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ABSTRACT
Introduction: Irrigant mechanical agitation has been claimed to enhance the antibacterial efficacy during the 
root canal treatment. The aim of this study was to systematically review the antibacterial efficacy of ultrasonic 
compared to sonic agitation of sodium hypochlorite (NaOCl).

Materials and methods: Four databases (Cochrane Library, Medline, ScienceDirect and Scopus) were searched 
to identify systematic reviews, clinical and in vitro trials evaluating biofilm removal following the use of sonic 
irrigation (SI), passive ultrasonic irrigation (PUI) or both and the conventional syringe and needle irrigation (SNI) 
on mature permanent teeth or models simulating the root canal. Articles were selected according to the inclusion 
criteria, data were extracted and the methodological quality was assessed independently by two reviewers.

Results: The electronic and hand search retrieved 1028 studies. Two clinical controlled trials, thirteen in vitro 
controlled trials and one systematic review were included. The risk of bias and quality of the selected studies 
were qualified as moderate and high according to the JBI (Joanna Briggs Institute) and the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis) checklists. Overall, both sonic and ultrasonic irrigation 
improved the bacterial reduction over the conventional irrigation method. However, most of the available evidence 
could not state significant differences between the antibacterial efficacy of the two methods.

Conclusion: It may be concluded that sonic and ultrasonic activation of the irrigants are beneficial in bacterial 
reduction when compared to conventional needle irrigation, yet, the current data could not find significant 
differences between the two techniques.
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Introduction
The occurrence of clinical and radiographic signs related to teeth 
with previous root canal treatment refers usually to post-treatment 
apical periodontitis. This latter is mainly caused by bacterial 

infection that can be persistent from the first root canal therapy or 
secondary due to a new introduction of bacteria in the root canal 
trough coronal leakage or obturation failure [1-3].

Because of the complex anatomy of the root canal system, many 
areas such as isthmuses, lateral canals, apical ramifications and 
the very apical part of the canal remain untouched during the 
instrumentation and the conventional irrigation procedures [4,5], 
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also, bacteria are commonly found at these areas in cases of root 
canal treatment failure and are able to maintain inflammation of 
the periapical tissues [6-9]. Actually, there is strong evidence to 
believe that persistent biofilm during the root canal therapy is the 
major factor of post- treatment apical periodontitis. Therefore, 
efficient final irrigation is an important step in the root canal therapy 
in order to reduce biofilm as much as possible. So far, sodium 
hypochlorite (NaOCl), introduced in endodontics by Walker in 
1936 [10] is still considered the gold star in terms of irrigating 
solutions as it presents several important properties: antimicrobial 
efficacy by acting on the bacterial essential enzymatic sites, ability 
to dissolve organic tissues and acceptable biocompatibility when 
used in low concentrations (1-6%) [11].

Disinfection of the root canal system is challenging due to 
the multispecies nature of the biofilm, especially when using 
conventional irrigation with syringe and needle. In fact, this 
method seemed to be insufficient to deliver the irrigant in areas 
hard to reach because of the low velocity and the limited effect 
beyond the tip of the needle [12]. Therefore, several regimens of 
mechanical agitation have been developed in order to enhance the 
disinfection efficacy of NaOCl. Mechanical agitation is mainly 
achieved via sonic and ultrasonic devices. Passive ultrasonic 
irrigation (PUI) is used in endodontics for more than 30 years ago 
[13] and aims to enhance the cleaning effect by producing acoustic 
streaming and cavitation. This latter occurs when the ultrasonic 
waves are transmitted from the oscillating file to the irrigant and 
create growing microbubbles in the fluid until collapse. This leads 
to a vacuum pressure causing strong shock waves which force 
the solution into canal ramifications and isthmuses and have a 
lethal effect on bacteria [14,15]. Such a phenomenon is unlikely 
to be produced during sonic irrigation (SI) because of the low 
frequencies of vibration. However, these devices have smooth 
plastic tips which are safer for the intracanal use [16].

So far, it has been demonstrated that sonic and ultrasonic irrigation 
can perform in better efficacy over the conventional syringe and 
needle irrigation (SNI) [17]. Nevertheless, at the time this study 
was carried out, no previous systematic review allowed the 
comparison between SI and PUI in terms of biofilm removal.

The aim of our study was to systematically review and critically 
analyze the current evidence on the bacterial efficacy when SI is 
compared to PUI.

Material and Methods
The following systematic review was reported following the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines [18].

Protocol and registration
A protocol of the present systematic review was done according 
to the Preferred Reporting Items for Systematic review and Meta-
Analysis Protocols (PRISMA-P) [19] checklist and was previously 
published on Open Science Framework. Link to the protocol: 
https://osf.io/qhv3k.

PICOS Question
The research question was formulated based on PICOS (Population, 
intervention, comparison, outcomes and study design) format: 
“Does Passive Ultrasonic Irrigation result in a better biofilm 
removal when compared to Sonic Irrigation on mature permanent 
teeth based on controlled trials and systematic reviews?”
-	 Population: Mature Permanent teeth.
-	 Intervention: Passive ultrasonic irrigation and Sonic irrigation.
-	 Comparison: Conventional syringe and needle irrigation.
-	 Outcomes: Biofilm removal.
-	 Study design: Controlled trials and Systematic Review on 

controlled trials.

Eligibility criteria
Studies that met all the following inclusion criteria based on the 
PICOS question were included in the review:
- Systematic reviews, clinical controlled trials or in vitro controlled 
trials performed on mature permanent teeth without any anterior 
root canal treatment.
- Systematic reviews, clinical controlled trials or in vitro controlled 
trials performed using models simulating the root canal system.
- Studies evaluating passive ultrasonic irrigation to another 
irrigation technique in biofilm removal.
- Studies evaluating sonic irrigation to another irrigation technique 
in biofilm removal.
Studies that met any of the following exclusion criteria were 
excluded:
- Studies that performed agitation of the irrigant on teeth with root 
caries, resorption, fractures or fractured instruments within the 
canal.
- Studies not evaluating the antibacterial effect of irrigation 
procedures.
- Studies using irrigants other than sodium hypochlorite and 
EDTA.
- Not standardized instrumentation in the compared groups.
- Studies not including a Passive Ultrasonic Irrigation nor Sonic 
Irrigation group.
- Studies not including a conventional syringe and needle irrigation 
group as the control.

The research included all the studies published between January 
2010 and January 2021. Only publications in English and those 
with translations available in English were selected.

Information Sources
An electronic search strategy was conducted for eligible literature 
from January 2010 to January 2021 on 4 data-bases: Medline, 
ScienceDirect, Scopus and Cochrane Library.

Search
Appropriate key words and Mesh terms; “therapeutic irrigation”, 
“root canal preparation”, “sodium hypochlorite”, “ultrasonic 
therapy”, “sonication”, “root canal irrigants”, “therapeutic 
irrigation”, “sonic agitation”, “ultrasonic agitation”, “root canal 
irrigation”, “sonic activation”, “ultrasonic activation” and 
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“Biofilm” were selected from articles published in endodontic 
journals and were used in a series of combinations repeated each 
time in the 4 data bases. The search on ScienceDirect was restricted 
to Review articles and research articles.
The electronic search strategy is shown in Table 1.

Furthermore, the references list of the selected articles was 
reviewed for titles suggesting the same topic if they were not 
identified previously.

Study selection
Duplicates were removed and two reviewers screened titles and 
abstracts (and the full-text copy in cases where abstracts were 
not available) of potentially relevant studies independently and 
excluded off-topic articles that didn’t meet the inclusion criteria. 
In case of doubt or disagreement, the studies were included and 
the full-texts were assessed for eligibility in the next step. The full 
texts of the remaining titles were obtained and were evaluated. 
Studies were included if they met all the inclusion criteria based 
on the PICOS question. Studies that met any of the following 
exclusion criteria were excluded.

Data collection process
Pre-determined data were extracted in duplicate from the included 
studies by the two reviewers for evidence synthesis and quality 
assessment. Data were arranged in data tables.

Data items
The following data were extracted:
1. First author name and year of publication.
2. Study design.
3. Sample size.
4. Type of samples used.
5. Apical size, taper and if the system was closed.
6. Bacterial inoculation, incubation’s period and environment.
7. Irrigant solutions used and volume.
8. Devices tested, controls used, power setting/frequency and 

depth from the working length.
9. Method of assessment.
10. Randomization and blinding if applicable.
11. Statistical methods adopted and main outcomes.

Quality assessment and risk of Bias in individual studies
Validity of the included trials and systematic reviews was assessed 
based on the CON- Solidated Standards of Reporting Trials 
(CONSORT) [20] and the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) [18] respectively. Also, 
methodological quality of the clinical controlled trials was 
evaluated according to the Joanna Briggs Institute (JBI) clinical 
appraisal Checklist [21]. The critical appraisal tool was adapted 
to in vitro trials as it was described in a previously published 
study and only 9 out of 13 items were kept [22] (Table 2). The 
risk of bias was assessed independently by the reviewers and a 
cumulative score was calculated for each study. Clinical studies 
were judged with a low methodologic quality if they had a score 
of 1, 2, 3 or 4, moderate methodologic quality if they had a score 
of 5, 6, 7 or 8 and a high methodologic quality if they had a score 
of 9, 10, 11, 12 or 13, while in vitro studies were judged with a 
low methodologic quality if they had a score of 1, 2 or 3 points, 
moderate methodologic quality if they had a score of 4, 5 or 6 
points and a high methodologic quality if they had a score of 7, 8 
or 9 points.

Table 2: Modified Joanna Briggs Institute critical appraisal tool.
 Yes No Unclear
1. Was true randomization used for assignment of 
participants to treatment groups?    

2. Was allocation to treatment groups concealed?    
3. Were treatment groups similar at the baseline?    
5. Were those delivering treatment blind to 
treatment assignment?    

6. Were outcomes assessors blind to treatment 
assignment?    

7. Were treatment groups treated identically other 
than the intervention of interest?    

10. Were outcomes measured in the same way for 
treatment groups?    

11. Were outcomes measured in a reliable way?    
12. Was appropriate statistical analysis used?    

The methodological quality of the systematic reviews included was 
assessed following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) [18]. Studies were judged 
with a low methodologic quality if they had a score between 1 and 
9, moderate methodologic quality if they had a score between 10 

Search strategy
Results

PubMed ScienceDirect Scopus Cochrane
Therapeutic Irrigation / instrumentation [Mesh] OR "Therapeutic Irrigation/methods" [Mesh])) AND 
("Root Canal Preparation/instrumentation"[Mesh] 19 92 14 17

OR "Root Canal Preparation / methods"[Mesh])) AND "Sodium Hypochlorite" [Mesh]) AND 
"Ultrasonic Therapy"[Mesh](("Sonication"[Mesh]) AND "Ultrasonic Therapy" [Mesh]) AND "Root 
Canal Irrigants"[Mesh]

5 54 7 1

(("Sonication" [Mesh]) AND "Ultrasonics"[Mesh]) AND "Root Canal Irrigants"[Mesh] 14 140 24 4
(("Sonication"[Mesh]) AND "Ultrasonic Therapy"[ Mesh]) AND "Therapeu tic Irrigation"[Mesh] 6 38 8 1
(("Biofilms"[Mesh]) AND "Root Canal Irrigants"[Mesh]) AND "Ultrasonics"[Mesh] 19 47 55 9
(("Biofilms"[Mesh]) AND "Root Canal Irrigants"[Mesh]) AND "Sonication"[Mesh] 2 83 0 2
“Sonic agitation” AND “Ultrasonic agitation” AND “Root canal irrigation” 40 91 1 0
“Sonic activation” AND “Ultrasonic activation” AND “Root canal Irrigation” 82 135 18 0

Table 1: Electronic Search Strategy on Medline, ScienceDirect, Scopus and Cochrane Library.
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and 18 and a high methodologic quality if they had a score between 
19 and 27.

The quality of the studies was assessed independently by two 
reviewers. In case of disagreement, it was solved through 
discussion between them.

Results
Due to the variability of the systems being employed, the protocols 
and the variables being assessed, it was not possible to standardize 
the research data. Hence, a meta-analysis was not feasible. A 
narrative synthesis of the available findings was conducted instead.

Study selection
The initial search resulted in a total of 1028 titles, 709 were 

removed due to duplications. The remaining 319 were screened 
according to the titles and the abstracts for eligibility and 286 
studies were excluded. The publications ranged from January 2010 
to January 2021 except one study that dates from 2007. 33 titles 
were then eligible for full text evaluation by at least one reviewer. 
17 studies did not meet the inclusion criteria and were excluded. 
Reasons for exclusion are presented in Figure 1. Finally, 16 studies 
were selected for the qualitative synthesis including 2 clinical 
controlled trials, 13 in vitro studies and one systematic review. All 
the included articles were written in English.

Study characteristics
Of the 13 in vitro studies, three used standardized 3D printed 
straight root canal models including one with a lateral canal in 
the apical third [34]. A priori sample size calculation was reported 

Figure 1: PRISMA flow diagram.
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Study Type Sample 
size Sample Apical 

size/ Taper Apex Biofilm Incubation 
period

Aerobic/ 
Anaerobic 
environment

Assessment

Mohmmed et 
al. 2016 [23]

In 
vitro 40

3D printed straight root 
canal model made of clear 
photopolymer material

30/06 Closed system 
using wax.

1,1× 108 CFU/ ml 
Enterococcus Faecalis ATCC 19433 grown on 
the 3 apical mm of each one-half model.

10 days NR

-Canals were stained using a crystal violet dye and the 
biofilm removal was recorded during irrigation.
The percentage of residual biofilm was quantified using 
Image-pro Plus 4.5 software.

Neuhaus et al. 
2016 [24]

In 
vitro 24

Extracted straight and curved 
roots from maxillary premolars, 
palatal roots from maxillary 
molars and maxillary front teeth

25/08 Closed system 
using composite.

Roots were inoculated with 4 different 
microbes or combinations of microbes:
1. S. gordonii ATCC 10558 and A. oris ATCC 
43146.
2. S. gordonii ATCC 10558 and F. nucleatum 
ATCC 25586.
3. E. faecalis ATCC 29212.
4. Candida albicans ATCC 76615.

21 days 1-2: Anerobic
3-4: Aerobic

Microbiological samples were taken from each root 
canal immediately after irrigation procedure, and after 
3, 5 and 7days. A quantitative dichotomic analysis 
was performed to confirm the presence or absence of 
bacteria.

Zeng et al. 
2018 [25]

In 
vitro 38

Single-rooted premolars. 
Decoronated to produce 
standard root length of 15 mm

40/06 Closed system 
using resin

Roots were sterilized then inoculated with 1× 
108 cells/ml of Enterococcus Faecalis ATCC-
29212

21 days Aerobic

-Root canals were sampled before and after irrigation. 
-Bacterial metabolic activity was evaluated on 12 
teeth from each group using MTT solution and the 
percentage of intracanal bacterial load was calculated.
-3 teeth from each canal were split longitudinally, 
stained using a LIVE/DEAD BackLight bacteria 
viability kit and the percentage of “dead” bacteria was 
assessed under CLSM.

Bago et al. 
2012 [26]

In 
vitro 114

Extracted human teeth with 
single root canal. Teeth were 
decoronated to obtain a standard 
root length of 12 mm.

30/09
Closed system 
using a composite 
resin

Teeth were sterilized then inoculated with 
Enterococcus Faecalis ATCC 29212 7 days NR

Root canals were sampled, before and after irrigation 
and incubated for 48H at 37°C before colony-forming 
units (CFUs) grown count. The presence of E. Faecalis 
was also confirmed by PCR.

Pedulla et al. 
2019 [27]

In 
vitro 140

Extracted human teeth with a 
single straight root canal. Teeth 
were decoronated to obtain a 
standard root length of 16 mm.

40/04
Closed system 
using
cyanoacrylate

All teeth were sterilized then 130 inoculated 
with 1,5×108 CFU/ml of Enterococcus 
Faecalis 29212

21 days Anaerobic

-Root canals were sampled twice; immediately 
after irrigation and 24h after, then CFUs count was 
performed.
-Turbidity of the samples was also recorded as an 
indicator of bacterial growth.

Pasqualini et 
al. 2010 [28]

In 
vitro 112

Extracted human teeth with a 
single root canal. Teeth were 
decoronated to obtain a standard 
root length of 15 mm.

30/09 Closed system 
using sticky wax.

All teeth were sterilized with ethylene oxide 
then canals were infected with 30µL of 
Enterococcus Faecalis ATCC 29212

2 hours Aerobic

Samples were taken from the root canals and were 
then incubated at 37°C for 24 hours under aerobic 
conditions.
CFUs grown were then counted.

Al-Obaida et 
al. 2019 [29]

In 
vitro 50

Extracted anterior human teeth. 
Teeth were decoronated to 
obtain a standard root length of 
16 mm.

30/04 Open system.
All teeth were sterilized in an autoclave at 
121°C then 45 root canals were infected with 
1× 108 cells/ml of Enterococcus Faecalis

21 days Aerobic

Roots were split longitudinally, stained using a LIVE/
DEAD BackLight bacteria viability kit and the 
percentage of “dead” bacteria was assessed under 
CLSM at each third.

Rödig et al. 
2018 [30]

In 
vitro 65

Extracted human teeth with 
single and straight root canals. 
Teeth were decoronate d to 
obtain a standard Root length 
of 15 mm.

40/02 Closed system 
using acrylic resin.

All teeth were sterilized in an autoclave at 
121°C then the root canals were infected with 
1,5× 108 cells/ml of Enterococcus Faecalis 
ATCC 29212

72 hours Aerobic
Samples were taken from the root canals and incubated 
aerobically for 24 hours. Colony-forming units (CFUs) 
grown were then counted.

Mohmmed et 
al. 2017 [31]

In 
vitro 18

Straight root canals of 18mm 
length were manufactured using 
3D printer.

30/06 Closed system 
using sticky wax

Models were sterilized using gas plasma with 
hydrogen peroxide, then the 3 apical mm of 
one-half root canal were immersed with 1.1 × 
108 CFU/
ml of Enterococcus Faecalis

10 days Anaerobic

-Viability of bacterial cells was assessed under CLSM.
- Effect of NaOCl on the residual surface biofilm was 
assessed under SEM.
- Effect of NaOCl on the residual surface biofilm and 
individual cells was assessed under TEM.

Table 3: Study details of articles included in data synthesis. MTT, 3-(4,5 dimethylthiazole-2- yl)-2,5-diphenyl tetrazolium; CLSM, Confocal laser scanning microscope; PCR, Polymerase chain reaction; CFU, Colony 
forming unit; SEM, Scanning electron microscope; TEM, Transmission electron microscope; NR, Not reported; NaOCl, Sodium hypochlorite.
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Azim et al. 
2016 [32]

In 
vitro 78

Extracted mandibular premolars 
and distal roots of mandibular 
molars with a single root canal. 
Teeth were decoronated to 
obtain a standard root length of 
18mm.

25/04
Closed system 
using composite 
resin

All teeth were sterilized in an autoclave at 
121°C then the root canals were infected with 
1× 108 cells/ml of Enterococcus Faecalis 
ATCC 47077

21 days Aerobic

-Bacterial metabolic activity was evaluated using MTT 
solution and the percentage of intracanal bacterial load 
was
calculated.
- Roots were split longitudinally, stained using a 
LIVE/DEAD BackLight bacteria viability kit and the 
percentage of “dead” bacteria was assessed under 
CLSM at 50µm, 100µm and 150µm from the canal 
surface.

Maden et al. 
2017 [13]

In 
vitro 80

Extracted canines with a 
single root canal. Teeth were 
decoronated to obtain a standard 
root length of 15mm.

30/09
Closed system 
using composite 
resin.

69 Root canals were infected with 1,8 × 108 
CFU/ml Enterococcus Faecalis ATCC 29212 21 days Aerobic Samples were taken from each root canal twice then 

were incubated at 37°C for 24h. CFUs were counted.

Li et al. 2020 
[33]

In 
vitro 30

Extracted premolars with 
straight root canals. Teeth were 
decoronated to obtain a standard 
root length of 12mm.

30/09
Closed system 
using
flowable composite

All root canals were infected with 1× 108 cells 
per ml of Enterococcus Faecalis 29212 21 days Aerobic

Roots were split longitudinally, stained using a LIVE/
DEAD BackLight bacteria viability kit and the 
percentage of “dead” bacteria was assessed under 
CLSM at 300µm

Mohmmed et 
al. 2018 [34]

In 
vitro 43

A straight root canal model of 
18 mm manufactured using 3D 
printing by the assembly of two 
similar half root and containing 
a lateral canal at the 3 apical 
mm.

30/06 Open
system.

All models were sterilized using gas plasma 
with hydrogen peroxide vapor, then the 3 
apical mm of one half of each root canal were 
infected with 1,1 × 108 Enterococcus Faecalis 
ATCC 19433

10 days NR

-Biofilm removal at the 3 apical mm was recorded 
during the irrigation and the percentage of residual 
biofilm was calculated.
-Roots were also examined under SEM to assess the 
appearance of bacteria at the 3 apical mm.

Carver et al. 
2007 [35]

In 
vivo 31

Adult patients with mandibular 
molar presenting a pulpal 
necrosis, an acute or chronic 
periapical periodontitis and a 
radiolucentcy on the mesial root 
periapex of 2×2mm minimum.

30/04 or 
30/06 Closed apex - - -

Three bacterial samples were taken from each root 
canal before instrumentation, after instrumentation and 
after irrigation, and were incubated for 7 days. CFUs 
were counted under an operating microscope at 10× 
magnification.

Huffaker et al. 
2010 [36]

In 
vivo 84

Patients with any tooth with 
apical periodontitis and negative 
cold test.

- Closed apex - - Anaerobic

Samples were taken from each root canal before and 
after the irrigation procedure and were then incubated 
anaerobically for 7 days. Bacterial growth was then 
observed.
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Study Needle End type Gauge Irrigant/Volume Depth from the WL Time

Mohmmed et al. 2016 [23] Monoject Side-cut-open- 
end 27 NaOCl 2,5%/ 9ml 3 mm 30 sec

Neuhaus et al.2016 [24] Endo-irrigation needle 
KerrHawe NR 30 NaOCl 1,5%/ 6ml

EDTA (17%)/1ml 0 mm NR

Zeng et al.2018 [25] ProRinse Endodontic Irrigation 
Probe Closed-ended 30 NaOCl 3%/ 1,5ml 1 mm without binding 30 sec

Bago et al.2012 [26] BD Microlance NR 30 NaOCl 2,5%/5ml 2 mm 60 sec
Pedulla et al.2019 [27] Max-I-Probe NR 30 NaOCl 3%/3ml. Deep without binding 60 sec

Pasqualini et al. 2010 [28] NR
NR

NR
NR

30
30

NaOCl 5%/2ml
NaOCl 5%/2ml

2 mm
2 mm

15 sec
30 sec

Al-Obaida et al. 2019 [29] NR Side-vented 30 NaOCl 2,5%/NR 2 mm NR
Rödig et al. 2018 [30] Endo-EZE Side-vented 30 NaOCl 1%/2ml 1 mm 30 sec

Mohmmed et al. 2017 [31] NR Side-cut open- 
ended 27 NaOCl 2,5%/9ml 3 mm 30 sec

Azim et al. 2016 [32] NR Side-vented 30 EDTA 17%/2ml
NaOCl 6%/3ml 2mm 1 minute

3 cycles of 30 sec
Maden et al. 2017 [13] Max-I-Prob NR 30 NaOCl 5,25%/5ml 2 mm 60 sec

Li et al. 2020 [33] NR Side-vented 30
NaOCl 5,25%/2ml 
EDTA 17%/2ml
Sterile water/2ml

1mm 60 sec

Mohmmed et al./2018 [34] Monoject Side-cut open- 
ended 27 NaOCl 2,5%/9ml NR 30 sec

Carver et al./ 2007 [35] NR NR NR NaOCl 6%/15ml Deep without binding NR

Huffaker et al./ 2010 [36] Monoject Side-vented 27 NaOCl 5%/NR NR 2 cycles of 30 
seconds

Table 4: Characteristics of Use for Conventional Needle Irrigation. WL: Working length; NaOCl: Sodium hypochlorite; EDTA: Ethylene diamine tetra 
acetic acid; NR: Not reported.

Study Irrigant/Volume Device Power setting/
Frequency Tip/Taper Depth from the WL Agitation time

Mohmmed et al. 2016 [23] NaOCl 2,5%/ 9ml EndoActivator 10000 cpm 25/04 2 mm 30 sec
Neuhaus et al. 2016 [24] NaOCl 1,5%/ NR SonicFlex 6 kHz EDDY 25/04 0 mm 3 cycles of 20 seconds

Zeng et al. 2018 [25] NaOCl 3%/1,5ml Proxeo ZA-55-
LM 6 kHz EDDY 25/04 1 mm 30 sec

Bago et al. 2012 [26] NaOCl 2,5%/5ml EndoActivator 10000 cpm 24/04 2 mm 30 sec
Pedulla et al.2019 [27] NaOCl 3%/3ml EndoActivator 167,67 Hz 25/04 NR 3 cycles of 20 seconds

Pasqualini et al.2010 [28] NaOCl 5%/5ml EndoActivator 10000 cpm 15/02 2 mm 15 sec
30 sec

Al-Obaida et al. 2019 [29] NaOCl 2,5%/NR EndoActivator
NR

NR
NR

NR
EDDY 25/04 2mm 1 min

Rödig et al. 2018 [30] NaOCl 1%/2ml EndoActivator 10000 cpm 25/04 1mm 30 sec

Mohmmed et al. 2017 [31] NaOCl 2,5%/9ml EndoActivator High power 
setting 25/04 2 mm 30 sec

Azim et al. 2016 [32] EDTA 17%/2ml
NaOCl 6%/3ml

Not activated 
EndoActivator - NR - 15/02 -

1 mm
-
3 cycles of 30 sec

Maden et al. 2017 [13] NaOCl 
5,25%/5ml EndoActivator 167 Hz 25/04 2mm 60 sec

Li et al. 2020 [33]

NaOCl 
5,25%/2ml
EDTA 17%/2ml
Sterile water/2ml

EndoActivator 10000 cpm 25/04 1 mm 60 sec

Mohmmed et al. 2018 [34] NaOCl 2,5%/9ml EndoActivator NR 25/04 2 mm 30 sec
Huffaker et al. 2010 [36] NaOCl 5%/NR EndoActivator 10000 cpm NR NR 2 cycles of 30 sec

Table 5: Characteristics of Use for Sonic Irrigation. WL: Working length; Cpm: Cycles per minute; NR: Not reported; NaOCl: Sodium hypochlorite; 
EDTA: Ethylene diamine tetra acetic acid.
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Study Irrigant/Volume Device Power setting or 
Frequency File Size/ Taper Depth from 

the WL Activation time

Mohmmed et al. 2016 
[23] NaOCl 2,5%/ 9ml Satelec P5 

Newtron Power 7 IrriSafe 20/02 2 mm 30 sec

Neuhaus et al./2016 
[24] NaOCl 1,5%/NR VDW Ultra Power set at 20% Irrisafe tip (size and tip not 

reported) 1 mm 3 cycles of 20 seconds

Pedulla et al./2019 [27] NaOCl 3%/3ml
NaOCl 3%/3ml

Suprasson P5 
Booster
EndoUltra

30 KHz
40 KHz

Ultrasonic file ISO 15 (Satelec 
Acteon)
Ultrasonic file ISO 15/02

2 mm
2 mm

3 cycles of 20 seconds
3 cycles of 20 seconds

Al-Obaida et al./2019 
[29] NaOCl 2,5%/NR EndoUltra NR NR 2 mm 1 min

Rödig et al./ 2018 [30] NaOCl 1%/2ml
NaOCl 1%/2ml

VDW Ultra
VDW Ultra

30% of the maximum 
value
30% of the maximum 
value

IRRI K 15/NR
An ultrasonically activated needle 
(Endo- EZE)

1 mm
1 mm

30 sec
30 sec

Mohmmed et al./ 2017 
[31] NaOCl 2,5%/9ml Satelec P5 Power setting 7 Irrisafe 20/02 2 mm 30 sec

Maden et al./2017 [13] NaOCl 5,25%/5ml MiniEndo 
SybronEndo Power setting 4 DT-007 EMS SA 2mm 60 sec

Li et al./2020 [13]
NaOCl 5,25%/2ml
EDTA 17%/2ml
Sterile water/2ml

Satelec Acteon Power setting 6 20/- 1 mm 60 sec

Mohmmed et al. 2018 
[34] NaOCl 2,5%/9ml Satelec P5 

Newtron Power setting 7 IrriSafe 20/02 2 mm 30 sec

Carver et al. 2007 [36] NaOCl 6%/15ml MiniEndo Maximum power setting 25-G needle connected to the 
MiniEndo handpiece

Deep without
binding 1min

Table 6: Characteristics of Use for Ultrasonic Irrigation. WL: Working length; Cpm: Cycles per minute; NR: Not reported; NaOCl: Sodium hypochlorite.

Study Intervention groups Control Main Outcomes

Mohmmed et al.  
2016 [23]

SI: EndoActivator
PUI: Satelec P5 Newtron
Gutta Percha Agitation

SNI

Biofilm removal:
The greatest removal was associated with the PUI group (90.13%) followed 
by the SI group (88.72%). Both techniques removed significantly more 
biofilm in comparison with the conventional irrigation, but no significant 
differences were detected between them.

Neuhaus et al. 2016 
[24]

SI: SonicFlex + EDDY
PUI: VDW Ultra

SNI
Negative control (without any 
irrigation)

Neither S. gordonii/A. Oris nor S. gordonii/F. nucleatum were detectable 
after SI and PUI immediately and after 7 days.
Both EDDY and PUI were less effective against E. Faecalis and C. Albicans; 
immediately after irrigation all samples were negative, but after 3 days at 
least 50% of the samples were positive.
There were no significant differences between the EDDY and PUI groups.

Zeng et al. 2018 [25] SI: Proxeo ZA-55-LM + 
EDDY

SNI
Negative control (sterile 
specimens, not irrigated)
Positive control (contaminated 
specimens, not irrigated)

MTT assay:
No statistically significant differences were detected between EDDY and SNI 
in bacterial reduction (87.8 ± 4.4% and 91.2 ± 3.9%, respectively).
CLSM evaluation:
The EDDY group was significantly more efficient than SNI in killing 
bacteria within 0-50µm and 50-100µm.
However, further down the dentinal tubules, significant difference could not 
be found.

Bago et al. 2012 [26]

SI: EndoActivator
Pulsed diode laser irrigation
Irradiation with a diode laser
Irradiation with a diode laser 
using 3D Endoprobe

SNI
Positive control (NaCl irrigation)

SI was significantly more effective than the SNI in reducing Enterococcus 
Faecalis populations.

Pedulla et al. 2019 
[27]

SI: EndoActivator using NaOCl
PUI: Suprasson P5
Booster using NaOCl
PUI: EndoUltra using NaOCl
SI: EndoActivator using bi-
distilled water
PUI: Suprasson P5
Booster using bi- distilled water
PUI: EndoUltra using bi-
distilled water

SNI using NaOCl
SNI using bi-distilled water

The bacterial reduction was significantly high in both PUI groups using 
NaOCl without any significant difference between them, whereas no 
significant differences were found between the SI group and the SNI with 
NaOCl.
Bi-distilled water did not reduce the bacterial load.

Table 7: Outcomes. PUI, Passive ultrasonic irrigation; SI, Sonic irrigation; SNI, Syringe and needle irrigation; PIPS, Photon-induced photoacoustic 
streaming; CLSM, Confocal laser scanning microscope; MTT, 3-(4,5 dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium.
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Pasqualini et al. 2010 
[28]

SI: EndoActivator for 15 sec

SI: EndoActivator for 30 sec

SNI for 15 sec

SNI for 30 sec

Positive control (irrigation with 
sterile water)

The most important bacterial load reduction was assigned to the SI group that 
performed for 30 seconds. However, no significant differences were found 
among the groups.

Al-Obaida et al. 2019 
[29]

SI: EndoActivator SI: EDDY

PUI: EndoUltra

SNI

Positive control (Irrigation with 
saline solution)

Negative control (sterile 
specimens, not irrigated)

Overall, The EndoActivator device resulted in the greatest percentage of 
“dead” bacteria in comparison with the EDDY and the EndoUltra devices.
All the agitation methods performed better than the SNI.

Rödig et al. 2018 [30]
SI: EndoActivator

PUI: VDW Ultra with 
intermittent flush

PUI: VDW Ultra with 
continuous flush

SNI

Infection control group (saline)

The bacterial load reduction in the SNI group, SI group, PUI with 
intermittent and continuous flush groups were 99,61%, 98,58%, 99,23% and 
99,86% respectively.
No significant differences were detected between the groups.

Mohmmed et al./ 
2017 [31]

SI: EndoActivator

PUI: Satelec P5

SNI

Control group (not irrigated)

Reduction in the amount of biofilm was significantly greater in the agitation 
groups compared to the SNI group. Further significant differences could not 
be found among the agitation groups.

Azim et al./2016 [32]

SI: EndoActivator

XP Endo Finisher

PIPS

SNI

MTT assay results:
Pairwise comparisons showed no significant difference in the bacterial 
reduction efficiency between the EndoActivator group and the SNI group.
CLSM evaluation:
The EndoActivator group detected significantly more dead bacteria at all 
levels of the coronal and the apical thirds and also at 50µm of the middle 
third.

Maden et al. 2017 
[13]

SI: EndoActivator

PUI: MiniEndo SybroEndo

Low level electric current 
agitation

SNI

Both SI and PUI techniques reduced significantly more
bacteria than the conventional method, however, there was no significant 
difference between the two methods.

Li et al./2020 [33]

SI: EndoActivator

PUI: Satelec Acteon

M3 Max File

SNI

Blank control group (Specimens 
were not instrumented after the 
inoculation)

Post-instrumentation baseline 
group (Specimens were not 
irrigated after the instrumentation)

In the apical third: Bacterial inhibition was significantly the greatest in the 
PUI group, whereas no significant difference was found between SNI and SI 
groups.

In the middle and coronal third: Bacterial inhibition was the greatest in 
the PUI group, followed by the EA and finally CNI. Pairwise comparisons 
showed significant differences between all the groups.

Mohmmed et al. 2018 
[34]

SI: EndoActivator

PUI: Satelec P5 Newtron SNI

Images analysis:
Results showed that the greatest removal of E. Faecalis was attributed to the 
PUI group, followed by the SI group and finally the SNI group. Pairwise 
comparisons showed statistically significant differences between all the 
groups.
SEM analysis:
At 3mm form the apex: Entire biofilm elimination was associated with PUI 
and SI groups.
At 2mm from the apex: The greatest biofilm deformation was associated 
with the PUI group, followed by SI group.
At 1mm from the apex: The biofilm structure was intact in the SNI group. 
The destruction of biofilm was noticed in both ultrasonic and sonic groups 
(PUI˃SI).
However, unharmed bacterial cells were still identified in both groups.

Gutta percha agitation

Carver et al. 2007 
[35]

PUI: MiniEndo in 
continuous flush SNI The results showed a significant reduction of positive culture in the PUI in 

comparison with the SNI group.
Huffaker et al. 2010 
[36] SI: EndoActivator SNI No significant difference was found in the disinfection ability between SI and 

the SNI group.
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Study JBI 1 JBI 2 JBI 3 JBI 4 JBI 5 JBI 6 JBI 7 JBI 8 JBI 9 JBI 10 JBI 11 JBI 12 JBI 13 Total Methodologic quality
Mohmmed et al. 2016 [23] 1 1 1 1 0 1 1 1 1 8/9 High
Neuhaus et al. 2016 [24] 0 0 1 0 1 1 1 1 1 6/9 Moderate
Zeng et al. 2018 [25] 0 0 1 0 1 1 1 1 1 6/9 Moderate
Bago et al. 2012 [26] 1 0 1 0 0 1 1 0 1 5/9 Moderate
Pedulla et al. 2019 [27] 1 0 1 0 0 1 1 1 1 6/9 Moderate
Pasqualini et al. 2010 [28] 1 0 1 0 0 1 1 0 1 5/9 Moderate
Al-Obaida et al. 2019 [29] 0 0 1 0 1 1 1 0 0 4/9 Moderate
Rödig et al. 2018 [30] 1 0 1 0 0 1 1 1 1 6/9 Moderate
Mohmmed et al. 2017 [31] 1 1 1 0 1 1 1 1 1 8/9 High
Azim et al. 2016 [32] 0 0 1 0 1 1 1 1 1 6/9 Moderate
Maden et al. 2017 [13] 0 0 1 0 0 1 1 1 1 5/9 Moderate
Li et al. 2020 [33] 1 0 1 1 1 1 1 1 1 8/9 High
Mohmmed et al. 2018 [34] 1 1 1 0 0 1 1 1 1 7/9 High
Carver et al. 2007 [35] 1 0 1 0 0 1 1 1 1 1 1 1 1 10/13 High
Huffaker et al. 2010 [36] 1 0 0 0 1 1 1 0 1 1 1 1 1 9/13 High

Table 8: Quality assessment and results of the clinical and in vitro studies. JBI, Joanna Briggs Institute.

only once by Li et al. [33]. The sample sizes ranged between 
18 and 140 and none of the studies reused the same samples in 
the different intervention groups. Straight root canals were used 
in six studies, while only one study used curved root canals but 
did not specify their outcomes according to the curvatures [24]. 
No information was reported about the root canal curvature in 6 
studies. Root length was standardized in all the in vitro studies 
except in one [24] and it ranged between 12 and 18mm. Teeth 
were apically closed using wax (n=3) or more commonly resin 
(n=8), except in two studies; irrigation was performed on open 
systems [29,34]. Apical size and taper before irrigation ranged 
between 25 and 40 and 02 and 09 respectively. This information 
was not reported in one clinical study because the apical sizes and 
tapers were variant and dictated clinically by the canal curvature 
and the initial size of each tooth [36].

In all the in vitro trials, root canals were inoculated with a single 
species Enterococcus Faecalis biofilm. However, Neuhaus el al. 
[24] had grown in addition multispecies biofilm. The incubation 
period ranged between 2 hours and 21 days and the environment 
was varying. In the two included clinical studies [35,36], samples 
were taken from each root canal after the irrigation procedure and 
polymicrobial biofilm was assessed.

Six studies carried out CFUs count, four used CLSM to calculate 
“dead” bacteria after staining with LIVE/DEAD viability kits, two 
assessed the bacterial metabolic activity using MTT solutions, two 
assessed the residual biofilm under SEM and two others recorded 
the biofilm removal and quantified the residual biofilm after each 
second of irrigation. PCR, turbidity test and bacterial growth were 
also used as methods of assessment in some studies.

Irrigation
NaOCl was used in concentrations between 1 and 6% and EDTA in 
17% concentration. The total volume of irrigant delivered per root 
canal ranged from 1,5ml to 15ml for NaOCl, and from 1 to 2ml 
for EDTA. Irrigation was performed through needles between 27 
and 30 G, however, the gauge was not reported in one study [35]. 
In general, needles and the agitating instruments were inserted to 

the same depth, which varied between 1 and 3 mm from the WL, 
except in one study that reported a difference [24]. 30 seconds was 
the most reported contact time (Table 4).

Eight studies tested both PUI and SI, six studies tested SI compared 
to conventional irrigation and one study reported about PUI in 
comparison with conventional irrigation.

EndoActivator and EDDY were the two sonic systems described 
in the included studies. The EndoActivator performed at 160 Hz 
using the yellow and red tips (15/02 and 25/04 respectively). 
Whereas the EDDY mounted on different sonic handpieces 
performed at a higher frequency (6000 Hz). Both sonic systems 
used smooth tips made in polymer. Furthermore, the EDDY tip 
was inserted once to the WL [24].

Several ultrasonic scalers and stainless-steel tips were tested and 
performed at frequencies ranging around 30 kHz. Also, EndoUltra, 
a cordless ultrasonic device, was reported in two studies and 
vibrated at a greater frequency which is 40 kHz [27,29]. In 
most of the studies, ultrasonic irrigation was performed with an 
intermittent flush; root canals were filled with the irrigant first then 
an oscillating tip was inserted. However, needles connected to 
the devices and ultrasonically driven in a continuous flushing and 
activation process were reported twice [30,35].

One included systematic review reported about the antibacterial 
efficacy of PUI compared to SNI as a secondary outcome. The 
review included 19 in vitro studies where root canals were mostly 
inoculated with a single species Enterococcus faecalis biofilm. 
Culture-based technique and CLSM were the two assessment 
methods used [37].

Risk of bias within studies
A summary of the methodological quality assessment across the 
studies is presented in Table 8. None of the studies met all the 
criteria. After data extraction, the quality of the studies was assessed 
according to the JBI checklist as it was described previously. The 
included studies were classified as moderate methodologic quality 
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and high methodologic quality. Furthermore, the included systematic 
review was ranked as moderate methodologic quality [37].

Summary measures
Three studies concluded that PUI was significantly more efficient 
than SI against the intracanal biofilm and five others could not 
detect any statistically significant differences between the two 
techniques. Also, most of the studies consented that both agitation 
techniques were significantly more efficient than SNI. However, 
Huffaker et al. evaluated the efficacy of SI clinically and it could 
not significantly differ from SNI in terms of biofilm reduction [36]. 
This outcome was also confirmed by another in vitro trial [27]. 
Moreover, the EndoActivator was found to reduce more bacteria 
when compared to devices working in higher frequencies in a 
study conducted by Al-Obaida et al. [29].

Pedulla et al. also tested the effectiveness of the mechanic agitation 
devices using bi-distilled water in comparison with agitated 
NaOCl. Bi-distilled water was shown to be not effective against 
biofilm even when it’s agitated [27].

Furthermore, Căpută et al. systematically reviewed the antibacterial 
efficacy of PUI compared to SNI, and concluded that PUI was 
significantly more effective in the majority of the studies (n=10). 
However, no statistically significant differences could have been 
found between the two techniques in eight other studies. SNI 
seemed to be more effective in reducing the bacterial load in one 
included study [37].

Discussion
The present systematic review discussed the efficacy of passive 
ultrasonic irrigation compared to sonic irrigation and the efficacy 
of both techniques in biofilm removal during the root canal 
therapy. In order to provide a comprehensive answer to the PICOS 
question, available systematic reviews, clinical and in vitro studies 
were reviewed despite their different level of evidence. The type of 
each study was clearly mentioned and was taken in consideration 
during the synthesis.

The included studies tested either sonic or ultrasonic devices or 
both and the conventional irrigation method using syringe and 
needle as control.

During the study selection, a number of articles were excluded 
due to their internal validity issues, mainly the nonstandardized 
protocols of irrigation among the different groups and the absence 
of a control group. External validity issues were also considered as 
reasons to exclude trials with non-representative samples such as 
animal teeth and trials using unusual irrigant solutions in the protocol.

Overall, the outcomes confirmed the superiority of the agitation 
devices over the conventional irrigation in terms of bacterial 
reduction. Also, most of the studies could not detect any significant 
differences between PUI and SI, however, a moderate level of 
evidence showed significant superiority for PUI.

All of the included studies tested the mechanical agitation 
devices on grown single species of Gram-positive facultative 
Enterococcus faecalis biofilm. Indeed, Enterococcus faecalis has 
been implicated as a main reason of endodontic treatment failures 
and has been often identified in teeth with post-treatment apical 
periodontitis [38-40]. This was also confirmed in our review by the 
study of Neuhaus et al. who found out that Enterococcus Faecalis 
was resistant to PUI and SI immediately after the irrigation process 
and in long term [24]. Furthermore, Enterococcus Faecalis is able 
to grow biofilm under different conditions [41].

Three included studies used clear 3D printed models as samples 
for bacterial inoculation and the irrigation procedure [23,31,34]. 
These materials are different from natural root canals because of 
the absence of porosity due to dentinal tubules and may have a 
different behavior towards the attachment and growth of biofilm, 
nevertheless, harmless bacterial cells were still detected in the 
apical third of these models. All the same, 3D printing allows 
the production of very similar and standardized samples wich 
increases the level of randomization. These models made in 
transparent materials also allow direct visualization of previously 
stained canals using crystal violet dye and recording of the bacterial 
removal during the irrigation process and thus the evaluation of the 
bacterial reduction in a time-dependent way. The effect of crystal 
violet dye on the oxidative ability of NaOCl has been discussed, 
however, measuring of the available chlorine and pH demonstrated 
that the dye was neutral towards NaOCl [23].

The incubation period before the irrigation process varied between 
2 hours and 21 days. According to the findings of Stojicic et al., 
biofilm resistance to disinfecting agents increases between 2 and 
3 weeks of incubation. Otherwise, younger biofilm may be easier 
to remove during the endodontic irrigation [42]. In our review, 
almost half of the studies incubated the biofilm for periods under 
2 weeks (n=6).

Curved root canals were reported only once [24], while all the 
studies that provided information about the canal curvature 
mentioned the use of straight root canals. It has been argued that 
sonic and ultrasonic devices may be more efficient when used 
within straight root canals where the instrument can oscillate freely 
unlike the curved ones [43,44]. Hence, the bacterial reduction may 
be easier in straight root canals, however, the volume of available 
evidence concerning biofilm removal from curved root canals is 
considerably low and further investigations are needed.

Rödig et al. compared the efficacy of continuous ultrasonic 
irrigation using a flow rate of 4ml/ min to intermittent ultrasonic 
irrigation on extracted human teeth [30]. No statistically significant 
differences could be found between the two methods. It is important 
to note that the study used a safe flow rate to avoid apical extrusion 
of the irrigant [45].

In addition, Pedulla et al. tested the agitation of NaOCl in 
comparison with bi-distilled water using sonic and ultrasonic 
devices [27]. Significant bacterial reduction has been demonstrated 
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in the NaOCl groups, while the bacterial load in the bi-distilled 
groups after irrigation has not decreased. These findings confirm 
that the mechanical agitation is not sufficient against bacteria 
unless the chemical effect of NaOCl is added [46]. Nevertheless, 
the mechanical agitation is also needed to increase the bactericidal 
properties of NaOCl. In effect, ultrasonics are able to accelerate the 
reaction rate of NaOCl through acoustic streaming and cavitation. 
Moreover, it has been showed that temperature rise occurs during the 
ultrasonic activation which enhances NaOCl properties [47-49].

Teeth were decoronated in nine studies to obtain a standardized 
working length. Although this method allows to enhance the 
similarity of the samples among the different groups, but it also 
facilitates the access of the instruments to the root canals which is 
different from the clinical situation.

Unlike the in vitro studies reviewed, the biofilm treated in the two 
clinical studies was different [35,36]. In these later, the authors 
investigated the effectiveness of sonic and ultrasonic irrigation on 
teeth with a primary root canal infection which means on a different 
anaerobic Gram-negative polymicrobial biofilm [50]. Huffaker et 
al. concluded that there was no significant difference in the bacterial 
reduction between the sonic and the conventional irrigation groups 
which is not in line with the findings of the included in vitro trials 
[36]. This may be due to the difference in resistance of Enterococcus 
faecalis and the Gram-negative biofilm [50].

Most of the studies assessed the bacterial reduction via CFUs count 
considered for too long as the gold standard method. However, the 
reliability of the aforementioned technique is debatable. Actually, 
this method lacks of accuracy due to the use of the logarithmic 
scale which is not able to detect small differences [51].

Limitations
The results of the present review are mainly based on in vitro 
studies, only two clinical studies were included. In addition, most 
of the in vitro trials focused on single species Enterococcus faecalis 
biofilm reduction which is not representative of the polymicrobial 
intracanal biofilm. Moreover, further studies should assess the 
effectiveness of PUI and SI on curved root canals.

Conclusion
Within the limitations of this systematic review, it can be 
concluded that the use of sonic or ultrasonic devices for final 
irrigation during the endodontic treatment is highly recommended 
in order to enhance the antibacterial effect of NaOCl. Nevertheless, 
the current data could not detect enough significant differences 
between the two mechanical agitation techniques.
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