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ABSTRACT

Aim: During the mechanical and chemical preparation of root canals with reciprocating 
and rotating instruments, an accidental extrusion of debris beyond the dental apex can 
be generated. The Nickel-Titanium instruments have drastically improved the clinical 
procedures and the quality of endodontic treatment. The term flare-up is commonly used 
to indicate a clinical condition in which pain and swelling of the oral mucosa and soft 
facial tissues are observed following root canal therapy of a dental element.
Materials and methods: After raising the PICO question, the research was carried out 
following PRISMA guidelines. The search engines used were: Pubmed (Medline), EBSCO 
and Cochrane Library. Randomized controlled trials (RCT) and in vitro studies were includ-
ed. The research focus was on articles related to the debris extrusion during root shaping 
with rotary and reciprocating endodontic instruments.
Results: Through the application of inclusion and exclusion criteria, 17 articles were se-
lected. The Jadad Scale was used to evaluate the quality of the papers. In the modern 
literature, conflicting data have emerged regarding the apical extrusion of debris using 
the two instrumentation techniques taken into consideration. There are no studies that 
analyze the possible relationship between the apical extrusion and the design of the tip 
shape of the endodontic instrument; the connection between shaping techniques and the 
appearance of flare ups should also be investigated. 
Conclusions: The apical extrusion of debris occurs both with the reciprocating technique 
and with continuous rotation instruments. Specifically, regarding the ProTaper, Mtwo, Re-
ciproc, WaveOne and Hyflex, there are discordant results in the literature. The ProTaper 
Universal cause a greater extrusion, compared to the reciprocating ones, while the ProTa-
per Next are related with a smaller extrusion. In this condition, there is no difference be-
tween WaveOne and Reciproc. The association between flare-up and debris extrusion 
during the shaping phase must be demonstrated with in vivo clinical research. Further 
studies are needed in the future.

SYSTEMATIC REVIEW

Apical debris extrusion and potential risk of 
endodontic flare-up: correlation with rotating and 
reciprocating instruments used in daily clinical 
practice
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Introduction

E
ndodontic Flare-up: Definition 
and Etiology
The term flare-up is common-
ly used to indicate a clinical 
condition in which pain and 

swelling of the oral mucosa and soft facial 
tissues are observed after a root canal 
therapy of a dental element (1).
It can occur over a period of time that 
ranges from a few hours to a few days after 
starting or completing the endodontic 
treatment; generally, a flare-up episode 
leads the patient to request an unscheduled 
check-up appointment, due to the urgency. 
Common symptoms, such as spontaneous 
pain, while chewing or beating, and swell-
ing are associated with a transient decrease 
of the quality of life (1, 2).
In the contemporary scientific literature, 
various factors have been reported that can 
possibly influence the appearance of the 
flare-up: number of clinical sessions nec-
essary to complete the endodontic treat-
ment, intracanal medications, age and 
gender of the patient, shaping technique, 
cleaning of the canals and tools used, 
extrusion of debris beyond dental apex, 
diagnosis of previous pathology at the pulp 
and periapical level, and, finally, the mi-
crobiological component (3-6). Some med-
ications such as Aceclofenac 200 mg could 
be preferred as an oral analgesic premed-
ication, before primary root canal treat-
ment in patients with moderate to severe 
preoperative pain, for efficient manage-
ment of post-instrumentation pain 
(7), while there is no clear evidence sup-
porting that preoperative ibuprofen is 
better than other drugs in reducing the 
intensity of postendodontic pain (8).
Therefore, during endodontic treatment, 
there are clinical situations in which an 
alteration of the balance between the de-
fense of the host and the aggression of 
microorganisms is observed, with the 
consequent formation of acute periapical 
inflammation (4). Sodium hypochlorite 
(NaOCL) and chlorhexidine (CLX) are two 
of the irrigating agents that have shown 
an important antibacterial activity and 
they contribute to the incidence’s reduction 

of flare-ups (5). Ethylenediaminetetraacet-
ic acid (EDTA) is effective as a rinse to 
remove the smear layer in the root canal 
(9).
 
Rotating and Reciprocating Endodontic 
Instrument
An accidental extrusion of debris beyond 
the dental apex can be generated during 
the mechanical and chemical preparation 
of root canals with reciprocating and ro-
tating instruments. In most cases, from a 
clinical point of view, post-operative pain 
might affect the patient. The debris is ba-
sically represented by dentin, necrotic 
tissue, remaining pulp tissue, microorgan-
isms or irrigating agents which, pushed 
beyond the apical foramen, cause irritation 
of the periapical structures (10).
The Nickel-Titanium instruments have 
drastically improved the clinical proce-
dures and the quality of endodontic treat-
ment. The reciprocating movement consists 
in alternating clockwise and counterclock-
wise rotations, with a different amplitude 
of the cutting angle (6-16). 
The advantage of reciprocating instru-
ments is that they have increased resist-
ance to cyclic fatigue and are disposable 
for each treatment, lowering the risk of 
cross-infection and possible fractures (16).
ProTaper files (Dentsply Maillefer, Bellai-
gues, Switzerland) are rotating instruments 
characterized by a variable taper that al-
lows progressive preparation in a vertical 
and horizontal direction; they have a tri-
angular section with three convex cutting 
angles (11-13).
Mtwo files (Sweden & Martina) have a 
helical section with cutting blades parallel 
to the axis of the instrument and a non-ac-
tive tip. The basic series (standard set) of 
Mtwo rotary files includes four instru-
ments with variable tip sizes ranging from 
no. 10 to no. 25, tapers ranging from .04 to 
.06-.07 and two lengths: 21 and 25 mm. 
Also file tips range in size from 30, 35, 40 
and tapers of 0.5, 0.4 and 0.7 are available 
(12). OneShape instruments are single files 
designed for root canal shaping, elaborat-
ed by Micro Mega, with a diameter of 25 
and single use for patient; they reduce the 
risk of cross-infection and the timing of 
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treatment (17). RaCe instruments are rota-
tory files. They have exclusive advantages 
including a patented alternating cutting 
edge/non-screw in design, electropolished 
finish, and triangular cross section. These 
features maximize flexibility, cutting effi-
ciency/debris removal and safety (12).
Revo-S are rotatory files with an asymmet-
rical cross-section that provides less stress 
on the instrument. The canal axis has 3 
cutting edges located on 3 different radi-
uses. The smaller section allows more 
flexibility and offers a better ability to ne-
gotiate curves. The asymmetrical cross-sec-
tion increases the available volume for 
upward debris elimination (12, 18).
Neolix (Châtres-la-Forêt, France) is a new-
ly introduced NiTi rotary system with full 
rotary motion that consist of one C1 file for 
coronal enlargement and three A1 files 
(with tip size range of #20, #25 and # 40) 
allowing for canal shaping down to the 
apex (19). 
WaveOne (Maillefer, Switzerland) are re-
ciprocating instruments that come in three 
dimensions, *21.06, *25.08 and *40.08 
(constant taper) and they require a special 
micromotor (12, 13).
Reciproc files (Dentsply) comes in three 
sizes, *25.08, *40.05, *50.04, S-shaped 
section, regressive taper in the first 3 mm 
at the tip; they shape similar to Mtwo and 
they are used with reciprocating movement 
and require a special micromotor (12-14).
Hyflex files (Coltene-Whaledent, Switzer-
land) are characterized by an important 
control of shape memory and elasticity 
during shaping (12, 13).
 
Systematic Review Tool. PICO Question.
The PICO question (Population, Interven-
tion, Comparison, Overcome) aims to in-
vestigate the correlation between recipro-
cating and rotating endodontic instruments 
and the apical extrusion of debris during 
the shaping phase of the root canal treat-
ment that could lead to the appearance of 
postoperative flare-ups.
P: Patients undergoing endodontic therapy 
with rotary instruments (ProTaper, Mtwo, 
OneShape).
I: formation of debris during the canal 
shaping phase.

C: Patients undergoing endodontic therapy 
with reciprocating instruments (WaveOne, 
Reciproc, Hyflex).
O: debris extrusion beyond dental apex 
and the related potential risk of causing 
flare-ups.

Justification of the Systematic Review
In the modern scientific literature, there 
are systematic reviews that analyze the 
connection between apical extrusion of 
debris, flare-up and the type of endodontic 
instruments used during the root canal 
shaping phase. The need to develop this 
study arises from the desire to update and 
deepen the subject in the light of the nu-
merous studies published in the last 
decade, between 2011 and 2021. 
Compared to the recent systematic reviews, 
new articles have been included which 
provide a detailed reading key on the 
analyzed topic and satisfy the pre-estab-
lished criteria of inclusion.  Furthermore, 
in the literature there are diametrically 
opposed and contrasting results regarding 
the subject (20, 21). 
Therefore, the main goal of the systematic 
review is to analyze the contemporary 
studies in a global and rational way and 
try to provide guidelines to be applied in 
daily clinical life.
 
 
Materials and Methods

The systematic review was reported 
following the Preferred Reporting Items 
for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines and it was 
performed applying meticulously the 
Handbook Cochrane recommendations 
(22, 23). The study has been previously 
registered on PROSPERO platform with 
code number (341112).

Search Strategy
The systematic review was conducted 
between 1 July 2021 and January 2022. The 
primary sources were selected through the 
use of search engines, such as Pubmed 
(Medline), EBSCO and Cochrane Library. 
Alternative sources, such as opengray 
literature, Google Scholar and bibliograph-
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ic indexes of previous systematic reviews, 
related to the topic, have been consulted. 
A last research for a partial records update 
was performed on 6 June 2022. The Boolean 
operators used are “AND” and “OR”.
Different types of keywords were used 
based on the analyzed context:
• Group 1: (Apical debris OR detritus 

extrusion OR apical extrusion OR de-
bris extrusion OR flare up);

• Group 2: (WaveOne OR Reciproc OR 
Hyflex OR reciprocating OR reciprocat-
ing file);

• Group 3: (ProTaper OR Mtwo OR One-
Shape OR rotary instrument OR rotary 
file).

The terms of group 1 and group 2, and 
those of group 1 with group 3 were com-
bined; in both cases the Boolean operator 
AND was used (table 1).
The NOT operator was not taken into con-
sideration during the research phase.
 
Articles Selection
Prior to the process of selecting scientific 
articles for carrying out the systematic 
review, the inclusion and exclusion crite-
ria were determined.
Inclusion criteria:
• Randomized controlled studies, cohort 

studies, case-control studies, cross-sec-
tional studies, in vitro studies.

• Patients with endodontic treatment 
performed through the use of rotating 
and reciprocating systems.

• Studies that analyze dental elements 
belonging to the permanent dentition.

• In vivo studies in which endodontic 
treatments were performed with appro-
priate isolation (rubber dam).

• In vivo studies in which root canal ir-
rigation protocols with NaOCL or CLX 
and EDTA were applied.

• Articles in English.
Exclusion criteria:
• Animal studies, clinical cases, system-

atic reviews, meta-analyzes.
• Studies not available with full text.
• Studies in which no distinction is made 

between reciprocating and rotating 
systems.

• Studies analyzing endodontic therapies 
in temporal dentition.

• Studies with endodontic therapies 
without rubber dam isolation.

• Studies with endodontic treatments 
carried out using only manual tech-
nique.

• Studies without the control group.
• Studies in which dental elements are 

characterized by the presence of open 
apex, cracks or micro fractures, root 
caries.

In the research phase of the scientific ar-
ticles, no time restrictions were applied 
regarding the dates of publication of the 
sources.
 
Data Collection 
Three operators (F.A.V, A.S, F.Z) inde-
pendently managed the research and 
screening of the sources, applying the 
previously described inclusion and exclu-
sion criteria. The results were compared 
and extracted; in case of discrepancies, a 
Senior Author (C.P) was consulted in order 
to find a fair and thoughtful compromise. 
The data were collected by compiling ta-
bles of results. No metaanalysis or statis-
tical investigations were expected for this 
study.
 
Evaluation of the Quality of the Studies
The qualitative evaluation (table 2) of the 
selected articles was carried out using 
established indices depending on the type 
of study.
In the case of Randomized Clinical Trials 
(RCT) various Scales can be used, includ-
ing that of Delphi, Jadad and Yates. Many 
quality assessment tools exist in the liter-
ature; however, none cover all the critical 
aspects of in vitro studies (24). 
Some of them could be adapted and ap-
plied to evaluate and assess the quality of 
in vitro studies (24).  
The Jadad Scale has demonstrated the 
best evidence of validity and has been 
used in over 15,000 scientific studies 
published in the literature. It mainly 
focuses on the adequacy of randomiza-
tion, double blindness and loss of pa-
tients’ follow up (25).
The final score, assigned through points, 
can vary between 0 and 5; an article is 
considered valid, from a qualitative 
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Table 1
Search String on Pubmed (Medline)

Group 1 
AND 

Group 2

(((“apical”(All Fields) OR “apically”(All Fields) OR “apicals”(All Fields) OR “apices”(All Fields)) AND “debris”(All Fields)) 
OR (“detritus”(All Fields) AND (“extrusion”(All Fields) OR “extrusions”(All Fields))) OR ((“apical”(All Fields) OR 
“apically”(All Fields) OR “apicals”(All Fields) OR “apices”(All Fields)) AND (“extrusion”(All Fields) OR “extrusions”(All 
Fields))) OR (“debris”(All Fields) AND (“extrusion”(All Fields) OR “extrusions”(All Fields))) OR ((“flare”(All Fields) OR 
“flares”(All Fields)) AND “up”(All Fields))) AND (“WaveOne”(All Fields) OR (“reciproc”(All Fields) OR “reciprocal”(All 
Fields) OR “reciprocality”(All Fields) OR “reciprocally”(All Fields) OR “reciprocals”(All Fields) OR “reciprocate”(All 
Fields) OR “reciprocated”(All Fields) OR “reciprocates”(All Fields) OR “reciprocating”(All Fields) OR “reciprocation”(All 
Fields) OR “reciprocations”(All Fields) OR “reciprocator”(All Fields) OR “reciprocators”(All Fields) OR “reciprocities”(All 
Fields) OR “reciprocity”(All Fields)) OR “Hyflex”(All Fields) OR (“reciproc”(All Fields) OR “reciprocal”(All Fields) OR 
“reciprocality”(All Fields) OR “reciprocally”(All Fields) OR “reciprocals”(All Fields) OR “reciprocate”(All Fields) OR 
“reciprocated”(All Fields) OR “reciprocates”(All Fields) OR “reciprocating”(All Fields) OR “reciprocation”(All Fields) 
OR “reciprocations”(All Fields) OR “reciprocator”(All Fields) OR “reciprocators”(All Fields) OR “reciprocities”(All Fields) 
OR “reciprocity”(All Fields)) OR ((“reciproc”(All Fields) OR “reciprocal”(All Fields) OR “reciprocality”(All Fields) OR 
“reciprocally”(All Fields) OR “reciprocals”(All Fields) OR “reciprocate”(All Fields) OR “reciprocated”(All Fields) OR 
“reciprocates”(All Fields) OR “reciprocating”(All Fields) OR “reciprocation”(All Fields) OR “reciprocations”(All Fields) 
OR “reciprocator”(All Fields) OR “reciprocators”(All Fields) OR “reciprocities”(All Fields) OR “reciprocity”(All Fields)) 
AND (“filing”(MeSH Terms) OR “filing”(All Fields) OR “file”(All Fields))))

Group 1 
AND 

Group 3

(((“apical”(All Fields) OR “apically”(All Fields) OR “apicals”(All Fields) OR “apices”(All Fields)) AND “debris”(All Fields)) 
OR (“detritus”(All Fields) AND (“extrusion”(All Fields) OR “extrusions”(All Fields))) OR ((“apical”(All Fields) OR 
“apically”(All Fields) OR “apicals”(All Fields) OR “apices”(All Fields)) AND (“extrusion”(All Fields) OR “extrusions”(All 
Fields))) OR (“debris”(All Fields) AND (“extrusion”(All Fields) OR “extrusions”(All Fields))) OR ((“flare”(All Fields) OR 
“flares”(All Fields)) AND “up”(All Fields))) AND (“protaper”(All Fields) OR “protapers”(All Fields) OR “Mtwo”(All Fields) 
OR “OneShape”(All Fields) OR ((“rotaries”(All Fields) OR “rotary”(All Fields)) AND (“instrument”(All Fields) OR 
“instrument s”(All Fields) OR “instrumentation”(MeSH Subheading) OR “instrumentation”(All Fields) OR “instruments”(All 
Fields) OR “instrumented”(All Fields) OR “instrumenting”(All Fields))) OR ((“rotaries”(All Fields) OR “rotary”(All Fields)) 
AND (“filing”(MeSH Terms) OR “filing”(All Fields) OR “file”(All Fields))))

 

point of view, when the score is equal 
to or greater than 3. The bias risk is low 
when the score is 4-5, moderate when 
the scores is 3 and high when the score 
is between 0-2 (25).
In the first three questions, relating to 
randomization, double blind and follow 
up, 1 point is assigned respectively if 
the article satisfies the requirements of 
the Scale, 0 points otherwise. In the 
fourth and fifth questions, relating to 
the adequacy of randomization and 
blindness, in case of a positive outcome 
a point (+1) will be assigned, otherwise 
a point (-1) will be removed. Randomi-
zation is the only system that increases 
the probability of an equal, balanced 
and uniform distribution of the varia-
bles that affect a search result. 
Furthermore, it is believed that the loss 
or absence of patients’ follow up can 
alter the validity of a study when it is 
greater than 20% (25).

Results

Search and Selection
Using the MeSH and non-MeSH terms and 
applying the search strategy previously 
described, a total of 698 articles were se-
lected through search engines, such as 
Pubmed (Medline), EBSCO and Cochrane 
Library (Figure 1). Through Pubmed search, 
combining group 1 and group 2 terms, 177 
articles were obtained, while 365 articles 
were selected by creating a search string 
between group 1 and group 3. The search 
through the Cochrane Library led to a total 
of 81 articles with the combination of group 
1 AND group 3 and 35 articles with the 
combination of group 1 AND group 2. The 
search through the EBSCO led to a total of 
24 articles with the combination of group 
1 AND group 3 and 16 articles with the 
combination of group 1 AND group 2. Once 
the duplicates have been eliminated, the 
first identification phase ends with a total 
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Figure 1
Flowchart. 

Records identified from
 

Pubmed (G1 AND G2 ): 177
Pubmed (G1 AND G3): 365

Cochrane Library(G1 AND G2 ): 35
Cochrane Library (G1 AND G3): 81

EBSCO (G1 AND G2): 16
EBSCO (G1 AND G3): 24

(n= 698)

Records screened
(n=550)

Reports not retrieved
(n=0)

Studies included in review
 (n=17)

Identification Included
Reports assessed for eligibility

(n=17)
Reports sought for retrieval

(n=42)

Screening
Identification of studies via databases and registers  

PRISMA 2020

Reports excluded: 25
- Studies in which no distinction is made between reciprocating  

and rotating systems (n=7)
- No specific brand of endodontic files is reported (n=6) 

-  Studies without the control group (n=7)
- Studies with endodontic therapies without rubber dam isolation (n=2)

-  presence of open apex, cracks or micro fractures (n=3)

Records excluded after reading the title
(n=321)

Records excluded after reading the abstract
(n=187)

Records removed before screening:
Duplicate records removed  (n=148)

Records marked as ineligible by automation tools (n=0*)
Records removed for other reasons (n=0*)

*Covidence has been not used

of 550 articles. Duplicates have been re-
moved using the “Systematic Review As-
sistant-Deduplication Module” (26), a spe-
cific tool developed in 2013. During the 
screening phase, 321 articles were deleted 
after reading the title, while 187 were ex-

cluded after reading the abstract. Therefore, 
the previously described inclusion and 
exclusion criteria were applied to a total of 
42 full-text articles potentially relevant to 
the development of the review.
The methodological criteria for eligibility 
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Table 2 
Evaluation of the Quality of the Included Articles 

Authors/Year Randomiza-
tion

Double 
Blind

Follow 
up

Appropriate 
Randomisation

  Appropriate 
Blinding  

Total score Article 
Quality Bias Risk

Relvas et al. 2016 (10)   YES YES YES YES NR 4/5 Low

Shokraneh et al. 2017 (11)   YES YES YES YES NR 4/5 Low

Surakanti et al. 2014 (13)   YES YES YES NR NR 3/5 Moderate

Kherlakian et al. 2016 (14)   YES YES YES YES NR 4/5 Low

Çiçek et al. 2016 (20)   YES YES YES YES NR 4/5 Low

Neelakantan  
et al. 2015 (27)   YES YES YES NR YES 4/5 Low

Bürklein et al. 2013 (28)   YES YES YES NR NR 3/5 Moderate

Vivekanandhan  
et al. 2016 (29)   YES YES YES NR NR 3/5 Moderate

Eliasz et al. 2020 (30)   YES NO NO YES NR 2/5 High

Yilmaz et al. 2017 (31)   YES YES YES NR NR 3/5 Moderate

De-Deus et al. 2015 (32)   YES YES YES YES NR 4/5 Low

Küçükyilmaz  
et al. 2014 (33)   NO YES YES NR NR 2/5 High

El Khodary et al. 2019 (34)   YES YES YES NR NR 3/5 Moderate

Labbaf et al. 2017 (35)   YES YES YES NR NR 3/5 Moderate

Shahi et al. 2016 (36)   YES YES YES YES NR 4/5 Low

Ozsu et al. 2014 (37)   YES YES YES NR NR 3/5 Moderate

Silva et al. 2014 (38)   YES YES NO YES NR 3/5 Moderate

NR: No Reported. In the total score section, the green color indicates a good scientific validity of the article (=or>3); the red color is 
associated with a limited validity.

determine the definitive inclusion of 17 
articles, which will subsequently be sub-
jected to quality assessment using deter-
mined indices and from which the data 
will be extracted.
 
Graphic Representation of the Research 
Results 
The explanatory table of the articles used for 
carrying out the systematic review is shown 
below. The first author is reported for each 
study; the year of publication; the country of 

origin; the Journal (Impact Factor correlated) 
where the paper has been published; the 
research size sample; which can be referred 
to the number of patients or dental elements 
treated; the endodontic instruments consid-
ered in the article; the type of movement, that 
is rotating or reciprocating; data collection; 
the clinical diagnosis that led the authors to 
perform root canal therapy or if they are in 
vitro studies, and finally, the clinical and 
statistically significant data reported in the 
selected articles.
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Interpretation of the results
The results obtained show discrepancy 
in the data collected. The articles in-
cluded in the systematic review are 17. 
Of these, 11 are in vitro studies (13, 28-
35, 37, 38) and 6 randomized controlled 
trials (10, 11, 14, 20, 27, 36). The time 

span covered by the research is approx-
imately 8 years, being the oldest article 
dating back to 2013 (28) and the most 
current one to 2020 (30). From a geo-
graphical and epidemiological point of 
view, four articles are from Brazil 
(23,5%), four from Turkey (23,5%), three 

Table 3A
Results Table: studies on patients

Authors/
Year   

Country

Journal  Impact 
Factor (IF) 
2021-2022

Sample 
size

Endodontic 
Instruments

Data Collectio 
Methodology

Preoperative  
Diagnosis

Relevant  
Conclusions 

Reported 

Relvas et al. 
2016 (10)  

Brazil

Clinical Oral 
Investigations 

IF: 3.573

78 
mandibular 

molars

Protaper  
Reciproc

Questionnaire to 
evaluate the 
Verbal Rating 

Scale

Asymptomatic 
pulp necrosis

 
No significant 

difference between 
the two techniques 

regarding post-
operative pain and 

flare-up

Shokraneh et 
al. 2017 (11)  

Iran

Clinical Oral 
Investigations 

IF: 3.573
96 patients

Protaper 
Universal  
WaveOne  
Manuals

Questionnaire to 
evaluate the 

Visual Analogue 
Scale

Pulp necrosis 
with periapical 

lesion

The group 
of patients 

treated with the 
reciprocating 

system reported 
less post-operative 
pain. No flare up

Kherlakian et 
al. 2016 (14)  

Brazil

Journal of 
Endodontics

IF: 4.171

210 
patients

ProTaper  
WaveOne  
Reciproc

Questionnaire to 
evaluate the 

Visual Analogue 
Scale

Vital dental 
elements. 
Root canal 
treatment 

performed due 
to prosthetic 

reasons

No difference 
between the 
instruments 

analyzed regarding 
post-operative pain 
and the need for 
analgesic therapy

 

Çiçek et al.  
2016 (20)  

Turkey

Journal of Applied 
Oral Science

IF: 2.698
90 patients ProTaper  

WaveOne

Questionnaire to 
evaluate the 

Visual Analogue 
Scale

Asymptomatic, 
necrotic 

teeth with 
radiographic 
periapical 

lesion

There is no 
significant 

difference between 
the two techniques 
in terms of post-
operative pain

 

Neelakantan 
et al.2015 
(27)  India

Clinical Oral 
Investigations 

IF: 3.573

624 
patients

OneShape  
Reciproc

Questionnaire,   
the Mann-Whitney 

Scale and   
chi-squared test

Symptomatic 
irreversible 

pulpitis

The reciprocating 
technique is 

associated with a 
lower intensity and 
duration of post-

operative pain than 
the rotating one

Shahi  
et al. 2016 
(36) Iran

Iranian Endodontic 
Journal 

IF: 1.13

78 
mandibular 

molars

ProTaper  
RaCe

Questionnaire to 
evaluate the 

Visual Analogue 
Scale

Irreversible 
pulpitis without 

radiographic 
periapical 
lesions

 
No significant 

difference between 
the two groups 
regarding the 

extrusion of debris
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from Iran (17,5%) and India (17,5%), one 
from Poland (6%), Germany (6%) and 
Egypt (6%). Several Journals have been 
consulted during data collection; the 
one with greater impact factor was Jour-
nal of Clinical Medicine (30), the lower 
one was Iranian Endodontic Journal (34, 
35); one Journal has no impact factor 
reported (34). The sample size in RCT 
varies from 624 (27) to 90 patients (20).
In vitro studies, the greater size was 90 
(31), the lower was 45 teeth (33). One 
article analyzes incisor (31), four articles 
are focused on premolars (13, 33, 37, 38) 
and four are about molars (28, 32, 34, 
35). One articles do not differentiate 
between dental elements (30) and one 
analyze monoradicular teeth (29).
In RCT, four articles employ question-
naire to evaluate the Visual Analogue 
Scale (11, 14, 20, 36), one the Verbal 
Rat ing Sca le (10)  a nd one t he 
Mann-Whitney Scale (27).
The reason why a root canal therapy was 
performed was pulp necrosis (10, 11, 20), 
irreversible pulpitis (27, 36) and prost-
hodontic reasons (21).
Except for one study where analysis of 
CBCT sections has been used to deter-
minate debris apical extrusion (30), all 
in vitro studies have been developed 
using extracted teeth and measuring the 
weight difference of Eppendorf tubes 
(13, 29-31, 33-35, 37) or specific vials (28, 
32, 38) before and after the root canal 
treatment.

Discussion
 
The main goal of the systematic review 
was to investigate the possible correla-
tion between the debris extrusion be-
yond the dental apex and the manifes-
tation of the postoperative flare-up de-
pending on whether the root canal 
shaping was performed using rotary or 
reciprocating endodontic instruments.
After the analysis of the data (Table 3A, 
3B), it was evident that the reciprocating 
and rotating techniques are associated 
with apical extrusion of debris. In the 
study by Relvas et al (10), no differenc-
es in postoperative pain are reported 

between the two techniques, while 
Shokraneh et al (11) report that the in-
tensity and duration of pain is reduced 
in those cases where root canal therapy 
was performed with reciprocating in-
struments. In both cases, no post-treat-
ment flare up episodes are reported.
Therefore, In modern scientific litera-
ture, conflicting data emerge regarding 
the topic in question; Kherlakian et al 
(14) and Çiçek et al (20) reported, as in 
the case of Relvas et al (10), that there is 
no difference between the instruments 
analyzed regarding post-operative pain 
and the need for analgesic therapy once 
the treatment is completed, contrary to 
what is reported by Neelakantan (27), 
where the shaping with reciprocating is 
related to a lower intensity and duration 
of postoperative pain compared to that 
with rotating ones.
Comparin et al (39), analyzing the Mtwo 
and Reciproc systems, did not report 
differences in the incidence, intensity 
and duration of postoperative pain with 
time intervals at 24-48-72 hours. Similar 
data have been descripted by Keskin et 
al (40), where there are no differences 
regarding postoperative pain in those 
cases where a glide path is performed 
with a rotating or reciprocating system.
Pasqualini et al (41), in their randomized 
clinical study, focusing on ProTaper and 
WaveOne, demonstrated that the recip-
rocating system is associated with 
greater discomfort in the immediate 
post-operative period and in cases of 
previous periapical inflammation com-
pared to the rotating one. Also in the 
meta-analysis of randomized clinical 
trials performed by Hou et al (42), rota-
ry systems are associated with a lower 
incidence of postoperative pain than 
reciprocating instruments.
In relation to the extrusion of debris be-
yond the dental apex depending on the 
technique used, conflicting data emerged. 
In the study by Surakanti et al (13), Wa-
veOne instruments, when compared with 
ProTaper and Hyflex, lead to a greater 
accumulation of debris beyond apex with 
the risk of originating post-treatment 
inflammatory reactions. Vivekanandhan 
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Table 3B
Results Table: in vitro studies

Authors/
Year  

Country

Journal  
Impact 

Factor (IF) 
2021-2022

Sample 
size

Endodontic 
Instruments

Data Collection  
Methodology

Preoperative 
Diagnosis

Relevant 
Conclusions 

Reported

Surakanti et 
al. 2014 (13)  

India

Journal of 
Conservative 

Dentistry

IF: 4.146

60 
mandibular 
premolars

ProTaper  
Hyflex  

WaveOne

Eppendorf tubes 
and pre/post 

treatment weight 
measurement   

In vitro study  
Extracted 
elements

More debris extrusion 
with Waveone 

instruments than 
ProTaper and Hyflex   

Bürklein et al. 
2013 (28)  
Germany

International 
Endodontic 

Journal

IF: 5.264

80 
mandibular 

central 
incisors

Reciproc  
Mtwo  F360  
OneShape

Specific vials 
whose weight was 
measured before 

and after the 
instrumentation

In vitro study  
Extracted 
elements

   Greater debris 
extrusion in the 
Reciproc group      

Vivekanandhan 
et al. 2016  
(29) India

Journal of 
Conservative 

Dentistry

IF: 4.146

60 
monoradicular 

teeth

ProTaper 
Universal  
WaveOne  
Revo-S

Eppendorf tubes 
and pre/post 

treatment weight 
measurement   

In vitro study  
Extracted 
elements

No difference between 
ProTaper and WaveOne 
regarding the extrusion 
of debris; minor in the 
case of Revo-S files   

Eliasz et al. 
2020 (30)  

Poland

Journal of 
Clinical 

Medicine

IF: 5.583

60 dental 
elements

ProTaper Next  
WaveOne

CBCT sections of a 
specific area of the 

root compared 
before/after 

shaping   

In vitro study  
Extracted 
elements

Greater transport of 
debris beyond the apex 

with ProTaper Next; 
WaveOne ensure a 

more conservative and 
retentive preparation

Yilmaz et al. 
2017 (31)  

Turkey

Journal of 
Endodontics

IF: 4.171

90 upper 
central 
incisors

ProTaper Next  
Reciproc  

Twisted Files 
adaptive

Eppendorf tubes 
and pre/post 

treatment weight 
measurement   

In vitro study  
Extracted 
elements

Greater extrusion of 
debris beyond apex 

with Reciproc 
compared with 
ProTaper Next   

De-Deus et al. 
2015 (32)  

Brazil

Clinical Oral 
Investigations  

IF: 3.573

80 mesial 
root of 

mandibular 
molars

ProTaper 
Universal  
WaveOne  
Reciproc  
Manuals

Specific vials 
whose weight was 
measured before 

and after the 
instrumentation   

In vitro study  
Extracted 
elements

   Greater apical 
extrusion in the 
ProTaper group 

compared to the 
reciprocating group. No 

difference between 
the  Reciproc e 

WaveOne      

Küçükyilmaz 
et al. 2014  
(33) Turkey

Brazilian Oral 
Research.

IF: 1.633

45 
mandibular 
premolars

ProTaper  
Reciproc  

OneShape

Eppendorf tubes 
and pre/post 

treatment weight 
measurement   

In vitro study  
Extracted 
elements

Greater extrusion of 
debris and irrigation 

solution in the Reciproc 
group compared to the 

rotating group   

El Khodary et 
al. 2019 (34)  

Egypt

Egyptian Dental 
Journal

IF: No reported

63 
mandibular 

molars

ProTaper Next  
Hyflex   

Eppendorf tubes 
and pre/post 

treatment weight 
measurement   

In vitro study  
Extracted 
elements

No significant 
difference between the 

three systems 
regarding extrusion of 
debris beyond apex   



89

Villani FA*, Zamparini F, Spinelli A et al.

Giornale Italiano di Endodonzia March 2024 38(1)

et al (29), on the other hand, do not report 
any differences between ProTaper Uni-
versal and WaveOne. The largest apical 
discharge of debris with the reciprocating 
technique is also reported by Bürklein et 
(28), in the specific case of the Reciproc 
compared to OneShape and Mtwo, by 
Yilmaz et al (31), which analyzes the 
ProTaper Next and Reciproc and by 
Küçükyilmaz (33), where in addition to 
that of debris, there is also a greater ex-
trusion of irrigating agents in the case of 
Reciproc compared to ProTaper and 
OneShape.
Eliasz et al (30), in contrast to the authors 
previously cited, demonstrate in their 
study that ProTaper Next cause greater 
extrusion than WaveOne, due to the more 
conservative and retentive root canal 
shaping capacity of the reciprocating 
instruments.
Nevares et al (43), show in their study 
that there is not difference between Pro-
taper Next and Reciproc regarding apical 
extrusion of debris in severely curved 
canals. Both in the De-Deus (42) and 
Ozsu (37) study, the ProTaper Universal 
are attributable to a greater apical extru-
sion when compared with ProTaper Next 

and the Waveone (37) and the Reciproc 
and the WaveOne (32). 
Furthermore, it’s important to highlight 
that there are no differences in potential 
extrusion between WaveOne and Recip-
roc (32), as also reported by Silva et al 
(38). On the other hand, Nevares et al (44) 
demonstrate the Reciproc files produced 
significantly more debris  than Wave-
One (p <0.05), and both systems produced 
a greater  apical  extrusion  of  de-
bris than HyFlex CM (p<0.001).
The WaveOne Gold system, regarding 
debris extrusion, outperformed also 
TRUShape and TruNatomy files in Rosh-
dy et al study (45). Similar results to 
Silva (38) were also described by Tinoco 
et al (46), who reported, in an ex vivo 
study, the extrusion of Enterococcus 
Faecalis with WaveOne, Reciproc and 
BioRacer files; in this case the apical 
extrusion is greater with a rotating sys-
tem (BioRacer) and there is no difference 
between the two reciprocating ones.
In Labbaf’s study (35), the HyFlex prove 
to be the best instruments when consid-
ering the apical extrusion, while the 
Reciproc, contrary to what other authors 
reported (32, 37, 38), cause a greater 

Labbaf et al. 
2017(35)  

Iran

Iranian 
Endodontic 

Journal

IF: 1.13

60 
mesiobuccal 
root of upper 

molar

Protaper 
Universal  

Hyflex  
Reciproc  
Neolix

Eppendorf tubes 
and pre/post 

treatment weight 
measurement   

In vitro study  
Extracted 
elements

   Hyflex files are 
associated with less 
extrusion of debris 

during the root canal 
shaping phase; the 

Reciproc instead cause 
a greater escape of 

debris beyond the apex      

Ozsu et al. 
2014 (37)  

Turkey

European 
Journal of 
Dentistry

IF: 3.04

56 
mandibular 
premolars

ProTaper 
Universal  

ProTaper Next  
WaveOne   

Eppendorf tubes 
and pre/post 

treatment weight 
measurement   

In vitro study  
Extracted 
elements

ProTaper Universal 
have a greater 

extrusion of debris 
than the Next and the 

reciprocating technique   

Silva et al. 
2014 (38)  

Brazil

Journal of 
Endodontics

IF: 4.171

45 
mandibular 
premolars

ProTaper 
Universal  
WaveOne  
Reciproc

Specific vials 
whose weight was 
measured before 

and after the 
instrumentation   

In vitro study  
Extracted 
elements

No difference between 
the two reciprocating 
systems regarding the 
extrusion of debris; it’s 

greater in case of 
ProTaper Universal.

Table 3B
Results Table: in vitro studies
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leakage than the ProTaper Universal.
El Khodary et al (34), in the analysis of 
Hyflex and ProTaper Next, and Shahi et 
al. (36), in the study by ProTaper and 
RaCe, found no statistically significant 
differences in terms of extrusion of de-
bris beyond dental apex. The data are in 
contrast with what described by Capar 
et al. (47), where in an in vitro study 
reports that ProTaper Next cause less 
debris extrusion when compared with 
Hyflex reciprocating files. The articles 
considered for carrying out the system-
atic review did not report data concern-
ing the possible correlation between 
debris extrusion and flare-up (10, 11, 14, 
20, 27). The possible causes of flare ups, 
reported in the literature, can be asso-
ciated with: root canal preparation and 
obturation up to the apical end and not 
the apical constriction (48), the presence 
of severe preoperative pain (49), presence 
of Fusobacterium Nucleatum (50), pres-
ence of radiolucent periapical lesion 
prior to the treatment (51-53), asymptom-
atic irreversible pulpitis in female pa-
tients (54) and number of visits necessary 
to complete the endodontic treatment 
(55). The main limitation of the system-
atic review is correlated to the presence 
of in vitro studies, which have, in certain 
cases, less scientific validity than clin-
ical studies on patients. There are no 
studies in the literature that analyze the 
possible relationship of the extrusion of 
debris with the design of the tip of the 
endodontic instrument. In addition, 
other variables, such as the initial anat-
omy of the tooth, the number of roots 
and the instrumentation technique 
(single, multi-file) have not yet been 
considered. However, de Oliveiro Esco-
cio et al. (56) reported in their random-
ized clinical trial that the working 
length did not influence endodontic 
postoperative pain in case of pulp ne-
crosis. Regarding the data collection 
method, the main current method to 
study the amount of debris in vitro is 
through specific microbalances that 
measure the difference in weight of the 
vials before and after the endodontic 
instrumentation. It is necessary that in 

the future further studies be carried out 
both in vivo and in the laboratory, with 
a strict control of the bias; the aim is to 
determine the possible correlation be-
tween the extruded debris following root 
canal shaping with reciprocating and 
rotating techniques and the phenomenon 
of post endodontic flare up.
The final goal, that is proposed, is to be 
able to control all those factors, which 
depend on the operator and the instru-
ments used, in order to minimize pain 
and discomfort in the endodontic post-
treatment phase.
 
Conclusions 

The apical extrusion of debris occurs 
both with the reciprocating technique 
and with continuous rotation instru-
ments. Specifically, regarding the Pro-
Taper, Mtwo, Reciproc, WaveOne and 
Hyflex, there are discordant results in 
the literature. The ProTaper Universal 
cause a greater extrusion, compared to 
the reciprocating ones, while the ProTa-
per Next are related with a lower extru-
sion. In this clinical condition, there is 
no difference between WaveOne and 
Reciproc. The association between flare 
up and debris extrusion during the 
shaping phase must be demonstrated 
with in vivo clinical research. Further 
studies are needed in the future.
 
Clinical Relevance

The clinical relevance of apical debris 
extrusion, observed with both recipro-
cating and rotating instruments, varies 
among analysed NiTi.  Validation of the 
correlation between debris extrusion and 
flare-ups during shaping necessitates 
future in vivo clinical research.
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