voxels, in which the volume was
filled halfway by dark areas and halfway by lighter areas,
presented an intermediate shade of gray, resulting in an
effect known in radiology as partial volume effect. This
effect will always occur when a part of a structure oc-
cupies less than the space that corresponds to 1 voxel,
in this case, the shade of gray generated for this voxel
will correspond to the mean radiologic densities of that
found in the volume of space defined by the voxel (16).
The effect of the partial volume corrupts the fidelity
of the acquired data in shape and in density, making
it impossible, in many cases, to perform a geometric
measurement and the representation of the density needs
the structure acquired by tomography.

According to Van Der Selt (17), it would be
reasonable to assume that in the near future, software
used to analyze these images should include tools to
automatically optimize image definition, diminishing
the subjectivity of analysis.

Biomechanical preparation of the root canal using
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the reciprocating technique with stainless steel and NiTi
files and the rotary technique with the K3 and RaCe
systems did not show a statistical significant difference
(p>0.05) regarding transportation and centralization.
However, the qualitative analysis of the transportation
direction showed that the specimens instrumented with
the RaCe and K3 systems presented a higher number of
canals without deviation, followed by the reciprocating
system with NiTiflex and the reciprocating system with
Flexofile instruments.

In the present study, there was concern when
selecting the specimens in order to have a statistically
homogenous pattern of angle (10) and curvature radius
(11) of the root canal. The curvature angle and the radius
of'the teeth used in this study were severe because these
characteristics can led to greater deviation.

The results obtained for the RaCe rotary system
showed a tendency to centralization (0.06 £+ 0.13 mm).
According to Igbal et al. (18) and Pasternak-Junior et
al. (19), the low transportation index can be related to
the centralization capacity of the instruments in the
root canal due to the metallic alloy, design and smaller
taper of the instruments (15). Another factor that could
have contributed to the preparations remaining centered
and the maintenance of the original path of the canal
is the design of the RaCe instruments that have an
anti-screening shaft due to the variation of helix angles
with the advantage of operating at an extremely low
torque (15). The K3 rotary instruments have great cut-
ting capacity and wide radial lands that provide higher
resistance (13). They also have a third radial land that
stabilizes and maintains the instrument centralized in
the root canal minimizing the possibility of screwing
in, and an inactive tip that allows the instrument to be
flexible in severe curvatures.

The results obtained for the reciprocating system
with stainless steel and NiTi files were statistically simi-
lar to the results obtained with the K3 and RaCe rotary
instruments, in terms of transportation and centralization.
According to Peters (14), transportation of the canal up
to 0.1 mm is considered acceptable. In the present study,
mean values of 0.1 mm were observed. These results,
similar to found for the rotary system with NiTi instru-
ments, are probably due to the cervical preparation. An
enlarged cervical preparation allows the penetration of
the pre-curved instrument in the opposite direction of
the risk zone, and consequently allows faster action of
the instrument in the apical region.
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The transportation in the apical region occurs
mainly in the direction of the external part of the
curvature (19), which indicates that the occurrence of
transportation is dependent of other factors besides the
curvature, such as instrument design, physical charac-
teristics of the alloy and instrumentation technique (2).
Bergmans etal. (20) observed that at one millimeter from
the radicular apex, the direction of transportation is to
the distal side of the root in mesiobuccal root canals of
maxillary molars, at the inner part of the curvature, as
observed in the present study, for the canals prepared with
the reciprocating system and NiTi files. The remaining
systems showed a greater tendency of transportation
to the external side of the curvature (mesial direction).

The use of the rotary system with NiTi instruments
shows to be an adequate technique for the instrumenta-
tion of curved canals and allows the apical region to be
prepared with a lower deviation rate, with larger instru-
ments (9) than manual instruments.

Under the etsted conditions, it may be concluded
that canal transportation and centralization ability of
the automated systems can be analyzed with the linear
voxel by voxel method and that neither transportation
nor centralization capacity was influenced by the me-
chanical movement or the instruments used.

RESUMO

Este estudo availou por meio de tomografia computadorizada
volumétrica de feixe conico (cone-beam), o transporte ¢ a ca-
pacidade de centralizagdo de diferentes sistemas automatizados.
Raizes mésio-vestibulares de primeiros molares superiores foram
distribuidas em quatro grupos (n=10) de acordo com os sistemas
automatizados utilizados: GI - oscilatorio com lima K-Flexofile,
GII - oscilatorio com lima NiTiflex, GIII - rotatorio com limas
do sistema K3 e GIV - rotatério com limas do sistema RaCe.
Realizaram-se exames tomograficos antes e apds o preparo bio-
mecanico com batente apical estabelecido em 40.02. O transporte
foi mensurado a partir das menores distancias entre a parede in-
terna do canal e os lados mesial e distal das raizes e a capacidade
de centralizagdo pelarelagdo entre as diferengas das mensuragdes
obtidas na avaliagdo do transporte, por meio do método de analise
linear voxel a voxel. O transporte foi, em média, de 0,06+0,14
mm, sendo a tendéncia do desvio para mesial (n=22), porém sem
diferenca estatistica entre os grupos (p=0,4153). O indice de cen-
tralizagdo foi, em média, de 0,15+0,65, sem diferenca estatistica
entre os grupos (p=0,0881). Concluiu-se que o transporte ¢ a
capacidade de centralizagdo ndo foram influenciados pelo tipo
de movimento mecanico e instrumentos utilizados.
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