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Influence of flexion angle of files on the
decentralization of oval canals during
instrumentation

Abstract: The aim of this study was to evaluate the influence of
the flexion angle of files on the decentralization of root canals
during instrumentation. Fifteen lower incisors were instrumented
with Protaper Universal files and radiographed in two directions
(mesiodistal and buccolingual) before and after instrumentation with
a #15 Kfile in position for evaluating the flexion angle of files. The
specimens were also scanned before and after instrumentation using
micro-computed tomography to obtain the canal area and the distance
from the center position of the file to the canal walls. Sections located
1.0 mm (end of the canal), 3.0 mm (apical third), 9.0 mm (middle
third), and 15.0 mm (cervical third) from the apex were verified. After
instrumentation, the flexion angles of files decreased by an average
of 0.76° in the buccolingual direction and 1.92° in the mesiodistal
direction (p < 0.001); the canal area increased by an average of (.58,
0.37, 0.23 and 0.13 mm?2 from the cervical to the end of the root canal
(p < 0.001). Non-instrumented areas were observed on the buccal and
lingual walls, and effective action of files was determined on the mesial
and distal walls. The sections from the end of the canal showed canal
deviation toward the lingual wall, whereas the other sections showed
deviation toward the buccal wall. The flexion angles of files influence
the final shape of the root canal, resulting in file decentralization along
the pathway of the canal.
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Introduction

The objective of endodontic treatment is to clean and shape the root
canal system, maintaining its original configuration.">** Appropriate
canal instrumentation should provide effective canal cleansing and
homogeneous dentin removal from all canal walls, delivering successful
debridement without excessive wear on the root structure.>® The centering
ability or centering ratio of the instruments is essential to obtain uniform
preparation, avoiding deviation of canal walls and apical stop.”®

Consequently, with the evolution of files, the centering ability of
endodontic instruments has been continuously evaluated over the
years‘1,2,3,4/6,7,8,9,10,11/12,13,14,15,16,17,18,19,20,21,22,23 Centering ablllty can be inﬂuenced
by the characteristics of the instruments, such as alloy composition,%*>
cross-section,®™ tapering,?'® design,>* tip,° manufacturing method,**
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type of movement,'”” and rotation angle.?® The
influence of the root canal anatomy, such the
presence of curvatures, may also be considered.”
However, no studies have reported the influence of
the flexion angles of files on the centering ability of
the instrument during canal instrumentation. Files
inserted into root canals may be subject to flexion
in the mesiodistal (MD) and buccolingual (BL)
directions owing to the presence of curvature or
irregularities inside the canal system.? This occurs
because, after canal preparation, files acquire a new
position as a result of the force vectors generated by
flexion.* The change in position caused by the file
flexion angle during canal preparation can result
in deviations along the canal walls.

Therefore, to address this issue, we used digital
radiography and micro-computed tomography
(u-CT) to evaluate the influence of file flexion
angle on the decentralization of oval root canals
during instrumentation.

Methodology

Fifteen human lower incisors with single root
canals (Vertucci type 1), extracted for periodontal
reasons were selected (following informed consent
approved by the Committee for Ethics in Research of
the Universidade Federal de Uberlindia - n° 067/11). The
teeth selected had no previous endodontic treatment,
intraradicular pins, fractures, or extensive damage in
the crowns. Teeth were cleaned of debris and stored
in saline solution until use. Coronal opening was
performed using round diamond burs (KG Sorensen,
Barueri, Brazil), and the root canals were located
and explored with a #10 K-file (Dentsply Maillefer,
Ballaigues, Switzerland). The working length was
determined by subtracting 1 mm from the length
measured when the tip of the file was first observed
emerging from the apical foramen. Radiographs
were taken in two directions (MD and BL) with a #15
K-file in the working length position before and after
instrumentation. Teeth were instrumented with rotary
files, Protaper Universal (Dentsply Maillefer) up to
an F3 file, following the manufacturer’s instructions.
An X-Smart rotary motor (Dentsply Maillefer) with
a 16:1 reduction hand piece and 2.0 N/cm torque at
300 rpm was utilized to passively introduce the files
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into the root canal. Irrigation was performed with 1
mL of 1% sodium hypochlorite after each instrument.
Following the protocol described by Pereira et al.**
for standardization of radiographs and assessment
of the flexion angles of files, the radiographs taken
before and after instrumentation were evaluated
using Image Tool 3.00 software (University of Texas
Health Science Center at San Antonio, San Antonio,
USA), and the flexion of the files was determined as
the angle formed between the divergence of the file
path and its virtual image represented by the direction
taken by the file in the absence of curvatures.

Specimens were also scanned before and after
instrumentation using p-CT (SkyScan 1172; Bruker
microCT, Kontich, Belgium) with an isotropic pixel
size of 19.6 pm, 90 kV, and 112 mA, resulting in
the acquisition of 1000 cross-sections per tooth
at each stage. The total area of the root canal was
measured before (Figure 1A) and after (Figure 1B)
instrumentation in cross-sections located 1.0 mm (end
of the canal), 3.0 mm (apical third), 9.0 mm (middle
third), and 15.0 mm (cervical third) from the apex.
In the post-instrumentation images, the canal areas
were divided into the following areas: 1- instrumented
area outside the canal limits; 2- instrumented area
inside the canal limits; and 3- non-instrumented area
(Figure 2A). The centering ability of files was checked
in the post-instrumentation images by measuring the
vertical and horizontal lines of the distances from the
center position of files to the limits of the original root
canal in the BL and MD directions (Figures 2B and
2C). For this, the original root canal area determined
in the pre-instrumentation images was overlapped
with the respective post-instrumentation images,
allowing determining the action area of the files. All
measurements were performed using CTAn V.1.11
scanning software (Bruker microCT).

Data were subjected to Shapiro-Wilk and
Kolmogorov-Smirnov tests. The flexion angles of
files (radiographs) and the total canal area (u-CT)
verified in the MD and BL directions before and after
instrumentation passed the normality test and were
analyzed with the paired t-test. Comparisons of the
post-instrumentation measurements of canal areas in
root cross-sections and of the distances from the center
position of the file to the limits of the root canal (u-CT)



Figure 1. Root cross-sections of the middle third. A - Before
instrumentation. B - After instrumentation. Root aspects: B,
Buccal; L, Lingual; M, Mesial; D, Distal.

did not pass the normality test and were therefore
analyzed with the Kruskall-Wallis and Dunn’s tests.
All tests utilized the 95% confidence interval and were
performed with SigmaPlot v.12.0 statistical software
(Systat Software Inc., Chicago, USA).

Results

Significant differences were verified for the flexion
angles of files before and after instrumentation in the
two radiographic directions (p <0.001). The average
decrease in file angle after instrumentation was 0.76°
(from 0.81° to 0.05°) in the BL direction and 1.92° (from
2.38° to 0.46°) in the MD direction.

The instrumentation significantly increased the
root canal area (p <0.001) in all analyzed sections. The
increase was from 0.61 to 1.19 mm? in the cervical third,
from 0.35 to 0.72 mm?2 in the middle third, from 0.17 to
040 mm? in the apical third, and from 0.14 to 0.27 mm?
in the end of the canal. Table 1 shows the canal areas
measured in the different root cross-sections after
instrumentation, considering the preparation inside
and outside the canal limits and non-instrumented
areas. Non-instrumented areas were observed only in
the buccal and lingual surfaces, with larger areas in
the cervical (p = 0.042), middle (p < 0.001), and apical
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Figure 2. Post-instrumentation cross-sections of the cervical
third. A - Areas of the root canal: (1) instrumentation outside
canal limits, (2) instrumentation inside canal limits, and (3)
non-instrumented. B - Distances (yellow lines) from the center
position of files (red dot) to the limit of the original root canal
(white line) in the buccolingual and mesiodistal directions.
C - Magnification of the previous image showing the limits of
the original root canal before instrumentation (white perimeter),
the action area of files (yellow perimeter), and the buccolingual
and mesiodistal lines used for the measurements (yellow lines).
Root aspects: B, Buccal; L, Lingual; M, Mesial; D, Distal.

(p = 0.002) thirds of the buccal surface and in the
lingual surface of the end of the canal (p =0.033). The
areas of instrumentation outside the root canal limits
were concentrated in the mesial and distal surfaces,
presenting no significant differences in cervical
(p = 0.068), middle (p = 0.775), apical (p = 0.793), and
end of the canal sections (p = 0.051).
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The mean distances from the center position of
files (instrumented area) to the limits of the root canal
toward each dental face were analyzed in the p-CT
sections that had been used to obtain the centering
ratio (Table 2). In the BL direction, the distance from
the center position of the file towards the lingual region
increased for the cervical, middle, and apical thirds,
whereas for the end of the canal, this tendency was
verified in the buccal region. In the MD direction,
there were no significant differences in the distances
towards the mesial and distal regions.

Discussion

For years, the centering ratio of endodonticfiles inside
aroot canal has been used as a parameter to evaluate
the shaping ability of instruments.234678910111213141516,
1718192021223 Geyeral methods have been used to verify
the centering ability of files, including longitudinal®*"”
and transversa11,2,6,7,9,10,11,12,13,14,15,16,18,19,20,2],22,23 analysis Of
teeth through photographs?”891011121314151718 and the
use of cone-beam*'*?* or spiral"®** conventional
computed tomography and p-CT.2?' Most studies
have used the formula recommended by Gambill et al.”
for calculating the centering ratio by measuring the
root canal walls before and after instrumentation
in the MD direction.461516192021.2223 Another formula

derived by Calhoun and Montgomery? calculates the

centering ratio from measurements made inside the
canal limits before and after preparation in a single
root direction, MD or BL.10111314

In the present work, the centering ratio was
obtained with measurements made inside the canal
limits in both the MD and BL directions of the root,
taking into account the position of the file in relation
to the canal limits rather than just the position of the
canal 01131418 This approach allowed to determine
that the centering ability of a file may vary depending
on the direction of the root analyzed. Our results
revealed no post-instrumentation differences in
distances measured in the MD direction, implying an
excellent centering ratio in all thirds. When analyzing
measurements made in the BL direction, however,
canal deviation was verified in 23.1% of sections from
the cervical third and in 100% of sections from the
middle and apical thirds and from the end of the
root canal. In the cervical, middle, and apical thirds,
the root canal was deviated in the buccal direction,
whereas in the end of the canal a tendency for the
canal to deviate in the lingual direction was observed.
The deviation from the original canal can lead to
inappropriate dentin removal, with the formation of
aledge and an elbow in the dentin wall, resulting in
over preparation that weakens the tooth structures.’

Table 1. Median values (mm?2) for post-instrumentation measurements of canal areas in root cross-sections

Root canal area Cervical third

Instrumentation inside canal limits 0.40%® 0.16%%
Instrumentation outside canal limits 0.51% 0.37%48e
Non-instrumented 0.20% 0.19%
p-value < 0.001 < 0.001

Middle third

Apical third End of canal p-value
0.178Ceb 0.02¢ < 0.001
0.208¢e 0.13¢ 0.003
0.04¢® 0.10%8® < 0.001
< 0.001 0.007

Capital lefters indicate significant differences in the horizontal; lowercase lefters indicate significant differences in the vertical; Dunn's test (p < 0.05).

Table 2. Median values of the distance (mm) from the center position of the file to the limit of the root canal verified in root cross-sections

Analyzed section

Tooth face

Cervical third Middle third
Buccal 1.05% 0.49%
Lingual 1.0748e 1.344¢
Mesial 0.28% 0.21%
Distal 0.27% 0.158
p-value < 0.001 < 0.001

Apical third End of canal p-value
0.208 0.44¢e < 0.001
0.55¢% 0.00% < 0.001
0.19% 0.13%* 0,091
0.148% 0.17% 0.003

< 0.001 < 0.001

Capital letters indicate statistical differences in the horizontal; lowercase letters indicate differences in the vertical; Dunn’s test (p < 0.05).
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The reduction in the flexion angles of files during
instrumentation influenced the centering ratio of
files and, consequently, the instrumented area of
root canals. When the file was introduced in the
root, canal irregularities created force vectors in
the file, propelling it in the opposite direction and
causing flaring that may be out of the operator’s
control.?* Each force vector makes the file touch
the canal walls in different ways and with different
intensities, interfering with the centering ratio of the
file and hindering proper cleaning. Moreover, this
interference can also promote canal transportation,
causing deformation of the apical stop, especially in
the BL direction.

When our specimens were compared before and
after instrumentation, the non-instrumented area
inside the canal limits corresponded to 19.3%, 26%,
17.1%, and 48.6% of the total area in the cervical,
middle, and apical thirds and in the end of the canal,
respectively. Dentin flaring on the canal walls in the
MD direction of the root occurred progressively from
the sections of the cervical third to the end of the
canal. The areas of flaring were equivalent to 15.4%
of the cervical, 38.5% of the middle, and 92.3% of the
apical thirds, respectively, and to 100% of the end of
the canal section. Additionally, canal enlargement
was not homogeneous in both directions of the root.
While in the MD direction, canal enlargement was
almost twofold compared with the original size,
whereas in the BL direction most of the canal was
not instrumented. These aspects can influence the
success of endodontic treatment because bacterial
film remains organized at these untouched walls
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