
J Clin Exp Dent. 2023;15(3):e250-63.                                                                                                                                                                             Filling removal during Endodontic retreatments

e250

Journal section: Endodontics
Publication Types: Review

Effectiveness, efficiency, and apical extrusion of 2 rotaries and 
2 reciprocating systems in removing filling material during 

endodontic retreatment. A systematic review

Javier Caviedes-Bucheli 1, Nestor Rios-Osorio 2, Cristina Gutiérrez de Pineres-Milazzo 3, Mauricio Jiménez-Peña 4, 
Ricardo Portigliatti 5, Jose-Francisco Gaviño-Orduña 6, Marcia Antúnez-Rivero 7, Jose-Francisco Gomez-Sosa 8, 
Hugo-Roberto Munoz 9

1 DDS, MSc, Professor and Researcher. Centro de Investigaciones Odontológicas (CIO), School of Dentistry, Pontificia Universi-
dad Javeriana, Bogotá - Colombia
2 DDS, MSc, Professor and Researcher. Research Department COC- CICO, Institución Universitaria Colegios de Colombia UNI-
COC, Bogotá, Colombia
3 DDS. Research Department COC- CICO, Institución Universitaria Colegios de Colombia UNICOC, Bogotá, Colombia
4 DDS, MSc, PhD, Professor and Researcher. Research Department COC- CICO, Institución Universitaria Colegios de Colombia 
UNICOC, Bogotá, Colombia
5 DDS, Professor. Postgraduate Program of Endodontic Specialization Training, Buenos Aires University, Buenos Aires - Argentina
6 DDS, PhD, Professor. School of Dentistry, University of Barcelona – Spain
7 DDS, MSc, Professor. Department of Endodontics, Universidad Diego Portales, Santiago - Chile
8 DDS, PhD, Professor and Researcher. Unidad de Terapia Celular, Centro de Medicina Regenerativa, Instituto Venezolano de 
Investigaciones Científicas, Caracas - Venezuela
9 DDS, MSc, Professor and Researcher. Postgraduate Research Department, School of Dentistry, Universidad de San Carlos de 
Guatemala - Guatemala

Correspondence:
Centro de Investigaciones Odontológicas (CIO)
School of Dentistry, Pontificia Universidad Javeriana
Bogotá - Colombia
javiercaviedes@gmail.com   

Received: 07/08/2022
Accepted: 27/01/2023

Abstract 
Background: This systematic review investigated the effectiveness, efficiency and apical extrusion of the debris 
of two rotary and two reciprocating single-file systems used for the removal of filling material from straight root 
canals. 
Material and Methods: A literature search was performed in the Medline, ISI Web of Science, and Scopus databa-
ses for relevant articles matching the keyword search strategy. Effectiveness was determined with studies dealing 
with the ability of the instruments to remove filling material from root canals. Efficiency was assessed with studies 
dealing with the time needed to completely remove the root canal filling, and apical extrusion was determined with 
studies that measured the amount of filling material extruded through the apex. 
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Introduction
Endodontic retreatment could be challenging within the 
endodontic practice, mainly due to difficulties for the 
removal of contaminated materials from the root canal 
system without extruding them to the periapical tis-
sues. Therefore, several studies have been addressed to 
analyze the effectiveness and efficiency of endodontic 
instruments to achieve this purpose; as well as the peria-
pical extrusion of debris and filling materials (1).
It is highly relevant to combine the three aforementioned 
variables (effectiveness, efficiency, and apical extrusion 
of debris) and analyze them in studies dealing with the 
removal of filling materials. Effectiveness is defined as 
the ability of an instrument to remove the filling mate-
rial from the root canal system; efficiency refers to the 
patients’ chair-time required to perform the complete 
removal of the material, and apical extrusion of debris 
deals with the amount of material pushed by the endo-
dontic instruments through the apical foramen into the 
periapical tissues during endodontic retreatment (2-4).
The main purpose of endodontic retreatment is to alle-
viate signs and symptoms related to infectious processes 
by completely removing the intra-canal filling materials 
from the involved root, and reduce the intra-canal bacte-
rial load after performing an adequate protocol of clea-
ning and disinfection of the canal to reestablish healthy 
periapical tissues (5). However, it has been shown that 
retreatment does not guarantee total elimination of the 
intra-canal bacteria and that the overall reported suc-
cess rate of endodontic retreatment is around 78%, in 
contrast to first-time conventional endodontic treatment 
where success range between 86% and 96% in necrotic 
and vital teeth, respectively (6).
To perform a more effective, efficient, and less invasi-
ve procedure in terms of apical extrusion of debris and 
materials, engine-driven rotatory techniques specially 
designed for endodontic retreatments such as Protaper 
Universal Retreatment system and Mtwo retreatment 
system have been proposed.
Recently, single-file nickel-titanium (Ni-Ti) reciproca-
ting systems like WaveOne (Dentsply Maillefer, Ba-
llaigues-Switzerland) and Reciproc (VDW, Munich, 

Results: From the 424 articles initially found, 406 were excluded for being non-relevant or not fulfilling the selection 
criteria. Another 9 articles were excluded after methodology evaluation. Finally, 9 studies were included in the syste-
matic review. 
Conclusions: None of the reviewed systems is effective to completely remove the filling materials from straight root 
canals, and all systems appear to be equally time-efficient, although this variable shows different results. In terms 
of apical extrusion, the analyzed reciprocating systems extrude more material toward the periapical tissues than the 
continuous rotation systems.

Key words: Systematic review, rotary files, reciprocating files, apical extrusion, endodontic retreatment.

Germany) have been used for endodontic retreatment, 
even though they were not designed for such purpose. 
However, they have shown positive results in terms of 
effectiveness and efficiency during these types of pro-
cedures (7).
These system´s philosophy proposes a single-file endo-
dontic treatment, which renders the endodontic retreat-
ment to be time reduced. However, it has been shown 
that these files, are incapable of completely remove the 
filling material from the root canals. Moreover, it has 
been demonstrated that they cause greater extrusion of 
materials toward the periapical tissues than continuous 
rotation file systems (3,7).
Considering all the above, a systematic review of the li-
terature was conducted following AMSTAR, PRISMA 
and Faggion guidelines (8-10), analyzing the effective-
ness, efficiency and apical extrusion of two continuous 
rotation systems (Protaper Universal and Mtwo retreat-
ment systems) and two single-file reciprocating systems 
(Wave One and Reciproc) to determine which one is the 
more efficient and effective and which one extrudes less 
amount of filling material during endodontic retreatment. 

Material and Methods
-Information sources and search strategy:
Several keywords were used for each one of the ele-
ments of interest: 
1): (Retreatment OR endodontic retreatment OR endo-
dontic failures OR endodontic retreatment success OR 
endodontic retreatment techniques OR filling material 
removal OR nonsurgical Retreatment); 
2): (Rotary systems OR rotary file OR Protaper univer-
sal retreatment system OR Mtwo retreatment system);
3): (Reciprocating systems OR reciprocating instru-
ments OR Reciproc OR WaveOne).
The electronic search of the literature has been conduc-
ted in the following databases: MEDLINE, ISI WEB OF 
SCIENCE and SCOPUS; using the following keyword 
combinations: 1 AND 2 and, 1 AND 3, and the following 
filters: AND humans, AND English AND 2010/01/01-
2022/07/25 without filtering by journal. Table 1 shows 
the search strategy used for each database. 
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Database Search Strategy Items 
Found

MEDLINE

1
AND

2

(((“retreatment”[MeSH Terms] OR “retreatment”[All Fields]) OR (endodontic[All 
Fields] AND (“retreatment”[MeSH Terms] OR “retreatment”[All Fields])) OR 

(endodontic[All Fields] AND failures[All Fields]) OR (endodontic[All Fields] AND 
(“retreatment”[MeSH Terms] OR “retreatment”[All Fields]) AND success[All 

Fields]) OR (endodontic[All Fields] AND (“retreatment”[MeSH Terms] OR 
“retreatment”[All Fields]) AND (“methods”[Subheading] OR “methods”[All Fields] 

OR “techniques”[All Fields] OR “methods”[MeSH Terms] OR “techniques”[All 
Fields])) OR (filling[All Fields] AND material[All Fields] AND removal[All Fields]) 

OR (nonsurgical[All Fields] AND (“retreatment”[MeSH Terms] OR “retreatment”[All 
Fields])))) AND (((rotary[All Fields] AND systems[All Fields]) OR (rotary[All Fields] 

AND (“filing”[MeSH Terms] OR “filing”[All Fields] OR “file”[All Fields])) OR 
(Protaper[All Fields] AND universal[All Fields] AND (“retreatment”[MeSH Terms] 
OR “retreatment”[All Fields]) AND system[All Fields]) OR (mtwo[All Fields] AND 

(“retreatment”[MeSH Terms] OR “retreatment”[All Fields]) AND system[All Fields]))) 
Filters: Humans, English, from 2010/1/1 - 2022/7/25

241

1
AND

3

(((“retreatment”[MeSH Terms] OR “retreatment”[All Fields]) OR (endodontic[All 
Fields] AND (“retreatment”[MeSH Terms] OR “retreatment”[All Fields])) OR 

(endodontic[All Fields] AND failures[All Fields]) OR (endodontic[All Fields] AND 
(“retreatment”[MeSH Terms] OR “retreatment”[All Fields]) AND success[All Fields]) 
OR (endodontic[All Fields] AND (“retreatment”[MeSH Terms] OR “retreatment”[All 

Fields]) AND (“methods”[Subheading] OR “methods”[All Fields] OR “techniques”[All 
Fields] OR “methods”[MeSH Terms] OR “techniques”[All Fields])) OR (filling[All 
Fields] AND material[All Fields] AND removal[All Fields]) OR (nonsurgical[All 
Fields] AND (“retreatment”[MeSH Terms] OR “retreatment”[All Fields])))) AND 

(((reciprocating[All Fields] AND systems[All Fields]) OR (reciprocating[All Fields] 
AND (“instrumentation”[Subheading] OR “instrumentation”[All Fields] OR 

“instruments”[All Fields])) OR Reciproc[All Fields] OR WaveOne[All Fields])) Filters: 
Humans, English, from 2010/1/1 - 2022/7/25

156

ISI
WEB
OF
SCIENCE

1
AND

2

((((TS=((retreatment OR endodontic retreatment OR endodontic failures OR endodontic 
retreatment success OR endodontic retreatment techniques OR filling material removal 
OR nonsurgical Retreatment)))) AND TS=((rotary systems OR rotary file OR protaper 

universal retreatment system OR mtwo retreatment system))) AND TS=(Humans)) 
AND LA=(English)

Timespan: 2010-01-01 to 2022-07-25 (Index Date)

108

1
AND

3

(((TS=((retreatment OR endodontic retreatment OR endodontic failures OR endodontic 
retreatment success OR endodontic retreatment techniques OR filling material removal 
OR nonsurgical Retreatment))) AND TS=((reciprocating  systems  OR  reciprocating  
instruments  OR  reciproc  OR  waveone))) AND TS=(Humans)) AND LA=(English)

Timespan: 2010-01-01 to 2022-07-25 (Index Date)

40

SCOPUS

1
AND

2

( TITLE-ABS-KEY ( ( retreatment  OR  endodontic  AND  retreatment  OR  endodon-
tic  AND  failures  OR  endodontic  AND  retreatment  AND  success  OR  endodontic  
AND  retreatment  AND  techniques  OR  filling  AND  material  AND  removal  OR  
nonsurgical  AND  retreatment ) )  AND  TITLE-ABS-KEY ( ( rotary  AND  systems  

OR  rotary  AND  file  OR  protaper  AND  universal  AND  retreatment  AND  system  
OR  mtwo  AND  retreatment  AND  system ) )  AND  TITLE-ABS-KEY ( humans )  

AND  LANGUAGE ( english ) )  AND  PUBYEAR  >  2009  AND  PUBYEAR  <  
2023  AND  PUBYEAR  >  2009  AND  PUBYEAR  <  2023

26

1
AND

3

( TITLE-ABS-KEY ( ( retreatment  OR  endodontic  AND  retreatment  OR  end-
odontic  AND  failures  OR  endodontic  AND  retreatment  AND  success  OR  

endodontic  AND  retreatment  AND  techniques  OR  filling  AND  material  AND  
removal  OR  nonsurgical  AND  retreatment ) )  AND  TITLE-ABS-KEY ( ( recip-

rocating  AND systems  OR  reciprocating  AND instruments  OR  reciproc  OR  wa-
veone ) )  AND  TITLE-ABS-KEY ( humans )  AND  LANGUAGE ( english ) )  AND  

PUBYEAR  >  2009  AND  PUBYEAR  <  2023  AND  PUBYEAR  >  2009  AND  
PUBYEAR  <  2023

19

Table 1: Database search strategy.
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An additional manual search was also performed, sear-
ching for: 
a) Titles in the bibliographic references of the selected 
articles, unidentified by the method described above 
and; 
b) In-press articles in 4 high-impact Endodontic Jour-
nals (International Endodontic Journal, Journal of En-
dodontics, Australian Endodontic Journal and Oral Sur-
gery Oral Medicine Oral Pathology Oral Radiology and 
Endodontics).
-Extraction of the information:
From the selected studies, the following criteria were 
extracted: Authors, name, and ranking of the journal 
where the study was published, title, year of publication, 
type of study, sample size and characteristics, rando-
mization, biases, endodontic filling removal technique, 
variables, units of measurement, evaluation method, sta-
tistical analysis, level of significance and results (Table 
2-2 cont.-3). These data allowed submitting each study 
to the analysis of the methodological quality and classi-
fying them according to the level of evidence (Table 3).

Results 
-Selection of the studies:
The electronic search (Fig. 1) was performed on 
2022/07/25 following the flow diagram suggested by 
PRISMA (11). In the MEDLINE database, 241 results 
were obtained with the combination of criteria 1 AND 
2, and 156 results with the combination of 1 AND 3. In 
ISI WEB OF SCIENCE, for the same combinations, the 
results obtained were 108 and 40 respectively. Finally, in 
the Scopus database, 26 and 19 results were obtained for 
the same combinations, for a total of 590 articles. 
Removing duplicates for searches 1 AND 2 and 1 AND 
3, a total of 412 articles were obtained. Additionally, 
12 articles from the manual search were included for 
a total of 424 studies. Three reviewers (J.C., C.G., and 
N.R.) independently reviewed the titles, abstracts, and 
full-texts (in cases where there was no abstract) conside-
ring the established selection criteria (Table 4). This pro-
cess allowed the exclusion of 406 articles: 257 for be-
ing irrelevant and 149 by exclusion criteria. Finally, 18 
studies were chosen. In case of disagreement between 
the reviewers, the decisions were made by consensus.  A 
further evaluation of the materials and methods was con-
ducted on the selected articles, allowing the exclusion of 
9 studies (12-20) due to methodological criteria (Table 
5), for a final number of 9 studies selected (Fig. 1).
A total of 9 in vitro articles (3,4,7,21-26 ) were inclu-
ded in the systematic review (Fig. 1). Analysis of these 
studies demonstrates that the evaluated systems (conti-
nuous and reciprocating) are ineffective for the complete 
removal of the filling material from straight root canals 
(23). Ríos et al. concluded that the WaveOne and Reci-
proc systems are more effective for removing the filling 

materials (7); while Akbulut et al. concluded that there 
is no statistically significant difference between Prota-
per Universal Retreatment system and Reciproc (22). 
Moreover, Monguilhott Crozeta et al. reported that the 
Protaper Universal Retreatment system and Reciproc 
displayed similar volumes of residual material within 
the analyzed root canals (24). 
Regarding the efficiency of the systems to remove the 
filling material from straight root canals, Özyürek & De-
miryürek found that the Protaper Universal Retreatment 
system is significantly faster and even more effective 
than the Reciproc system (25). However, Dincer et al. 
concluded that the Protaper Universal Retreatment sys-
tem and Reciproc are equally efficient and both require 
less time to remove gutta-percha than the Mtwo retreat-
ment system (21).
Finally, regarding apical extrusion of filling material, Lu 
et al. concluded that Reciproc extrudes more material 
than the Mtwo Retreatment system, since continuous ro-
tation promotes the transport of the endodontic materials 
toward the coronal tooth portion, while the reciprocating 
movement favors the instrument to push the filling mate-
rial residues toward the apex (3). Likewise, the study by 
Silva et al. reported that there are no differences between 
Reciproc and WaveOne in terms of apical extrusion of fi-
lling materials and debris and that the apical extrusion of 
material occurs independently of the retreatment system 
used, as all of them produce at least a minimum of mate-
rial and debris extrusion toward the apex (4).

Discussion
This systematic review evaluates the effectiveness, 
efficiency and the apical extrusion of filling material 
of two rotary retreatment systems (Protaper Universal 
Retreatment and Mtwo retreatment systems) compared 
to two reciprocating systems (Reciproc and WaveOne), 
for removing gutta-percha from straight root canals. 
These systems were selected because there are not enou-
gh studies published from other retreatment systems to 
analyze the data under similar conditions.
In vitro research on natural teeth evaluating new mate-
rials and techniques for subsequent In vivo human use 
is an important issue of modern dentistry since this type 
of studies can be conducted under controlled conditions; 
therefore, In vitro studies conducted on natural human 
teeth were established as essential inclusion criteria, al-
though in vitro studies cannot reproduce a dynamic cli-
nical setting (10). The use of freshly extracted human 
teeth allows operators to simulate clinical endodontic 
procedures as close as possible to reality (7), and con-
sidering several aspects such as similarities regarding 
clinical environment conditions, hardness, elasticity, 
humidity, and natural consistency of the dentin, allow 
achieving a well-structured analogy of the management 
of human root canals (27).
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Author/Year Journal/Ranking Title Evidence 
Level

Lu et al. 2013 (3) Int Endod J (Q1)
Apically extruded debris and irrigant with two Ni-Ti sys-
tems and hand files when removing root fillings: a labora-

tory study
A

Rios et al. 2014 (7) J Endod (Q1) Efficacy of 2 reciprocating systems compared with a rotary 
retreatment system for gutta-percha removal. C

Silva et al. 2014 (4) J Endod (Q1) Reciprocating versus rotary systems for root filling removal: 
assessment of the apically extruded material A

Dincer et al. 2015 
(21) J Endod (Q1) Evaluation of apically extruded debris during root canal 

retreatment with several NiTi systems A

Akbulut et al. 2016 
(22) Dent Mater J (Q2)

Efficacy of Twisted File Adaptive, Reciproc and ProTaper 
Universal Retreatment instruments for root-canal-filling 

removal: A cone-beam computed tomography study
D

Crozeta et al. 2016 
(23) J Endod (Q1)

Micro-computed tomography study of Filling Material Re-
moval from Oval-shaped Canals by Using Rotary, Recipro-

cating, and Adaptive Motion Systems
A

Monguilhott Crozeta 
et al. 2016 (24) Clin Oral Invest (Q1)

A micro-computed tomography assessment of the efficacy 
of rotary and reciprocating techniques for filling material 

removal in root canal retreatment
A

Özyürek & 
Demiryürek 2016 
(25)

J Endod (Q1) Efficacy of different nickel-titanium instruments in remov-
ing gutta-percha during root canal retreatment B

Bago et al. 2019 (26) Int Endod J (Q1)

Comparison of the effectiveness of various rotary and recip-
rocating systems with different surface treatments to remove 
gutta-percha and an epoxy resin-based sealer from straight 

root canals

A

Table 3: Methodological quality assessment and classification of evidence levels of the selected articles.

A. Systematic Review/meta-analysis, Evaluation of effectiveness through MicroCT, Myers & Montgomery method for apical debris quanti-
fication, Study sample consisting of freshly extracted human teeth, Use of a representative study group, Tooth crown removal to standardize 
root length, Working length -1 mm from apical foramen, Use of distilled water as irrigant, Post-Hoc statistical analysis if applicable, Bias 
Control, Double-blind studies.
B. Myers & Montgomery method for apical debris quantification, Samples evaluated through steromicroscope, Sample obtained from human 
tooth bank, Distilled water as storage medium, Representative sample size, Tooth crown removal to standardize root length, Working length 
-1 mm from apical foramen, Use of distilled water as irrigant, Post-Hoc statistical analysis if applicable, Bias Control, Double-blind studies.
C. Study samples evaluated through clinical microscope / digital photography, Dry-freezing method for apical debris quantification, Sample 
consisting of extracted teeth without specifying time since extraction, NaOCl or Thymol as storage mediums, Tooth crown removal to stan-
dardize root length, Representative sample size, Working length -1 mm from apical foramen, Irrigation protocol with NaOCl, Post-Hoc statis-
tical analysis if applicable, Bias Control, Blind study design.
D. Study sample evaluated through CBCT, Dry-freezing method for apical debris quantification, Sample consisting of extracted teeth without 
specifying time since extraction or origin, Storage medium not specified, No representative simple size, No tooth crown removal to standard-
ize root length, Working length -1 mm from apical foramen, Irrigation protocol with NaOCl, No Post-Hoc statistical analysis, Bias Control, 
Blind study design.

Storage and preservation solutions of tooth samples is 
a transcendental variable to be taken into account at in 
vitro research, as these solutions are needed to preserve 
and retain the physical, chemical, and mechanical pro-
perties of the stored teeth, and not to alter and/or influen-
ce the results of the studies. Among the most used and 
effective storage solutions are distilled water and chlo-
ramine T, since they do not generate changes on enamel 
or the dentin structure (28).
The studies included in the systemic review have similar 
purposes and methodologies, evidencing the existence 
of comparable study groups and similar tooth selection 

parameters for evaluating the effectiveness, efficiency, 
and apical extrusion variables. Only studies with strai-
ght roots samples were taken into account to increase 
the probability that such variables (effectiveness, effi-
ciency, and apical extrusion) were analyzed only under 
the instruments used criteria and were not influenced by 
root morphology. Inclusion of studies with curved ca-
nals would difficult to reach valid conclusions, as they 
were not performed in similar conditions, following the 
quality standards guidelines from Faggion, PRISMA, 
and AMSTAR for selecting studies to be included in a 
systematic review (8-10).
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Fig. 1: PRISMA 2020 flow diagram for new systematic reviews which included searches 
of databases and registers.

Inclusion Criteria Exclusion Criteria
Systematic reviews and meta-analysis Narrative reviews concerning endodontic retreatment

In vitro studies performed on natural human teeth In vitro studies using artificial teeth to report the apical 
extrusion of debris.

Studies evaluating effectiveness, efficiency and/or apical ex-
trusion of filling material, related to the continuous rotation 
systems (Protaper Universal Retreatment System or Mtwo 

Retreatment System) and reciprocating systems (Reciproc or 
WaveOne)

Studies that do not evaluate the effectiveness, efficiency 
and/or extrusion variables by the aforementioned systems.

Studies comparing at least a rotary system vs a reciprocating 
system

Studies not establishing a direct comparison between the 
systems to be evaluated

Studies using gutta-percha as the filling material to be re-
moved

Studies that use endodontic filling materials different to 
gutta-percha

Studies not using solvent agents during the protocol to remove 
the filling material

Studies that include solvent agents as part of the protocol to 
remove the filling material

Studies that evaluate effectiveness through microCT, stereo 
microscope, dental microscope, digital photographs, SEM and 

CBCT.
Studies that evaluate effectiveness through radiographs

Studies published in journals ranked Q1 or Q2. Studies published in journals ranked Q3 or Q4.

Table 4: Selection Criteria.
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The working length has also been taken into conside-
ration as it may influence the amount of apically extru-
ded debris. It has been previously shown that a working 
length of −1 mm from the apical foramen significantly 
reduces debris extrusion (29), and that, when working 
on extracted teeth, there is a lack of apical resistance 
which is naturally provided by the periapical tissues, and 
therefore, a working length shorter than 1 mm from api-
cal foramen could favor apical debris extrusion (30,31).
Another criterion to consider is the tooth crown sectioning 
in the selected studies, to standardize the working length 
and the approximate amount of filling material within the 
samples, and to rule out the influence of variables such as 
the crown anatomy and the access to the root canal, thus 
resulting in more reliable studies (32-34).
The irrigant solutions used during the removing filling 
material procedure in the selected studies were distilled 
water (21) and sodium hypochlorite (3,4,7,22-25). The 
use of distilled water as an irrigant avoids any increase 
in the weight of the samples, as the formation of sodium 
hypochlorite crystals has been reported after the evapo-
ration of the extruded liquid (29,35). However, other au-
thors used sodium hypochlorite to make the study simi-
lar to clinical conditions (36). In terms of effectiveness 
and efficiency, the irrigant solutions did not influence 
variable measurement.
Regarding the inclusion criteria, only studies using gut-
ta-percha as filling material have been selected, as it has 
been widely demonstrated that besides being the most 
used root canal filling material, it is ideal to accompli-
sh a three-dimensional seal of the root canal space, pre-
venting bacterial re-infection by blocking the passage of 
microorganisms and toxins to the periapical tissues. Gu-
tta-percha has been proven to be a highly biocompatible 
material, with desirable physical and mechanical proper-
ties such as dimensional stability and easy insertion and 
removal from the root canal system (37).
Exclusion criteria were applied to studies using solvent 
agents during the process of the filling material removal. 
Although solvent-softened gutta-percha greatly simpli-

fies the removal of filling materials, it may also produce 
a residual film of softened material along the dentinal 
walls of the canal, which could affect the procedure´s 
efficacy (2, 32, 38). Alternatively, chloroform-based 
solvents are highly cytotoxic when reaching periapical 
tissues, therefore its use at the root apical third is not 
recommended (7).
One of the techniques with the highest levels of scien-
tific evidence to quantify the residual filling material 
is the micro-computed tomography (micro-CT). The 
micro-CT imaging offers a noninvasive and reproduci-
ble high-resolution technique for a 3-dimensional (3D) 
quantitative evaluation of filling materials (in mm3) 
before and after instrumentation, allowing a highly ac-
curate calculation of the percentage of residual filling 
material left inside the root canals after retreatment (12). 
Longitudinal sectioning of samples before stereomicros-
cope analysis to evaluate the presence of root canals fi-
lling material remnants has also been proposed (39,40).  
This methodology is effective in measuring remaining 
filling material when combined using the dental micros-
cope and photographic analysis to obtain clinical ima-
ges. Nevertheless, the method of sectioning the tooth 
with stainless steel disks must be performed with high 
precision to avoid removing the gutta-percha remains, 
thereby modifying and altering the study samples (41).
Cone-Beam computed tomography (CBCT) is an easi-
ly applicable noninvasive clinical tool that provides 3D 
imaging and quantitative evaluation that could be ano-
ther eligible method for retreatment evaluation. Howe-
ver, root filling materials are usually radiopaque and may 
cause artifacts on the CBCT images, although these ar-
tifacts can be reduced with proper machine settings and 
parameters. Smaller voxel sizes and small FOV scans 
are preferable to minimize the presence of artifacts (22). 
These artifacts yield discrepancies in the reconstructed 
images and may lead to misinterpretations affecting 
the veracity of the study (42). Therefore, CBCT studies 
were qualified with a lower evidence level method since 
results are not completely reliable.

Author/Year Journal Exclusion criteria
Rödig et al. 2014 (12) Int Endod J Samples of teeth including curved root canals
De-Deus et al. 2015 (13) Clin Oral Invest Samples of teeth including mild curved root canals
Bernardes et al. 2016 (14) Int Endod J Irrigation protocol including ultrasonic activation
Çanakçi et al. 2016 (15) J Endod Samples of teeth including curved root canals
Alves et al. 2016 (16) J Endod Samples of teeth including curved root canals
Delai et al. 2018 (17) Braz Dent J Samples of teeth including curved root canals
Delai et al. 2019 (18) Clin Oral Invest Samples of teeth including curved root canals
Burbano et al. 2019 (19) Open Dentistry Journal Irrigation protocol including ultrasonic activation
Topcuoglu et al. 2020 (20) Int Endod J Samples of teeth including simulated apical root resorption.

Table 5: List of excluded articles after applying methodological evaluation.
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This systematic review did not consider studies that eva-
luate effectiveness through radiographic images, since 
radiographic images provide only two-dimensional in-
formation of a three-dimensional structure, and may be 
subjected to distortions, which could affect the veracity 
of the studies (43).
Regarding apical extrusion, the rotary systems still ex-
trude a quantity of material and debris toward the pe-
riapical tissues, even though it has been proposed that 
continuous rotation movement allows the filling mate-
rial to be dragged coronally (3). Although single-file re-
ciprocating systems are time-efficient at the removal of 
gutta-percha during endodontic retreatment, it has been 
shown that they may extrude a greater amount of filling 
material and debris toward the apex, due to the dynamic 
of the alternating movement (reciprocating movement), 
which is a very aggressive movement that removes a lar-
ge amount of material in a short time, pushing endodon-
tic material and debris toward the apex (41).
Another important inclusion criteria for study selection 
was the use of the Myers & Montgomery technique or 
the dry-freezing technique for measuring the amount of 
extruded filling material. However, the Myers & Mont-
gomery technique has more advantages than the second 
one as it allows a separate quantification of the amount 
of extruded material and the quantity of irrigant (44).
Considering the results of the included studies, it is con-
cluded that none of the systems is capable of completely 
removing the filling material from root canals. This finding 
is reported in the literature as the impossibility of remo-
ving 100% of the total filling material regardless of the 
applied technique (2,45). However, although the Reciproc 
and WaveOne systems were not designed specifically for 
endodontic retreatment, it may be inferred that their spe-
cial design in conjunction with the reciprocating movement 
could benefit the material removal, not presenting signifi-
cant differences regarding effectiveness when compared to 
Protaper Universal retreatment system (7). In terms of effi-
ciency, there are some different results among the scientific 
literature that may be related to several variables such as 
variables inherent to the operator and methods used to cal-
culate the total time required for gutta-percha removal (40).

Conclusions
None of the reviewed systems is effective to comple-
tely remove the filling materials from straight root ca-
nals, and all systems appear to be equally time-efficient, 
although this variable shows different results. In terms 
of apical extrusion, the analyzed reciprocating systems 
extrude more material toward the periapical tissues than 
the continuous rotation systems.
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