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Abstract: Background: All endodontic treatment techniques are associated with the extrusion of
debris into periradicular tissues through the apex. The extrusion of apical debris can lead to delayed
healing or even therapy failure. It is possible to reduce the extrusion into periapical tissues through
various approaches. The objective of this systematic review is to evaluate whether, in cases of
non-surgical endodontic retreatment, reciprocating instruments cause greater extrusion of debris
compared to instruments with continuous rotation. Methods: A search was conducted on PubMed,
Ovid MEDLINE, and the Web of Science. The inclusion criterion was in vitro studies comparing
apical extrusion in endodontically treated elements using continuously rotating and reciprocating
files. Results: The search on scientific databases yielded 164 results, out of which only 16 were eligible
for evaluation after screening. Conclusions: The authors of the research included in this review do
not agree on the results obtained. Based on the articles analyzed in this systematic review, it remains
unclear whether continuous rotation or reciprocating movement of the endodontic instrument can
lead to significant differences in apical debris extrusion; it is not possible to provide a clear clinical
recommendation regarding the choice of instrument movement for endodontic procedures.

Keywords: non-surgical endodontic retreatment; root canal preparation; apical debris extrusion;
rotary file(s); reciprocating file(s); systematic review

1. Introduction

Endodontic therapy aims to eliminate bacterial infection from the root canal and main-
tain the health of the periapical area [1]. Factors such as procedural errors by the operator
or tooth-related factors like complex canal anatomy can compromise its outcome [2,3]. Not
every endodontic therapy is successful, with success rates ranging from 86% to 96% [4].
In case of endodontic failure, the first therapeutic choice should always be non-surgical
endodontic retreatment [5]. However, even this may have a negative outcome, with a
success rate of approximately 78% [4,6–8].

Numerous techniques have been proposed to facilitate non-surgical endodontic re-
treatment, including stainless steel hand files, the use of gutta-percha solvents, ultrasonics,
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or NiTi instruments specifically designed for retreatments. Still, none of these techniques
guarantees therapy success [9–12].

All endodontic treatment techniques are associated with the extrusion of debris into
periradicular tissues through the apex, including necrotic pulp tissue, bacteria, irrigants,
or dentinal chips [13–15]. However, in addition to the above factors, the extrusion of
root filling materials such as sealer and gutta-percha from the root canal system must be
considered in retreatment cases [16–18]. The extrusion of infected debris into periapical
tissues leads to inflammation, causing vessel dilation, increased permeability, and the
initiation of inflammatory cell chemotaxis [19,20]. A clinical consequence of periradicular
inflammation is post-operative pain [21–23]. The intensity of the pain depends on the
amount of extruded debris and the virulence of microorganisms [19,24–26]. Furthermore,
the extrusion of apical debris can lead to delayed healing or even therapy failure due to
a foreign body reaction [1,27]. Although the extrusion of virulent microorganisms into
periradicular tissues is recognized as an important causal factor in the development of
painful symptoms, even extruded pulp and dentin tissue, though uncontaminated, have
the potential to initiate an inflammatory reaction [28–31].

It is possible to reduce the extrusion into periapical tissues through various approaches,
such as crown-down instrumentation techniques, which gradually provide access to the
canal foramen, abundant phases of canal irrigation, or by choosing the correct file size
for maintaining apical patency. Nevertheless, the extrusion of a certain amount of debris
remains inevitable during canal instrumentation [19,32–34].

The introduction of instruments with reciprocating motion into the market has brought
several advantages compared to instruments with continuous rotation, such as improved
resistance to instrument fracture or increased instrument durability [35–40].

However, it is not clear whether this type of movement results in a difference in the
amount of extruded debris during the endodontic retreatment procedure.

The objective of this systematic review is to evaluate whether, in cases of non-surgical
endodontic retreatment, reciprocating instruments cause greater extrusion of debris com-
pared to instruments with continuous rotation. The hypothesis is that, in cases of non-
surgical endodontic retreatment, the use of reciprocating instruments compared to in-
struments with continuous rotation, does not determine a difference in the quantity of
extruded debris.

2. Materials and Methods
2.1. Protocol and Registration

The methods and inclusion criteria of this systematic review were predetermined
and documented in a protocol, following the quality standards outlined in the PRISMA
2009 checklist [41]. A detailed protocol outlining the methodology was developed before
drafting this paper. The review was registered on the CRD York website, PROSPERO
(protocol number, CRD42023415897).

2.2. Search Strategy

The search was conducted in electronic databases, including Ovid MEDLINE, PubMed,
and the Web of Science. No manual searches were performed on other databases. For the
selection process, the time frame considered was from January 2013 to April 2023.

The following terms and their combinations were used in the search: (apical extrusion)
AND (endodontic retreatment). These keywords were chosen to collect and document as
much relevant data as possible.

The following focused question was developed in accordance with the Population,
Intervention, Comparison, and Outcome (PICO) study design:

“Do continuously rotating endodontic instruments (P) extrude fewer apical debris (O)
compared to reciprocating instruments (C) in endodontic retreatments (I)?”

The review included in vitro studies that compared apical extrusion in endodontically
treated elements using both continuously rotating and reciprocating files. Only studies
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published between January 2013 and April 2023 were considered. The PRISMA flow chart
is summarized in Figure 1.
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2.3. Eligibility Criteria

The full texts of all potentially relevant research papers were assessed, taking into
account the following inclusion criteria:

• Articles comparing apical extrusion in endodontically treated elements using continu-
ously rotating and reciprocating files.

• In vitro studies.
• The exclusion criteria considered were as follows:
• Research involving teeth with diseases.
• Research that evaluated apical extrusion using only one type of kinematics.
• Case reports, case series, reviews, and meta-analyses.
• Papers without the full text available.
• Papers not in the English language.

The inclusion and exclusion criteria are summarized in Table 1.

2.4. Risk of Bias Assessment

The risk of bias of the in vitro studies included in this systematic review of the literature
was carried out using the CONSORT system [42]. This system is a methodological index
composed of a checklist containing 14 questions:
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Item 1 analyzes the abstract: The abstract should contain enough information to enable
good understanding of the rationale for the approach. The results of the research must be
clear in the abstract.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Articles comparing apical extrusion in
endodontically treated elements using
continuously rotating and reciprocating files.

Research involving teeth with diseases

In vitro studies Research that evaluated apical extrusion using
only one type of kinematics.
Case reports, case series, reviews, and
meta-analyses.
Papers without the full text available.
Papers not in the English language

Items 2a and 2b analyze the introduction: Authors should provide clear information
about the background and should explain the material or technique to be tested in their
experiment. Authors should report similar previously published studies of the topic, and
they should explain the rationale for their new project. The objectives of the study and the
hypothesis should be reported in the introduction.

Items 3 to 10 analyze the method: It is necessary that other authors can replicate the
results by carrying out the same experiment. At these points information on the sample
is evaluated:

• If the power analysis was carried out in order to determine the minimum sample number
• If randomization of the division of the sample into groups was carried out
• If the randomization method is explained
• If it is explained who generated the random allocation sequence, who enrolled the

patients, and who assigned the patients to intervention
• If it is explained who was blinded after assignment to the intervention
• If the statistical method that will be used to evaluate the results is explained

Item 11 analyzes the results: It is important to report the precision of results as
confidence intervals (CI) and the p values.

Item 12 analyzes the discussion section: In this section should be present the advan-
tages and disadvantages of the approach used, a summary of the results obtained, the
explanation of why these results were obtained, a comparison with other research, and
finally the limitations.

Item 13 and 14 analyzes other information about the research: whether the research
has been funded, potential relationships between researchers and sponsors, and finally,
where the full trial protocol can be accessed, if available.

3. Results

Two researchers affiliated with Messina University independently conducted an identical
literature search. In instances where discrepancies arose in their findings, they sought the
input of a third senior researcher at each stage of the process, including initial screening,
eligibility assessment for final inclusion, data extraction and analysis, and quality assessment.

Initially, the scientific search engines yielded a total of 164 results. Duplicate studies
and those published before 1 January 2013, were excluded, resulting in 97 remaining
studies. Among these, 12 articles were excluded because they fell into the categories of
reviews, meta-analyses, or case reports. Subsequently, during the initial selection, 85 studies
underwent a thorough examination of their full texts. Out of these 85 articles, 10 were
omitted as they primarily focused on evaluating the efficacy of files in removing endodontic
filling material. An additional 12 were not included because they assessed apical extrusion
while comparing only one type of kinematic. Furthermore, 10 were discarded since they
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assessed post-operative pain using different kinematics, unrelated to apical debris extrusion.
Finally, 37 studies were excluded as they did not align with the objectives of the review. In
total, 16 studies were incorporated into this review [43–57]. The included papers are listed
in Table 2.

Table 2. Data extraction from selected studies.

Author File Utilizzato Evaluation Methods Object of the Research Conclusion

T. Koşar 2022 [43]

Genius;
ProTaper Next;
Reciproc Blue;
Tango-Endo;
Twisted File Adaptive

pre-weighed Eppendorf
tubes. 100 central incisor

No significant differences
were found between

reciprocant or continuous
file.

B Serefoglu 2021 [44]

H-file;
R-Endo;
Reciproc;
ProTaper Retreatment

microbalance
104 severely curved and

104 straight root canals of
maxillary molar teeth

No significant differences
were found.

C. Solda 2020 [45] ProTaper retreatment;
WaveOne microbalance 34 mandibular premolar

with single root canal

No significant differences
were found between the

groups

A.A. Azim 2018 [46]
WaveOne Gold;
Hyflex EDM;
XP Shaper

pre-weighed vials 60 mandibular incisor

No difference was found
regarding the amount of
extruded debris among

the 3 groups

D. Delai 2018 [47]

WaveOne Gold;
ProTaper Universal
Retreatment;
D-RaCe
Retreatment; Hand File

pre-weighed Eppendorf
tubes. 40 maxillary first molars.

WaveOne Gold produced
significantly less debris

compared with hand file
and D-RaCe Retreatment,
and similar to ProTaper

Retreatment

G Nevares 2017 [48] Reciproc;
ProTaper Next

pre-weighed Eppendorf
tubes.

26 mesial canals of lower
molars No statistical difference

J. H. Li 2017 [49]
hand files;
Mtwo Retreatment;
Reciproc

microbalance 45 mandibular central
incisors

There was no significant
difference among 3 groups

for debris extrusion

I.Kaşıkçı Bilgi 2017 [50]

H-files;
R-Endo;
Reciproc;
ProTaper Universal
Retreatment

microbalance 96 severely curved molars

The reciprocating systems
were associated with

significantly less extruded
debris when compared

with H-file; no differences
were found between

reciprocant instrument
and continuous rotation

instrument.

K. Yılmaz 2017 [51]
ProTaper Next;
Reciproc;
Twisted File Adaptive

pre-weighed Eppendorf
tubes 90 upper incisor

The RCP file system led to
higher levels of apical

extrusion in proportion to
the PTN file system. Non

cè significatività nella
quantià di detirti estrusi
confrontando Reciproc

con Twisted File Adaptive

B.C. Çanakçi 2016 [52]

ProTaper;
MTwo;
D-Race;
R-Endo;
Reciproc

pre-weighed Eppendorf
tubes.

100 human mandibular
premolars with curved

root canals

Reciproc produced
significantly (p < 0.001)

more debris than the other
systems. ProTaper R and

Mtwo R produced
significantly (p < 0.001)

more debris than D-Race
and R-Endo.
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Table 2. Cont.

Author File Utilizzato Evaluation Methods Object of the Research Conclusion

D. Altunbas 2016 [53]
Reciproc;
Twisted File;
H-files

pre-weighed Eppendorf
tubes.

60 human mandibular
premolar

no significant difference
was found between the

Reciproc and TF systems

E. Uzunoglu 2016 [54]
D-RaCe;
EdgeFile XR;
Reciproc

pre-weighed Eppendorf
tubes. 36 single rooted

Reciproc caused
significantly less debris
extrusion compared to

D-RaCe and EdgeFile XR
(p < 0.05).

A. N. Dincer 2015 [55]

ProTaper Universal
Retreatment;
Mtwo;
Reciproc;
Gates-Glidden burs and
H-files

pre-weighed glass vials
weighed 60 mandibular incisor

The Reciproc system
produced significantly

smaller amounts of apical
extruded debris than the

other groups

E. J. Silva 2015 [56]
ProTaper Retreatment
System;
WaveOne

visually observed using an
operating microscope

40 straight and oval
single-rooted premolars

No difference in the
amount of debris extruded

E. J. Silva 2014 [57]

ProTaper Universal
Retreatment system;
Reciproc;
WaveOne

Glass vial and
microbalance

45 mandibular premolars
with a single canal

The ProTaper Universal
Retreatment system

produced significantly
more debris compared
with the Reciproc and

WaveOne systems

3.1. Risk of Bias

Table 3 presents the risk of bias in the in vitro studies according to CONSORT system.

3.2. Results of Individual Studies

Koşar et al. conducted a study in 2022 where they assessed the quantity of apical
debris using pre-weighed Eppendorf tubes. They shaped 100 central incisors with different
instruments, including Genius, ProTaper Next, Reciproc Blue, Tango-Endo, and Twisted
File Adaptive. Their findings showed no significant differences between the groups using
continuous rotation or reciprocating kinematics [43].

In 2021, Serefoglu et al. used a microbalance to measure apical debris obtained with
instruments such as H-file, R-Endo, Reciproc, and ProTaper Retreatment. They shaped
104 severely curved and 104 straight root canals of maxillary molar teeth. Their results
indicated no significant differences between groups using instruments with continuous
rotation and those using reciprocating movement [44].

Solda et al. conducted a study in 2022 using a microbalance to measure the extrusion
of apical debris. They shaped root canals with ProTaper Universal Retreatment instruments,
followed by refining with the Hero 642 sequence and WaveOne instruments. Their findings
showed no significant differences between the groups regarding the amount of material
extruded during root canal retreatment [45].

In 2018, Azim et al. measured apical extrusion using pre-weighed vials with 60
mandibular incisors shaped with WaveOne Gold, Hyflex EDM, and XP Shaper. They found
no differences in the amount of extruded debris among the three groups [46].

Delai et al. conducted a study in 2018, measuring apical extrusion using pre-weighed
Eppendorf tubes with 40 maxillary first molars shaped with WaveOne Gold, ProTaper
Universal Retreatment, D-RaCe Retreatment, and Hand File. Their results indicated that
WaveOne Gold produced significantly less debris compared to the hand file and D-RaCe
Retreatment and was similar to ProTaper Retreatment [47].
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Table 3. Risk of bias in the in vitro studies according to CONSORT system.

Item T. Koşar
2022 [43]

B Serefoglu
2021 [44]

C. Solda
2022 [45]

A.A. Azim 2018
[46]

D. Delai
2018 [47]

G Nevares
2017 [48]

J. H. Li
2017 [49]

I.Kaşıkçı Bilgi
2017 [50]

K. Yılmaz
2017 [51]

B.C. Çanakçi
2016 [52]

1 Abstract Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
2a Background and
objectives Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

2b Background and
objectives Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

3 Intervention Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
4 Outcomes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
5 Sample size No No Yes No No No No Yes No No
6 Randomization:
Sequence generation Yes Yes Yes Yes Yes Yes No Yes No Yes

7 Allocation
concealment
mechanism

No No No No Yes Yes No Yes No No

8 Implementation No No No No Yes No No No No No
9 Blinding Yes Yes No No Yes No No Yes No No
10 Statistical
methods Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

11 Results,
outcomes, and
estimation

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

12 Discussion
Limitations No No No Yes Yes No No Yes No No

13 Other
information
Funding

No No No No No No No No No No

14 Protocol Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
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Table 3. Cont.

Item D. Altunbas 2016 [53] E. Uzunoglu 2016 [54] A. N. Dincer 2015 [55] E. J. Silva 2015 [56] E. J. Silva 2014 [57]

1 Abstract Yes Yes Yes Yes Yes
2a Background and
objectives Yes Yes Yes Yes Yes

2b Background and
objectives Yes Yes Yes Yes Yes

3 Intervention Yes Yes Yes Yes Yes
4 Outcomes Yes Yes Yes Yes Yes
5 Sample size No No No No No
6 Randomization:
Sequence generation Yes Yes Yes Yes Yes

7 Allocation
concealment
mechanism

No No No Yes No

8 Implementation No No No No No
9 Blinding No No No Yes No
10 Statistical
methods Yes Yes Yes Yes Yes

11 Results,
outcomes, and
estimation

Yes Yes Yes Yes Yes

12 Discussion
Limitations Yes Yes Yes Yes Yes

13 Other
information
Funding

No No No No No

14 Protocol Yes Yes Yes Yes Yes
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In 2017, Nevares et al. measured apical extrusion using pre-weighed Eppendorf tubes
with 26 mesial canals of lower molars shaped with Reciproc or ProTaper Next. They found
no statistical differences between the two groups [48].

Li et al. in 2017 used a microbalance to measure the apical extrusion of 45 mandibular
central incisors shaped with hand files, Mtwo Retreatment, and Reciproc. They found no
significant differences among the three groups in terms of debris extrusion [49].

Kaşıkçı Bilgi conducted a study in 2017 using a microbalance to measure apical
extrusion. They used 96 severely curved molars shaped with H-files, R-Endo, Reciproc,
and ProTaper Universal Retreatment. The reciprocating systems were associated with
significantly less extruded debris compared to H-files, with no differences found between
reciprocating instruments and continuous rotation instruments [50].

In 2017, Yılmaz et al. measured apical extrusion using pre-weighed Eppendorf tubes
with 90 upper incisors shaped with ProTaper Next, Reciproc, and Twisted File Adaptive.
They found no significant differences between the groups with continuous rotation or
reciprocating kinematics [51].

Çanakçi et al. in 2016 measured apical extrusion using pre-weighed Eppendorf tubes
with 100 mandibular premolars having curved root canals shaped with ProTaper, MTwo,
D-Race, R-Endo, and Reciproc. Their results showed that Reciproc produced significantly
more debris than the other systems [52].

Altunbas et al. in 2016 measured apical extrusion using pre-weighed Eppendorf tubes
with 100 mandibular premolars having curved root canals shaped with ProTaper, MTwo,
D-Race, R-Endo, and Reciproc. Similar to the previous study, they found that Reciproc
produced significantly more debris than the other systems [53].

Uzunoglu et al. in 2016 measured apical extrusion using pre-weighed Eppendorf
tubes with 36 single-rooted teeth shaped with D-RaCe, EdgeFile XR, and Reciproc. Their
findings indicated that Reciproc produced significantly less debris extrusion compared to
D-RaCe and EdgeFile XR [54].

Dincer et al. in 2015 measured apical extrusion using pre-weighed glass vials with
60 mandibular incisor shaped with ProTaper Universal Retreatment, Mtwo, Reciproc,
and Gates-Glidden burs and H-files. They found that the Reciproc system produced
significantly smaller amounts of apical extruded debris than the other instruments [55].

Silva et al. in 2015 observed apical extrusion using an operating microscope with
40 straight and oval single-rooted premolars shaped with ProTaper Retreatment System or
WaveOne. They found no differences between the two groups [56].

Finally, in 2014, Silva et al. measured apical extrusion using glass vials and a mi-
crobalance with 45 mandibular premolars having a single canal shaped with ProTaper
Universal Retreatment system, Reciproc, and WaveOne. Their results showed that the
ProTaper Universal Retreatment system produced significantly more debris compared to
the Reciproc and WaveOne systems [57].

4. Discussion

The effectiveness of reciprocating motion instruments for the removal of filling mate-
rial during root canal non-surgical retreatment procedures is currently a topic of debate in
the literature. Ríos et al. demonstrated that the reciprocating instruments they analyzed
are more effective in removing filling materials compared to instruments with continuous
rotation [58]. In contrast, other authors concluded that there is no statistically significant
difference in the ability to remove canal filling material between reciprocating files and con-
tinuous kinematics [59,60]. Some authors have compared the speed of removing endodontic
filling materials using reciprocating files or files with continuous rotation. Özyürek et al.
found that the continuous rotation instruments they used are significantly faster than the
reciprocating system [61]. However, Dincer et al. concluded that there are no significant
differences in the time required for the removal of endodontic filling materials between the
two types of movements [55].
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There is no strong evidence in the literature regarding the use of continuously rotating
or reciprocating endodontic instruments to reduce the extrusion of apical debris during
endodontic therapy. Recent systematic reviews have examined this issue [40,62]. Pedrinha
concluded that the type of motion does not influence the quantity of extruded debris [40].
Ahn, while concluding that reciprocating instruments tended to extrude more dentin debris
than continuous rotating instruments, noted that many of the studies included in his review
showed conflicting results [62].

This review aims to assess whether there is a correlation between continuous or
reciprocating rotation of the endodontic instrument and the extrusion of apical debris in
cases of non-surgical endodontic retreatment.

During the phases of canal shaping, dentin, pulp, bacteria, and infected tissues are
removed from the root canals. In cases of retreatment, the clinician must not only remove
dentin, pulp, and infected tissues but also the main substrate must be removed, which is
gutta-percha [19]. This characteristic could potentially lead to a difference in the extrusion
of apical debris in cases of endodontic retreatment compared to normal endodontic therapy.

This difference is the reason why the authors decided to write this systematic review
of the literature: the systematic reviews of the literature currently published have evaluated
apical extrusion during the endodontic therapy and not during the non-surgical endodontic
retreatment, in which changes the substrate to be removed from the endodontic system [40,62].

The authors of the research included in this review do not agree on the results ob-
tained [43–57]. Most of them conclude that there are no significant differences in the
amount of apical debris extruded using instruments with reciprocating or continuous
rotation motion [43–51,53,56]. However, Çanakçi concludes that the analyzed reciprocating
instruments extrude a greater amount of debris than instruments with continuous rota-
tion [52]. On the other hand, other authors conclude that reciprocating motion instruments
result in less extrusion [47,54,55,57]. There is, therefore, no strong scientific evidence re-
garding the choice of one of these movements based on the amount of extruded apical
debris. The differences in the results obtained from the studies included in this systematic
review may be attributed not only to the type of instrument motion used but also to other
factors of the endodontic instruments used, such as:

• The different taper [63,64].
• Cross-section, cutting angle, groove depth, radial surfaces, cutting direction [63–65].
• Cutting efficiency [63].
• Thermomechanical treatment [66,67].
• Torque, speed, and taper [68].
• The number of instruments involved in the system.
• The influence of canal curvature [69,70].
• The influence of working length [71,72].
• Influence of apical diameter [73–75].
• Influence of glide path and pre-flaring procedures [15,34,76–78].
• The irrigation protocol [75,79–84].
• Number of files per system [85,86].

The results of these studies cannot definitively determine the primary factor for
extruding a larger amount of debris apically, or whether it is the combination of many
factors [87]. Apical extrusion is a phenomenon determined by many factors, and from
the studies included in this review, it is not possible to identify when the variation in
apical extrusion was determined by the type of kinematic of the instrument or by other
intervening factors.

Retreatment of a root canal system may be more challenging and time-consuming than
the initial treatment [9,88–90]. Because of this, instrument systems have been developed
specifically for retreatment procedures, and these instruments are used in continuous
rotation [9,72]. It is unclear whether the design of an instrument specifically created for
endodontic retreatment may influence the amount of extruded debris.
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Some of the studies included in this systematic review have used instruments that the
manufacturers declare as “specifically designed for endodontic non-surgical retreatment”,
such as R-Endo, ProTaper Retreatment, M-Two Retreatment, and D-Race Retreatment,
while others have used endodontic instruments not specifically designed for retreatment
cases [44,45,47,49,50,52,56,57].

It must also be considered that all the research included in this systematic literature
review carries out a quantitative measurement of extruded debris, and not a qualitative
evaluation. Further research with a qualitative analysis could lead to greater clarity on how
to reduce this phenomenon [91].

Limitation

This study has several limitations that need to be acknowledged. One notable lim-
itation is the absence of periapical resistance simulation, which can be achieved using
materials like floral foam and agar gel. In the present study, no such materials were uti-
lized to simulate this resistance. This decision was made due to reported issues with the
absorption of foam and the challenge of establishing a definitive value for the thickness of
agar gel at the apex to mimic the size of the apical lesion [92,93].

Another limitation is the heterogeneity of the instruments analyzed in the studies
included in this systematic review. The authors used a variety of different instruments
to assess the quantity of extruded debris, and some even used endodontic instruments
specifically designed for retreatments. It is unclear how this heterogeneity may influence
the extrusion of apical debris. Despite these limitations, it is important to note that in vitro
studies like these have their own set of limitations when extrapolating findings to clinical
practice. However, they do allow for addressing internal validity effectively.

Additionally, there is a lack of standardization across the studies. Some authors evalu-
ated incisors, while others assessed premolars or molars, and some focused solely on root
portions. This lack of standardization makes direct comparisons difficult and challenges
the ability to draw definitive conclusions. To address these limitations and provide more
comprehensive insights into the effects of different NiTi alloys on apical transportation,
further research is warranted. On a positive note, this article adheres rigorously to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
The authors followed a well-defined protocol and conducted a comprehensive literature
search, ensuring transparency and reproducibility in the review process. The inclusion
of a registered protocol number further enhances the study’s credibility. Moreover, the
involvement of two independent researchers and consultation with a senior researcher for
discrepancies adds to the robustness of the study, increasing the reliability of the findings
and strengthening the overall quality of this systematic review.

5. Conclusions

Based on the articles analyzed in this systematic review, it remains unclear whether
continuous rotation or reciprocating movement of the endodontic instrument can lead to
significant differences in apical debris extrusion. The studies included in this review present
conflicting results, and as a result, it is not possible to provide a clear clinical recommenda-
tion regarding the choice of instrument movement for endodontic procedures. The authors
therefore recommend adopting all those measures useful for removing debris during the
treatment, such as glide path and pre-flaring procedures, crown-down instrumentation
techniques, constant respect for the working length, abundant phases of canal irrigation,
and maintaining apical patency.

To establish a more definitive protocol or recommendation, further studies are required
to comprehensively address this issue and provide clearer insights into the impact of
instrument movement on apical debris extrusion during endodontic treatments.
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