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Abstract: Background. One of the most important aims of an endodontic treatment is to obtain the
complete removal or reduction of root canal remaining filling material: Smear layer, bacteria, intra-
canal medicaments. To meet this requirement, several irrigation activation techniques have been
proposed. Our systematic review examined studies which analyzed the XP-endo Finisher (XPF)
instrument efficacy in removing root canal debris during initial endodontic treatment or
retreatment, comparing it with the efficacy of other irrigation activation protocols, such as passive
ultrasonic irrigation (PUI), laser activation procedure (Er:YAG), and Self-Adjusting File system
(SAF). Methods. A systematic review was conducted using PubMed, Chocrane Library, and Scopus
databases, identifying 51 items. Thirty-four articles were excluded based on title, abstract, full text,
and language. Seventeen randomized controlled trials were selected and consequently submitted to
quality assessment and data collection. Results. Conventional needle irrigation (CNI) is the less
effective irrigation technique, but it is still unclear whether XPF is able to guarantee greater debris
removal than the PUI technique. Er:YAG laser has been proven to be more effective in apical third
than XPF instrument. Conclusions. Further investigations are needed in order to establish which
final irrigation activation procedure could reach the maximum root canal debris reduction.

Keywords: XP-endo Finisher; XP-endo Finisher effectiveness; irrigation activation protocols

1. Introduction

A successful endodontic procedure requires a proper shaping and irrigation. The linear
movement and rotation of mechanical instruments in the root system produce the smear layer, a
crystalline structure with 1-2 p thickness, whose components (pulp residues, dentinal debris,
bacteria, and their products [1]) can be found on the canal walls, root canal branches, and pressed
into the dentinal tubules [2,3]. Moreover, during a canal retreatment, calcium hydroxide is used as
intra-canal medicaments, in order to achieve the decrease of the bacterial amount. However, the
remnants of this medicament, which have to be completely removed before permanent root canal
filling, could obstacle the penetration of sealers and disinfectant, compromising the successful result
of the endodontic therapy [4]. In addition, the existence of different canal systems and anatomical
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variation (e.g., c-shaped canals, oval-shaped canals) complicates the treatment procedure. If residual
intra-radicular infection occurs, a retreatment is required in order to eliminate the filling material and
to reduce the presence of microorganisms. However, these goals are not always simple to achieve
and may require adjunctive steps [5,6]. The only way to eliminate all of this type of debris is irrigation,
a procedure that guarantees a positive impact on those areas of the canal system that cannot be
reached by mechanical instruments [7]. One of the most common and profitable irrigation protocols
involves the use of sodium hypochlorite (NaOCl), which solves necrotic tissues and reduces the
bacterial load [8]. To fulfil its function, the irrigation procedure should provide the dispersion of the
solution also within the inaccessible areas of the prepared canal walls, and, for this reason, several
manual and mechanical irrigant agitation procedures have been proposed. In fact, a recent study by
Conde et al. [9] demonstrated that irrigant activation improves tissue dissolution, overcoming the
limitation of the conventional needle irrigation procedure (apical positive pressure), which is unable
to clean the most apical portion of the root canal system. Examples of irrigant activation procedures
are represented by the passive ultrasonic irrigation, the Self-Adjusting File system, or by the
TRUShape 3D Conforming File. The passive ultrasonic irrigation technique activates the irrigant
through ultrasonically oscillating small files or smooth noncutting wires, respecting the canal
preparation [10]. The Self-Adjusting File system involves the use of hollow and thin cylindrical
nickel-titanium instruments, which adapt to the cross-section of the root canal and operate with a
constant flow of irrigant that is continuously replaced during the procedure [11]. Finally, the recent
TRUShape 3D Conforming File is an S-shaped curve and blue color instrument, which preserves
more tooth structure than ordinary NiTi instruments [12]. Recently a new mechanical cleaning system
has been introduced: XP-Endo® Finisher (FKG Dentaire. La-Chaux-de-Fonds, Switzerland), that, with
its revolutionary design, may enhance the ability to clean root canals with particular anatomical
characteristics, reaching areas previously impossible to treat, but always preserving dentine. XP-
Endo® Finisher is available in two sizes, ISO 025 and ISO30 (with 0% taper), and it can be used for
retreatment cases (Finisher R, Reinforced) and for initial treatment (Finisher, a smaller version). It is
made of nickel-titanium (NiTi) MaxWire alloy and, thanks to its small core size and its zero taper, it
guarantees flexibility and excellent resistance to cyclic fatigue. Exploiting the shape-memory
principles of NiTi alloy, this instrument is able to pass from the martensite-phase (straight shape,
room temperature) to the austenite-phase (spoon-like shape) when exposed to body temperature,
adapting to the specific morphology of the root canal.

1.1. Objectives

The objective of this systematic review was to analyze studies that tested the XP-Endo Finisher
instrument efficacy in removing root canal detritus (e.g., smear layer, bacteria, intra-canal material
remnants) during initial endodontic treatment or retreatment, comparing it with the efficacy of other
irrigation activation protocols.

1.2. Clinical Question (PICO)

e P:XP-Endo® Finisher (FKG Dentaire, La-Chaux-de-Fonds, Switzerland);

e I Efficacy of XP-Endo® Finisher in removing root canal debris during initial endodontic
treatment or retreatment;

e  C: Comparison between the cleaning efficacy of XP-Endo® Finisher and other final irrigation
activation techniques;

e  O: Evaluation of the efficacy of XP-Endo® Finisher as a new mechanical cleaning system
compared to other final irrigation activation protocols.
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2. Materials and Methods

2.1. Protocol and Registration

The PRISMA statement [13] was used to select methods and inclusion criteria, since it provides
a reliable protocol for systematic reviews.

2.2. Eligibility Criteria

2.2.1. Inclusion and Exclusion Criteria

All of the studies concerning the effectiveness of the new mechanical cleaning system XP-Endo®
Finisher that met the following criteria were included in our systematic review:

o  Comparison between the efficacy of XP-Endo® Finisher in removing root canal debris and those
of other irrigation agitation protocols;

o Irrigation solution composed by NaOCI or EDTA, or both;

@ Quantitative data about the effectiveness of XP-Endo® Finisher; and

© Randomized controlled trial.

We excluded case reports and other systematic reviews about this topic. Studies without
quantitative data available were not included in our study.

2.2.2. Search

We conducted a systematic literature search using the databases of PubMed, Cochrane Library,
and Scopus in order to identify the most recent studies about XP-Endo Finisher® effectiveness,
published by August 2019. Only articles written in English language were included, but no
restrictions with regard to measurement methodology were imposed. As keywords, combined with
the Boolean term “AND”, “XP-Endo Finisher”, “XP-Endo Finisher effectiveness”, and “irrigation
activation protocols” were used. The research was completed in October 2019.

2.2.3. Study Selection and Data Collection Process

Two researchers (G.M. and D.L.) independently analyzed the title, abstract, and full text of all of
the found items and, according to inclusion and exclusion criteria, they selected those that were
eligible for this systematic review. Data collection was conducted by two reviewers (G.M. and D.L.),
who extracted from each article the following information: Study design (randomized controlled
trial), remaining root canal filling material that was measured after the irrigation protocols (smear
layer, bacteria, Ca(OH)., triple or double antibiotic paste), and the different irrigation protocols that
were used in order to remove the remaining material (XP-Endo Finisher, conventional needle
irrigation, passive ultrasonic irrigation, Self-Adjusting File, TRUShape 3D, Er:YAG laser, CanalBrush,
EndoActivator). Only irrigation protocols that used NaOCl or EDTA solutions were considered.
Percentages and the scoring system by Lee et al. and van der Sluis et al. were used for the principal
outcome measures. The flow chart that was used for this study is shown in Figure 1.
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51 articles found after database

searching (PubMed, Cochrane

Library, Scopus)

51 articles screened and ossesse for 34 studies excluded
eligibility — based on:
- Title: 12

- Abstract: 12
- Full Text:9
- Language: 1

17 randomized controlled trials

included in the systematic review

Figure 1. Flow chart of the publication assessment.

2.2.4. Quality Assessment

The quality level of the selected articles, evaluated with the Newcastle-Ottawa scale (NOS) [14],
was considered high, since the lowest score was 6 and the highest one was 7 (Table 1). Most of the
teeth samples analyzed in the articles were selected following reliable methodologies (radiographs,
micro-TC, dental microscope) and the primary outcomes were recorded with adequate methods,
such as confocal laser scanning microscopy, 3D Slicer, scanning electron microscope, and
stereomicroscope. The evaluated quality parameters are shown in Supplementary Materials.

Table 1. Quality assessment of the included studies.

. . Selection .
Studies Definition Representativeness of Definition Comparability Exposure Total
of Cases of Cases of Controls
Controls
Alves et al.
+ + - + +- ++- 6
2016
Azim et al.
+ + - + +- ++- 6
2016
Bao et al.
+ + + + +- ++- 7
2017
De-Deus et
+ - + + +- ++- 6
al. 2019
De-Deus et
+ - + + +- ++- 6
al. 2019
Elnaghy et + + + + +- ++- 7
al. 2017
Gokturk et
+ + + + +- ++- 7
al. 2016
Gokturk et
+ + + + +- ++- 7
al. 2016
Hamdam et
+ + + + +- ++- 7
al. 2017
Keskin et al.
+ + + + +- ++- 7

2017
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Kfir et al.
+ + + + +- ++- 7
2017
Leoni et al.
+ + + + +- ++- 7
2016
Turkaydin + B + + + - 6
et al. 2017
Ulusoy et . + . + - e 7
al. 2018
Uygun et al. . ) " + 4o - 6
2016
Wigler et al. . . . . - - 7
2016
Zhao et al.
+ + + + +- ++- 7
2019
+: star assigned; -: star not assigned
3. Results

3.1. Study Selection and Characteristics

The research through the PubMed, Cochrane Library, and Scopus databases identified a total of
51 citations and, after examining titles, abstracts, and full texts, only 17 articles were eligible for
inclusion in this paper. Twelve articles were excluded based on the title, twelve based on the abstract,
nine after reading the full text, and one because it was written in Japanese. The included studies were
consequently submitted to quality assessment (using the Newcastle-Ottawa Scale) and data
extraction.

This research selected 17 randomized controlled trials, whose characteristics are presented in
Table 2, with reference to author and year of publication, study design, remaining root filling material
measured, and irrigation protocols compared with XP-Endo Finisher. All of the articles were written
in English language.

The outcome measures reported in this systematic review refer to a total sample of 828 teeth, of
which 245 teeth were treated with XP-Endo Finisher, 230 with passive ultrasonic irrigation, 184 with
convention needle irrigation, 45 with Er:YAG laser, 40 with EndoActivator, 40 with CanalBrush, 16
with TRUShape 3D, and 28 with Self-Adjusting File.

Table 2. List of included studies.

Study Design Remaining Root Filling Irrigation Protocols Compared with XP-Endo
Material Measured Finisher
Alves et al. Bacteria in mandibular 2:5% NaOCl agitation:
2016 RCT molars ) PUL
XPF
17% EDTA + 6% NaOCI agitation with:
Azim et al. Bacteria colonized in i CNI (no ac’flvatlon)
2016 RCT dentinal tubules ) EndoActivator
- Er:-YAG
XPF
Three-step irrigation:
Bao ot al. 2017 RCT E‘fioﬁlm in apical root of - CNI (no activation)
single rooted premolars - PUI
- XPF

5.25% NaOCl agitation + final flush with 17%
EDTA for 2 min and bi-distilled water:

De-Dze(;J;s9 etal. RCT AHTD in oval-shaped canals i PUI
5.25% NaOCl agitation with:
- XPF
De-Deus et al. Root filling remnants from  2.5% NaOCI (in the first cycle), 17% EDTA (in the

RCT
2019 ¢ oval-shaped canals second one) agitation:
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- PUI
- XPF—R
+ final flush with bi-distilled water

Elnaghy et al.
2017

RCT

Smear layer in curved canals

- CNI
17% EDTA agitation with:
- No additional agitation
- Agitated with BT?2 file
- EndoActivator
- XPF
+2.5% NaOCl + sterile saline solution

Gokturk et al.
2016

RCT

Ca(OH):in single-rooted
teeth

2.5% NaOCl agitation with:
- Beveled needle (no activation)
Double side-vented needle (no activation)
- CanalBrush
- XPF
- Sonic irrigation
- PUIL
- Er:YAG laser

Gokturk et al.
2016

RCT

DAP in single-rooted teeth

2.5% NaOCl agitation with:
- Beveled needle (no activation)
Double side-vented needle (no activation)
- CanalBrush
- XPF
- Vibringe
- PUL
- Er:Yag laser

Hamdam et al.
2017

RCT

Ca(OH):in single-rooted
teeth

2.5% NaOCl agitation with:
- PUI
- XPF

Keskin et al.
2017

RCT

Ca(OH):in single-rooted
teeth

5.25% NaOCl and 17% EDTA:
- PUI
- EndoActivator
- CanalBrush
- XPF

Kfir et al. 2017

RCT

Ca(OH)2 in single oval
canals

4% NaOCl agitation with:
- SAF
- PUI
- XPF
- CNI

Leoni et al.
2016

RCT

AHTD in mesial root of
mandibular molars

2.5% NaOCl agitation with:
- CNI (no activation)
- PUI
- SAF
- XPF

Turkaydin et
al. 2017

RCT

TAP in single-rooted teeth

- PUI
- CNI
- XPF

Ulusoy et al.
2018

RCT

Organic tissue in straight
root canals

- 2.5% NaOCl no activation
2.5% NaOCl agitation with:
- PUI
- XPF

Uygun et al.
2016

RCT

Ca(OH)2 in mandibular
premolars

17% EDTA with needle irrigation (CNI),
no activation
17% EDTA agitation with:
- TRUShape 3D
- PUI
- XPF
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- 4% NaOCl with needle irrigation (CNI),
no activation

Wigler et al. RCT Ca(OH)2in apical third of 4% NaOCl activation with:
2016 oval root canals
- PUI
- XPF
- 2% NaOCl + 17% EDTA with CNI, no
activation

2% NaOCl agitation + 17% EDTA with syringe
and needle irrigation:
- PUIL
- XPF
AHTD: Accumulated hard-tissue debris; Ca(OH)2: Calcium hydroxide; CNI: Conventional needle
irrigation; DAP: Double antibiotic paste; SAF: Self-Adjusting File; PUI: Passive ultrasonic irrigation;
TAP: Triple antibiotic paste; XPF: XP-Endo Finisher; RCT: Randomized controlled trial.

Zhaoetal. 2019  RCT AHTD in c-shaped canals

3.2. Results of Individual Studies

According to six of the included studies, the XP-Endo Finisher instrument (XPF) showed a
greater root canal cleaning efficacy than the passive ultrasonic irrigation technique (PUI) [5,15-19].
On the contrary, seven articles stated that the passive ultrasonic irrigation technique and XP-Endo
Finisher showed no significant differences among them in removing root filling material from canal
root, and that both protocols have a greater efficacy than conventional needle irrigation procedure
(CNI) [10,12,20-24]. Gokturk et al. demonstrated in his studies [4,25] that PUI and laser-activated
irrigation (LAI) were more efficient than XPF and CanalBrush (CB). All of the included researches
recorded a lower cleaning performance of the standard needle procedure than the other irrigation
methods (Table 3). The root filling material mean reduction (bacteria, AHTD, and organic tissues)
obtained with XPF was equal to 63.84% [5,10,19,20,23,26]. Conventional needle irrigation and PUI
guaranteed a mean reduction of 44.82%[10,19,23] and 64.12% [5,10,19,20,23], respectively. Azim et al.
[26] stated that the mean bacterial reduction in apical third (at 150 um) was 70% using Er:YAG laser,
47% using EndoActivator, and 23% using XP-Endo Finisher, demonstrating that the irrigation
protocol with the aid of erbium:yttrium-aluminium-garnet (Er:YAG) laser had the greatest
disinfection efficacy at higher depths. However, the same study recorded a greater efficacy of XP-
Endo Finisher in killing apical third bacteria at 50 um depth than the EndoActivator instrument and
Er:YAG laser. Five of the included studies [4,12,22,24,25] used the scoring system by Lee et al. and
van der Sluis et al. [27,28] in order to determine the amount of remaining debris in canal root systems
(Figure 2). Out of 168 teeth that were irrigated with the aid of XPF (84 teeth) and PUI (84 teeth), 52.3%
and 51.1% received a score of 2 (44/84 and 43/84), and 23.8% and 10.7% received a score of 3 (20/84
and 9/84), respectively. Empty grooves (score 0) were found in 12 teeth (14.2%) and in 15 teeth
(17.8%), while in 8 teeth (9.5%) and 17 teeth (20.2%), respectively, calcium hydroxide was present in
less than half of the grooves (score 1). Most of the teeth (39 out of 54) that were treated with CNI
presented grooves still completely filled with calcium hydroxide (Score 3), and no teeth had empty
grooves (Score 0) [12,22,24]. According to Kfir et al. [24], Uygun et al. [12], and Wigler et al. [22], XPF
and PUI may ensure better results than CNI, although there are no significant differences among
them. Gokturk et al. [4,25] claimed in their articles that no significant differences were found between
PUI and laser-activated irrigation (LAI), and that these procedures eliminated root canal debris better
than XPF, CanalBrush (CB), Vibringe, and CNI. Moreover, Gokturk et al. demonstrated that the XPF
system showed similar results to those of CNI. One of the included articles [29] used a five-score scale
to evaluate the remaining root filling material, highlighting that XPF and EndoActivator (EA)
methods were more efficient than CNI, and that there were no significant differences between XPF
and EA. In conclusion, almost all of the studies stated that none of the tested procedures were able to
completely remove all root canal debris from all three root parts.
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Figure 2. Distribution of scores for removing root canal debris in a sample of 222 teeth. Scoring system
by Lee et al. and van der Sluis et al. — Score 0: Groove was empty; Score 1: Present in less than half
of the grooves; Score 2: Present in more than half of the grooves; Score 3, The groove was completely
covered [27,28].
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4. Discussion

This systematic review had the objective of assessing the root canal cleaning effectiveness of the
XP-Endo finisher instrument, both during initial endodontic treatment and retreatment, compared to
the efficacy of other irrigant activation procedures. Studies included in this review tested the cleaning
efficacy of different protocols using teeth with different anatomical morphologies: Straight or oval-
shaped root canals, c-shaped canals, single-rooted teeth, or mandibular molars/premolars. The
collected data suggested that CNI is the less effective irrigation technique, since it is not able to adapt
to the particular anatomical characteristics of the root canal system and it does not allow to clean the
root canal apical third [12,16,19,22-24,29]. Given its characteristics, the XP-Endo Finisher instrument
surely provides a wider contact with canal walls, increasing cleaning efficacy, also in anatomically
complex root canal systems, but it is still unclear whether it is able to guarantee greater debris
removal than passive ultrasonic irrigation technique. PUI produces acoustic microwaves, which
enhance the reaction of debris dissolution, generating hydrodynamic shear stress [19]. However, the
ultrasonic tip could bind to the canal walls of curved canals, interfering with the acoustic streaming
[20]. The laser activation procedure has been proven to be more effective in apical third than the XPF,
EA, and CB methods [4,25,26,29], since it generates a shock wave effect, allowing a deeper penetration
of irrigation solutions into dentinal tubules [26]. The SAF technique showed no significant differences
from the XPF and PUI techniques in the study by Kfir et al. [24], but it has been demonstrated to be
less effective in the study by Leoni et al. [10]. Our review highlights that further investigations are
needed in order to establish which final irrigation activation procedure could reach the maximum
root filling material reduction during endodontic treatment. Studies included in this paper also
demonstrated that none of the above-mentioned methods ensure the total removal of root canal
debris. Different types of root canals and different concentrations of irrigation solutions could be
limitations of our study, leading to inhomogeneous results. Sodium hypochlorite (NaOCl) was used
at 2, 2.5, 4, or 5.25% concentrations and ethylenediaminetetraacetic acid (EDTA) was used at 17%
only. Moreover, root canal preparation of teeth samples in the included articles was performed by
using different instruments, a condition that does not guarantee homogeneity. Three studies used the
BT-Race rotary system [15,17,29]. Reciproc rotary files were used by De-Deus et al. [5,20], Gokturk et
al. [4,25], and by Zhao et al. [23]. Turkaydin et al. [18], Ulusoy et al. [19], and Uygun et al. [12]
prepared the root canal system with the ProTaper Universal rotary system. Vortex Blue files, XP-
Endo Shaper, the WaveOne Small File, and EndoSequence Endodontic File System were used only
in one study, respectively [10,16,23,26]. Zhao et al. [23] tested the efficacy of the XP-Endo Finisher
instrument compared with the passive ultrasonic irrigation technique and conventional needle
irrigation. In all the three groups, significantly different hard-tissue debris reduction values were
obtained depending on the type of the root canal preparation procedure. In the PUI group, the AHTD
reduction values were 77.3 after the XP-Endo Shaper instrumentation and 64.2% after Reciproc rotary
file preparation. In the XPF group, the values were 63.1% and 68.4%, respectively. In conclusion,
additional studies should be conducted using uniform parameters with regard to teeth anatomical
characteristics, concentrations of irrigation solutions, and root canal preparation systems.

5. Conclusions

Final irrigation activation procedure in endodontic treatment is needed in order to improve the
root canal debris removal provided by the conventional needle irrigation technique. The laser
activation procedure may have a greater efficacy than the XPF, EA, and CB methods, while the PUI
protocol has been shown to be as effective as the XPF instrument or less effective than the latter. None
of the analyzed protocols were able to completely remove root filling materials.



Appl. Sci. 2019, 9, 5001 12 of 13

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1

Author Contributions: conceptualization, D.L.; methodology, G.M.; validation, F.C, investigation, F.D.V.; data

curation, F.D.S.; writing—original draft preparation, G.M.; writing —review and editing, D.L.; visualization, L.S.;
supervision, M.P.

Funding: +This research received no external funding

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

Shahrzad, A.; Hengameh, B.; Shahram, A.; Ehsan, E. In vitro effect of XP-Endo finisher on the amount of
residual debris and smear layer on the root canal walls. Dent. Res. ]. 2019, 16, 179-184.

Dioguardi, M.; Gioia, G.D.; Illuzzi, G.; Laneve, E.; Cocco, A.; Troiano, G. Endodontic irrigants: Different
methods to improve efficacy and related problems. Eur. | Dent. 2018, 12, 459-466,
doi:10.4103/ejd.ejd_56_18.

Torabinejad, M.; Handysides, R.; Khademi, A.A.; Bakland, L.K. Clinical implications of the smear layer in
endodontics: A review. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2002, 94, 658—666.

Gokturk, H.; Ozkocak, I.; Buyukgebiz, F.; Demir, O. Effectiveness of various irrigation protocols for the
removal of calcium hydroxide from artificial standardized grooves. . Appl. Oral Sci. 2017, 25, 290-298,
doi:10.1590/1678-7757-2016-0414.

De-Deus, G.; Belladonna, F.G.; Zuolo, A.S.; Cavalcante, D.M.; Carvalhal, J.C.; Simoes-Carvalho, M.; Souza,
E.M.; Lopes, R.T.; Silva, E.J. XP-endo Finisher R instrument optimizes the removal of root filling remnants
in oval-shaped canals. Int. Endod. ]. 2019, 52, 899-907, d0i:10.1111/iej.13077.

Karamifar, K.; Mehrasa, N.; Pardis, P.; Saghiri, M.A. Cleanliness of Canal Walls following Gutta-Percha
Removal with Hand Files, RaCe and RaCe plus XP-Endo Finisher Instruments: A Photographic in Vitro
Analysis. Iran. Endod. . 2017, 12, 242-247, d0i:10.22037/iej.2017.47.

Haapasalo, M.; Shen, Y.; Wang, Z.; Gao, Y. Irrigation in endodontics. Br. Dent. ]. 2014, 216, 299-303,
doi:10.1038/sj.bd;j.2014.204.

Zand, V.; Mokhtari, H.; Reyhani, M.F.; Nahavandizadeh, N.; Azimi, S. Smear layer removal evaluation of
different protocol of Bio Race file and XP- endo Finisher file in corporation with EDTA 17% and NaOCl. J.
Clin. Exp. Dent. 2017, 9, e1310-e1314, doi:10.4317/jced.54179.

Conde, A].; Estevez, R.; Lorofio, G.; Valencia de Pablo, o. ; Rossi-Fedele, G.; Cisneros, R. Effect of sonic and
ultrasonic activation on organic tissue dissolution from simulated grooves in root canals using sodium
hypochlorite and EDTA. Int. Endod. ]. 2017, 50, 976-982, d0i:10.1111/iej.12717.

Leoni, G.B.; Versiani, M.A.; Silva-Sousa, Y.T.; Bruniera, J.F.; Pécora, J.D.; Sousa-Neto, M.D. Ex vivo
evaluation of four final irrigation protocols on the removal of hard-tissue debris from the mesial root canal
system of mandibular first molars. Int. Endod. ]. 2017, 50, 398-406, doi:10.1111/iej.12630.

Metzger, Z.1.; Teperovich, E.; Zary, R.; Cohen, R.; Hof, R. The self-adjusting file (SAF). Part 1: Respecting
the root canal anatomy — A new concept of endodontic files and its implementation. ]. Endod. 2010, 36, 679—
690, doi:10.1016/j.joen.2009.12.036.

Uygun, A.D.; Glindogdu, E.C.; Arslan, H.; Ersoy, I Efficacy of XP-endo finisher and TRUShape 3D
conforming file compared to conventional and ultrasonic irrigation in removing calcium hydroxide. Aust.
Endod. ]. 2017, 43, 89-93, d0i:10.1111/aej.12176.

Liberati, A.; Altman, D.G.; Tetzlaff, ]J.; Mulrow, C.; Getzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux,
P.J.; Kleijnen, J.; Moher, D. The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: Explanation and elaboration. . Clin. Epidemiol. 2009, 62, e1—
€34, doi:10.1016/j.jclinepi.2009.06.006.

Wells, G.A_; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. The Newcastle-Ottawa
Scale (NOS) for Assessing the Quality of Nonrandomized Studies in Meta-Analyses. 2014. Available online:
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed on 16 September 2019).

Alves, F.R.; Andrade-Junior, C.V.; Marceliano-Alves, M.F.; Pérez, A.R.; Ré¢as, .N.; Versiani, M.A.; Sousa-
Neto, M.D.; Provenzano, J.C.; Siqueira, J.F., Jr. Adjunctive Steps for Disinfection of the Mandibular Molar
Root Canal System: A Correlative Bacteriologic, Micro-Computed Tomography, and Cryopulverization
Approach. J. Endod. 2016, 42, 1667-1672, doi:10.1016/j.joen.2016.08.003.



Appl. Sci. 2019, 9, 5001 13 of 13

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Bao, P.; Shen, Y.; Lin, J.; Haapasalo, M. In Vitro Efficacy of XP-endo Finisher with 2 Different Protocols on
Biofilm Removal from Apical Root Canals. ]. Endod. 2017, 43, 321-325, d0i:10.1016/j.joen.2016.09.021.
Hamdan, R.; Michetti, J.; Pinchon, D.; Diemer, F.; Georgelin-Gurgel, M. The XP-Endo Finisher for the
removal of calcium hydroxide paste from root canals and from the apical third. J. Clin. Exp. Dent. 2017, 9,
e855-e860, doi:10.4317/jced.53962.

Turkaydin, D.; Demir, E.; Basturk, F.B.; Sazak Ovecoglu, H. Efficacy of XP-Endo Finisher in the Removal
of Triple Antibiotic Paste from Immature Root Canals. J. Endod. 2017, 43, 1528-1531,
doi:10.1016/j.joen.2017.04.017.

Ulusoy, O.L; Savur, L.G.; Alagam, T.; Celik, B. The effectiveness of various irrigation protocols on organic
tissue removal from simulated internal resorption defects. Int. Endod. ]. 2018, 51, 1030-1036,
doi:10.1111/iej.12919.

De-Deus, G.; Belladonna, F.G.; de Siqueira Zuolo, A.; Perez, R.; Carvalho, M.S.; Souza, E.M.; Lopes, R.T.;
Silva, E.J.N.L. Micro-CT comparison of XP-endo Finisher and passive ultrasonic irrigation as final irrigation
protocols on the removal of accumulated hard-tissue debris from oval shaped-canals. Clin. Oral Investig.
2019, 23, 3087-3093, d0i:10.1007/s00784-018-2729-y.

Keskin, C.; Sariyilmaz, E.; Sariyilmaz, O. Efficacy of XP-endo Finisher File in Removing Calcium Hydroxide
from Simulated Internal Resorption Cavity. J. Endod. 2017, 43, 126-130, d0i:10.1016/j.joen.2016.09.009.
Wigler, R.; Dvir, R.; Weisman, A.; Matalon, S.; Kfir, A. Efficacy of XP-endo finisher files in the removal of
calcium hydroxide paste from artificial standardized grooves in the apical third of oval root canals. Int.
Endod. J. 2017, 50, 700-705, d0i:10.1111/iej.12668.

Zhao, Y.;Fan, W.; Xu, T.; Tay, F.R.; Gutmann, J.L.; Fan, B. Evaluation of several instrumentation techniques
and irrigation methods on the percentage of untouched canal wall and accumulated dentine debris in C-
shaped canals. Int. Endod. ]. 2019, 52, 13541365, d0i:10.1111/iej.13119.

Kfir, A.; Blau-Venezia, N.; Goldberger, T.; Abramovitz, I.; Wigler, R. Efficacy of self-adjusting file, XP-endo
finisher and passive ultrasonic irrigation on the removal of calcium hydroxide paste from an artificial
standardized groove. Aust. Endod. ]. 2018, 44, 26-31, doi:10.1111/aej.12204.

Gokturk, H.; Ozkocak, I.; Buyukgebiz, F.; Demir, O. An in vitro evaluation of various irrigation techniques
for the removal of double antibiotic paste from root canal surfaces. J. Appl. Oral Sci. 2016, 24, 568-574,
doi:10.1590/1678-775720160286.

Azim, A.A.; Aksel, H.; Zhuang, T.; Mashtare, T.; Babu, ].P.; Huang, G.T. Efficacy of 4 Irrigation Protocols
in Killing Bacteria Colonized in Dentinal Tubules Examined by a Novel Confocal Laser Scanning
Microscope Analysis. ]. Endod. 2016, 42, 928-934, doi:10.1016/j.joen.2016.03.009.

van der Sluis, L.W.; Wu, M.K,; Wesselink, P.R. The evaluation of removal of calcium hydroxide paste from
an artificial standardized groove in the apical root canal using different irrigation methodologies. Int.
Endod. J. 2007, 40, 52-57.

Lee, S.J.; Wu, M.K; Wesselink, P.R. The effectiveness of syringe irrigation and ultrasonics to remove debris
from simulated irregularities within prepared root canal walls. Int. Endod. ]. 2004, 37, 672—678.

Elnaghy, A.M.; Mandorah, A.; Elsaka, S.E. Effectiveness of XP-endo Finisher, EndoActivator, and File
agitation on debris and smear layer removal in curved root canals: A comparative study. Odontology 2017,
105, 178-183, d0i:10.1007/s10266-016-0251-8.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
BY

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



