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Influence of ProTaper/ProTaper Next, compared to 
other rotatory/reciprocating systems, on the risk 
and intensity of postoperative pain after endodontic 
instrumentation in adult patients: a systematic review 
and meta-analysis

ABSTRACT

Introduction: The success of endodontic therapy depends 
not merely on their efficacy and proper completion but also on 
minimal patient discomfort. The purpose of this systematic re-
view and meta-analysis is to evaluate the risk and intensity of 
post instrumentation endodontic pain in adult patients. Meth-
ods: A comprehensive search was performed in the MED-
LINE via PubMed, Scopus, Web of Science, LILACS, BBO 
and Cochrane Library and SIGLE without restrictions. The 
annual conference of the IADR abstracts (1990-2016), and un-
published and ongoing trials registry were also searched. Dis-
sertations and theses were searched using the ProQuest Dis-
sertations and the Periodicos Capes Theses Databases. Only 
randomized clinical trials that compared the risk or intensity 
of pain resulting from endodontic treatment in adult patients 

were included. Results: After the removal of duplicates, 827 
articles were identified. After title and abstract screening, 26 
studies remained. Thirteen studies were further excluded 
while 10 studies remained for qualitative analyses and 7 for 
the meta-analysis. No significant difference in the risk/inten-
sity of pain after endodontic treatment was observed in this 
study. The risk of pain ratio was 1.09, with a 95% confidence 
interval of 0.87 to 1.38 (p = 0.45). The Hedges g standardized 
difference in means of pain intensity at 24 h was -0.05, with 
a confidence interval varying from -0.21 to 0.11 (p = 0.53). 
Conclusions: No differences in risk and intensity of pain af-
ter endodontic treatment with ProTaper and other rotatory or 
reciprocating systems were found in this meta-analysis.

Keywords: Root Canal Therapy. Pain, Postoperative. Dental 
Instruments. 
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Introduction
During cleaning and shaping or root canals, irrig-

ants, dentin chips, pulp tissue, and microorganisms 
may get extruded into the periradicular tissues, pro-
ducing an acute inflammatory reaction and causing 
postoperative pain.1 This extrusion is known as flare-
up, which is likely the cause of  the periapical inflam-
mation and postoperative pain,2  may also cause tu-
mefaction or both, starting within a few hours or days 
after the instrumentation of  the root canal.3 Accord-
ing to the literature, the incidence of  flare-ups during 
endodontic treatment ranges from 1.4% to 16%.4-7

Several factors are involved in the volume of  ex-
trusion of  debris such as type and frequency of  the 
irrigation solution,8 final apical size.9 

All instrumentation techniques result in the api-
cal extrusion of  debris; however, compared to rotary 
instrumentation, reciprocating motion may increase 
the amount of  debris extruded beyond the apex and 
consequently the risk of  postoperative pain.2,12,13

The ProTaper Universal system (Dentsply/Maille-
fer, Ballaigues, Switzerland) is a conventional multi-file 
rotary system, with a unique design and varying edges 
along the long axes of  the instruments. The system has 
six preparation files: three for formatting, which have 
elbows that increase coronal preparation, and three for 
finishing, which have the reverse pattern. It has been 
claimed that such a design is more effective in cutting 
dentin.14  The ProTaper system (Dentsply Maillefer, 
Ballaigues, Switzerland) is the most used rotary sys-
tem.15 This system is mainly used with the crown-down 
single-length technique, which was reported to pro-
duce less debris extrusion when compared with other 
instrumentation techniques,16 which may be clinically 
translated by reduced rates of  postoperative sensitivity.

However, studies on this field show controversial 
findings. Some authors reported that multi-file rotary 
instrumentation technique with ProTaper Universal 
extrudes significantly more debris than reciprocating 
single-file instrumentation technique with Wave-One 
files (Dentsply/Maillefer).17  Other authors showed 
similar findings when the ProTaper instruments were 
compared with Race rotatory NiTi files.18,19  Yilmaz 
and Ozyurek20  (2017) found that the Reciproc, a re-
ciprocant file system, led to higher levels of  apical 
extrusion than the ProTaper Next file system. Besides 
that, Nekoofar et al.21 (2015) showed that postopera-

tive pain was significantly lower in patients undergo-
ing canal instrumentation with ProTaper Universal 
rotary instruments compared with the Wave-One re-
ciprocating single-file technique.

In face of  these controversial results, the aim of  
this study was to answer the following PICO ques-
tion (P - population; I - intervention; C - comparator; 
O - outcome): Does the ProTaper or ProTaper Next 
systems produce lower postoperative pain than other 
rotatory or reciprocating systems in adult patients 
submitted to endodontic therapy?

 
Materials and Methods
Protocol and registration

This study protocol was registered at the PROS-
PERO (CRD 42016036546) and followed the recom-
mendations of  the PRISMA statement for report.22

Eligibility criteria
We included only randomized clinical trials (RCTs) 

that compared the post-operative pain in adult par-
ticipants who underwent endodontic treatment with 
ProTaper or ProTaper Next vs. other rotatory/recip-
rocating systems in adult patients. RCT studies were 
excluded if  studies 1) compared ProTaper or ProTa-
per Next vs hand-files; 2) did not evaluate postopera-
tive pain; 3) evaluated post-operative pain in periods 
lower than 4 hours (as participants could be still un-
der anaesthetic effect).

Information sources and search strategy
Initially, the search strategy was defined for the 

MEDLINE database, via PubMed, based on con-
trolled vocabulary (MeSH terms) and free keywords 
for the concepts of  population, intervention and com-
parator. Other electronic databases (Latin American 
and Caribbean Health Sciences Literature database 
(LILACS), Brazilian Library in Dentistry (BBO) and 
Cochrane Library) and citation databases (Scopus 
and Web of  Science) were included after translation 
of  the search strategy for each database (Table 1). 
The reference lists of  all primary studies were hand-
searched for additional relevant publications. Addi-
tionally, we also hand-searched the first page of  relat-
ed articles link of  each primary study in the PubMed 
database. No restrictions to publication date or lan-
guages were imposed on the search strategy.
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Table 1. Electronic database and search strategy.

Pubmed (September/23/2016)

#1 (endodontics[MeSH Terms]) OR 
pulpectomy[MeSH Terms]) OR root canal 
preparation[MeSH Terms]) OR root canal 
therapy[MeSH Terms]) OR “endodontic 

treatment”[Title/Abstract]) OR endodontics[Title/
Abstract]) OR “endodontically treated 

teeth”[Title/Abstract]) OR pulpectomy[Title/
Abstract]) OR “root canal preparation”[Title/

Abstract]) OR “root canal therapy”[Title/
Abstract]) OR “root canal treatment”[Title/

Abstract])

#2 (dental instruments[MeSH Terms]) OR 
“dental instruments”[Title/Abstract]) OR 

rotatory[Title/Abstract]) OR reciprocating[Title/
Abstract]) OR reciprocation[Title/Abstract]) OR 
automated[Title/Abstract]) OR protaper[Title/
Abstract]) OR “wave- one”[Title/Abstract]) OR 
“instrumentation techniques”[Title/Abstract]) 

OR “NiTi instruments”[Title/Abstract]) OR 
“nickel-titanium instruments”[Title/Abstract]) 

OR reciproc[Title/Abstract]) OR unicone[Title/
Abstract]) OR mtwo[Title/Abstract]) OR “easy 

prodesign logic”[Title/Abstract]) OR “glide 
path”[Title/Abstract]) OR pathfile[Title/Abstract]) 

OR proglider[Title/Abstract]

#3 (randomized controlled trial[pt] OR controlled 
clinical trial[pt] OR randomized controlled 

trials[mh] OR random allocation[mh] OR double-
blind method[mh] OR single-blind method[mh] 

OR clinical trial[pt] OR clinical trials[mh] OR 
(“clinical trial”[tw]) OR ((singl*[tw] OR doubl*[tw] 
OR trebl*[tw] OR tripl*[tw]) AND (mask*[tw] OR 
blind*[tw])) OR (placebos[mh] OR placebo*[tw] 

OR random*[tw] OR research design[mh:noexp] 
OR comparative study[pt] OR evaluation 

studies as topic[mh] OR follow-up studies[mh] 
OR prospective studies[mh] OR control*[tw] 
OR prospective*[tw] OR volunteer*[tw]) NOT 

(animals[mh] NOT humans[mh])

#1  AND  #2  AND #3

Scopus (September/23/2016)

#1 ( TITLE-ABS-KEY ( endodontics )  OR  TITLE-
ABS-KEY ( pulpectomy )  OR  TITLE-ABS-KEY 

( “root canal preparation” )  OR  TITLE-ABS-KEY 
( “root canal therapy” )  OR  TITLE-ABS-KEY 

( “endodontic treatment” )  OR  TITLE-ABS-KEY 
( “endodontically treated teeth” )  OR  TITLE-

ABS-KEY ( “root canal treatment” )

#2  ( TITLE-ABS-KEY ( “dental instruments” )  OR  TITLE-ABS-KEY ( rotatory )  OR  TITLE-ABS-KEY 
( reciprocating )  OR  TITLE-ABS-KEY ( reciprocation )  OR  TITLE-ABS-KEY ( automated )  OR  

TITLE-ABS-KEY ( protaper )  OR  TITLE-ABS-KEY ( reciproc )  OR  TITLE-ABS-KEY ( “wave-one” )  
OR  TITLE-ABS-KEY ( “instrumentation techniques” )  OR  TITLE-ABS-KEY ( “NiTi instruments” )  OR  
TITLE-ABS-KEY ( “nickel-titanium instruments” )  OR  TITLE-ABS-KEY ( unicone )  OR  TITLE-ABS-
KEY ( mtwo )  OR  TITLE-ABS-KEY ( proglider )  OR  TITLE-ABS-KEY ( “easy prodesign logic” )  OR  

TITLE-ABS-KEY ( pathfile )  OR  TITLE-ABS-KEY ( “glide path” )

#1  AND  #2 

Web of Science (September/23/2016)

#1 Topic: (endodontics) OR Topic: (pulpectomy) 
OR Topic: (“endodontically treated teeth”) OR 
Topic: (“root canal treatment”) OR Topic: (“root 

canal preparation”) OR Topic: (“root canal 
therapy”) OR Topic:(“endodontic treatment”)

#2 Topic: (“dental instruments”) OR Topic: (reciprocating) OR Topic: (reciprocation) OR Topic: 
(automated)OR Topic: (“instrumentation techniques”) OR Topic: (“NiTi instruments”) OR Topic: 

(rotatory) OR Topic: (protaper) OR Topic: (“wave-one”) OR Topic: (pathfile) OR Topic: (proglider) OR 
Topic: (“nickel-titanium instruments”) OR Topic: (reciproc) OR Topic: (unicone) OR Topic: (mtwo) OR 

Topic: (“easy prodesign logic”) OR Topic: (“glide path”)

#1  AND  #2 

Lilacs e BBO (September/23/2016)

#1 (MH:endodontics OR MH:pulpectomy OR 
MH:”root canal preparation” OR MH:”root 

canal therapy” OR “endodontic treatment” OR 
“tratamiento endodóntico” OR “tratamento 

endodôntico” OR endodontics OR endodoncia OR 
endodontia OR “endodontically treated teeth” OR 
“dientes tratados endodónticamente” OR “dentes 

tratados endodonticamente” OR pulpectomy 
OR pulpectomía OR pulpectomia OR “root canal 

preparation” OR “preparación del conducto 
radicular” OR “prepare do canal radicular” OR “root 
canal therapy” OR “tratamiento del conducto” OR 
“tratamento de canal” OR “root canal treatment”)

#2 (MH:dental instruments OR “dental instruments” OR “instrumentos dentales” OR “instrumentos 
dentários” OR rotatory OR rotatorio OR rotatório OR reciprocating OR “movimiento oscilante” OR 

reciprocante OR reciprocation OR reciprocidad OR “movimento alternado” OR automated OR 
automatizado OR protaper OR “wave-one” OR unicone OR pathfile OR proglider OR “instrumentation 

techniques” OR “técnicas de instrumentación” OR “técnicas de instrumentação” OR “NiTi 
instruments” OR “instrumentos NiTi” OR “instrumentos de NiTi” OR “nickel-titanium instruments” OR 
“instrumentos de níquel-titanio” OR “instrumentos de níquel-titânio” OR reciproc OR mtwo OR “easy 

predesign logic” OR glidepath)

#1  AND  #2 

Cochrane Library (September/23/2016)

#1 MeSH descriptor: [Endodontics] explode all 
trees

#9 rotatory:ti,ab,kw or reciprocat*:ti,ab,kw or automated:ti,ab,kw or protaper:ti,ab,kw or “wave-
one”:ti,ab,kw  (Word variations have been searched)

#2 MeSH descriptor: [Pulpectomy] explode all 
trees

#10 instrumentation next techniques:ti,ab,kw or NiTi next instruments:ti,ab,kw or “nickel-titanium 
instruments”:ti,ab,kw or reciproc:ti,ab,kw or unicone:ti,ab,kw  (Word variations have been searched)

#3 MeSH descriptor: [Root Canal Preparation] 
explode all trees

#11 mtwo:ti,ab,kw or “easy prodesign logic”:ti,ab,kw or glide next path:ti,ab,kw or pathfile:ti,ab,kw or 
proglider:ti,ab,kw  (Word variations have been searched)

#4 MeSH descriptor: [Root Canal Therapy] 
explode all trees #12 dental next instruments:ti,ab,kw  (Word variations have been searched)

#5 endodontic next treatment:ti,ab,kw or 
endodontics:ti,ab,kw or pulpectomy:ti,ab,kw or 
“endodontically treated teeth”:ti,ab,kw or “root 
canal preparation”:ti,ab,kw  (Word variations 

have been searched)

#13 #8 or #9 or #10 or #11 or #12 #17  premedication:ti,ab,kw

#6 “root canal therapy”:ti,ab,kw or “root canal 
treatment”:ti,ab,kw  (Word variations have been 

searched)
#18 #1 or #2 or #3 or #4 or #5 or #6

#7 #1 or #2 or #3 or #4 or #5 or #6 #19 #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17

#8 MeSH descriptor: [Dental Instruments] explode 
all trees #20 #18 and #19
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Grey literature was inspected by searching stud-
ies published as abstracts from the annual conference 
of  the International Association for Dental Research 
(IADR) and their regional divisions (1990-2016). We 
also searched grey literature at the System for Infor-
mation on Grey literature in Europe (SIGLE), Pro-
Quest Dissertations and Theses Full text database, as 
well as the Periodicos Capes Theses database.

To locate unpublished and ongoing trials related to 
the review question, the following clinical trials regis-
tries were searched: Current Controlled Trials (www.
controlled-trials.com), International Clinical trials 
registry platform (http://apps.who.int/trialsearch/), 
the ClinicalTrials.gov (www.clinicaltrials.gov), Rebec 
(www.rebec.gov.br), and EU Clinical Trials Register 
(https://www.clinicaltrialsregister.eu).

Study selection and data collection process
Initially, duplicates were removed, and the articles 

were selected by title and abstracts according to the 
previously described search strategy. Full-text articles 
were obtained and checked again to see if  they met 
the eligibility criteria. Each study received and identi-
fication number (ID), combining first author and year 
of  publication. Three authors retrieved information 
about the study design, participants, interventions 
and outcomes were extracted using customized ex-
traction forms.

When data from two or three endodontic sessions 
were provided, their data were merged. When more 
than one alternate rotary/reciprocating system was 
included in the study, their values were also merged 
to make a single entry.

Risk of bias in individual studies
Two independent reviewers, using the Cochrane 

Collaboration’s tool assessed the risk of  bias of  the in-
cluded randomized clinical trials.23 The assessment cri-
teria contain six domains: sequence generation, alloca-
tion concealment, blinding of  the outcome assessors, 
incomplete outcome data, selective outcome reporting, 
and other possible sources of  bias. The key domains for 
the outcomes of  this study (risk and intensity of  post-
operative pain) were examiner and participant blinding, 
sequence generation and allocation concealment.

Each domain was scored as low, high or unclear 
risk of  bias (http://handbook.cochrane.org). At the 

study level, the study was considered at low risk of  
bias if  all key domains were at low risk of  bias. If  
one or more key domains were judged as having un-
clear risk of  bias, the study were of  unclear risk of  
bias. When at least one key domain from each study 
was judged at high risk, the study received the same 
judgment of  high risk. If  disagreements occurred be-
tween the reviewers during this process, they were 
solved through discussion, and if  needed, by consult-
ing a third reviewer.

Summary measures and synthesis of results
Only studies classified at low risk of  bias in the key 

domains were meta-analyzed. The outcomes for the 
comparison ProTaper or ProTaper Next vs. other sys-
tems were summarized by calculating the standard-
ized mean difference for intensity of  postoperative 
pain at 6 and 24 hours and the risk ratio for the risk 
of  postoperative pain. Additional meta-analysis for 
the same outcomes described above was performed 
comparing ProTaper or ProTaper Next vs. specific in-
strumentation systems, if  we have at least two studies 
for each comparison.

The random-effects models were employed for 
meta-analyses. Heterogeneity was assessed using the 
Cochran Q test and I2 statistics. We performed sub-
group analysis based on the type of  ProTaper sys-
tem employed (the “conventional” ProTaper or the 
ProTaper next system). This was not pre-specified in 
the study protocol registered a priori, as we did not 
know there were many studies about ProTaper Next 
in the literature. Sensitivity analyses were also con-
ducted to investigate the reasons for high heteroge-
neity whenever detected. Data were analyzed using 
Revman 5 (Review Manager Version 5, The Cochrane 
Collaboration, Copenhagen, Denmark). Data from eli-
gible studies was either dichotomous (absolute risk of  
postoperative pain) or continuous (intensity of  post-
operative pain).

Results
Study Selection

After the database screening and removal of  du-
plicates, 2798 studies were identified (Fig 1). After ab-
stract screening, 11 studies remained, and this num-
ber was reduced to 10 after careful examination of  
the full-text articles.
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Figure 1 Flow diagram of study identification.
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Figure 1. Flow diagram of study identifi ca-

tion.

Characteristics of Included Articles
The characteristics of  the 10 studies selected are 

listed in Tables 2 and 3. All studies used the paral-
lel design.11,15,21,24-30 The majority of  studies were per-
formed in a university setting.11,15,21,24,25,27,29,30

For pain evaluation, half  of  the studies used a 
0-100 visual analog scale.11,24,25,28,29  The others em-
ployed the 0-3 numerical rating scale,15,26,27  the 0-4 
numerical rating scale21,24 and the Heft Parker 0-170 
scale.30

The number of  patients per group included 
in these studies ranged from 21 to 70. The mean 

age of  all participants included in the clinical tri-
als was approximately 34.3 years, ranging from 18 
to 73.15,24,26,28,30  However, fi ve studies did not report 
the mean age.11,21,25,27,29 Males prevailed in four stud-
ies,15,21,27,30  females in three11,24,28 and equivalent sex 
distribution in one.25 The drop-outs varied from 0 to 
5 participants,11,15,24-26,28,29 and 3 studies did not report 
this information.21,27,30

Half  of  the studies performed the endodontic 
treatment in molars,15,24,27,29,30 one in single root canal 
teeth26 and one in many types of  teeth.25 Vital teeth 
were included in three studies,21,28,29  and non-vital 
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Table 2. Summary of the studies selected for this systematic review Part 1.

ID - identification; SD - standard deviation; yrs - years; # - number; n.r. - not reported; VAS (Visual Analog Scale): a 10-cm horizontal line with words ‘’no pain’’ 

at one end and ‘’worst pain’’ at the opposite end; NRS (Numerical Rating Scale): none, mild, moderate, considerate, severe. a VDW, Munich, Germany.
b Dentsply Maillefer, Ballaigues, Switzerland. c SybronEndo, Mexico City, Mexico. d FKG dentaire SA, La Chaux-de-Fonds, Switzerland.

Study ID Study design 
[Setting]

Pain 
evaluation 

criteria

Subjects' age 
in mean±SD 
[range] (yrs)

# of sub-
jects Male 

[total]

Drop-
outs Groups Instrumentation 

protocol

Carvalho24, 
2016

Parallel 
[University]

VAS 0-100 
and NRS 

0-4

30,8 ± 8,4 
[18 - 66] 27 [62] 4 RECIPROCa  [31]

PROTAPER NEXTb [31]

RECIPROC: R 25 or R40
PROTAPER NEXT: 
X1 - X2/X3/X4/X5

Çiçec et al.26,
2017 Parallel [n.r.] NRS 0-3 37,1 ± n.r.

 [21 - 65] n.r. [90] 0
MANUALb [30]

WAVE ONEb [30]
PROTAPER NEXTb [30]

HAND-FILE: modified 
step-back

WAVE ONE: large
PROTAPER NEXT: X1 - 

X2 - X3 - X4

Kherlakian 
et al.28, 
2016

Parallel 
[Private 
office]

VAS 0-100 47 ± n.r. 
[19 - 73] 77 [210] 0

PROTAPER NEXTb [70]
WAVE ONEb [70]
RECIPROCa [70]

PROTAPER NEXT: SX - 
X1 - X2 - X3 - X4

WAVE ONE: primary or 
large

RECIPROC: R25 or R40

Krithikadatta 
et al.11, 
2016

Parallel 
[University] VAS 0-100 n.r. ± n.r.

 [18 - 55] 69 [152] 3

WAVE ONEb [50]
PROTAPER 

UNIVERSALb [51]
MTWOc [51]

According to 
manufactures’ 

instructions

Nekoofar 
et al.21, 
2015

Parallel 
[University] NRS 0-4 n.r. ± n.r.

 [15 - 55] 22 [42] n.r.
WAVE ONEb [21]

PROTAPER 
UNIVERSALb [21]

PROTAPER: SX - S1 - S2 
- F1/F2/F3

WAVE ONE: small or large

Pasqualini 
et al.25, 2016

Parallel 
[University] VAS 0-100 n.r. ± n.r.

 [16 - 60] 26 [52] 5
WAVE ONEb [26]

PROTAPER 
UNIVERSALb [26]

PROTAPER: S1 - S2 - 
F1 - F2

WAVE ONE: primary

Relvas 
et al.15, 2016

Parallel 
[University] NRS 0-3 25,8 ± 9,2

 [18 -  64] 78 [78] 0
RECIPROCa [39]

PROTAPER 
UNIVERSALb [39]

RECIPROC: R25, R40 
or R50

PROTAPER: SX - S1 - S2 
- F1/F2/F3/F4

Shahi et al.29, 
2016

Parallel 
[University] VAS 0-100 n.r. ± n.r. 

[20 - 50] n.r. [82] 4
RACEd [42]
PROTAPER 

UNIVERSALb [40]

RACE: 40/0.1 - 35/0.08 
- 30/.06 - 25/.04 - 

30/0.04
PROTAPER: SX - S1 - S2 

- F1 - F2

Shokraneh 
et al.30, 2017

Parallel 
[University]

Heft-Parker 
0-170

30,5 ± 4,6
 [20 - 45] 47 [93] n.r.

MANUALb [32]
WAVE ONEb [32]

PROTAPER 
UNIVERSALb [32]

HAND-FILE: crown-down 
technique

WAVE ONE: primary
PROTAPER: SX - S1 - S2 

- F1 - F2

Wang et al.27, 
2010

Parallel 
[University] NRS 0-3 n.r. ± n.r.  

[22 - 71] 53 [90] n.r.

K3c [30]
MTWOa [30]
PROTAPER 

UNIVERSALb [30]

K3: 25/0.10 - 25/0.08 - 
25/0.06

MTWO: 10/0.04 - 15/0.05 
- 20/0.06 - 25/0.06

PROTAPER: SX - S1 - 
S2 - F1

teeth in other three studies,15,26,30 while the remaining 
performed the endodontic therapy in both vital and 
non-vital teeth.11,24,25,27

Six studies performed the endodontic treatment in 
one session,15,25,26,28-30 two studies performed in 2 ses-
sions21,24  and two did not report the number of  clini-
cal sessions.11,27 

In regard to the local anaesthetic, most of  the studies 
used 2% lidocaine with 1:80.000 epinephrine11,21,29,30 or 
with 1:100.000 epinephrine.15,24,28 Three studies didn’t 
report the type of  anaesthetic agent used.25-27 

In relation to the instrumentation protocol, most of  
studies used the Wave One System.11,21,25,26,28,30 Three 
studies used the Reciproc System,15,24,28  two used 
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Table 3. Summary of the studies selected for this systematic review. Part 2.

ID - identification; # - number; n.r. - not reported

Study ID Anesthesia Dental type Pulp 
condition

# of ses-
sions

Rescue medi-
cation

Irrigation 
solution

Obturation 
tech-
nique

Endodon-
tic ce-

ment for 
obtura-

tion

Assess-
ment 

time of 
pain

Carvalho24, 
2016

2% lido-
caine 

1:100.000 
epineph-

rine

Molar Vital or non-
vital 2 400 mg ibu-

profen NaOCl 2,5% Lateral con-
densation AH Plus

 Every 24 h 
during 7 

days

Çiçec et 
al.26,

2017
n.r. Single root 

canal Nonvital 1 400 mg ibu-
profen

NaOCl 5%
+ soro

Lateral con-
densation AH 26

12, 24 and 
48 after 

treatment

Kherlakian 
et al.28, 
2016

2% lido-
caine 

1:100.000 
epineph-

rine

Maxillary or 
mandibular 
molar/pre-

molar

Vital 1 400 mg ibu-
profen NaOCl 2,5% Continuous 

wave AH Plus

24, 48, 72 
and 1 

week after 
treatment

Krithikadatta 
et al.11, 
2016

2% lido-
caine 

1:80.000 
epineph-

rine

Maxillary or 
mandibular 
molar/pre-

molar

Vital or non-
vital n.r. 400 mg ibu-

profen NaOCl 5% n.r. n.r.

2, 4, 6, 12, 
24, 36 

and 48 h 
after treat-

ment

Nekoofar 
et al.21, 
2015

2% lido-
caine 

1:80.000 
epineph-

rine

Maxillary or 
mandibular 
molar/pre-

molar

Vital 2 400 mg ibu-
profen

Clorexidina 
2%

Lateral con-
densation AH 26

6, 12, 18, 
24, 48 

and 72h 
after treat-

ment

Pasqualini 
et al.25, 

2016
n.r. Various Vital or non-

vital 1 Unspecifiedl 
analgesics NaOCl 5% Continuous 

wave
Pulp canal 

sealer
During 7 

days

Relvas 
et al.15, 

2016

2% lido-
caine 

1:100.000 
epineph-

rine

Mandibular 
molar Nonvital 1 n.r. NaOCl 2,5% 

+ soro

Single cone 
+ thermo-
mechani-
cal com-
paction

AH Plus

24, 72h and 
1 week 

after treat-
ment

Shahi et 
al.29, 2016

2% lido-
caine 

1:80.000 
epineph-

rine

1st or 2nd 
mandibular 

molar
Vital 1 400 mg ibu-

profen

NaOCl 2,5% 
+ 17% 

EDTA gel

Lateral con-
densation AH 26

4, 8, 12, 
24, 48, 

72h and 1 
week after 
treatment

Shokraneh 
et al.30, 

2017

2% lido-
caine 

1:80.000 
epineph-

rine

1st or 2nd 
mandibular 

molar
Nonvital 1 400 mg ibu-

profen
NaOCl 
5,25%

Lateral con-
densation AH 26

6, 12, 18, 
24, 48 

and 72h 
after treat-

ment

Wang et 
al.27, 2010 n.r. Molar Vital or non-

vital n.r. n.r.
NaOCl 1% 

+ H2OH 
3%

Lateral con-
densation AH Plus n.r.

MTWO11,27   and one used K3.27  Three out of  the 
10 studies used the ProTaper Next System24,26,28   
while the others used ProTaper Universal Sys-
tem.11,15,21,25,27,29,30  Two studies also included a group 
with the hand-file technique.26,30 

The predominant irrigation solution was sodium 
hypochlorite in a concentration of  2.5% concentra-
tion15,24,28,29 or 5 to 5.25%.11,25,26,30 One study employed 
2% chlorhexidine21 and another one employed 1% so-
dium hypochlorite plus 3% hydrogen peroxide.27
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The obturation technique used in most of  studies 
was the lateral condensation.21,24,26,27,29,30 The continu-
ous wave,25,28   single cone plus thermos-mechanical 
compaction15  was also employed. Resin-based ce-
ment was the most used product,15,21,24,26-30  however 
zinc oxide eugenol-based25 was also employed.

The rescue medication used in the majority of  the 
studies (7 out of  10) was ibuprofen 400 mg,11,21,24,26,28-

30  in another study the authors did not specify the 
medication, instructing patients to take analgesics 
whenever needed.25

The time of  pain evaluation varied from imme-
diate to seven days after the endodontic treatment. 
Only one study did not report this information.27

Assessment of the Risk of Bias
The risk of  bias of  the eligible studies is presented 

in Figure 2. In summary, three21,27,29   studies had un-
clear risk of  bias at the study and 7 were at low risk 
of  bias.11,15,24-26,28,30

Meta-analysis
The meta-analysis was performed only in the stud-

ies classifi ed at low risk of  bias in the key domains of  
the Cochrane risk of  bias tool and from which the 
information about the outcome could be extracted. 
This explains why for some outcomes less than seven 
articles (total number of  studies at low risk of  bias) 
were included in the meta-analysis.

Risk of Pain 
This analysis was based on six studies.11,15,24,26,28,30 No 

signifi cant difference between groups (p = 0.45) with the 
risk ratio being 1.09, with a confi dence interval varying 
from 0.87 to 1.38. (Fig 3). Data were not heterogeneous 
(chi-square test, p = 0.94; I2 = 0%; Figure 3). The subgroup 
analysis of  ProTaper showed no signifi cant difference be-
tween groups (p = 0.49) with the risk ratio being 1.13, 
with a 95% confi dence interval of  0.79 to 1.62 (Fig 3). 
Data were not heterogeneous (chi-square test, p = 0.91; 
I2 = 0%; Figure 3), which means that all studies included 
in the analysis share a common effect size. The subgroup 
analysis of  ProTaper Next showed no signifi cant differ-
ence between groups (p = 0.69) with the risk ratio being 
1.07, with a confi dence interval varying from 0.78 to 1.45 
(Fig 3). Data were not heterogeneous (chi-square test, p = 
0.61; I2 = 0%; Figure 3).

Intensity of Pain at 24 hours 
This analysis was based on seven stud-

ies.11,15,24-26,28,30 The standardized difference in means 
was - 0.05, with a confi dence interval varying from 
- 0.21 to 0.11, showing no statistically difference be-
tween groups (p = 0.53). Data were not heteroge-
neous (chi-square test, p = 0.87; I2 = 0%; Figure 4).

The subgroup analysis of  ProTaper showed that 
the standardized difference in means was 0.02, with a 
confi dence interval varying from - 0.20 to 0.23, show-
ing no statistically difference between groups (p = 
0.88). Data were not heterogeneous (chi-square test, 
p = 1.00; I2 = 0%; Figure 4). The subgroup analysis of  
ProTaper showed that the standardized difference in 
means was - 0.12, with a confi dence interval varying 
from - 0.35 to 0.10, showing no statistically difference 
between groups (p = 0.28). Data were not heteroge-
neous (chi-square test, p = 0.45; I2 = 0%; Figure 4).
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Figure 2 Summary of the risk of bias assessment according to the Cochrane Collaboration tool.
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Figure 2. Summary of the risk of bias assessment according to the 

Cochrane Collaboration tool. Underlined authors provided extra infor-

mation by e-mail.
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Figure 3. Forest plot of risk of pain after endodontic treatment with ProTaper and ProTaper Next vs other systems.

Figure 4. Forest plot of risk of pain intensity at 24 hours after endodontic treatment with ProTaper and ProTaper Next vs other systems.

Additional analysis
Additional analysis comparing ProTaper or ProTa-

per Next vs. other instrumentation systems were per-
formed. No significant difference was observed be-
tween the Protaper or Protaper next vs. Wave One and 
Reciproc systems at 6 or 24 hours in terms of  risk or 
intensity of  pain (p > 0.05). In none of  these outcomes 
and comparisons heterogeneity was detected (Table 4).

Sensitivity analysis
Although the meta-analysis herein presented only 

includes the data from studies at low risk of  bias, the 
same procedure was repeated including the three 
studies that had unclear risk of  bias. No significant 
difference on the results herein presented was ob-
served (data not shown).
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Table 4. Data and analyses of other outcomes.

Outcome Studies Partici-
pants Statistical Method Effect Esti-

mate
Heterogeneity Test for ove-

rall effect

I2 p-valor

Risk of pain Protaper vs 
Wave One 2 165 Risk Ratio (M-H, Ran-

dom, 95% CI)
1.05 

[0.71 – 1.57] 0.38 0% 0.79

Risk of pain Protaper 
Next vs Wave One 2 200 Risk Ratio (M-H, Ran-

dom, 95% CI)
1.03 

[0.69 – 1.54] 0.90 0% 0.89

Risk of pain Protaper 
Next vs Reciproc 2 198 Risk Ratio (M-H, Ran-

dom, 95% CI)
1.06 

[0.68 – 1.65] 0.25 25% 0.79

Intensity of pain Prota-
per vs Wave One (6 

hours)
2 165 Std. Mean Difference 

(IV, Random, 95% CI)
0.05 

[-0.26 – 0.35] 0.33 0% 0.76

Intensity of pain Prota-
per vs Wave One (24 

hours)
4 259 Std. Mean Difference 

(IV, Random, 95% CI)
-0.10 

[-0.34 – 0.15] 0.78 0% 0.44

Intensity of pain Prota-
per Next vs Reciproc 

(24 hours)
2 202 Std. Mean Difference 

(IV, Random, 95% CI)
-0.12 

[-0.60 – 0.36] 0.11 62% 0.62

Discussion
In other to reduce the negative impact on the 

quality of  the body of  the evidence, we only included 
studies classified at “low” risk of  bias in the key do-
mains (randomization, allocation concealment and 
participant/examiner blinding) into the meta-anal-
yses. Evidence shows that the appropriate conduc-
tion of  these steps in RCTs reduces the possibility of  
systematic errors,31,32  as proper randomization and 
allocation concealment balances both known and un-
known variables that may affect the outcomes, mini-
mizing selection bias.23

From the three studies classified as having unclear 
risk of  bias, one of  them27  did not report the meth-
od used for randomization (random number tables, 
computer random number generator, coin tossing, 
shuffling cards or envelopes, throwing a dice, etc.); 
two studies did not mention the method of  alloca-
tion concealment27,29 and one study did not report if  
participant was blinded during evaluation.21  These 
methodological aspects should be clearly specified in 
future studies to allow an analysis of  the risk of  bias 
of  the studies. Although contact with authors could 
clarify these unclear aspects of  the methodology, our 
previous experience with earlier systematic review 
and meta-analyses33-36  has shown that authors’ pre-
disposition is to provide answers that put their studies 
at low risk of  bias. This probably reflects their actual 
knowledge of  the methodology of  an RCT but not the 

knowledge they had at the time the study was per-
formed.

Mild discomfort is usually expected after the end-
odontic treatment.37  The range of  the reported risk 
of  postoperative pain among studies is high ranging 
from 3 to 58%.1,38,39   In the present study, no signifi-
cant difference between ProTaper and other instru-
mentation techniques in endodontic treatment was 
observed in any of  the comparisons.

Although instrumentation can, per se, produce 
postoperative pain, there are many other factors that 
account for such undesirable side effect and they 
might have hampered the observation of  the solely 
effect of  the instrumentation system. Among the fac-
tors involved in the postoperative pain we can cite: 1) 
single or multiple-visit endodontic therapy. Reduced 
levels of  pain have already been demonstrated in a 
single visit,40-43 as it eliminates the potential influence 
of  intracanal medication on postoperative pain; 2) the 
irrigation device. The use of  a negative apical pres-
sure irrigation device can result in a significant re-
duction of  postoperative pain levels in comparison 
to conventional needle irrigation;44 3) the pulp condi-
tion. Teeth with vital pulp usually have a significantly 
higher risk and intensity of  postoperative endodontic 
pain compared to teeth with necrotic pulp;45  4) the 
presence of  pre-operative pain. A higher level of  pre-
operative pain intensity is associated with a higher 
intensity of  postoperative pain;46 5) obturation tech-
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nique. For instance, Thermafil obturation technique 
showed higher postoperative pain level when com-
pared to cold lateral compaction of  gutta-percha and 
the backfill-Thermafil obturation technique,47  prob-
ably since the Thermafil technique might cause ex-
trusion of  gutta-percha; 6) the concentration of  irrig-
ant agent. Recently it was demonstrated that 5.25% 
sodium hypochlorite resulted in a small reduction of  
postoperative pain compared with 2.5% sodium hy-
pochlorite up to 3 days after single-visit mandibular 
molar endodontic treatment.48

Most of  the factors described above varied among 
the primary studies of  this systematic review (Tables 
2 and 3). For instance, some authors have included 
patients with vital teeth,21,28,29   others with non-vital 
teeth15,26,30  and there are still those that include both 
types of  pulp condition.11,24,25,27 The number of  clini-
cal sessions for the endodontic therapy was also an-
other source of  variation. Although most studies per-
formed the treatment in a single session, other used 
two clinical appointments for the procedure.

Pain perception is purely subjective depending on 
patient’s threshold and variable experience modulated 
by multiple physical and psychological factors.11 Tak-
ing this into consideration the use of  a paired de-
sign to investigate sources of  pain in the endodontic 
therapy would increase study power by reducing the 
within-participant variation. However, there are many 
limitations in the conduction of  RCTs to investigate 
the postoperative pain after endodontic, due to large 
variations in the preoperative conditions of  the teeth, 
variations in the treatment protocol, selection of  pain 
scales for pain assessment, pain measurement, col-
lection of  the results, and data analysis of  postopera-
tive pain.49

Conclusion
The risk and intensity of  pain after endodontic 

treatment with ProTaper was similar to other rotatory 
or reciprocating systems, probably due to the impact 
of  the variable protocols and pulp condition during 
endodontic therapy among studies.
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