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Objectives: Post-endodontic pain (PEP) represents a significant challenge for dentists and 

patients. It can worsen patients’ quality of life and teeth function. This study compared the 

risk of PEP between irrigations using an EDDY device and a conventional endodontic needle 

among patients seeking initial non-surgical root canal treatment. 

Methods: This prospective single-center randomized controlled clinical trial was conducted 

at the Dental Clinic of the Faculty of Dental Medicine of the University of Porto, Portugal. 

The participants were diagnosed with irreversible pulpitis or pulp necrosis. Eighty sin-

gle-rooted teeth were randomly assigned to one of two irrigation groups: EDDY or manual 

syringe irrigation with needles with up-and-down movement (control group). PEP was as-

sessed at 8, 24, and 48 hours postoperatively using the visual analog scale. Student’s t-test, 

Kruskal-Wallis test, Pearson’s chi-square test with Fisher’s exact test, and Friedman’s post-

hoc sign test were used.

Results: Eight hours after irrigation, the EDDY group experienced a statistically significant 

higher incidence of pain (p=0.041) (52.5%) compared to the manual irrigation group (30%). 

There was no statistically significant difference between groups regarding the PEP 24 hours 

(p=0.068) and 48 hours (p=0.433) after RCT. 

Conclusions: EDDY irrigation during initial RCT is associated with a higher incidence of PEP, 

mainly in the first 24 hours, compared to manual irrigation. Afterward, the rate of PEP was 

similar between groups, with a gradual decline in pain intensity. (Rev Port Estomatol Med 

Dent Cir Maxilofac. 2022;63(2):59-67)
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r e s u m o

Avaliação comparativa da dor pós-operatória após o uso de irrigação 
manual e EDDY durante a irrigação canalar

Palavras-chave:

Desinfeção

Dor pós-operatória

Estudo controlado randomizado

Terapia do canal radicular

Objetivos: A dor pós-operatória representa um desafio tanto para médicos dentistas como 

pacientes. Esta dor pode piorar a qualidade de vida do paciente bem como a função dentá-

ria. Este estudo comparou o risco de dor pós-operatória entre a irrigação usando o sistema 

sónico EDDY e a irrigação convencional manual, em pacientes que necessitavam de trata-

mento inicial endodôntico não cirúrgico.

Métodos: Este foi um estudo clínico prospetivo controlado randomizado, conduzido na Clínica 

Dentária da Faculdade de Medicina Dentária da Universidade do Porto, Portugal. Foram incluí-

dos pacientes diagnosticados com pulpite irreversível ou necrose pulpar. Foram selecionados 

80 dentes monorradiculares que foram atribuídos de forma randomizada ao grupo EDDY ou 

ao grupo de irrigação manual com seringa e agulha com movimentos de vaivém (grupo con-

trolo). A dor pós endodôntica foi avaliada às 8, 24 e 48 horas pós-operatórias, usando a escala 

visual analógica. Foram usados o teste t de Student, o teste de Kruskal-Wallis, o teste do qui-

-quadrado de Pearson com o teste exato de Fisher, e o teste de post-hoc de Friedman.

Resultados: Oito horas após a irrigação, o grupo EDDY sofreu uma maior incidência estatis-

ticamente significativa de dor (p=0,041) (52,5%) relativamente ao grupo da irrigação manual 

(30%). Não houve diferença estatisticamente significativa entre grupos relativamente à dor 

pós-operatória às 24 h (p=0,068) e às 48 h (p=0,433) depois do tratamento canalar. 

Conclusões: A irrigação com EDDY durante o tratamento canalar está associada a uma maior 

incidência de dor pós-operatória, principalmente nas 24h após o tratamento, comparativa-

mente à irrigação manual. Após esse período, a incidência de dor foi similar entre grupos, 

com um declínio gradual da intensidade da dor. (Rev Port Estomatol Med Dent Cir Maxilofac. 

2022;63(2):59-67)

© 2022 Sociedade Portuguesa de Estomatologia e Medicina Dentária.  

Publicado por SPEMD. Este é um artigo Open Access sob uma licença CC BY-NC-ND 

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Root canal treatment (RCT) involves the elimination of ne-
crotic or vital pulp tissue and dental pain management. These 
outcomes are usually accomplished through proper mechan-
ical preparation and the use of irrigation solutions.1 However, 
1.9% to 28.8% of patients subjected to non-surgical RCT report 
post-endodontic pain (PEP) after treatment. This PEP origi-
nates from the periapical inflammatory response, provoked 
by biting and palpation, and usually persists from a few hours 
to many days, although 7% of patients experience persistent 
PEP for more than six months.2-5

The factors associated with PEP include the patients’ gen-
eral health status, gender, periapical and pulp condition, apical 
patency, preoperative pain, obturation technique, instrumen-
tation, and irrigants.6 Several preoperative procedures and 
pharmacotherapeutic agents have been proposed to diminish 
PEP, including the application of intracanal medicaments, oc-
clusal reduction, and oral or parenteral administration of an-
ti-inflammatories and analgesics. However, the effectiveness 
of these interventions in reducing PEP has not been compre-
hensively evaluated.7-9

Irrigation techniques are critical for successful endodontic 
therapy.10 Whereas several substances have been advocated 
for canal irrigation, the most frequently used irrigant is NaO-

Cl.11-15 It has a significant antibiofilm activity, antimicrobial 
efficacy, and high ability to dissolve organic matter. The sever-
ity of NaOCl cytotoxicity depends on the solution concentra-
tion, pH, and duration of tissue exposure to the agent.16,17 The 
leakage of NaOCl during treatment may cause sequelae such 
as pain, swelling, bruising, and numbness comparable to a 
chemical burn.18 Moreover, due to the positive apical pressure 
generated during irrigation delivery, irrigant solutions may be 
pushed out into the periapical tissues, thereby inducing an 
inflammatory response and PEP.13,19 Therefore, safe and effec-
tive irrigation delivery systems are required to prevent the 
periapical inflammation associated with NaOCl use. Many ir-
rigation devices have been developed using sonic or ultrason-
ic energy and apical negative pressure.20

EDDY (VDW, Munich, Germany) is a recently developed 
sonic irrigation activation device made with flexible polyam-
ide, activated with 5000 to 6000 Hz using an air scaler.21 One 
study from 202122 evaluated the activation of NaOCl with EDDY 
and reported a similar pattern of PEP after 24 hours of EDDY 
and side-port endodontic needles irrigation. It reported no sig-
nificant difference between EDDY and needle irrigation re-
garding the number of analgesics used.22 In this line of re-
search, the present study aimed to compare the risk of PEP 
between irrigation using EDDY and manual syringe irrigation 
with needles with up-and-down movements (using a 27-gauge 
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side-vented needle) among patients seeking initial non-surgi-
cal RCT. However, this study’s population is more representa-
tive of different clinical situations, including patients diag-
nosed with irreversible pulpitis and pulp necrosis, as well as 
patients with all levels of preoperative pain. The null hypoth-
esis of the study is that there would be no difference in pain 
levels between manual irrigation and EDDY irrigation groups.

Material and Methods

This prospective single-center randomized controlled clini-
cal trial was conducted at the Dental Clinic of the Faculty of 
Dental Medicine of the University of Porto, Portugal, from 
February 13, 2020, to February 27, 2021. The study protocol 
was approved by the University of Porto’s Ethics Committee 
and documented at www.clinicaltrials.gov (ClinicalTrials.gov. 
Identifier: NCT03946306). The study was reported following 
the Consolidated Standards of Reporting Trials (CONSORT) 
guidelines.23

The patients were clearly elucidated on the clinical inter-
ventions and were aware of the potential adverse events as-
sociated with RCT. Informed consents were signed prior to 
study processing. The steps of the study were implemented 
following the guidelines of the Declaration of Helsinki.24

According to a previous study,22 40 patients per group were 
recruited to compensate for participant dropouts during the 
follow-up period. The patient selection had the following in-
clusion criteria: patients older than 12 years who had been 
diagnosed with irreversible pulpitis or pulp necrosis. The ex-
clusion criteria were as follows: patients younger than 12 
years, pregnant women, patients receiving prophylactic anti-
biotics or under steroid therapy >5mg/day, patients with un-
controlled hypertension or diabetes mellitus, chronic renal 
failure, hematologic diseases, human immunodeficiency virus, 
or osteoporosis treated with bisphosphonates, and patients 
who had a history of head and neck irradiation therapy. Teeth 
with abnormal root canal anatomy or advanced periodontal 
disease were also ruled out. A total of 80 single-rooted anteri-
or and premolar teeth with fully formed apices were selected.

Our randomization and blinding were the following: A 
computer-generated random-sequence table was used to ran-
domly assign the included teeth to either group. Randomiza-
tion was performed using random block sizes (http://www.
randomization.com/) with an allocation ratio of 1:1. The se-
quentially numbered, opaque, sealed envelopes (SNOSE) meth-
od was applied to conceal the sequence until the patients were 
assigned to their respective interventions. Patients were as-
signed to either intervention as they sequentially entered this 
study. The investigators and the patients were unaware of the 
assigned treatment arms during the study period.

The preoperative evaluation included a dental assessment 
to assess the pulp status, tooth type, and tooth location, and 
the recording of preoperative pain using the visual analog 
scale (VAS). The VAS is a 10-point scale in which the left side 
corresponds to no pain while the right side corresponds to the 
worst pain ever. We chose this method because it has a high 
response rate and high levels of completion, takes less than 
one minute to complete, requires almost no training, and is 

well received by patients.25,26 Moreover, it is considered accu-
rate, valid, reliable, and reproducible, and there is empirical 
evidence of inter-rater reliability and test-retest reliability.25,27 
The pain was assorted into the following six categories: zero 
corresponded to no pain, 1-2 to mild pain, 3-4 to moderate 
pain, 5-6 to severe pain, 7-8 to very severe pain, and 9-10 to the 
worst pain ever. The diagnosis was obtained with the pulp 
sensibility cold testing. Periapical radiographs were taken to 
evaluate the status of the periapical structures.

All patients were treated by the same experienced endo-
dontist and received local infiltration anesthesia (Xilonibsa: 
lidocaine, with 1:80000 epinephrine, Inibsa*) before RCT. Each 
tooth was isolated using a rubber dam, and the access cavity 
was made. The working length (WL) was determined using 
stainless steel hand files and confirmed by periapical radio-
graphs. The root canals were instrumented with a preflaring 
of the canals with #10 and #15 k-files and Protaper Next® files 
X1, X2, and X3.

The selected root canals were irrigated continuously with 
5.25% NaOCl using a conventional endodontic syringe with a 
side-vented 27-gauge needle. In the control group, the final 
irrigation was with manual syringe irrigation with needles, 
using 1.5 mL of NaOCl per canal for 30 seconds in an up-and-
down motion, with the needle 1 mm short of the WL without 
binding, followed by a 30-second pause and a repetition of the 
irrigation procedure. In the intervention group, the final irri-
gation was made with 1.5 mL of 5.25% NaOCl per canal acti-
vated using EDDY tips, 1 mm short of the WL without binding. 
The activation was performed for 30 seconds, followed by 
30-second pauses, and this cycle was repeated according to 
the manufacturer’s instructions.

After the final irrigation protocol, the canals were dried, 
and sterile cotton pellets were placed in the pulp chamber 
with a provisional restoration. No intracanal medicament was 
applied, in order to diminish variables. The obturation was 
executed in the following appointment.

The PEP was assessed by the VAS. None of the patients had 
analgesics prescribed immediately after the treatment, and all 
were advised not to take any analgesics at any point before the 
follow-up. PEP was assessed by phone at 8, 24, and 48 hours 
postoperatively. If any patient mentioned substantial pain, 
they were advised to take 600 mg of ibuprofen every 6 hours 
until the pain disappeared. Patients allergic to non-steroidal 
anti-inflammatory drugs were advised to take paracetamol.

Regarding the statistical analysis, continuous normally 
distributed data were reported in the form of mean and stan-
dard deviation and were compared using the Student’s t-test. 
Non-normally distributed data were reported using median 
and range, and the related groups were compared using the 
Kruskal-Wallis test. Categorical variables were expressed in 
the form of numbers and percentages, and their particular 
groups were compared using Pearson’s chi-square test with 
Fisher’s exact test. Friedman’s post-hoc sign test was imple-
mented to reveal the difference in the VAS levels at different 
time intervals within the EDDY and manual groups. The sig-
nificance was established at p<0.05. Statistical analysis was 
performed using SPSS software version 25 for Windows (SPSS 
Inc., Chicago, IL, USA). Figures were renovated using GraphPad 
Prism (GraphPad Software, Inc, San Diego) software version 8.
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Results

A total of 89 patients were assessed for eligibility to be in-
cluded in this study. Out of those, 80 patients were randomly 
assigned to EDDY or manual groups. The mean age of the 
included patients was 54.40±16.45 and 52.90±15.95 in EDDY 
and manual groups, respectively (p=0.68). There was no sta-
tistically significant difference between both groups regard-
ing the number of irrigated teeth (p=0.324), types of irrigated 
teeth (p=0.421), and teeth location (p=0.404) (Figure 1 and 
Table 1).

Regarding pulp status, 18 (45%) patients were diagnosed 
with pulp necrosis in the EDDY group, in contrast to 17 (42.5%) 
patients in the manual group. Irreversible pulpitis was diag-
nosed in 22 (55%) and 23 (57.5%) cases among EDDY and man-
ual groups, respectively (Table 2).

Considering the incidence and intensity of PEP eight hours 
after irrigation, the median levels of VAS were 1 (0-10) and 0 
(0-10) among EDDY and manual groups, respectively (p=0.113). 
Patients who received EDDY experienced a statistically signifi-
cantly higher incidence (p=0.041) of PEP (52.5%) compared to 
the manual group (30%). Mild pain was reported in 13 (32.5%) 
and 7 (17.5%) cases among EDDY and manual groups, respec-
tively (p=0.196). There was no statistically significant differ-
ence between both groups regarding the number of analgesics 
taken (p=0.967) (Tables 2 and 3, and Figure 2).

There was no statistically significant difference between 
both groups regarding the median pain levels 24 hours post-ir-
rigation, with a median of 0 (0-3) and 0 (0-1), respectively. 
Post-irrigation pain occurred in 20 (50%) and 12 (30%) cases 
within EDDY and manual groups (p=0.068), respectively. The 
number of patients who experienced mild pain was 14 (35%) 

Figure 1. CONSORT flowchart showing the flow of participants throughout the 
study.
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in the EDDY group and 6 (15%) in the manual group (p=0.069). 
The difference in the median number of analgesics taken was 
not statistically significant between both groups (p=0.724) (Ta-
bles 2 and 3 and Figure 3).

The median levels of post-endodontic treatment pain 48 
hours after irrigation were 0 (0-9) and 0 (0-10) in EDDY and 
manual groups, respectively (p=0.433). Then, 12 (30%) patients 
developed PEP in the EDDY irrigation group, in contrast to 9 
(22.5%) patients in the manual group (p=0.446). There was a 
similar proportion of mild pain, accounting for 7 (17.5%) cases 
within both groups (p=1.000). Consequently, there was a sim-

ilar median number of analgesics taken, 0 (0-2), among EDDY 
and manual groups (p=1.000) (Tables 2 and 3 and Figure 4).

The VAS levels of patients who received EDDY were statis-
tically significantly different between 24 hours and 48 hours 
(p<0.001) and between 8 hours and 48 hours (p<0.001). There 
was no statistically significant difference between the pain 
scores at 8 and 24 hours (p=0.375). As for the manual irrigation 
group, the median pain levels decreased significantly from 24 
hours to 48 hours (p=0.004) and 8 hours to 48 hours (p=0.021). 
The median pain levels were similar at 8 and 24 hours (p=1.000) 
(Figures 5 and 6).

Table 1. Baseline demographic characteristics

EDDY irrigation Manual irrigation
P-value

Mean (SD)/ N (%) Mean (SD)/ N (%)

Age (years) 54.40±16.45 52.90±15.95 0.68

Gender
 Males
 Females

17 (42.5%)
23 (57.5%)

17 (42.5%)
23 (57.5%)

1

Number of irrigated teeth 25.42±11.18 23.10±9.73 0.324

Types of irrigated teeth
 Central incisor
 Canine
 Premolar
 Lateral incisor

7 (17.5%)
8 (20%)

21 (52.5%)
4 (10%)

3 (7.5%)
13 (32.5%)
20 (50%)
4 10%)

0.421

Teeth location
 Mandibular
 Maxillary

13 (32.5%)
27 (67.5%)

11 (27.5%)
29 (72.5%)

0.404

Preoperative pain incidence [n (%)]
 Yes
 No

9 (22.5%)
31 (77.5%)

9 (22.5%)
31 (77.5%)

1

Preoperative pain incidence in irreversible pulpitis
 Yes
 No

6 (27.3%)
16 (72.7%)

5 (21.7%)
18 (78,3%)

0.666

Preoperative pain incidence in pulp necrosis
 Yes
 No

3 (16.7%)
15 (83.3%)

4 (23.5%)
13 (76.5%)

0.612

Pulp status
 Pulp necrosis
 Irreversible pulpitis

18 (45%)
22 (55%)

17 (42.5%)
23 (57.5%)

1

Abbreviations; SD=Standard deviation, N=Number

Table 2. Pain scores and analgesics taken at 8h, 24h, and 48h post-irrigation

EDDY irrigation Manual irrigation
P-value

Median (range) Median (range)

Visual analog scale
8h post-irrigation
24h post-irrigation
48h  post-irrigation

1 (0-10)
0.5 (0-10)

0 (0-9)

0 (0-10)
0 (0-10)
0 (0-10)

0.113
0.212
0.433

Number of analgesics taken
8h post-irrigation
24h post-irrigation
48h post-irrigation

0 (0-3)
0 (0-2)
0 (0-2)

0 (0-1)
0 (0-1)
0 (0-2)

0.967
0.724

1
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Discussion

Methods to prevent PEP include proper selection of instru-
ments, techniques of instrumentation, irrigants and devices 
used during RCT.6,28,29 A safe irrigation delivery system is de-
sirable to prevent periapical tissue damage and lessen PEP. 
However, the available evidence is limited, with few studies 
assessing the impact of using different irrigation devices on 
PEP during RCT.

This clinical trial aimed to reveal the safety and efficacy of 
EDDY during initial non-surgical RCT on PEP. It showed that 

patients in whom EDDY was used experienced a higher rate 
of PEP, particularly during the first 24 hours after endodontic 
therapy. After such time, the pattern of PEP was similar be-
tween EDDY and manual groups. It is noteworthy that subjects 
were randomly assigned to each group and the degree of pre-
operative pain was not considered for this distribution.

The PEP rate showed a gradual descending trend with time, 
with pain decreasing noticeably at 48 hours post-RCT com-
pared to pain at 8 hours. There was no difference between the 
number of analgesics taken at the end of the follow-up be-
tween EDDY and manual irrigations. This finding agrees with 

Table 3. Visual analog scale pain levels at 8h, 24h, and 48h

EDDY irrigation Manual irrigation
P-value

Number (%) Number (%)

At 8h
 No pain
 Mild
 Moderate
 Severe
 Very severe
 Worst pain possible

19 (47.5%)
13 (32.5%)
5 (12.5%)
1 (2.5%)
1 (2.5%)
1 (2.5%)

28 (70%)
7 (17.5%)

2 (5%)
0 (0%)
2 (5%)

1 (2.5%)

0.069
0.196
0.432

1
1
1

At 24h
 No pain
 Mild
 Moderate
 Severe
 Very severe
 Worst pain possible

20 (50%)
14 (35%)
2 (5%)
2 (5%)

1 (2.5%)
1 (2.5%)

28 (70%)
6 (15%)
3 (7.5%)
0 (0%)

1 (2.5%)
2 (5%)

0.110
0.069

1
1
1
1

At 48h
 No pain
 Mild
 Moderate
 Severe
 Very severe
 Worst pain possible

28 (70%)
7 (17.5%)
3 (7.5%)
1 (2.5%)
0 (0%)

1 (2.5%)

31 (77.5%)
7 (17.5%)

0 (0%)
0 (0%)

1 (2.5%)
1 (2.5%)

0.612
1

0.241
1
1
1

Figure 2. Bar chart showing the median levels of pain severity according to 
the visual analog scale between EDDY irrigation and manual irrigation 
groups at eight hours.
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a study from 2011 that reported an approximate drop of 30% 
in pain prevalence from the first to the seventh day of end-
odontic treatment.30 Moreover, another study from 2021 re-
ported a similar pattern of PEP after 24 hours of EDDY and 
side-port endodontic needles irrigation.22 It also reported no 
significant difference between EDDY and needle irrigation re-
garding the number of analgesics used. Contrary to the present 
study, it reported a significantly lower PEP associated with 
EDDY compared to side-port endodontic needle irrigation 
during the first 24 hours.22

The highest association of PEP with EDDY might be related 
to the concentration of NaOCl used (5.25%) compared to a con-
centration of 3%.22 We chose this concentration because a 
study from 2012 observed that 5.25% NaOCl had better effec-
tiveness in dissolving organic tissue, greater antibacterial ac-
tion, a more alkaline pH, and a shorter effectiveness time. 
However, it is more irritating to the periapical tissues.18 Ac-
cordingly, a 2019 study revealed a significantly higher PEP in-
tensity associated with the application of 5.25% NaOCl in man-

dibular molars with non-vital pulp, compared to 1.3% NaOCl.31 
The NaOCl cytotoxic effect may be further augmented by the 
rotating tips of EDDY, resulting in more debris extrusion and 
inflammation.32,33

Conclusions

EDDY during initial RCT is associated with a higher incidence 
of PEP, mainly in the 24 hours following treatment, compared 
to manual irrigation. Afterward, the rate of PEP was similar 
between EDDY and manual irrigation, with a gradual decline 
in pain intensity.

Figure 3. Bar chart showing the median levels of pain 
severity according to the visual analog scale between 
EDDY irrigation and manual irrigation groups at 
twenty-four hours.

Figure 5. Line graph with error bars showing the mean 
levels of pain severity according to the visual analog 
scale at 8, 24, and 48 hours among patients who 
received EDDY irrigation.

Figure 6. Line graph with error bars showing the mean 
levels of pain severity according to the visual analog 
scale at 8, 24, and 48 hours among patients who 
received manual irrigation.

Figure 4. Bar chart showing the median levels of pain 
severity according to the visual analog scale between 
EDDY irrigation and manual irrigation groups at 
forty-eight hours.
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This randomized clinical trial is particularly important be-
cause there is little information about these topics. However, 
there are some limitations regarding the results’ evaluation 
because of the inclusion of random cases of pulp necrosis and 
irreversible pulpitis with different levels of perioperative pain. 
Further randomized clinical trials with adequate sample sizes 
and longer follow-up periods are necessary to reveal the effi-
cacy and safety of EDDY during initial RCT.

Conflict of interest

The authors have no conflicts of interest to declare.

Ethical disclosures

Protection of human and animal subjects. The authors 
declare that the procedures followed were in accordance with 
the regulations of the relevant clinical research ethics com-
mittee and with those of the Code of Ethics of the World Med-
ical Association (Declaration of Helsinki).
 
Confidentiality of data. The authors declare that no patient 
data appear in this article.
 
Right to privacy and informed consent. The authors declare 
that no patient data appear in this article.

CRediT authorship  contribution statement

Sara Paixão: Conceptualization, Data curation, Investigations, 

Methodology, Software, Writing – original draft.

Liliana Grenho: Formal analysis, Project administration, Super-

vision, Visualization, Writing – review & editing.

Cláudia Rodrigues: Conceptualization, Data curation, Investiga-

tions, Methodology, Resources, Funding acquisition, Supervi-

sion, Validation, Writing – review & editing.

o r c i d

Sara Paixão  0000-0003-3899-4365

Liliana Grenho  0000-0001-9476-2839

Cláudia Rodrigues  0000-0002-2143-7354

r e f e r e n c e s

1. Shahnaz N, Masoodi A, Amin K, Baba IA. Management of post 
endodontic pain following single visit endodontics: A review. 
Int J Dent Health Sci. 2015;2:396-405.

2. Nixdorf DR, Moana-Filho EJ, Law AS, McGuire LA, Hodges JS, 
John MT. Frequency of persistent tooth pain after root canal 
therapy: a systematic review and meta-analysis. J Endod. 
2010;36:224-30.

3. Jakovljevic A, Nikolic N, Jacimovic J, Pavlovic O, Milicic B, 
Beljic-Ivanovic K, et al. Prevalence of Apical Periodontitis and 
Conventional Nonsurgical Root Canal Treatment in General 
Adult Population: An Updated Systematic Review and 

Meta-analysis of Cross-sectional Studies Published between 
2012–2020. J Endod. 2020;46:1371-86.

4. Harrison JW, Gaumgartner JC, Svec TA. Incidence of pain 
associated with clinical factors during and after root canal 
therapy. Part 1. Interappointment pain. J Endod. 1983;9:384-7.

5. Siqueira Jr JF, Rôças IN, Favieri A, Machado AG, Gahyva SM, 
Oliveira JC, et al. Incidence of postoperative pain after 
intracanal procedures based on an antimicrobial strategy. J 
Endod. 2002;28:457-60.

6. Nagendrababu V, Gutmann JL. Factors associated with 
postobturation pain following single-visit nonsurgical root 
canal treatment: A systematic review. Quintessence Int. 
2017;48:193-208.

7. Arias A, de la Macorra JC, Hidalgo JJ, Azabal M. Predictive 
models of pain following root canal treatment: a prospective 
clinical study. Int Endod J. 2013;46:784-93.

8. Singh RD, Khatter R, Bal RK, Bal CS. Intracanal medications 
versus placebo in reducing postoperative endodontic pain–a 
double-blind randomized clinical trial. Braz Dent J. 
2013;24:25-9.

9. Mehrvarzfar P, Abbott PV, Saghiri MA, Delvarani A, Asgar K, 
Lotfi M, et al. Effects of three oral analgesics on postoperative 
pain following root canal preparation: a controlled clinical 
trial. Int Endod J. 2012;45:76-82.

10. Versiani MA, Alves FR, Andrade-Junior CV, Marceliano-Alves 
MF, Provenzano JC, Rocas IN, et al. Micro-CT evaluation of the 
efficacy of hard-tissue removal from the root canal and 
isthmus area by positive and negative pressure irrigation 
systems. Int Endod J. 2016;49:1079-87.

11. Stojicic S, Zivkovic S, Qian W, Zhang H, Haapasalo M. Tissue 
dissolution by sodium hypochlorite: effect of concentration, 
temperature, agitation, and surfactant. J Endod. 2010;36:1558-
62.

12. Hu X, Peng Y, Sum CP, Ling J. Effects of concentrations and 
exposure times of sodium hypochlorite on dentin 
deproteination: attenuated total reflection Fourier transform 
infrared spectroscopy study. J Endod. 2010;36:2008-11.

13. Zehnder M. Root canal irrigants. J Endod. 2006;32:389-98.
14. Haapasalo M, Shen Y, Wang Z, Gao Y. Irrigation in 

endodontics. Br Dent J. 2014;216:299-303.
15. Rosenthal S, Spangberg L, Safavi K. Chlorhexidine 

substantivity in root canal dentin. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2004;98:488-92.

16. Dutner J, Mines P, Anderson A. Irrigation trends among 
American Association of Endodontists members: a web-
based survey. J Endod. 2012;38:37-40.

17. Craig JR, Tataryn RW, Cha BY, Bhargava P, Pokorny A, Gray ST, 
et al. Diagnosing odontogenic sinusitis of endodontic origin: 
A multidisciplinary literature review. Am J Otolaryngol. 
2021;42:102925.

18. Marion JJC, Manhães FC, Bajo H, Duque TM. Efficiency of 
different concentrations of sodium hypochlorite during 
endodontic treatment. Literature review. Dental Press Endod. 
2012;2:32-7.

19. Boutsioukis C, Psimma Z, van der Sluis LW. Factors affecting 
irrigant extrusion during root canal irrigation: a systematic 
review. Int Endod J. 2013;46:599-618.

20. Gu LS, Kim JR, Ling J, Choi KK, Pashley DH, Tay FR. Review of 
contemporary irrigant agitation techniques and devices. J 
Endod. 2009;35:791-804.

21. Haupt F, Meinel M, Gunawardana A, Hülsmann M. 
Effectiveness of different activated irrigation techniques on 
debris and smear layer removal from curved root canals: a 
SEM evaluation. Aust Endod J. 2020;46:40-6.

22. Gundogar M, Sezgin GP, Kaplan SS, Ozyurek H, Uslu G, 
Ozyurek T. Postoperative pain after different irrigation 
activation techniques: a randomized, clinical trial. 
Odontology. 2021;109:385-92.

66 rev port estomatol med dent cir maxilofac. 2022;63(2) :59-67

https://orcid.org/0000-0003-3899-4365
https://orcid.org/0000-0003-3899-4365
https://orcid.org/0000-0001-9476-2839
https://orcid.org/0000-0001-9476-2839
https://orcid.org/0000-0002-2143-7354
https://orcid.org/0000-0002-2143-7354
https://doi.org/10.1016/j.joen.2009.11.007
https://doi.org/10.1016/j.joen.2009.11.007
https://doi.org/10.1016/j.joen.2009.11.007
https://doi.org/10.1016/j.joen.2009.11.007
https://doi.org/10.1016/j.joen.2020.07.007
https://doi.org/10.1016/j.joen.2020.07.007
https://doi.org/10.1016/j.joen.2020.07.007
https://doi.org/10.1016/j.joen.2020.07.007
https://doi.org/10.1016/j.joen.2020.07.007
https://doi.org/10.1016/j.joen.2020.07.007
https://doi.org/10.1016/s0099-2399(83)80190-3
https://doi.org/10.1016/s0099-2399(83)80190-3
https://doi.org/10.1016/s0099-2399(83)80190-3
https://doi.org/10.1097/00004770-200206000-00010
https://doi.org/10.1097/00004770-200206000-00010
https://doi.org/10.1097/00004770-200206000-00010
https://doi.org/10.1097/00004770-200206000-00010
https://doi.org/10.3290/j.qi.a36894
https://doi.org/10.3290/j.qi.a36894
https://doi.org/10.3290/j.qi.a36894
https://doi.org/10.3290/j.qi.a36894
https://doi.org/10.1111/iej.12059
https://doi.org/10.1111/iej.12059
https://doi.org/10.1111/iej.12059
https://doi.org/10.1590/0103-6440201302039
https://doi.org/10.1590/0103-6440201302039
https://doi.org/10.1590/0103-6440201302039
https://doi.org/10.1590/0103-6440201302039
https://doi.org/10.1111/j.1365-2591.2011.01950.x
https://doi.org/10.1111/j.1365-2591.2011.01950.x
https://doi.org/10.1111/j.1365-2591.2011.01950.x
https://doi.org/10.1111/j.1365-2591.2011.01950.x
https://doi.org/10.1111/iej.12559
https://doi.org/10.1111/iej.12559
https://doi.org/10.1111/iej.12559
https://doi.org/10.1111/iej.12559
https://doi.org/10.1111/iej.12559
https://doi.org/10.1016/j.joen.2010.06.021
https://doi.org/10.1016/j.joen.2010.06.021
https://doi.org/10.1016/j.joen.2010.06.021
https://doi.org/10.1016/j.joen.2010.06.021
https://doi.org/10.1016/j.joen.2010.08.035
https://doi.org/10.1016/j.joen.2010.08.035
https://doi.org/10.1016/j.joen.2010.08.035
https://doi.org/10.1016/j.joen.2010.08.035
https://doi.org/10.1016/j.joen.2005.09.014
https://doi.org/10.1038/sj.bdj.2014.204
https://doi.org/10.1038/sj.bdj.2014.204
https://doi.org/10.1016/j.tripleo.2003.07.005
https://doi.org/10.1016/j.tripleo.2003.07.005
https://doi.org/10.1016/j.tripleo.2003.07.005
https://doi.org/10.1016/j.joen.2011.08.013
https://doi.org/10.1016/j.joen.2011.08.013
https://doi.org/10.1016/j.joen.2011.08.013
https://doi.org/10.1016/j.amjoto.2021.102925
https://doi.org/10.1016/j.amjoto.2021.102925
https://doi.org/10.1016/j.amjoto.2021.102925
https://doi.org/10.1016/j.amjoto.2021.102925
https://doi.org/10.1111/iej.12038
https://doi.org/10.1111/iej.12038
https://doi.org/10.1111/iej.12038
https://doi.org/10.1016/j.joen.2009.03.010
https://doi.org/10.1016/j.joen.2009.03.010
https://doi.org/10.1016/j.joen.2009.03.010
https://doi.org/10.1111/aej.12342
https://doi.org/10.1111/aej.12342
https://doi.org/10.1111/aej.12342
https://doi.org/10.1111/aej.12342
https://doi.org/10.1007/s10266-020-00553-5
https://doi.org/10.1007/s10266-020-00553-5
https://doi.org/10.1007/s10266-020-00553-5
https://doi.org/10.1007/s10266-020-00553-5


23. Moher D, Hopewell S, Schulz KF, Montori V, Gotzsche PC, 
Devereaux PJ, et al. CONSORT 2010 explanation and 
elaboration: updated guidelines for reporting parallel group 
randomised trials. Int J Surg. 2012;10:28-55.

24. Goodyear MD, Krleza-Jeric K, Lemmens T. The declaration of 
Helsinki. BMJ. 2007;335:624-5.

25. Brazier J, Ratcliffe J. Measurement and Valuation of Health for 
Economic Evaluation. In: Quah SR, editor. International 
Encyclopedia of Public Health (Second Edition). Oxford: 
Academic Press; 2017. p. 586-93.

26. Hawker GA, Mian S, Kendzerska T, French M. Measures of 
adult pain: Visual Analog Scale for Pain (VAS Pain), Numeric 
Rating Scale for Pain (NRS Pain), McGill Pain Questionnaire 
(MPQ), Short-Form McGill Pain Questionnaire (SF-MPQ), 
Chronic Pain Grade Scale (CPGS), Short Form-36 Bodily Pain 
Scale (SF-36 BPS), and Measure of Intermittent and Constant 
Osteoarthritis Pain (ICOAP). Arthritis Care Res (Hoboken). 
2011;63(Suppl 11):S240-52.

27. Escalona-Marfil C, Coda A, Ruiz-Moreno J, Riu-Gispert LM, 
Gironès X. Validation of an Electronic Visual Analog Scale 
mHealth Tool for Acute Pain Assessment: Prospective 
Cross-Sectional Study. J Med Internet Res. 2020;22:e13468.

28. Altundasar E, Nagas E, Uyanik O, Serper A. Debris and irrigant 
extrusion potential of 2 rotary systems and irrigation needles. 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2011;112:e31-5.

29. Burleson A, Nusstein J, Reader A, Beck M. The in vivo 
evaluation of hand/rotary/ultrasound instrumentation in 
necrotic, human mandibular molars. J Endod. 2007;33:782-7.

30. Pak JG, White SN. Pain prevalence and severity before, during, 
and after root canal treatment: a systematic review. J Endod. 
2011;37:429-38.

31. Mostafa M, El‐Shrief Y, Anous W, Hassan M, Salamah F, El 
Boghdadi R, et al. Postoperative pain following endodontic 
irrigation using 1.3% versus 5.25% sodium hypochlorite in 
mandibular molars with necrotic pulps: a randomized 
double‐blind clinical trial. Int Endod J. 2020;53:154-66.

32. Boutsioukis C, Lambrianidis T, Verhaagen B, Versluis M, 
Kastrinakis E, Wesselink PR, et al. The effect of needle-
insertion depth on the irrigant flow in the root canal: 
evaluation using an unsteady computational fluid dynamics 
model. J Endod. 2010;36:1664-8.

33. Parirokh M, Jalali S, Haghdoost AA, Abbott PV. Comparison of 
the effect of various irrigants on apically extruded debris 
after root canal preparation. J Endod. 2012;38:196-9.

67rev port estomatol med dent cir maxilofac . 2022;63(2) :59-67

https://doi.org/10.1016/j.ijsu.2011.10.001
https://doi.org/10.1016/j.ijsu.2011.10.001
https://doi.org/10.1016/j.ijsu.2011.10.001
https://doi.org/10.1016/j.ijsu.2011.10.001
https://doi.org/10.1136/bmj.39339.610000.be
https://doi.org/10.1136/bmj.39339.610000.be
https://doi.org/10.1002/acr.20543
https://doi.org/10.1002/acr.20543
https://doi.org/10.1002/acr.20543
https://doi.org/10.1002/acr.20543
https://doi.org/10.1002/acr.20543
https://doi.org/10.1002/acr.20543
https://doi.org/10.1002/acr.20543
https://doi.org/10.1002/acr.20543
https://doi.org/10.2196/13468
https://doi.org/10.2196/13468
https://doi.org/10.2196/13468
https://doi.org/10.2196/13468
https://doi.org/10.1016/j.tripleo.2011.03.044
https://doi.org/10.1016/j.tripleo.2011.03.044
https://doi.org/10.1016/j.tripleo.2011.03.044
https://doi.org/10.1016/j.joen.2007.04.015
https://doi.org/10.1016/j.joen.2007.04.015
https://doi.org/10.1016/j.joen.2007.04.015
https://doi.org/10.1016/j.joen.2010.12.016
https://doi.org/10.1016/j.joen.2010.12.016
https://doi.org/10.1016/j.joen.2010.12.016
https://doi.org/10.1111/iej.13222
https://doi.org/10.1111/iej.13222
https://doi.org/10.1111/iej.13222
https://doi.org/10.1111/iej.13222
https://doi.org/10.1111/iej.13222
https://doi.org/10.1016/j.joen.2010.06.023
https://doi.org/10.1016/j.joen.2010.06.023
https://doi.org/10.1016/j.joen.2010.06.023
https://doi.org/10.1016/j.joen.2010.06.023
https://doi.org/10.1016/j.joen.2010.06.023
https://doi.org/10.1016/j.joen.2011.10.027
https://doi.org/10.1016/j.joen.2011.10.027
https://doi.org/10.1016/j.joen.2011.10.027

