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Abstract

Introduction: This study compared the amount of hard
tissue debris produced after different apical enlarge-
ment with single-file reciprocating systems (WaveOne
[Dentsply Maillefer, Baillaigues, Switzerland] and
Reciproc [VDW, Munich, Germany]) and a conventional
multifile rotary system (BioRaCe [FKG Dentaire, La-
Chaux-de-Fonds, Switzerland]) using micro–computed
tomographic imaging. Methods: Thirty moderately
curved mesial roots of mandibular molars presenting 2
independent root canals were selected and scanned at
an isotropic resolution of 14.16 mm. The sample was as-
signed to 3 groups (n = 10) with respect to the root
length and degree of curvature of the mesial root ac-
cording to the system used for the root canal prepara-
tion: Reciproc, WaveOne, and BioRaCe. Second and
third scans were taken after the root canals were pre-
pared up to ISO sizes 25 and 40, respectively. The
matched images of the mesial canals, before and after
preparation, were examined from the furcation level
to the apex to evaluate the amount of hard tissue debris
(%). Data were statistically compared using a general
linear model for repeated-measures with a significance
level set at 5%. Results: Instrumentation systems per
se did not influence the amount of hard tissue accumu-
lation (P > .05), whereas a significant reduction in the
percentage of hard tissue debris was observed after
sequential enlargement in all groups (P < .05). Conclu-
sions: None of the systems yielded root canals
completely free from packed hard tissue debris. The
increased final apical size resulted in significantly less
debris accumulation for both reciprocating and rotary
systems. (J Endod 2015;-:1–6)
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In 2011, Paqu�e et al (1) reopened the discussion about the substantial amount of
debris packed in the fins, isthmuses, irregularities, and ramifications of the root canal

system after preparation using an innovative approach based on micro–computed
tomographic (micro-CT) imaging. Micro-CT imaging allows monitoring the accumula-
tion and removal of radiopaque structures in the main space of the root canal and its
recesses and isthmuses during and after instrumentation (2–4) while preserving the
sample integrity (5).

Hard tissue debris accumulation has been considered an undesirable side effect of
the shaping procedures and may be considered more clinically relevant than the smear
layer per se because it could easily harbor bacterial contents away from the disinfection
procedures (1). It has been shown that the currently used irrigation systems and solutions
are unable to render root canals completely free from packed hard tissue debris (1–4,
6–8), which raises the need for preparation protocols that reduce debris buildup (3).

The introduction of new preparation systems based on the use of only 1 instrument
through a reciprocating motion has raised new perspectives for the mechanical prep-
aration of the root canal space (5). The reciprocating working motion consists on a
forward counterclockwise rotation to cut dentin and a shorter clockwise rotation to
relieve the instrument (9). Overall, research findings on reciprocating systems report
a decrease in preparation time (9), increased cyclic fatigue life (10), and similar
shaping ability compared with multiple-file systems (5, 11, 12). In the literature, it
remains controversial whether the use of reciprocating movement per se is able to
influence the final amount of packed hard tissues debris in the root canal (3, 9).
Likewise, the impact of further apical enlargement on the accumulation of hard
tissue debris is still unknown.

Within this background, the current study was designed to compare the volume of
hard tissue debris accumulated in mesial root canals of mandibular molars prepared by
single-file reciprocating systems (WaveOne [Dentsply Maillefer, Baillaigues,
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Switzerland] and Reciproc [VDW, Munich, Germany]) and a conven-
tional multifile rotary system (BioRaCe [FKG Dentaire, La-Chaux-de-
Fonds, Switzerland]) at 2 different apical sizes using micro-CT
technology. The following hypotheses were tested:

1. Single-file reciprocating systems produce less hard tissue debris
accumulation than a conventional multifile system.

2. Single-file reciprocating systems produce similar hard tissue accu-
mulation.

3. Larger apical preparation is an effective antidebris strategy.
Materials and Methods
Sample Size Estimation

A repeated measures analysis of variance, within-between inter-
action was selected from the F tests family in G*Power 3.1.7 software
for Windows (Heinrich Heine, Universit€at D€usseldorf). Because of the
lack of previous studies evaluating hard tissue debris accumulation
after canal preparation with reciprocating instruments at different
apical enlargements, the effect size for this study was established
from the medium convention (0.2526, derived from n2 = 0.06).
An alpha-type error of 0.05, power beta of 0.95, correlation among
repeated measures of 0.7, nonsphericity correction of 1, number
of groups (within subjects) of 2, and number of measurements (be-
tween subjects) of 3 were also specified. Twenty-six teeth were indi-
cated as the total sample size required to observe significant
differences.

Specimen Selection
From a pool of 300 mandibular first molar teeth, moderately

curved mesial roots (10�–20�) were selected applying Schneider’s
method (13) in digitized buccolingual radiographs using AxioVision4.5
software (Carl Zeiss Vision GmbH, Hallbergmoos, Germany). In addi-
tion, the inclusion criteria comprised only mandibular molars present-
ing 2 independent root canals in the mesial root (Vertucci type II
configuration system) in which the final apical gauging allowed for
an ISO size 10 hand K-file (Dentsply Maillefer) to be placed to the work-
ing length (WL). Based on these criteria, 44 mesial molar roots were
selected. After resection of the distal root at the furcation level, 14 teeth
were discarded, and 30 mesial roots were disinfected in 0.5% chlora-
mine T, stored in distilled water at 4�C, and used within 6 months after
extraction.

The specimens were randomly assigned (http://www.random.
org) into 3 experimental groups (n = 10) according to the system
used for the chemomechanical preparation: Reciproc, WaveOne,
and BioRaCe. After checking for normality assumption (P > .05,
Shapiro-Wilk test), the degree of homogeneity of the groups, with
respect to the root length and degree of curvature of the mesial
root, was statistically confirmed (P> .05, 2-way analysis of variance).
For the experimental procedures, the apex of the mesial roots was
sealed with hot glue, and the roots were embedded into a thin film
of polyvinyl siloxane.

Root Canal Preparation
Root canals were accessed and patency confirmed by inserting a

size 10 hand K-file through the apical foramen before and after comple-
tion of root canal preparation. For all groups, a glide path was created
by scouting a stainless steel size 15 K-file (Dentsply Maillefer) up to the
WL, which was established by deducting 1 mm from the canal length. In
each group, instruments were driven with the VDW Silver motor (VDW
GmbH) according to each manufacturer’s instructions, and a single
experienced operator performed all preparations.
2 De-Deus et al.
Group 1: Reciproc System
Reciproc R25 (25/0.08) (VDW GmbH) was introduced into the

canal until resistance was felt and then activated in reciprocating mo-
tion. The instrument was moved in an apical direction using an in-
and-out pecking motion of about 3 mm in amplitude with a light apical
pressure. After 3 pecking motions, the instrument was removed from
the canal, and its flutes were cleaned off. This procedure was performed
until the instrument reached the WL. Afterward, the Reciproc R40 in-
strument (40/0.06) (VDW GmbH) was used with the same protocol.

Group 2: WaveOne System
WaveOne Primary (25/0.08) and Large (40/0.08) instruments

(Dentsply Maillefer) were used to the WL following the same protocol
described for group 1.

Group 3: BioRaCe System
BioRaCe instruments (FKG Dentaire) were used in a crown-down

manner according to the manufacturer’s instructions using the
following sequence: BR0 (25/0.08), BR1 (15/0.05), BR2 (25/0.04),
BR3 (25/0.06), BR4 (35/0.04), and BR5 (40/0.04) instruments. The
motor was adjusted to 500–600 rpm and 1 N/cm2. After 4 gentle in-
and-out motion strokes, the instrument was removed from the canal
and cleaned until the WL was reached.

After the glide path and each nickel-titanium file, root canals were
irrigated with 2 mL 5.25% NaOCl for 1 minute delivered by a VATEA
peristaltic pump (ReDent-Nova, Ra’anana, Israel) at a 2-mL/min rate
connected to a 30-G Endo-Eze Tip (Ultradent Products Inc, South Jor-
dan, UT) inserted up to 2 mm from the apical foramen. Aspiration was
performed with a SurgiTip (Ultradent Products Inc) attached to a high-
speed suction pump. After canal preparation to size 40, an additional
rinse with either 18 mL/9 min (for the rotary group) or 24 mL/
12min (for the reciprocating groups) NaOCl was performed to equalize
the amount and time of irrigant used within the groups. A final rinse with
5 mL 17% EDTA (pH = 7.7) delivered at a 1-mL/min rate for 5 minutes
followed by a 5-minute 5-mL rinse with bidistilled water was performed
for both groups. Hence, a total volume of 40 mL irrigant was used per
canal in a total time of 25 minutes. Then, canals were dried with absor-
bent paper points (Dentsply Maillefer).

Micro-CT Scanning
Three high-resolution scans were accomplished per tooth:

1. Before treatment
2. After root canal preparation up to ISO size 25
3. After root canal preparation up to ISO size 40

Teeth were placed inside a custom-made epoxy resin holder (Ø =
18 mm) and adapted into a sample holder of a micro-CT device (Sky-
Scan 1173; Bruker-microCT, Kontich, Belgium). Scanning procedures
were performed at an isotropic resolution of 14.16mm, 70 kV, 114mA,
360� rotation around the vertical axis, rotation step of 0.5�, and camera
exposure time of 250 milliseconds. Acquired projection images were
reconstructed into cross-sectional slices (NRecon v.1.6.9; Bruker-
microCT) using standardized parameters for beam hardening (40%)
and ring artifact correction of 10 as well as similar contrast limits.
The volume of interest was selected extending from the furcation level
to the apex of the root, resulting in the acquisition of 700 to 900 trans-
verse cross sections per tooth.

Quantitative Tridimensional Image Analysis
Evaluation procedures have been described elsewhere in details

(4). Image stacks, before and after canal preparation, were registered
JOE — Volume -, Number -, - 2015
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using an automatic superimposition, and volumes of matched root ca-
nals before and after preparation were calculated. Material with density
similar to dentin in instrumented canal regions, which were previously
occupied by air, was considered to be debris (2, 4). Accumulated hard
tissue debris was calculated as the percentage volume of the original
canal anatomy after intersecting the stacks of original and
instrumented root canal space. All image analysis operations were
undertaken using the ImageJ software v.1.49n implementation (Fiji,
Madison, WI) interface (14). Subsequently, the images obtained after
debris quantification were 3-dimensionally rendered using the plugin
3D Viewer (Internationale Medieninformatik, HTW Berlin, Berlin, Ger-
many) and qualitatively evaluated with CTVol v.2.2.1 software (Bruker-
microCT).
Statistical Analysis
Raw data normal distribution was confirmed using the Shapiro-

Wilk test (P> .05). Because of the dependent nature of the study design,
a general linear model for repeatedmeasures (SPSS for Windows v17.0;
SPSS Inc, Chicago, IL) was selected for analysis. File sizes were tested as
the within-subject effects, whereas instrumentation systems were set as
between-subject effects. Significance was established at a = 5%.

Results
Figure 1 displays the overall percentage volume of hard tissue

debris. The mean percentage volume of hard tissue debris after prep-
aration to instrument ISO size #25 ranged from 0.116–0.227 mm3,
whereas after additional enlargement with instrument ISO size #40 it
varied from 0.022–0.079 mm3. The mean and standard deviation per-
centage volume of hard tissue debris for size 25 files (Reciproc = 19.01
[�15.39], BioRaCe = 28.74 [�23.60], and WaveOne = 18.84
[�13.26]) and size 40 files (Reciproc = 3.46 [�4.21], BioRaCe =
10.46 [�8.60], and WaveOne = 11.63 [�11.71]) are provided in
Figure 1. Instrumentation systems did not influence the amount of
hard tissue debris accumulation (P [systems] = .236), whereas a highly
significant reduction in the percentage of accumulated hard tissue
debris was observed after apical enlargement (P [file] = .000), which
is valid for all file systems (P [file * systems] = .388). Sphericity wasmet
Figure 1. The mean percentage volume of hard tissue debris and the standard
deviation data of each experimental group. Different letters indicate statistically
significant differences (P < .05).

JOE — Volume -, Number -, - 2015
at Mauchly’s W = 1.0. Three-dimensional representative reconstruc-
tions of the mesial root canals of mandibular molars before and after
preparation with different systems visually agreed with the quantitative
results (Fig. 2).
Discussion
The present study was unable to detect significant differences in

the amount of hard tissue debris in the mesial root canals of mandib-
ular molars prepared by the 2 single-file reciprocating systems (Recip-
roc and WaveOne) and a standard multifile rotary system (BioRaCe).
Thus, the first hypothesis was rejected. Despite differences in the
cross-sectional designs, tapers, and dynamics of movement of the
tested instruments, the similarity of the results observed herein might
be regarded as a consequence of the use of the BioRaCe system as the
reference rotary nickel-titanium technique because this system com-
prises instruments with more positive cutting edges; therefore, this
aggressive angle may produce a larger amount of debris (15). Howev-
er, these results are not in accordance with Robinson et al (3), who
reported that a rotary system yielded cleaner canals with significantly
less debris accumulation (�10%) than a reciprocating system.
Similar to the present study, Robinson et al (3) used mesial canals
of mandibular molars and found�19% of hard tissue debris accumu-
lation with the WaveOne Primary. However, by using the ProTaper Uni-
versal system as a standard for comparison in which the instruments
present cutting edges of negative angles, a much lower amount of
debris compared with the BioRaCe system can be speculated to under-
stand the difference between the 2 studies. Also, Paqu�e et al (8) found
�10% of accumulated hard tissue debris in mesial canals of mandib-
ular molars after the use of the ProTaper system, which may help in
confirming the reproducibility and reliability of the current micro-
CT technology. It is also worth noting that, even though we have
used 8 times more volume of irrigant than Robinson et al (3), it seems
that the hard debris packed into fins and isthmuses remained largely
unaffected, probably because of their dense packing by the instru-
ments. This underscores the need for irrigation systems that enhance
the energy of the solutions inside the canal in order to improve the
dislocation force over packed debris (1, 7, 8).

Interestingly, the second hypothesis was accepted because no sta-
tistical difference in the mean percentage volume of debris was
observed between Reciproc andWaveOne systems. It would be expected
that the marked differences between them related to the cross-sectional
design, core size, and taper (9) would have resulted in different hard
tissue debris accumulation patterns. However, it seems that the similar-
ities between these systems such as the reciprocationmovement, M-wire
alloy, and tip size (16) have prevailed in generating the consonant re-
sults observed herein.

Undoubtedly, hard tissue debris accumulation is an undesired side
effect of the currently available shaping technology because they can
potentially harbor bacteria within the root canal system (17) and
also negatively interfere with the adhesion and sealability of the root ca-
nal filling materials (18). Several antidebris strategies have been pro-
posed to improve the final cleansing of the root canal space, some of
them related to the use of chelating agents or irrigating protocols (7,
8) and others to the mechanical shaping of the root canal itself (8).
Regarding the latter, apical enlargement and increased canal taper
have been recommended because these approaches are expected to
both optimize the removal of infected dentin (19, 20) and improve
the irrigation efficiency (21, 22). Consequently, the third hypothesis
of this study was sustained because root canal enlargement
significantly reduced the overall amount of packed hard tissue debris
for the tested systems by 34%. Logical reasoning dictates that the
Hard Tissue Debris 3



Figure 2. Representative 3-dimensional models of the mesial root canals of mandibular molars after (red) preparation with Reciproc, WaveOne, and BioRaCe
systems showing the location of debris (gray).
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Figure 3. Representative cross-sectional images of a given mesial root canal. (A and B) Before canal preparation, the absence of debris in the isthmus area was
clear. (C and D) After canal preparation up to ISO #25 showing the debris packing in the isthmus (yellow arrows) and in the main canal space (red arrow). (E and
F) After canal preparation up to ISO #40, there was a significant reduction in the volume of accumulated hard tissue debris in the isthmuses area (yellow arrows)
and in the main canal space (red arrow).

Basic Research—Technology
higher the number of instruments used for canal preparation, the
greater the amount of debris produced and packed within the canal
space. However, this rationale was not confirmed in this study and
might be explained by the interplay between the enlargement itself,
which aided in reducing the amount of packed debris, and the
improved ability to remove debris using a conventional irrigation
protocol in larger apical preparations (23–26) because of better
apical flush of the irrigant (21, 22).

According to the manufacturers of the reciprocation systems,
if the root canal is considered narrow, as mesial canals of mandib-
ular molars, the instrument of choice is R25 for Reciproc and the
Primary for WaveOne. The first step of root canal preparation was
performed herein accordingly in both experimental groups. How-
ever, clinically speaking, it is of note that there are no scientifically
established guidelines to set the optimal final size canal prepara-
tion. Therefore, different philosophies regarding the optimal canal
preparation size and shape were proposed, resulting in some con-
troversy as to whether apical enlargement is indeed necessary. For
example, the Scandinavian approach always recommends larger
apical preparations, whereas Herbert Schilder–based thinking rec-
ommends more conservative apical enlargement (27). Conse-
quently, the present study was designed considering that both
JOE — Volume -, Number -, - 2015
systems have larger instruments that could be used as a sequence
of an initial and smaller instrument in order to increase the
enlargement of the root canal space.

The significant reduction in the percentage volume of accumulated
hard tissue debris after apical enlargement is the most important
outcome of the present study, as seen in Figure 3. However, even after
apical enlargement, none of the tested systems yielded root canals
completely free from packed hard tissue debris. Thus, before proposing
apical enlargement as an additional antidebris strategy, the possibility of
root weakening, strip perforation, and an increase in instrument frac-
ture risk, especially in severely curved canals using an enlargement
approach, should be evaluated further. In fact, this output, taken
together with other studies using the nondestructive and reliable
micro-CT approach (1–3, 6–8), underlines the less than ideal ability
of the current available devices and solutions to completely clean the
root canal space. This clearly indicates the need for the development
of new protocols and instruments able to optimize the root canal
space cleaning.
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