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Abstract

Background & aim: One of the major goals of secondary root canal therapy is to promote maximal removal of filling material from root canals. This review study
intended to investigate the efficacy of retreatment instruments with continuous motion versus reciprocating instruments that use adaptive motion during retreatment
in the removal of filling material.

Methodology: An clectronic search was conducted in these databases: PubMed, Cochrane Library, LILACS, and SIGLE. The articles were selected among those
published between 2000 and 2019. The following keywords were used: Retreatment systems (D-RaCe, Mtwo retreatment, ProTaper retreatment, R-Endo) and
Reciprocating systems (Reciproc, Reciproc Blue, Wave One, Wave One Gold). In addition, exclusion and inclusion criteria were used for the selection of the articles.

Results: Six articles were included in this review study. Four studies concluded that there was no significant difference between retreatment and reciprocating systems;
one article reported that Reciproc system was more effective than ProTaper retreatment and Reciproc Blue systems; and the last one showed that Mtwo retreatment
system was the least effective in comparison to reciprocating and retreatment systems in the removal of filling material from root canals.

Conclusion: This systematic review revealed that none of the systems could completely remove the filling material from the root canals. Thus, all systems are suitable
and effective for retreatment. Furthermore, more clinical and laboratory trials are required to evaluate the efficacy of retreatment and reciprocating systems in reducing

root filling material left in root canals during retreatment.

Introduction

One of the primary goals of the secondary root canal therapy is the
removal of previous filling material from the root canals in order to
gain access to the apical constriction for cleaning and shaping, resulting
in the eradication of microorganisms from the root canals, which, in
turn, increases the success rate of secondary root canal therapy [1,2].
Nevertheless, the removal of filling material such as gutta-percha (GP)
and sealers is not easy [1]. Insufficient cleaning and inadequate root
filling are the two main factors leading to root canal failure. Moreover,
teeth with untreated canals and complication of instrumentation such
as ledges, perforation or fractured instruments may require retreatment
before final coronal restoration [3,4].

In order to remove filling material from root canals, several
instrumentation retreatment systems including D-RaCe, Mtwo
retreatment, ProTaper retreatment, and R-Endo have been designed
and manufactured for secondary root canal treatment. These files,
which rotate in continuous motion, are particularly considered for the
removal of root filling material [5-7]. There is yet another innovative
system, Endo ReStart, which has been developed for the removal of
filling material for retreatment procedures [8].

Despite being originally developed for the purpose of root canal
instrumentation, systems with reciprocating motion, such as Reciproc,
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Reciproc Blue, Wave One, and Wave One Gold are also suggested for
secondary root canal therapy since they are flexible and have high
resistance to cyclic fatigue [2,5,9]. The detailed description of all
systems is shown in Table 1. The objective of the present review study
was to assess retreatment and reciprocating systems used in continuous
and adaptive motions, respectively, in the removal of filling material
from root canals.

Hypotheses
Null hypothesis

The null hypothesis tested was that there is no significant difference
between retreatment files with continuous motion and reciprocating
files with adaptive motion in the secondary therapy during the removal
of filling material from root canals.
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Table 1. Detailed description of retreatment and reciprocating systems

System

D-RaCe

Mtwo retreatment

Manufacturer
FKG Dentaire SA, La

Chaux-de-Fond, Switzerland

VDW, Munich, Germany

File (Size/Taper)
DR1: (30/0.10)
DR2: (25/0.04)

R15: (15/0.05)
R25: (25/0.05)

D1: (30/0.09)

ProTaper retreatment g:ﬁ;plu};g/lgl‘g;f;r;lan d D2: (25/0.08)
gues, D3: (20/0.07)
Rm: (25/0.04)
. Re: (25/0.12)
R-Endo Mhioro-Mega, Besancon. R1: (25/0.08)
R2: (25/0.06)
R3: (25/0.04)
Komet Dental, Lemgo, RE10: (30/0.10)
Endo ReStart Germany RE05: (25/0.05)
R25: (25/0.08)
Reciproc VDW, Munich, Germany R40: (40/0.06)

Reciproc Blue

VDW, Munich, Germany

R50: (50/0.05)

R25: (25/0.08)
R40: (40/0.06)
R50: (50/0.05)

Small: (21/0.06)
Primary: (25/0.08)
Large: (40/0.08)

Small: (20/0.07)
Primary: (25/0.07)
Medium: (35/0.06)
Large: (45/0.05)

Cross-section

Triangular

S-Form

Convex triangular

Triangular

Double-S-Form

S-Form

S-Form

Modified convex triangular
(apical) Convex triangular
(coronal)

Parallelogram

File tip
DR1: Active
DR2: Inactive

R15: Active
R25: Active

D1: Active
D2: Inactive
D3: Inactive

Rm: Inactive

Re: Inactive

R1: Inactive

R2: Inactive

R3: Inactive
RE10: Inactive
REOS5: Inactive
R25: Inactive

R40: Inactive

R50: Inactive

R25: Inactive

R40: Inactive

R50: Inactive
Small: Inactive
Primary: Inactive
Large: Inactive
Small: Semi-active
Primary: Semi-active

Medium: Semi-active

Large: Semi-active

Dentsply Maillefer,
Wave One Ballaigues, Switzerland
Dentsply Maillefer,
Wave One Gold Ballaigues, Switzerland
Alternative hypothesis

The alternative hypothesis in this systematic review was that there is
a significant difference between retreatment and reciprocating files with
continuous and adaptive motion respectively.

Materials and methods

In the present review study, a systematic search of journal papers
was conducted in the four main databases, namely, PubMed, Cochrane
Library, LILACS, and SIGLE. In doing so, the following search terms
were used: "Retreatment”, "D-RaCe", "Mtwo retreatment", "ProTaper
retreatment”, "R-Endo", "Reciproc”, "Reciproc Blue", "Wave One", and
"Wave One Gold". At the next stage, inclusion and exclusion criteria
were employed to narrow down the articles accordingly.

The PICO process was used to develop literature search strategies
for this systematic review. PICO items are defined as follows: P stands
for population which refers to the teeth with poor obturation quality;
I is intervention, referring to the retreatment systems; C stands for
comparison, representing the reciprocating systems; and finally, O is the
outcome and refers to the removal of root filling material. Both authors
evaluated the articles separately to determine whether the studies met
the inclusion and exclusion criteria or not.

Inclusion criteria

The eligibility criteria for the selection of the articles were: 1.
Articles must be published after the year 2000. 2. The studies must be
original and conducted in vitro or vivo environment. 3. The journal
metrics including Impact Factor or CiteScore must be greater than 1
and 0.75 respectively. 4. The subgroup of each group must not be less
than 10 samples. 5. The samples must be standardized such as root canal
curvature and fully formed root apex. 6. The studies must be necessarily
on the comparison between retreatment and reciprocating systems;
the presence or absence of other systems is not of importance. 7. The
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studies must be carried out employing at least one retreatment system
with continuous motion and one reciprocating system with adaptive
motion. 8. The articles must be written in English.

Exclusion criteria

The exclusion criteria for the selection of the articles were: 1.
Articles with the publication date prior to 2000 were excluded. 2.
Articles in which artificial teeth were used as the samples were excluded.
3. Case reports, studies conducted on animals, and review studies were
excluded.

Results

The initial database search identified 750 articles out of which 171
were duplicates and therefore, were removed. Also, all articles that were
not written in English and were published before 2000 were excluded,
leaving 531 articles. The remaining articles were screened according to
their title and the purpose of the study, resulting in the exclusion of a
further 458 articles. The title and abstract of the remaining 73 articles
were reviewed and evaluated individually by two investigators; as a
result, a further 64 articles were removed and only nine articles were
left, which were then assessed for eligibility, a full-text analysis leading
to the deletion of three more articles. Consequently, at the end of the
screening process, six articles were included in the qualitative synthesis
of the present review study. Figure 1 illustrates a PRISMA flow diagram
and the results of the search strategy. Table 2 [5,10-14] shows the results
and details of the selected articles.

Discussion

In the case of infection after initial root canal therapy, the most
effective procedure to restore the teeth is secondary root canal therapy
[15], which can be successfully performed through different Ni-Ti
systems in order to remove filling material from root canals [14,16]. This
systematic review study investigated the effectiveness of retreatment
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Figure 1. Flow chart of articles screening in the review study

Authors Year of publication | Study type Numbes:lzfgizump}*;les and Instruments/ motions Results/ conclusions
1. REC* AM{
3
§' \S)\;/O A/]\?M REC, WO, S1, and PTU-R were more effective than Mtwo-R in
Madarati et al [5] 2018 In vitro study 90/ n=18 4' PTU-R* CM removing root filling material (P<0.05)/ Reciprocating systems were as
5' Mitwo-R*/ CNTI effective as retreatment systems (excluding Mtwo-R).
1. REC/ AM Lo .
. . _ No significant difference was observed among systems/ REC and WO
Rios et al [10] 2014 In vitro study 60/ n=20 é \PX[(:[)}/_;MCM were as offective as PTU-R system.
Silva et al [11] 2015 In vitro stud 40/ 1=20 ; \PXI'(IDJ/:;/MCM No significant difference was observed between systems/ All systems
y were safe in removing filling material.
1. H-files
. . _ 2. R-Endo/ CM No significant difference was observed among systems/ All systems
Kasikei et al [12] 2017 In vitro study 96/n=24 3. REC/AM were effective in removing filling material
4.PTU-R/CM
_B*
Bago ct al [13] 2019 In vitro stud 45/ n=15 ; gg/?\l\//[AM REC removed significantly more filling material than REC-B and
€ Y 3' PTU-R/ CM PTU-R/ REC was found to be the most effective system.
1. WOG*/ AM Lo .
. . _ No significant difference was observed among systems/ All systems
Delai el al [14] 2019 In vitro study 30/n=10 i ET}I{J;X/C(I}\]/IV[ were safe in removing filling material.

AMT: Adaptive motion; CM7: Continuous motion; REC*: Reciproc; WO*: Wave One; PTU-R*: ProTaper retreatment; Mtwo-R*: Mtwo retreatment; REC-B*: Reciproc Blue; WOG*:

Wave One Gold
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instruments with continuous motion in comparison to reciprocating
instruments that use adaptive motion during the removal of filling
material from root canals.

According to the results of the present review study, four studies
[10-12,14] showed no significant difference between retreatment and
reciprocating systems. Thus, the null hypothesis was confirmed whereas
the alternative hypothesis was rejected. Furthermore, one in vitro study
[13] reported that the Reciproc system is more effective in removing
filling material from root canals. Hence, the null and alternative
hypotheses were rejected and accepted, respectively. The last selected
article, which was an in vitro study [5], reported that Mtwo retreatment
system is less effective than reciprocating and other retreatment systems
in the removal of root filling material. As a result of the last mentioned
study [5], the null hypothesis was rejected; however, the alternative
hypothesis tested was accepted. Moreover, the results of the current
review study revealed that none of the examined systems were capable
of the complete removal of root filling material from root canals.

In one of the six selected articles for this review study, the
authors [13] concluded that the reciprocating system with adaptive
motion left significantly less filling material than the other systems.
This finding is consistent with those of the previous studies [17,18].
Another study conducted by Capar et al. [19] verified that the use of
ProTaper retreatment with adaptive motion is more effective than using
rotational motion. Furthermore, Bago et al. [13] reported that during
the retreatment procedures, Reciproc system with M-wire alloy is more
effective than Reciproc Blue with blue alloy in the removal of filling
material from root canals. However, the study by Plotino et al. [20]
described that the cyclic fatigue of Reciproc Blue instruments is more
resistant than Reciproc instruments, which is made from M-wire.

Most systematic reviews employ Meta-analysis [21,22], which
summarizes the statistics of similar data from individual studies
[23]. Meta-analysis may have a more accurate overall estimate of the
treatment effects; nevertheless, it cannot be used in all systematic
review studies [23]. Since the studies varied in terms of retreatment
and reciprocating systems, in the present review study, the authors
could not use Meta-analysis. Thus, to interpret the results, descriptive
evaluation was utilized.

To select the articles, following previous studies [21,22,24,25],
systematic search strategy and specific inclusion and exclusion criteria
were employed in the present review study. In the studies conducted
by Kang et al. [22], and AlRahabi and Ghabbani [25], four electronic
databases were utilized; following them, in this systematic review, four
international databases were selected, which were different from those
used in the above mentioned studies. The four electronic databases
used in the present study were PubMed, Cochrane Library, LILACS,
and SIGLE. The strength of our study in comparison to Soares et
al's study [24] is benefiting from four databases rather than three.
It is worth mentioning that in this review study, the influence of the
eligibility criteria was an important factor for the selection of articles
regardless of their results.

The impact metrics such as Impact Factor and CiteScore reflect the
average number of citations that recently published articles in a given
journal receive. The difference between Impact Factor and CiteScore is
that for Impact Factor, the average number of citations is calculated over
a two-year period while this period is three years for CiteScore [26,27].
As concluded in Cagetti et al.'s study [28], the impact metrics are
recommended as quality measures for the published articles. Therefore,
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in the present review study the impact metrics of the journals have
been taken into account. Out of the six selected articles, chosen from
five journals, five were measured based on the Impact Factor of the
journal in which they were published and one based on the CiteScore.
It is important to note that 66.66% of the final selected journals in this
review study have a JCR-Q1.

The limitation of the present review is that it did not include Endo
ReStart system, since it has been manufactured only recently. So far,
no studies have been conducted on this system; therefore, it could not
be included in the present review study. In addition, it is suggested to
conduct in vitro or vivo research studies on the efficacy of Endo ReStart
system in the removal of filling material.

Finally, the results of this review study, in which six journal papers
were examined, suggested that all the systems can be equally used in the
removal of filling material.

Conclusion

Based on the findings of this review study on comparing the
efficacy of retreatment and reciprocating files, neither reciprocating nor
retreatment systems could completely remove root filling material from
the root canals. Thus, it can be concluded that all the systems can be used
for secondary root canal therapy. Furthermore, it is reccommended that
more studies be conducted on the comparison between reciprocating
and retreatment systems.
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