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Abstract

Introduction: The aim of this study was to evaluate the
apical transportation, the centering ability, and the
cleaning effectiveness of a reciprocating single-file sys-
tem associated to different glide path techniques.
Methods: The mesial root canals of 52 mandibular mo-
lars were randomly distributed into 4 groups (n = 13) ac-
cording to the different glide path techniques used
before biomechanical preparation with Reciproc System
(RS): KF/RS (sizes 10 and 15 K-files), NGP/RS (no glide
path, only reciprocating system), PF/RS (sizes 13, 16,
and 19 PathFile instruments), and NP (no preparation).
Cone-beam computed tomography analysis was per-
formed before and after instrumentation for apical third
images acquisition. Apical transportation and its direc-
tion were evaluated by using the formula D = (X1 �
X2) – (Y1 � Y2), and the centering ability was analyzed
by the formula CC = (X1� X2/Y1� Y2 or Y1� Y2/X1�
X2). The samples were submitted to histologic process-
ing and analyzed under a digital microscope for debris
quantification. The values were statistically analyzed
(Kruskal-Wallis, the Dunn multiple comparisons test,
P < .05). Results: All groups had similar apical transpor-
tation values, with no significant difference among them
(P > .05). Groups had a tendency toward transportation
in the mesial direction. No technique had perfect
centering ability (=1.0), with no significant difference
among them. KF/RS had larger amount of debris, with
statistically significant difference in comparison with
NGP/RS (P > .05). Conclusions: The different glide
path techniques promoted minimal apical transporta-
tion, and the reciprocating single-file system tested re-
mained relatively centralized within the root canal.
Also, the different techniques interfered in the cleaning
effectiveness of the reciprocating system. (J Endod
2015;41:2045–2049)
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Biomechanical preparation is the step responsible for root canal system cleaning and
shaping, gradually increasing its diameter by action of several instruments (1). For

years such preparation was performed with stainless steel hand instruments, which had
a number of limitations mainly in curved and flat canals, leading to deviations, zip
formations, and perforations (2).

Such limitations led to the development of nickel-titanium instruments with
increased flexibility and cutting efficiency, favoring the treatment of curved canals
and making the clinical procedure faster and safe (3). Constantly, new techniques
and instruments have been proposed to reduce the difficulties in endodontic therapy
(4, 5). Reciprocating systems, which are able to perform biomechanical preparation
with only 1 instrument, are the latest innovations (4, 5).

Because of the reduced number of files used for root canal preparation, a glide
path must be created before instrumentation to ensure the continuously free advance-
ment of instruments throughout the entire working length (5–7).

Following the concept of reduced number of instruments for root canal prepara-
tion, glide path creation has also followed this trend of being performed with few in-
struments or a single file (8, 9). Thus, studies to better define the action of these
instruments in the root canal’s anatomy, when associated with reciprocating systems,
are needed.

The aim of this study was to evaluate the apical transportation, the centering ability,
and the cleaning effectiveness of a reciprocating single-file system associated to different
glide path techniques. The null hypothesis tested was that the different glide path tech-
niques would not interfere in the reciprocating single-file system performance.

Materials and Methods
Sample Selection

For this study, 52 freshly extracted mandibular molars, donated by the Bank of
Teeth of the Amazonas State University, with prior approval from the Research Ethics
Committee (Protocol. CAAE n� 23700713.7.0000.5020) were selected. The selected
teeth had 16-mm length, completely formed roots, closed apex, and 2 mesial root
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canals with independent foramina. Moreover, only roots with angle of
curvature ranging from 20� to 30� and radius of curvature #10 mm
were selected for the study. The angle and radius of curvature were
calculated according to the methods of Schneider (10) and Pruett
et al (11), respectively.

After sample selection, the teeth were disinfected by immersing
them in a 0.5% chloramine-T solution at a temperature of 4�C for
48 hours and then washed under running water for 24 hours. Next,
the teeth were stored in receptacles containing distilled water at a tem-
perature of 5�C until use.

Coronal opening was performed with spherical diamond-coated
bur no. 1015 (KG Sorensen, Cotia, SP, Brazil) coupled to a high-
speed handpiece (Extra Torque 605C; Kavo, Joinville, SC, Brazil) under
constant water cooling. Afterwards, size 10 K-files (Dentsply Maillefer,
Ballaigues, Switzerland) were introduced in the mesial canals in apical
direction to determine the working length. The working length of mesial
canals was standardized at 14 mm, and only mesial canals with an initial
apical size correspondent to a size 10 K-file were selected for this study.

Biomechanical Preparation
To standardize the teeth position during biomechanical prepara-

tion, the distal portions of the teeth were embedded in colorless self-
curing acrylic resin (Jet Classic; S~ao Paulo, SP, Brazil) to form a resin
block. After polymerization, the 52 blocks were randomly distributed
into 4 groups (n = 13) according to the different glide path techniques
performed before root canal preparation. In KF/RS group, glide path
was created with sizes 10 and 15 K-files (KF) (Dentsply Maillefer) to
the working length, followed by preparation with R25 instrument
(size 25.08/21 mm) of Reciproc System (RS) (VDW GmbH, Munich,
Germany) in reciprocating motion with a 6:1 contra-angle handpiece
(VDW Silver Reciproc; Sirona Dental Systems GmbH, Bensheim, Ger-
many) powered by an electric motor (VDW Silver Reciproc Motor; Si-
rona Dental Systems) in mode ‘‘RECIPROC ALL’’, according to the
manufacturer’s recommendations. The instrument was gradually in-
serted in a slow in-and-out pecking motion with a 3-mm amplitude limit
for 3 peckingmovements. Glyde File Prep (Dentsply Maillefer) was used
as lubricant during root canal preparation. In NGP/RS group, glide path
was not created. The root canals were prepared in the same manner as
described in KF/RS group. In PF/RS group, glide path was created with
PathFile (PF) rotary instruments (Dentsply Maillefer) sizes 13, 16, and
19. Next, the root canals were prepared in the same manner as
described in KF/RS and NGP/RS groups. In NP group, no preparation
was performed (negative control).

Each instrument was used to prepare only 1 root canal. After each
insertion, the instruments were removed for cleaning with sterile gauze,
and the root canals were irrigated with 2 mL 2.5% NaOCl solution (Rio
Qu�ımica, S~ao Jos�e do Rio Preto, SP, Brazil) with a 30-gauge needle (Na-
viTip; Ultradent Products Inc, South Jordan, UT) 3 mm short of the
working length. At the end of the biomechanical preparation, 1 mL
17% EDTA (Biodinâmica, Ibipor~a, PR, Brazil) was applied for 3 mi-
nutes, and the canals were irrigated again with 2 mL 2.5% NaOCl
(Rio Qu�ımica). The resulting solution was aspirated (CapillaryTip; Ul-
tradent Products Inc), and the teeth were stored in a humid environ-
ment at a temperature of 5�C. All procedures were performed by a
single operator who is a specialist in endodontics.

Apical Transportation
To evaluate the apical transportation, an initial cone-beam

computed tomography (CBCT) analysis was performed for image
acquisition of mesial root canals. The resin blocks containing the teeth
were coupled to a polystyrene platform (2.0� 2.0� 2.0 cm), with the
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mesial root canals parallel to the horizontal plane to standardize the
teeth position before and after preparation. The platform/resin block
set was adapted to the table of the CBCT scanner (i-CAT Cone Beam
3D; Dental Imaging System, Salt Lake City, UT) with the following spec-
ifications: x-ray source with valve voltage 120 kVp, valve current 3–
7 mA, and focal point of 0.5 mm. The protocol Mand 6 cm, 40 sec,
0.2 voxel MaxRes was used for image acquisition.

For apical transportation analysis, the second and third millime-
ters of the apical third were selected, totaling 4 axial images of 1 mm
for each mesial root canal. The apical transportation was calculated
with the aid of the OsiriX software (OsiriX Imaging Software, http://
dwww.osirix-viewer.com). The extension of the pre-preparation and
post-preparation root canal diameters was measured in a blind manner
by a calibrated examiner, according to the following formula:

D ¼ ðX1� X2Þ � ðY1� Y2Þ

X1 and X2 represented the measurement of the mesial external wall of
the non-instrumented and instrumented root canals, respectively. Y1
and Y2 represented the measurement of the distal external wall of
the non-instrumented and instrumented root canals, respectively
(Fig. 1). Apical transportation equal to 0 means that no transportation
occurred, a negative value means that transportation occurred in the
distal direction, and a positive value indicates transportation in the
mesial direction.
Centering Ability
The centering ability index was calculated for the second and third

millimeters of the apical third by using the values obtained during apical
transportation measurement, following the formula:

X1� X2=Y1� Y2 or Y1� Y2=X1� X2

The formula adopted for the centering ability calculation depends on
the value obtained by the enumerator, which should always be lower
than the values obtained by the differences. Therefore, values equal
to 1 indicated perfect centering ability of the instrument, and values
closer to 0 indicated lower instrument’s ability to maintain to the central
axis of the root canal.
Cleaning Effectiveness
After CBCT analysis, the mesial root was separated from the whole

structure of each tooth by using a double-faced diamond disk coupled
to a low-speed handpiece (Dabi Atlante, Ribeir~ao Preto, SP, Brazil) and
fixed in 4% formalin solution (Merck, Darmstadt, Germany) for
48 hours. Next, the mesial roots were washed in running water for
24 hours and immersed in Morse solution for 4 weeks for decalcifica-
tion. Afterwards, the apical third of each mesial root was sectioned,
washed in running water for 24 hours, and submitted to dehydration
in alcohol (70%, 90%, 95%, and 100%), followed by diaphanization
in xylene (Merck) for further paraffin embedding at 60�C. Semi-
serial sections (10 semi-serial sections per specimen) of 5-mm thick-
ness were cut and stained with hematoxylin-eosin (Merck).

The histologic sections were analyzed under a digital microscope
(Dino-Lite Plus AM313 T; AnMo Electronics Corporation, New Taipei
City, Taiwan) at�60 and�230 magnifications. With the aid of the Im-
age Tool 3.0 software (San Antonio, TX), an integration grid (28� 21)
was superimposed over the histologic images to perform quantification
of the points in the root canal that coincided with either clean areas or
areas containing debris (Fig. 2). After quantification of the points pre-
sent in the clean area and points in the areas containing debris, the
JOE — Volume 41, Number 12, December 2015
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Figure 1. Representative CBCT images of pre-instrumented canals visualized in the Osirix MD software. (A) Root canal area outlined in green to determine its limit.
(B) Measurement of apical transportation made before mesial root canal preparation to be applied in the formula D = (X1 � X2) � (Y1 � Y2).
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cleaning effectiveness was calculated. The quantification was performed
blindly by a single observer who was properly calibrated.
Statistical Analysis
The apical transportation, the centering ability, and the cleaning

effectiveness were evaluated considering the mesial canals (buccal
and lingual) of the same tooth as independent factors. The normal dis-
tribution of data was tested by the Kolmorov-Smirnov test, and the values
Figure 2. Representative image of histologic section at apical third with the
integration grid superimposed showing the presence of pulp remnants in the
NP group (arrows). Note the clean area (*). Hematoxylin-eosin stain; original
magnification, �230.
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obtained (Kruskal-Wallis, the Dunnmultiple comparisons test, P< .05)
were statistically analyzed by using the GraphPad InStat for Mac OS soft-
ware (GraphPad Software, La Jolla, CA).

Results
Apical Transportation

The graphic representation (mm) for apical transportation is in
Figure 3A. The different groups had similar apical transportation values,
with no significant difference (P > .05) for any of the factors evaluated
(apical distance, mesiobuccal and mesiolingual root canal, and glide
path technique).

As regards the apical transportation direction, among the 156 root
canals evaluated, only 1 root canal from the PF/RS group had no apical
transportation. Most of root canals had a greater tendency toward trans-
port to the mesial (outer) direction (n = 83) than toward the distal (in-
ner) direction (n = 72), as can be seen in Figure 3B.

Centering Ability
None of the tested glide path techniques promoted perfect

centering ability of the reciprocating system (=1.0). There was no sig-
nificant difference among groups (P > .05) (Fig. 3C).

Cleaning Effectiveness (Histologic Analysis)
The mean values of debris (%) in the root canal lumen may be

seen in Figure 3D. It was possible to observe the presence of debris
in the root canals for all groups evaluated (Fig. 4). KF/RS had larger
amount of debris, with statistically significant difference in comparison
with NGP/RS (P > .05). Samples from the NP group (control), in which
Reciprocating System Cleaning and Shaping 2047



Figure 3. Mean values of apical transportation, centering ability, and cleaning effectiveness. (A) Graphic representation (mm) for apical transportation mean
values. (B) Graphic representation of apical transportation direction. (C) Graphic representation of centering ability mean values. (D) Graphic representation
of debris quantification (%) mean values in the root canal lumen. Different lowercase letters over bars indicate statistically significant difference (Kruskal-Wallis,
the Dunn multiple comparisons test, P < .05). D, distal; M, mesial; MB, mesiobuccal; ML, mesiolingual.
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no instrumentation was performed, had a significantly larger amount of
debris than the other groups evaluated (P < .05).
Discussion
The present study evaluated the apical transportation, the centering

ability, and the cleaning effectiveness of a single-file reciprocating system
Figure 4. Representative images of histologic sections at the apical third. (A) KF/R
limit of instrument action (circle). (B) Root canal with circular configuration and ab
D) NGP/RS group. Root canals with circular configuration and presence of debris att
Hematoxylin-eosin stain; original magnification, �230. (E) PF/RS group. Root can
(circle). (F) Root canal showing evidence of debris in the isthmus area (box). Hem
the irregular walls of non-instrumented root canals, with great amounts of pulp re
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associated to different glide path techniques. On the basis of the results,
it can be stated that the null hypothesis was partially accepted, because
the different glide path techniques did not promote significant changes
in apical transportation and centering ability of the reciprocating system
evaluated; however, its cleaning effectiveness was affected.

With the advent of the single-file systems, the ability to create
a proper glide path has increased considerably (5–7). The glide path
S group. Root canal presenting a flattening area with debris (arrow). Note the
sence of debris. Hematoxylin-eosin stain; original magnification,�230. (C and
ached to the dentinal walls (arrows). Note the non-instrumented area (circle).
al with irregular configuration and absence of debris. Non-instrumented area
atoxylin-eosin stain; original magnification, �230. (G and H) NP group. Note
mnants (arrows). Hematoxylin-eosin stain; original magnification, �230.

JOE — Volume 41, Number 12, December 2015
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reduces the frictional forces of the instrument against the root canal
walls, preserving its original trajectory during instrumentation (12, 13).

Several studies have reported that single-file systems such as Re-
ciproc are able to go through the entire working length before glide
path creation in most cases (9, 14, 15). However, this fact is not
corroborated by other authors (6, 7), who recommend glide path
creation by using instruments with greater flexibility and smaller
taper, especially in curved and atretic canals such as molars (16).

For this reason, mesial roots of lower molars with 2 canals and
independent foramina, angle of curvature ranging from 20� to 30�
(10), and radius of curvature #10 mm (11), were used in this study
to simulate clinical conditions encountered by professionals in their
routine (17).

When the results of apical transportation were analyzed, no signif-
icant difference among the glide path techniques was observed, corrob-
orating the findings of other studies (17, 18). However, of all samples
tested, only 1 root canal from the PF/RS group had no apical
transportation. Nevertheless, the values obtained by the different glide
path techniques were not higher than 0.300 mm. According to Fan
et al (19), apical transportation is only clinically relevant when it is
greater than 0.300 mm, compromising root canal filling.

When analyzing the apical transportation direction, there was a
tendency toward transport to the mesial (outer) direction. Several
studies have demonstrated a greater tendency toward transport to
mesial direction (20, 21), because the distal wall acts in the anti-
furcation direction, pushing the instrument, particularly those of larger
taper, to the mesial wall, opposed to this curvature (17, 20, 22).

As regards the centering ability, none of the tested glide path tech-
niques were able to maintain the reciprocating instrument perfectly
centralized within the root canal. Although there was no significant dif-
ference among groups, it is worth emphasizing that the PF/RS had values
closer to 1 than the other groups, which means better centering ability.
Such results can be explained by the flexibility and smaller taper of the
PathFile instruments, favoring an accurate definition of the root canal
path, ensuring that the reciprocating instrument will follow this path
to the apical foramen (23). Values closer to 0 were found in the
NGP/RS group, demonstrating an instrument’s tendency to not follow
the original canal path when a glide path is not created, as reported
by Berutti et al (5).

Regarding the cleaning effectiveness, the group in which the glide
path was not created (NGP/RS) before root canal preparation with
reciprocating instrument had the smallest amount of debris. This fact
might be explained by the lower dentin removal, because only one
single-instrument was used for root canal preparation (24, 25).
However, the cleaning effectiveness of this group was statistically
similar to the PF/RS group, where the largest number of instruments
had been used, and a larger amount of dentin was removed,
producing more debris. Such findings may be explained by the
S-shaped cross section of the Reciproc instrument, which allows a
constant output of dentin produced during root canal preparation
(4, 26). In addition, the large taper of the 3 initial millimeters of the
instrument may have influenced the results (4, 26). Despite the
different glide path techniques performed before biomechanical
preparation, the design of the reciprocating instrument was able to
promote adequate cleaning of the root canal.

Despite the limitations of this in vitro study, it is valid to state that
the reciprocating single-file system, irrespective of the glide path tech-
nique used, promoted minimal apical transportation and remained
relatively centralized within the root canal. However, its cleaning
effectiveness was compromised, because the results obtained by the
KF/RS group were significantly different from those of the NGP/RS
group.
JOE — Volume 41, Number 12, December 2015
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