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1 | INTRODUCTION

| André A. F. Marques®

Abstract

Aim: The aim of the present study was to evaluate the effect of large instrument use
on the shaping ability and apical debris extrusion of rotary and reciprocating systems
in oval-shaped root canals.

Methods: Forty-five mandibular premolars, with an 18-mm long, oval-shaped single
canal, and apical diameter ranging from 300 to 350 um, were separated into three
groups (n=15), according to the system used: ProTaper Universal group, F5 (0.50/0.05);
ProTaper Next (PTN group), X5 (0.50/0.06); and Reciproc (RC group), R50 (0.50/0.05).
Cone-beam computed tomography was performed before and after preparation to
analyze apical transportation (AT), centering ability (CA), and change in root canal di-
ameter (CRCD). For evaluating apical debris extrusion, the roots were coupled to pre-
weighed glass receptacles to collect the extruded debris during preparation.

Results: All systems promoted AT and apical debris extrusion; the latter was higher for
the PTN group (P<.05). No system presented perfect CA. The RC group demonstrated
the largest CRCD (P<.05).

Conclusions: As consequences of their use, the large instruments promoted undesir-
able AT and debris extrusion, irrespective of the system used to perform root canal
preparation. Moreover, no system was able to remain perfectly centralized within the

root canal.
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transportation (AT), in addition to debris extrusion into the periapical

region.é'7

Instruments with different kinematics can be used for root canal
preparation.>? Irrespective of the system used, all promote extru-
sion of microorganisms, contaminated dentin, irrigant solutions, and
remaining pulp tissue beyond the apical foramen, causing postop-
erative complications, such as periapical inflammation and pain.3’4
However, studies have pointed out that there are differences in the
amount of debris extruded, depending on the system used for root
canal preparation.>¢

Several instruments have been developed over the past few
years, with the purpose of diminishing the morphological changes

caused during root canal preparation, such as zip formation and apical

The Reciproc (RC; VDW GmbH, Munich, Germany) and ProTaper
Next (PTN) systems (Dentsply-Maillefer, Ballaigues, Switzerland)
are among the latest innovations.” Both systems are manufactured
with M-Wire alloy, which provides the instruments with greater flex-
ibility, diminishing the incidence of fracture due to cyclic fatigue or
torsion.?

The PTN system has an innovative design, with progressive and
regressive taper in a single instrument, diminishing the risk of screw-in
force occurring, due to less contact of the instrument with the root
canal walls.®? In addition, the cross-section and asymmetrical rota-

tion axis of the PTN system instruments, enable them to cut a larger
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amount of dentin than instruments of the conventional ProTaper
Universal (PTU; Dentsply-Maillefer, Switzerland) and RC systems.g"11
Therefore, the combination of distinct characteristics, such as kine-
matic motion, type of alloy, and cross-section of the instruments, plays
a fundamental role in their shaping ability.>”®

Studies have demonstrated how controversial the topic of api-
cal enlargement still is.>® Many researches have pointed out that a
restricted apical enlargement is fundamental for conserving the tooth
structure and promoting less debris extrusion.”*? However, most
researchers attest that a minimum enlargement performed with three
instruments, starting with one that has a diameter equivalent to that
of the initial root canal diameter, is necessary for achieving adequate
circumferential dentin removal.131°

Thus, the aim of the present ex vivo study was to evaluate the
effect of using large instruments on the shaping ability and apical
debris extrusion of rotary and reciprocating systems in oval-shaped
root canals.

2 | MATERIALS AND METHODS

2.1 | Selection of teeth

The sample size was calculated to determine the number of root
canals necessary to detect a statistically-significant difference
of 5% among groups. A minimum number of 15 repetitions for
each variable was established with the aid of GMC 8.1 software
(http://143.107.206.201/restauradora/gmc/gmc.html) in order to
obtain a reasonable error distribution for statistical analysis.

With prior approval from the research ethics committee of the
Federal University of Amazonas (Manaus, Amazonas, Brazil; no.
39415014.9.0000.5020) 45 recently-extracted mandibular premolars
were selected for this research. The selected teeth had to be unira-
dicular, with completely formed root and closed apex, and an 18-mm
long, oval-shaped, single canal, based on the ratio between the bucco-
lingual and mesiodistal canal diameter, according to the criteria of Wu
et al.** Furthermore, the teeth had to have an apical diameter ranging
from 300 to 350 um. Anatomical features were confirmed by means
of cone-beam computed tomography (CBCT) (i-CAT Cone Beam 3D
Dental Imaging System; Imaging Sciences International, Hatfield, PA,
USA).X Teeth that did not meet these criteria were excluded from the
final sample.

The selected teeth were disinfected by immersion in 0.5% chlo-
ramine T solution (4°C/48 hours), followed by washing in running
water for 24 hours. After disinfection, the tooth crowns were sec-
tioned to standardize the size of samples, followed by root canal
access performed with a spherical diamond bur (no. 1014; KG
Sorensen, Cotia, SP, Brazil) coupled to a high-speed motor (Extra
Torque 605C; Kavo, Joinville, SC, Brazil) under abundant water cool-
ing. After this, a size 15 K-type file (Dentsply-Maillefer, Switzerland)
was inserted in the apical direction, until the instrument tip was visu-
alized in the apex, and then withdrawing it 1 mm to determine the

real working length.

2.2 | Biomechanical preparation

To standardize the root canal position during instrumentation, and
enable the later collection of apically-extruded debris (AED), the roots
were inserted into rubber stoppers -longitudinally in relation to their
long axis - coupled to glass receptacles containing 10 mL distilled
water. A layer of cyanoacrylate ester (Super Bonder; Loctite, Aachen,
Germany) was applied on each root surface to ensure they were
fixed to the rubber stoppers coupled to the receptacles, and to avoid
extravasation of the irrigant solution through the orifice that held the
roots in position. A needle was inserted into the rubber stopper, paral-
lel to the root long axis, to balance the internal and external pressure
of the receptacle. After this, the specimens were randomly distributed
into three groups (n=15), according to the different instrumentation

systems used.

2.2.1 | ProTaper Universal group

For the PTU group, root canal preparation was done with the PTU
system, following the sequence S1 (0.18/0.02), S2 (0.20/0.04), F1
(0.20/0.07), F2 (0.25/0.08), F3 (0.30/0.09); F4 (0.40/0.06), and F5
(0.50/0.05) to the working length. The instruments were coupled to a
6:1 contra-angle (VDW Silver Reciproc; Sirona Dental Systems GmbH,
Bensheim, Germany) powered by an electric motor (VDW Silver
Reciproc Motor; Sirona Dental Systems GmbH, Germany), at a con-
stant speed of 7 g, in accordance with the manufacturer’s instructions.
Each instrument was introduced into the root canal using back-and-
forth movements until the working length was reached. On reaching

the working length, the next instrument was used.

2.2.2 | ProTaper Next group

For the PTN group, root canal preparation was done with the PTN
system, following the sequence X1 (0.17/0.04), X2 (0.25/0.06), X3
(0.30/0.07), X4 (0.40/0.06), and X5 (0.50/0.06) to the working length.
As for the previous group, the instruments were coupled to a 6:1
counter-angle, at a constant speed of 7 g, in accordance with the
manufacturer’s instructions. The instruments were also used in back-
and-forth movements until the real working length was reached, after

which the change of instruments was made.

2.2.3 | Reciproc group

For the RC group, root canal preparation was done with the RC sys-
tem using the R50 (0.50/0.05) instrument in all root canal thirds,
with small pecking movements of 3-mm amplitude, until the desired
length was reached in the different thirds (cervical, middle, and api-
cal). Between the instrumentation of the different root thirds, the
instrument was removed and cleaned with sterile gauze. The instru-
ment was coupled to a 6:1 contra-angle, powered by an electric motor
(VDW Silver Reciproc Motor), in RECIPROC ALL mode, in accordance
with the manufacturer’s instructions.
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At each change of instrument, 2 mL of 2.5% NaOCI (Férmula
e Acdo, SP, Brazil) was applied as irrigating solution, with a 30-
gauge needle (Navitip, Ultradent Products, South Jordan, UT, USA),
1 mm short of the working length. The smear layer resulting from
instrumentation was removed by applying 1 mL of 17% ethylenedi-
aminetetraacetic acid solution (Biodinamica, Ibipora, PR, Brazil) for
3 minutes, followed by final irrigation with 5 mL of 2.5% NaOCI. The
procedures described were performed by a single operator, who is a

specialist in endodontics.

2.3 | Apical debris extrusion

To evaluate apical debris extrusion, the glass receptacles were
individually weighed three consecutive times on a precision ana-
lytical balance (model AB204, Mettler-Toledo, Barueri, SP, Brazil)
before root canal instrumentation, and the mean weight was cal-
culated. After this, the glass receptacles were filled with 10 mL
distilled water, and the roots were positioned in the set as previ-
ously described. After instrumentation of all root canals, they were
removed from the sets, and the glass receptacles were stored in
an oven at 70°C for 5 days until the liquid had completely dried
(distilled water + residual irrigant solution). Afterwards, the glass
receptacles were individually weighed again, as described earlier.
The amount of AED was calculated by the difference in weight of
the glass receptacles using the formula: AED=Fw-Ilw, where Fw was
the mean final weight of the receptacles after root canal instrumen-
tation, and Iw was the mean initial weight of the receptacles before

root canals instrumentation.

2.4 | Apical transportation

AT is characterized by a change in the original root canal trajectory in
the apical third.” To evaluate the AT and its direction, an initial tomo-
graphic analysis of the root canals was performed for image acquisition
before instrumentation. The roots were positioned in a polystyrene
sample holder and placed on the CBCT scanner, in accordance with
the following specifications for image acquisition: voltage: 120 kvp,
current: 3-7 mA, and focal point: 0.5 mm. The protocol - M and 6 cm,
40 seconds, 0.2 voxel MaxRes - was used to obtain the images.7

The second, third, and fourth millimeters were selected for ana-
lyzing AT and its direction, totaling six axial images of 1 mm. AT was
calculated in two directions: buccolingual and mesiodistal, with the aid
of the OxiriX Imaging Software program (www.osirix-viewer.com). The
pre-instrumentation and post-instrumentation images were analyzed
by a single, blinded, previously-calibrated examiner, using the follow-
ing formulae: AT=(B,-B,)-(L,-L,) and (M,-M,)-(D,-D,), where B, and
B, represent the values of the buccal root canal walls of the instru-
mented and uninstrumented root canals, respectively; L, and L,, the
lingual root canal walls before and after instrumentation; M, and M,,
the mesial root canal walls; and D, and D,, the distal root canal walls
of the instrumented and uninstrumented root canals, respectively
(Figure 1A). When the result of the equation was equal to zero, no AT
had occurred; when negative, transportation occurred in the lingual or

WILEY-2®

distal directions, and when there was a positive value, the transporta-

tion occurred in the buccal or mesial directions.”

2.5 | Centering ability

The centering ability (CA) could be considered the instrument capac-
ity to remain centralized within the root canal axis during its prepa-
ration.” The CA was calculated in two directions (buccolingual and
mesiodistal) in the second, third, and fourth apical millimeters, using
the values obtained during the AT analysis and the following formulae
as reference: CA=B,-B,/L,-L, or L,-L,/B,-B, and M,-M,/D,-D, or
D,-D,/M,-M,,

The formula to be used for CA evaluation depended on the values
obtained in the enumerator, which always had to be the lower value
obtained by the difference.” Values obtained equal to one meant per-
fect CA of the instrument, and the values equal to zero meant that the
instrument used had low CA.

2.6 | Change in root canal diameter

To calculate the CRCD by the different instrumentation systems, the
images obtained with the OxiriX Imaging Software were used, outlin-
ing the root canals areas before and after instrumentation (Figure 1B).
The following formula was then used to determine the area of wear:

CRCD=Fa-la, where Fa represented the final area, and la the initial area.

2.7 | Statistical analysis

The data obtained were submitted to test of normality (Kolmogorov-
Smirnov test), and were subsequently statistically analyzed (Kruskal-
Wallis, the Dunn multiple comparisons test, P<.05 for apical debris
extrusion, AT, and CA; one-way analysis of variance, Tukey-Kramer
multiple comparisons test, P<.05 for CRCD) using Graphpad InStat
for Windows 8 program (GraphPad Software, La Jolla, CA, USA).
Statistical difference among groups was considered when P<.05.

3 | RESULTS

3.1 | Apical debris extrusion

The median, minimum, and maximum values of apical debris extrusion
(g) are shown in Table 1. All systems promoted apical debris extrusion,
and these values were higher for the PTN group, which demonstrated
a statistically-significant difference in comparison with the RC and
PTU groups (P<.05). There was no significant difference between the
RC and PTU groups (P>.05).

3.2 | Apical transportation

The median, minimum, and maximum values (mm) of AT are shown in
Table 2. The different systems presented similar AT values, without
significant difference between them, irrespective of the factors evalu-
ated (apical distance and direction of AT, P>.05).
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B1 Length: 2.445 mm

M: D.

Length: 1.522 mm

L

Length: 2.405 mm

Area: 56 8573.0 pm? (W: 8702.0 pm H: 8319.1 um)

Mean: 2599.750 HU SDev: 283.774 HU Sum: 20 798 HU
Min: 2045.000 HU Max: 2914.000 HU

Regarding the direction of AT, when evaluated in the buccolingual
direction, the tendency toward transportation was in the lingual direc-
tion (n=58), except at the second apical millimeter, where the tendency
was greater in the buccal direction (n=28). In the mesiodistal direction,
all the systems presented a tendency to transportation in the distal

direction, irrespective of the apical distance evaluated (n=90).

3.3 | Centering ability

The median, minimum, and maximum CA values are shown in Table 3.
None of the tested systems had perfect CA of the instrument in rela-
tion to the central axis of the root canal (=1.0). There was no statistical

difference among the groups (P>.05).

3.4 | Change in root canal diameter

The graphic representation (%) of CRCD is shown in Figure 2. There
was no significant difference among the groups at the second apical
millimeter (P>.05). At the third apical millimeter, the RC group had
the lowest values, with a significant difference in comparison with the
PTN and PTU groups (P<.05), which were statistically similar (P>.05).

Length: 1.771 mm

FIGURE 1 Representative cone-beam
computed tomography images of pre-
instrumented canals visualized in the Osirix
MD software. (A) Apical transportation
(AT) measurement made before root canal
preparation to be applied in the following
formulae: AT=(B,-B,)-(L,-L,) and (M;-M,)-
(D,-D,), where B, and B, represent the
values of the buccal root canal walls of

the instrumented and uninstrumented
root canals, respectively; L, and L,, the
lingual root canal walls before and after
instrumentation; M, and M,, the mesial
root canal walls; and D, and D,, the distal
root canal walls of the instrumented and
uninstrumented root canals, respectively
(B) Root canal area outlined in green to
determine its limit. Change in root canal
diameter (CRCD) measurement made
before root canal preparation to be applied
in the formula: CRCD=Fa-la, where Fa
represented the final area, and la the initial
area

However, at the fourth apical millimeter, the RC group had signifi-
cantly the largest area of dentin wear in comparison with the other

groups (P<.05).

4 | DISCUSSION

Conservative apical enlargement compromises root canal clean-
ing.X3"%¢ Proper root canal enlargement during endodontic therapy is
fundamental, because microorganisms are capable of penetrating into
the dentinal tubules.'” Furthermore, because it is highly organic, the
pre-dentin layer must be completely removed during preparation to
prevent the formation of empty spaces between filling material and
root canal walls, due to filling material degradation over the course of
time.Y” However, several studies have reported that the use of large
instruments for apical enlargement compromises root canal shaping,
by causing morphological changes that lead to treatment failure.!>*8
The same could apply to apical debris extrusion.>”'? Most
research conducted to date have evaluated apical debris extrusion
and morphological changes in root canals after preparation with the

use of small-diameter instruments.”'%?° Thus, the effect of larger
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TABLE 1 Median, minimum and maximum (g) values of apical
debris extrusion

Group Median Minimum Maximum
PTU 0.0056%* 0.0018 0.0334
PTN 0.0179° 0.0013 0.0305
RC 0.0056° 0.0008 0.0151

*P<.05. Different lowercase letters in columns indicate statistically-
significant difference among groups (Kruskal-Wallis, the Dunn multiple
comparisons test). N=15. PTN, ProTaper Next, PTU, ProTaper Universal,
RC, Reciproc.

instruments with a shape and size compatible with their use in root
canals must be assessed.*

Although Ni-Ti and M-Wire instruments are more flexible and
resistant to cyclic and torsional fatigue, these characteristics tend to
be reduced in large instruments, hindering their action in root canals
with smaller diameters or accentuated curvatures.?* Tensile stresses
associated with compressive forces are alternately generated on the
instrument during its action.?* Continuous repetition of these forces
during preparation can lead to instrument fracture, particularly when
its diameter is inadequate for an atresic or curved root canal.?! For this
reason, oval-shaped root canals were selected for the present study,
simulating the clinical situation in which greater apical enlargement
can be performed without compromising the dynamics of instrument
use.

In the present study, the PTN group presented higher apical debris
extrusion values than the other groups. The difference between the

TABLE 2 Median, minimum, and
maximum (mm) values of apical
transportation

Apical distance
(mm)

2
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PTN and RC systems might be explained by the use of a larger number
of instruments for root canal preparation in the PTN group.5 Moreover,
the different instrumentation techniques recommended by the man-
ufacturers of the two systems could have influenced the results
observed in the present study.® During root canal preparation, the
R50 instrument (RC) was introduced into the canal in pecking move-
ments of small amplitude (3 mm), without being completely removed
from the canal. When the instrumentation length was reached, the
instrument was removed from the root canal and cleaned with gauze,
thereby removing a large amount of debris from its surface.”?? This
dynamic of instrumentation was repeated in the cervical, middle, and
apical thirds, whereas in the PTN system, preparation was performed
by introducing each instrument into the root canal with back-and-forth
movements, advancing progressively until the real working length was
reached. The complete sequence of instruments was used following
this pattern, without excess of debris removal, as was done with the
reciprocating instrument.’

In a recent study, Silva et al. reported that the PTU system pro-
duced more debris than the PTN and RC systems in root canals pre-
pared to a large apical size.” These results differed from the findings of
the present study, as the PTN group had higher values of AED than the
PTU group. Although the PTN system presented a new, swaggering
movement that minimized engagement between the instrument and
dentin, and promoted root canal preparation with fewer instruments,’
the prior cervical enlargement provided by the S1 and S2 instruments

of the PTU system significantly diminished debris production during

preparation of the apical third and its consequent extrusion.?
Group* Direction Median Minimum Maximum
PTU B/L 0.034 -0.218 0.340
PTU M/D 0.019 -0.317 0.469
PTN B/L 0.033 -0.310 0.522
PTN M/D 0.069 -0.381 0.493
RC B/L 0.037 -0.310 0.798
RC M/D -0.146 -0.692 0.488
PTU B/L -0.009 -0.198 0.518
PTU M/D -0.036 -0.325 0.311
PTN B/L 0.003 -0.284 0.599
PTN M/D -0.061 -0.039 0.382
RC B/L -0.090 -0.809 0.609
RC M/D -0.077 -0.645 0.156
PTU B/L -0.049 -0.365 0.513
PTU M/D -0.048 -0.284 0.270
PTN B/L -0.032 -0.339 0.341
PTN M/D -0.058 -0.617 0.307
RC B/L -0.110 -0.487 0.719
RC M/D -0.128 -0.431 0.128

*P<.05. There was no statistically-significant difference among groups (Kruskal-Wallis, the Dunn multi-
ple comparisons test). N=15. BL, buccolingual; M/D, mesiodistal; PTN, ProTaper Next, PTU, ProTaper

Universal, RC, Reciproc.
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Apical distance
(mm)

Group*
2 PTU
PTU
PTN
PTN
RC
RC
3 PTU
PTU
PTN
PTN
RC
RC
4 PTU
PTU
PTN
PTN
RC
RC

Direction

B/L
M/D
B/L
M/D
B/L
M/D
B/L
M/D
B/L
M/D
B/L
M/D
B/L
M/D
B/L
M/D
B/L
M/D

Median

0.584
0.575
0.570
0.610
0.750
0.570
0.780
0.800
0.540
0.600
0.620
0.680
0.750
0.710
0.660
0.670
0.530
0.500

TABLE 3 Median, minimum, and
maximum values of centering ability

Minimum Maximum
0.133 0.986
0.019 0.943
0.090 0.920
0.070 0.820
0.060 0.920
0.010 1.470
0.180 0.980
0.100 1.000
0.300 0.990
0.020 0.930
0.020 0.980
0.090 0.880
0.450 0.980
0.070 1.000
0.070 0.990
0.160 0.900
0.010 0.940
0.100 1.340

*P<.05. There was no statistically-significant difference among groups (Kruskal-Wallis, the Dunn multi-
ple comparisons test). N=15. BL, buccolingual; M/D, mesiodistal; PTN, ProTaper Next, PTU, ProTaper

Universal, RC, Reciproc.

It is also worth emphasizing that the results of the present study
differed from those presented by Topcuoglu et al., in which the instru-
ment of the reciprocating system (RC) promoted a higher apical debris
extrusion value than those of the PTN system instruments.?® However,
in the previously-cited research, instruments of smaller diameter were
used, demonstrating that instrument diameters could be a preponder-

ant factor with respect to debris extrusion.
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FIGURE 2 Graphic representation (%) of change in mean root
canal diameter values. Different lowercase letters over bars indicate
statistically-significant difference among groups at the same apical
millimeter (one-way analysis of variance, Tukey-Kramer multiple
comparisons test, P<.05). PTN, ProTaper Next, PTU, ProTaper
Universal, RC, Reciproc

Several methods have been proposed to evaluate the pre- and post-
preparation root canal morphology.24 To assess the shaping ability of
instruments in the present study, a CBCT analysis was performed, as
it produced undistorted 3-D images of the tooth. This imaging method
allowed a reliable and accurate analysis of root canal system morphol-
ogy and undesirable changes in their anatomic features in comparison
with radiographic examination.”?4%

With regard to the CRCD promoted by the different systems,
we observed that, irrespective of the apical distance evaluated,
the reciprocating system (RC group) had a larger mean wear area
(52.5%) than those of the rotary systems (PTN group: 45.7%, and
PTU group: 47%), despite the R50 instrument having a smaller taper
(0.50/0.05) than the respective instrument of the PTN system (X5)
(0.50/0.06). These results corroborate the findings of Moura-Netto
et al. and Busquim et al.2*?¢ This difference could be explained by
the reciprocating kinematics of the R50 instrument, which involved
cutting large amounts of dentin in a counter-clockwise direction,
and in the clockwise direction relieved stress on the instrument as
it advanced into the root canal.?” The PTN system had a rectangu-
lar cross-section with decentralized rotation in relation to its long
axis.2 Due to its design, only two cutting blades of the instrument
touched the root canal walls simultaneously, while the other two
remained free.?° Therefore, a smaller amount of dentin was cut
during preparation.20

All samples evaluated in the present study had AT, irrespective
of the system used to perform root canal preparation, as reported by
De Carvalho et al.” in their recent research. However, transportation
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mean values were lower than 0.300 mm, which, according to Fan et al.,
was not clinically relevant.?® In a similar study, Moura-Netto et al. also
reported a low tendency toward transportation of reciprocating sys-
tems.2* However, it is worth emphasizing that although the root canals
selected for the present study were straight and wide, the systems
tested caused a certain level of AT, although this was practically insig-
nificant from a clinical point of view.?®

Previous studies have demonstrated that apical enlargement with
instruments with a diameter of 0.40 in curved root canals must be
avoided due to the significant morphological changes that can be
produced.??3! Based on the results of the present study, this fac-
tor must also be taken into consideration for preparing straight and
wide canals, as all the tested systems produced a certain level of
AT in the samples, despite the initial favorable morphology of root
canals. In addition, all the systems tested presented a greater trend
toward transportation in the lingual and distal directions, which could
be explained by the absence of a radial guide on the instruments
assessed.”

Regarding the CA of the instruments, none of the systems were
capable of maintaining the instrument perfectly centralized within
the root canals during biomechanical preparation. Although the root
canals used in the present study were straight and wide, it is more dif-
ficult to maintain the long axis of large instruments centralized along
the root canal due to their large taper/conicity and lower degree of
flexibility.”

4.1 | Conclusions

Despite the limitations of the present ex vivo study, we believe that
the use of large instruments promoted undesirable levels of AT and
apical debris extrusion. Apical debris extrusion was significantly higher
for PTN compared with PTU and RC. RC promoted greater dentin
wear than the other systems, and no system was able to remain per-

fectly centralized within the root canal.
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