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Introduction This study aimed to compare the effectiveness of two endodontic cleaning techniques,
passive ultrasonic irrigation (PUI) and the XP-endo Finisher R (XPR) system, in removing residual
filling material during endodontic retreatment procedures. Materials and Methods: Forty mandibular
premolars with oval canals were divided into four groups based on the sealer used (AH-Plus or Bio-C
Sealer) and the cleaning technique employed (PUI or XPR). To ensure uniformity of canal volume
among groups, initial micro-CT scans were conducted. The canals were instrumented, filled, and then
re-instrumented before undergoing either PUI or XPR cleaning techniques. Residual filling material
volumes were assessed through micro-CT scans, and statistical analysis was performed using the
Kruskal-Wallis and Mann-Whitney U tests. Results: Following instrumentation, there was no
significant difference in residual filling material volumes between AH-Plus and Bio-C Sealer groups
(1.35 mm®and 1.02 mm’, respectively; P>0.05). However, after supplementary cleaning techniques,
XPR-cleaned specimens exhibited significantly less residual material compared to PUI-cleaned
specimens (0.01 mm? and 0.29 mm? for Bio-C Sealer, and 0.07 mm® and. 0.30 mm’ for AH-Plus,
P<0.05). Conclusion: The XPR system was found to be more effective than PUI in removing residual
filling material from Bio-C Sealer-filled root canals. This highlights its potential as a useful
supplementary cleaning technique in endodontic retreatment procedures.
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Introduction

treatment is

l Endodontic recognized for
predictable outcomes and is associated with high success

[6]. Moreover, the intricate anatomy of the RCS, encompassing
isthmuses, apical deltas, and lateral canals exacerbate the
producing  challenge of achieving thorough cleaning. Residual filling

material within the RCS can impede the irrigation in the regions

rates [1]. Nevertheless, treatment failures can occur in certain
cases due to the presence of microorganisms within the root
canal system (RCS), despite the proper execution of all
therapeutic procedures [2, 3].

In cases of failure, non-surgical retreatment is the initial
choice [4], as it provides access to the RCS and facilitates
bacterial decontamination [5]. However, complete removal of
contaminated filling material from dentinal walls is often
unattainable through conventional techniques and instruments

harboring microorganisms, potentially compromising the
success of retreatment [4, 7, 8].

The epoxy resin-based sealer most frequently referenced in
the literature is AH-Plus (Dentsply De Trey, Konstanz,
Germany) [9-11]. This hydrophilic sealer exhibits excellent
properties of intratubular penetration and sealing capacity [12].
In contrast, the bioceramic Bio-C Sealer (Angelus, Londrina, PR,
Brazil) is a relatively novel material, composed of calcium
silicate, monobasic calcium phosphate, zirconia oxide, and
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calcium hydroxide [8, 11, 13]. Notably, it has the ability to form
hydroxyapatite through chemical interaction with dentin [14].

Mechanized systems have been developed to facilitate
retreatment procedures, and supplementary sonic and
ultrasonic cleaning techniques have been tested to enhance the
removal of filling material [2, 15]. Among them, passive
ultrasonic irrigation (PUI) is the most commonly cited
technique in the literature. The ultrasonic insert typically
employed in dental practice operates at a 30 kHz frequency [16,
17], and the effectiveness of this technique relies on the
cavitation phenomena and acoustic microstreaming.

Another supplementary cleaning technique described in the
literature involves the XP-endo Finisher R system (XPR; FKG
Dentaire AS, La Chaux-de-Fonds, Switzerland). This system was
introduced with the aim of reaching areas within the RCS that
were previously inaccessible [18], especially in morphologically
intricate canals [19]. Its action is reliant on the transformation
of the final 3 mm of the instrument’s tip from a straight to a
semi-circular shape upon exposure to body temperature within
the root canal. Recent investigations have provided evidenced
for its efficacy in removing filling material subsequent to
endodontic retreatment procedures [20, 21].
studies [2, 4, 22, 23]
microcomputed tomography (micro-CT) to quantify the

Numerous have employed

residual filling material within root canals, following
retreatment procedures. This method enables non-destructive
analysis of specimens [8], offers three-dimensional visualization
of the internal anatomy of the RCS [10, 24], and facilitates
automated quantification of the RCS area and/or volume [10].

Only a limited number of studies have compared the efficacy
of supplementary cleaning techniques in oval-shaped canals
filled with bioceramic versus resinous sealers, particularly in
endodontic retreatment procedures and in areas left untouched
by endodontic instruments. Given the potential for chemical
interaction with dentin and high penetration capacity into
dentinal tubules associated with bioceramic sealers, there is
controversy in the literature regarding the challenges
encountered in removing these sealers compared to their
resinous counterparts. Hence, it is imperative to investigate the
effectiveness of available supplementary cleaning techniques in
removing these sealers from the RCS [25-27], considering the
potential impacts of residual filling material on the persistence
of pathogens within the root canal and, ultimately, on the
success of endodontic retreatment procedures.

This study aimed to conduct a micro-CT assessment of the
residual filling material within the RCS subsequent to

endodontic filling removal procedures, utilizing either PUT or
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XPR, in oval-shaped canals filled with AH-Plus resin-based
sealer or bioceramic Bio-C Sealer. The null hypothesis was that
there would be no significant differences between the two
supplementary cleaning techniques investigated regarding their
efficacy in removing either gutta-percha along with AH-Plus
sealer or gutta-percha along with Bio-C Sealer.

Materials and Methods

The manuscript of this laboratory study is written according to
the Preferred Reporting Items for Laboratory studies in
Endodontology (PRILE) 2021 guidelines [28] and received
approval from the local research ethics committee (Approval
No. 4.721.275). The 40 specimens used in the study were teeth
indicated for extraction due to orthodontic reasons and were
expressly donated by the patients. Based on a study conducted
by Volponi et al. [29], sample size calculation was performed
using the analysis of variance test. Considering a minimum
difference between treatment means of 0.087, a standard
deviation of error of 0.055, four treatments, a test power of 0.80,
and an alpha value of 0.05, it was calculated that 10 specimens
per group would suffice (n=10). The calculation was performed
using G*Power v. 3.1.9.4 software (Heinrich-Heine-Universitat
Dusseldorf, Dusseldorf, Germany).

Specimen selection

Prior periapical radiographic examinations were conducted in
both buccolingual and mesiodistal directions to screen for
eligible teeth meeting the following inclusion criteria: absence of
prior endodontic treatment, presence of a single oval-shaped
root canal (with a buccolingual diameter twice that of the
mesiodistal diameter, measured at 5 mm from the root apex),
absence of internal or external calcifications or resorptions,
straight root morphology [30], and fully formed apex. Then, an
initial scan of all specimens was carried out using a
microtomography system (Skyscan High Energy model 1173;
Bruker microCT, Kontich, Belgium), configured to operate at 70
kV, 114 mA, 1.0 mm Al filter, 16.5 um pixel size, and a 360°
rotation angle with 0.5° steps. The acquired images were
reconstructed into cross-sections using NRecon v. 1.7.0.4
software (Bruker microCT). The CTAn v. 1.16.4.1 software
(Bruker microCT) was used to select the region of interest, as
well as image binarization and segmentation for subsequent
analysis, while Ctvox v. 3.2.0.0 software (Bruker microCT) was
employed for viewing and analyzing both 2D and 3D images.
Analysis included the entire length of the root canal, with the
observed volumes (in mm?®) tabulated to match study groups
based on the initial root canal volume of the specimens [31]. The
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40 paired specimens were then randomly assigned (by
www.random.org) to four study groups, according to the sealer
and supplementary cleaning technique employed (n=10):
Group AH-PUI, AH-Plus and PUL; Group AH-XPR, AH-Plus
and XPR; Group BC-PUI, Bio-C Sealer and PUI; and Group BC-
XPR, Bio-C Sealer and XPR.

All teeth underwent calculus removal and cleaning using an
ultrasonic periodontal insert (G1; Gnatus, Ribeirao Preto, SP,
Brazil) coupled to an ultrasound device (Jetsonic; Gnatus).
Then, the teeth were stored for two months in a 0.1% thymol
and distilled water solution (Siafarma, Campinas, SP, Brazil).
Prior to utilization in the study, the specimens were thoroughly
rinsed with saline solution.

Specimen preparation

The coronal portion of each tooth was sectioned at the cement
enamel junction using a diamond disk operating at low speed
and under refrigeration (Isomet 100; Buehler, Lake Bluff, IL,
USA). Each root was abraded in the cervical-apical direction
until achieving a standardized length of 16 mm, which was
measured using a digital caliper (500 DIN 862 Series;
Mitutoyo, Sdo Paulo, SP, Brazil). The working length was
established by introducing a #10 K-file (Dentsply, Maillefer,
Ballaigues, Switzerland) into the root canal until its tip was
observed exiting the apical foramen, thus confirming
foraminal patency, and then subtracting 1 mm. All procedures
were conducted under 13X magnification with an operating
microscope (Zeiss OPMI Pico; Carl Zeiss, Oberkochen,
Germany) and performed by a single endodontics specialist
who had undergone prior training in all the instrumentation
and cleaning systems applied in this study.

The root canals were prepared using the ProTaper Next
system (Dentsply Maillefer) up to the X3 file, employing an X-
Smart Plus motor (Dentsply Maillefer) configured to operate
in “ProTaper Next” mode at a speed of 300 rpm and a torque
setting of 2.0 Ncm, in accordance with the manufacturer’s
instructions. Instrumentation proceeded in the crown-to-apex
direction by introducing the file into the canal with three in-
and-out movements and applying a brushing action on the
withdrawal stroke. This process was repeated until files X1, X2,
and X3 reached the working length. Upon each instrument
change, a #15 K-file (Dentsply Maillefer) was inserted,
reaching up to 1 mm beyond the working length to ensure
foraminal patency. Subsequently, 2 mL of a 2.5% sodium
hypochlorite solution (Férmula & A¢do, Sao Paulo, SP, Brazil)
was delivered into the root canal by a disposable syringe (BD,
Sao Paulo, SP, Brazil) with a 30-G NaviTip needle (Ultradent,

South Jordan, UT, USA), positioned 2 mm short of the
working length, totaling 20 mL of solution per specimen. Each
set of files was used on a single specimen and then discarded.

Following instrumentation, PUI was conducted to remove
the smear layer, using 2 mL of 17% ethylenediaminetetraacetic
acid solution (Formula & A¢do) and an Irrisonic 20/.01
ultrasonic insert (Helse, Santa Rosa do Viterbo, SP, Brazil)
coupled to an ultrasound device (Jetsonic; Gnatus) set to
operate at 20% power. The insert was introduced up to 2 mm
short of the working length and activated in three cycles of 20
sec each, with the irrigating solution being renewed after each
cycle. Subsequently, another round of PUI was performed
using 2.5% sodium hypochlorite solution, following the same
protocol performed with the 17% ethylenediaminetetraacetic
acid solution. In the AH-PUI and AH-XPR groups, final
aspiration was performed by a capillary tip (Ultradent),
followed by drying of the canals using absorbent paper points
(Dentsply Maillefer). Conversely, in the BC-PUI and BC-XPR
groups, aspiration was omitted, and only excess moisture was
removed from the canals by two sterile absorbent paper points
(Dentsply Maillefer). The goal in these groups was to maintain
the dentin moisture required for enabling the bioactivity of the
Bio-C Sealer. Subsequently, a second micro-CT scan was
conducted post-instrumentation to determine the final
volumes of the instrumented root canals.

Root canal obturation

All root canals were filled with X3 gutta-percha cones
(Dentsply Maillefer). In the AH-PUI and AH-XPR groups,
sealer manipulation was conducted at a 1:1 ratio. Following
manipulation, 1 mL of sealer was introduced into the RCS with
a 2-mL plastic syringe (BD, Curitiba, PR, Brazil) and the
dispensing tip provided with the bioceramic Bio-C Sealer. The
gutta-percha cone was tested and adjusted to the working length
prior to insertion of the sealer. Subsequently, the gutta-percha
was trimmed at the canal orifice using a heated Paiva plugger
(Golgran, Sao Caetano do Sul, SP, Brazil) and subjected to
vertical compaction. The pulp cavity was cleaned using cotton
pellets moistened with alcohol and sealed with a provisional
restorative cement (Coltosol; Coltene, Altstdtten, Switzerland).
In the BC-PUI and BC-XPR groups, 1 mL of pre-manipulated
Bio-C Sealer was introduced into the RCS also using a 2-mL
plastic syringe (BD, Curitiba, PR, Brazil) and the dispensing tip
provided with the sealer. Subsequently, a gutta-percha cone was
immediately inserted into the canal up to the working length,
employing the single-cone technique. Excess filling material was
removed, and the pulp chamber was sealed, following the same
procedure as in the AH-Plus-filled specimens.

I fj Iranian Endodontic Journal 2024;19(3): 199-207

Qe This open-access article has been distributed under the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0).

p1) |




202

Seckler et al.

Because the pilot study showed that there could be artifacts
in the micro-CT scans following obturation, periapical
radiographs were obtained in both buccolingual and
mesiodistal directions to assess the quality of obturation.
Specimens presenting bubbles or gaps in the obturation were
replaced. Subsequently, all specimens were incubated for four
weeks at 100% humidity and 37 °C to allow complete setting of
the sealer [29].

All root canals underwent re-instrumentation utilizing
Reciproc R40 files (VDW, Munich, Germany) coupled to an X-
Smart Plus motor (Dentsply Maillefer) configured to operate
in “Reciproc” mode. Each instrument of the system was
inserted into the canal utilizing in-and-out movements with an
amplitude of 3 mm. Following each cycle of three movements,
the instrument was withdrawn from the canal and cleaned with
a gauze soaked in alcohol, while the canal was irrigated with 2
mL of 2.5% sodium hypochlorite, totaling 20 mL per specimen.
This process was repeated until the R40 file reached the
working length, and no remnants of filling material were
detected on the instrument. Subsequently, a #15 K-type file
(Dentsply Maillefer) was inserted up to 1 mm beyond the
apical foramen to confirm foraminal patency. A new file from
the Reciproc system was employed for each specimen and then
discarded, following the manufacturer’s recommendation.
Retreatment was deemed complete when no filling material
was observed under the operating microscope (Zeiss Opmi
Pico; Carl Zeiss, Oberkochen, Germany) at 13X magnification,
either on the instrument or suspended in the irrigating
solution. Subsequently, the canals were dried using sterile
absorbent paper points (Dentsply Maillefer), and a third
micro-CT scan was conducted to assess the amount of residual
filling material.

Supplementary cleaning techniques
In the AH-PUI and BC-PUI groups, the root canals were
irrigated with 2 mL of a 17% ethylenediaminetetraacetic acid
solution. An E1 Irrisonic 20/0.1 insert (Helse) coupled to an
ultrasound unit (NSK, Tokyo, Japan) was configured to
operate at 20% power. The insert was positioned 2 mm short
of the working length, and the solution was activated in three
cycles of 20 sec each [32], with renewal of the solution after
each cycle. Subsequently, the canal was aspirated and irrigated
with 2 mL of a 2.5% sodium hypochlorite solution, employing
the same activation protocol as used for the
ethylenediaminetetraacetic acid.

In the AH-XPR and BC-XPR groups, an XP-endo Finisher

R instrument (size 30/.00) was coupled to an X-Smart Plus
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motor (Dentsply Maillefer) and operated at a speed of 800 rpm
with a torque setting of 1 Ncm. The instrument was applied
using slow in-and-out movements with an amplitude of 7 to 8
mm, until reaching the working length. The irrigation protocol
employed in these groups was consistent with that used in the
other groups.

All supplementary cleaning techniques were performed
within a container maintained at a thermostat-controlled
(Plas-Labs, Lansing, MI, USA) temperature of 37 °C, emulating
body temperature conditions. This ensured the appropriate
environment for the XP-endo Finisher R phase change to
occur. Lastly, all specimens were dried with sterile absorbent
paper tips (Dentsply Maillefer), after which a final micro-CT
scan was performed. The images acquired before and after
application of the supplementary cleaning techniques were
visualized and superimposed using DataViewer v. 1.5.2.4
software (Bruker microCT).

Statistical analysis

The normality of data distribution was assessed utilizing the
Shapiro-Wilk test (P<0.05),
distribution of the data. Therefore, comparisons among the

indicating a non-normal
study groups were conducted by the Kruskal-Wallis non-
parametric test, followed by the Mann-Whitney U post-test for
pairwise comparisons. All statistical analyses were carried out
using IBM SPSS software (version 26.0, IBM Corporation,
Armonk, NY, USA), with a significance level set at 5%.

Results

Figure 1 depicts the four time points of the micro-CT assessment
conducted in the study. No significant differences were observed
among the specimens regarding their initial root canal volumes,
final root canal volumes post-instrumentation with the
ProTaper Next system, or volumes of residual filling material
subsequent to filling removal conducted with the Reciproc R40
instrument (P>0.05, Table 1).

Figure 2 presents superimposed images acquired before
and after the application of the supplementary cleaning
techniques, illustrating the additional reductions in residual
filling material. The specimens filled with Bio-C Sealer and
subjected to supplementary cleaning with XPR exhibited a
significantly lower volume of residual filling material
compared with those treated with PUT (P<0.05). Conversely,
no significant difference was observed between the PUI and
XPR methods in specimens filled with AH-Plus sealer (P>0.05,
Table 2).
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Before After
instrumentation instrumentation
(ProTaper Next)
A B

Filing material removal
(Bio-C Sealer +
Reciproc R40)

Filing material removal
(Bic-C Sealer +
XP-endo Finisher R)

c D

Figure 1. Illustration of the four time points in which specimens from the study groups were evaluated using micro-CT; A) Initial volume
assessment of the root canal; B) Assessment of root canal volume after instrumentation with the ProTaper Next system; C) Assessment of volume
of residual filling material after filling removal with the Reciproc R40 instrument; D) Assessment of volume of residual filling material after
utilizing one of the supplementary cleaning techniques tested

Discussion

The results indicate that both supplementary cleaning
techniques tested removed filling material from the root canals;
however, the XPR instrument demonstrated greater efficacy
compared with PUI in root canals filled with Bio-C sealer.
Therefore, the null hypothesis was rejected.

Both supplementary cleaning techniques were performed in a
controlled environment maintained at 37 °C to standardize the
experimental conditions, thus meeting the requirements of the
XPR system. The choice of oval-shaped canals of mandibular
premolars was deliberate due to their tendency to possess
numerous regions with anatomical irregularities, which are prone
to remain untouched by endodontic instruments [2, 29]. Removal
of filling material from these canals can pose a challenge,
particularly when relying solely on conventional instruments.

Micro-CT is widely regarded as the gold standard for in vitro
endodontic research due to its non-destructive nature [2]. This
method enables precise assessment of the volume of residual
filling material within the same specimen at different stages of
the experiment. Consequently, it mitigates the risks associated
with interpretation bias that may arise when relying solely on
direct observation methods.

The results of the present study underscored the persistence
of residual filling material, even subsequent to the application of
the Reciproc R40 instrument, thereby aligning with previous
tindings reported by Martins et al. [2], Crozeta et al. [33], and

Volponi et al. [29]. Notably, no discernible difference was found
between the two tested sealers concerning the removal of filling
material following the application of the Reciproc R40
instrument. This finding contrasts the results reported by Rajda
et al. [27], who observed that a reciprocating instrument
exhibited superior efficacy in removing the combination of
gutta-percha and a bioceramic sealer (TotalFill BC; FKG
Dentaire, La-Chaux-de-fonds, Switzerland) from root canals
compared with the combination of gutta-percha and an epoxy
resin-based sealer (AH-Plus).

Bioceramic sealers have garnered attention due to their
recognized biocompatibility and bioactivity attributes [34, 35].
Notably, the XPR supplementary cleaning technique exhibited
superior performance compared with PUT in canals filled with
Bio-C Sealer. This sealer possesses bioactive properties that
enable it to interact with phosphate ions in dentin, forming a
new layer of hydroxyapatite. However, Bio-C Sealer was
observed to be more readily removed than AH-Plus in the
present investigation, implying that its interaction with dentin
may not promote extensive chemical bonding. In contrast, AH-
Plus sealer demonstrated greater resistance to removal only
when the PUI supplementary cleaning technique was employed,
potentially due to the covalent bonds established between the
dentinal amino group and the epoxy resin ring [36], thereby
creating a micromechanical bond between the material and the
root canal wall [37]. AH-Plus sealer is renowned for its
exceptional properties of intratubular penetration and sealing
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After filling
removal (A)

Group AH-PUI

Group AH-XPR

Group BC-PUI

Group BC-XPR

)

After supplementary
cleaning (B}

Superimposition
of (B) onto (A)

Figure 2. Superimpositions of images acquired before and after application of the supplementary cleaning techniques tested, illustrating the

additional reductions in residual filling material promoted by them

capacity [38]. Furthermore, it has been documented to exhibit
chemical interaction with dentin, even within isthmuses and
oval-shaped root canals, thus rendering it challenging to be
removed from these regions [15].

The superior performance of XPR observed in the present
study may be attributed to the phase change of this instrument
when exposed to temperatures exceeding 35°C, leading to the
transformation of the last millimeters of its active tip into a
semi-circumferential shape [39]. This alteration facilitates
enhanced contact between the instrument and the irregularities
present within the root canal, thereby promoting mechanical
displacement of filling material.

I E] Iranian Endodontic Journal 2024;19(3): 199-207

Passive ultrasonic irrigation is another technique assessed in
the present study, and has been widely established in the literature.
While PUI did prove capable of removing filling material, it was
significantly less effective than XPR in canals filled with Bio-C
Sealer. Passive ultrasonic irrigation operates based on the
cavitation phenomena and acoustic microstreaming [32].
However, to facilitate these effects, the ultrasonic insert must not
make contact with the root canal walls and should remain
positioned 2 mm short of the working length. This prerequisite
allows for proper circulation of the irrigating solution, thereby
ensuring maximal efficiency of the technique. Consequently, PUI
is most effective when the instrument operates within the central
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portion of the canal. Initially developed to address the smear
layer-a layer of debris adhering to the canal walls post-
instrumentation-PUT's efficacy in displacing this material may not
translate equivalently to removing more compact filling material
in retreatment cases. Thus, while cavitation plays a role, its
capacity to displace firmly adhered filling material may be
insufficient, because the technique does not aim to engage with
the root canal walls directly.

Studies conducted by De-Deus et al. [21], Volponi et al. [29],
and Ferreira et al. [40] provide supporting evidence for the
efficacy of the XPR system, aligning with the findings of the
present study. However, it is noteworthy that the methodologies
employed by De-Deus et al. (21) and Ferreira et al. (40) differed.
Specifically, De-Deus et al. (21) evaluated the efficiency of XPR
in mandibular incisors filled with AH-Plus, while Ferreira et al.
(40) assessed the efficiency of XPR in mandibular incisors with
the assistance of a solvent.

Martins et al. [2] observed that neither PUI nor EndoActivator
had a discernible positive impact on filling material removal.
However, the authors used a zinc oxide and eugenol-based sealer,
which typically exhibits greater susceptibility to removal by
mechanized instrumentation compared with bioceramic sealers
during the primary step of filling removal [15]. Consequently, the
potential contribution of supplementary techniques may be less
pronounced in such scenarios.

Some authors have concluded that bioceramic sealers
present greater challenges for removal [8, 15], whereas others

have reported divergent findings [9, 38]. These discrepancies
could potentially stem from variations in methodology, such
as the inclusion of solvents, as well as anatomical disparities
among the root types under investigation.

Given the limited availability of studies comparing the
sealers and supplementary cleaning techniques assessed in
the present study, it is recommended that future research be
conducted to elucidate the underlying factors contributing to
these outcome disparities. Specifically, studies exploring
other brands of bioceramic sealers, utilizing diverse
obturation techniques, and employing confocal microscopy
are warranted to illuminate the adhesion mechanisms of
bioceramic sealers to dentin. Additionally, investigations
examining the potential correlation between micro-CT
analyses (regarded as the gold standard for endodontic
(e.g.
polymerase chain reaction) are necessary. Such research

assessments) and molecular biology techniques
endeavors would provide the scientific foundation necessary
for the development of techniques capable of facilitating
more effective removal of various types of filling materials
utilized in endodontic re-intervention procedures. It is
essential to recognize that the outcomes of the present ex vivo
study cannot be directly extrapolated to the clinical
effectiveness of the evaluated supplementary cleaning
systems in achieving favorable retreatment outcomes.
Consequently, clinical studies are imperative to explore this
potential association.

Table 1. Median, 25% percentile, and 75% percentile of initial canal volume (mm?), canal volume after instrumentation performed with the
ProTaper Next system, and volume of residual material after filling removal performed with the Reciproc R40 instrument

Initial volume of the root canal
Groups

Median (p25-p75)

7.51 (6.10-11.68) A

8.64 (5.84-10.48) A
0.935

AH-PUI and AH-XPR
BC-PUI and BC-XPR
P-value

Root canal volume after
instrumentation with ProTaper Next
Median (p25-p75)

14.65 (11.80-16.95) A
13.92 (12.27-15.24) A

Volume of residual material after
filling removal with Reciproc R40
Median (p25-p75)

1.35 (0.42-4.01) 4
1.02 (0.19-1.97) A

0.607 0.213

AH-PUI, AH Plus sealer and passive ultrasonic irrigation (PUI); AH-XPR, AH-Plus sealer and XP-endo Finisher R instrument (XPR); BC-PUI, Bio-C Sealer and PUIL;
and BC-XPR, Bio-C Sealer and XPR. Different letters within the column indicate a statistically significant difference (Mann-Whitney U test, P<0.05)

Table 2. Median, 25" percentile, and 75" percentile of the volume (mm?) of residual material after filling removed with the Reciproc R40
instrument, and after using either passive ultrasonic irrigation or the XP-endo Finisher R system

Volume of residual material after

Groups filling removal with Reciproc R40
Median (p25-p75)

AH-PUI 1.02 (0.49-3.44) A

AH-XPR 1.18 (0.16-4.61) A

BC-PUI 1.13 (0.31-2.09) A

BC-XPR 0.50 (0.08-1.02) 4

P-value 0.285

Volume of residual material after
supplementary cleaning technique
Median (p25 - p75)

0.30 (0.09-0.46) 4

0.07 (0.02-0.28) 4B

0.29 (0.08-0.51) A

0.01 (0.00-0.08) ®

0.016

AH-PUL AH-Plus sealer and passive ultrasonic irrigation (PUI); AH-XPR, AH-Plus sealer and XP-endo Finisher R instrument (XPR); BC-PUI, Bio-C Sealer and PUL and BC-XPR,
Bio-C Sealer and XPR. Different letters within the column indicate a statistically significant difference (Kruskal-Wallis test and pairwise comparison Mann-Whitney U test, P<0.05)
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