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Abstract

Chemo-mechanical preparation plays a vital role in achieving clinical success in endodontic treatment. Due to varied root mor-
phology, cleaning and shaping cannot be attained by mechanical debridement alone. In vitro studies have confirmed that the
irrigant does not penetrate more than 1-2mm beyond the needle orifice. Hence activation of irrigant through various irrigant
activation techniques have been tried to improve the efficacy of irrigant penetration into the root canal system. The aim of
this study was to comparatively evaluate the microbial reduction in the root canal after Ultrasonic irrigation, Sonic irrigation
and Conventional needle irrigation. A search was performed in electronic databases such as PubMed central, Google database
and hand search using specific search terms. Only clinical trials were included and the reduction in microbial count were evalu-
ated after ultrasonic and sonic irrigant activation techniques. Five studies fulfilled the study criteria, out of which three studies
had high risk of bias and two studies had low risk of bias. To conclude, most of the studies lacked common methodology
and more ardent clinical trials are necessary to determine the effectiveness of ultrasonic and sonic irrigation techniques in the
microbial reduction of the root canal system.

Clinical Significance: The enhancement of irrigant penetration and antimicrobial efficacy of irrigant clinically translates to
effective smear layer removal and appropriate disinfection of the root canal system.

Keywords: Conventional Needle Irrigation; Irrigant Activation; Microbial Reduction; Root Canal System; Sonic Irrigation;
Ultrasonic Irrigation.

Introduction than 1-2mm beyond the needle orifice [5, 6]. Various factors such
as needle gauge size and length of the needle, open or closed end
The root canal system has various anatomic diversities and ef- vented needles, the concentration, temperature and quantity of

fective cleaning and shaping is complicated by the presence of irrigant used and the intracanal medicament incases of persistent

apical delta, lateral canals, C- shaped canals, fins and isthmuses |1,
2]. Mechanical instrumentation would not reach the anatomical
complexities of the root canal system [3]. The microbes in root
canal biofilms have a complex structure that is resistant to con-
ventional irrigation [4]. The irrigant penetration is a critical factor
in disinfection incases of closed systems such as root canals. Sev-
eral studies have proved that the irrigant does not penetrate more

*Corresponding Author:
Nivedhitha,

infections are critical factors in achieving successful endodontic
outcomes [7, 8]. Sodium hypochlorite has been effectively used
for disinfection of root canals but the apical vapor lock needs to
be eliminated by irrigant activation techniques [9]. The pressure
during irrigation should be controlled in order to avoid extrusion
beyond the root apex [10, 11].
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Activation of irrigant by sonic, ultrasonic systems and manual dy-
namic agitation involves mechanical excitation of the irrigant to
improve its penetration into the root canal intricacies [12]. The
sonic and ultrasonic irrigation involves the processes of cavitation
and acoustic streaming which creates oscillations in the irrigant
[13]. The manual dynamic agitation is a simple procedure and has
been studied for eliminating the vapor lock effect [14, 15]. Various
in vitro studies have been done to study the effect of conven-
tional and activated irrigation in smear layer removal, disruption
of biofilms, irrigant extrusion, sealer penetration, removal of in-
tracanal medicament and antimicrobial efficacy [16]. Out of all
studies, antimicrobial efficacy helps in clinically correlating with
disinfection of the root canal system |17]. Previously our team has
a rich experience in working on various research projects across
multiple disciplines [18-32] Now the growing trend in this area
motivated us to pursue this project.

The aim of this systematic review was to determine the effective-
ness of various irrigant activation techniques with conventional
needle irrigation in microbial reduction of the root canal system.

Materials and Methods

A literature search was done in PubMed, Cochrane databases and
hand search also done. The studies included were clinical trials,
prospective and cohort studies comparing the effectiveness of ir-
rigant activation techniques with conventional needle irrigation,
in microbial reduction in the root canal system. All case reports,
case series, in vitro studies and studies comparing other irrigation
activation techniques other than ultrasonic and sonic irrigation
techniques with conventional needle irrigation, were excluded
from the study. The systematic search is depicted in Figure 1.

Results and Discussion

Our institution is passionate about high quality evidence based

https://scidoc.org/IJDOS.php

research and has excelled in various fields [22, 33-42]. This leads
us towards doing more clinically translatable studies to achieve
excellent treatment outcomes.

The search identified 12 publications out of which 2 duplicates
were removed. Out of 10 articles, 4 studies were excluded after
reviewing the title or abstract and 1 was excluded after reading
the full article (Table 1). A total of 5 publications that fulfilled all
criteria were included in this review (Table 2, Figure 1).

Risk Of Bias Of Included Studies

The assessment for the four main methodological quality items is
shown in the table. The study was assessed to have a ‘high risk’ of
bias if it did not record a “Yes’ in three or more of the main four
categories, ‘Moderate’ if two out of four categories did not record
a Yes’ and ‘Low’ if randomization assessor blinding and com-
pleteness to follow-up were considered adequate (Tables 3 and 4).

The quality assessment of included trials was done after the data
extraction process. The method of randomization, allocation
concealment, blinding and completeness of follow up were crite-
ria that was examined. The other methodological criteria such as
sample size calculation, stringent inclusion and exclusion criteria
were also assessed (Figures 2 and 3).

The purpose of this review was to comparatively evaluate the an-
timicrobial efficacy of sonic, ultrasonic and conventional needle
irrigation techniques. Five in vivo studies fulfilled the criteria and
were included in the review. Mostly systematic reviews will require
meta-analysis, which involves the statistical pooling of data from
individual studies when the studies are similar. A meta-analysis
can be more predictable for clinical acceptance. However, meta-
analysis may not be appropriate in our systematic review, owing to
the heterogeneity among the studies such as difference in sample
sizes and follow-up periods. Hence, only descriptive evaluation of

Table 1. Characteristics of Excluded studies.

S.NO AUTHOR YEAR [ REASON FOR EXCLUSION
1 Castelo Baz etal. | 2012 In vitro Study
2 Encide et al. 2019 In vitro Study
3 Caputa et al. 2019 In vitro Study
4 Cohenca et al. 2013 Invivo study using dog’s teeth

Figure 1. PRISMA Flowchart.
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Table 2. General information of variables of included studies.
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Author, | Study type & Outcome Time of .. . Opverall inter-
No . . Statistical test Intervention .
year design variables Assessment pretation
Huffaker Clinical . ' Group 1- Endo NoAslgmﬁcant
. S1- before cleaning and shaping Activator difference
etal, Sample size Colony form- . . iy Independent and .
1 L S2- after cleaning and shaping (1stvisit) . Group 2- between sonic
2010 — 84 ing units . . e paired t- test . .
=4 ° $3- after intracanal medicament (2nd visit) Standard Irriga- | and conventional
tion methods
Clinical Group 1- Pas-
N=50 S1- before instrumentation . sive ultrasonic No significant
L. Fisher exact test N .
) Beus et n=25 Colony form- S2- after irrigation protocol and multivariate irrigation difference be-
al, 2012 (PUI) ing units S3- after Ca(OH)2 medicament U Group 2- Non tween irrigation
_ . analysis .
n=25 S4-before obturation ultrasonic ir- methods
(CNI) rigation
PUI can be inef-
fective in signifi-
Paiva et Clinical S1-before root canal instrumentation cantly improving
3 ava ¢ Sample Size — PCR S2-after root canal instrumentation Mean (NA) disinfection of
al, 2013 L ..
n=10 S3- after irrigation activation root canal after
chemomechani-
cal procedures
Microbio-
logical assess- Ultrasonic activa-
. ment- CFU S1-before CMP . tion of EDTA
Her- Clinical nts Friedman’s and . efficient in
4 rera et al, Sample size counts S2- after CMP Wilcoxon signed No Groups was eHieie
s reducing endo-
2016 n=24 Endotoxin rank tests toxin 1&* Isin
0% $3- after EDTA oun el
concentration- non Vltal teeth
LAL assay
Ultrasonic
. . activation more
. Reduct{on of I&ol{mogorox ) Group1-Ultra- effective than
. Clinical bacteria- g- . Smirnov test; . . .
Naka- - S1-before root canal preparation . sonic activation non- activated
5 mura et N=50 PCR S2-after root canal preparation Wilcoxon test; group irrigation for
=25(PUT R ion of ) M Thitney
al, 2017 n_ >(PUD CduCthl? N S3- after irrigation protocol ann Whitney Group2-Needle | reducing bacteria
n=25(CNI) endotoxin- test; irrigation erou but not the
LAL Assay Chi square test & group o
) endotoxins in the
root canals
Table 3. Depicts Risk of Bias (Major Criteria).
Randomi Allocation Assessor | Dropouts | Risk of
SNo|  Author ) 6% P )
zation concealment | Blinding | described | Bias
1 Huffaker et al. Yes Yes Yes Yes Low
2 Beus et al. No Yes No No High
3 Paiva et al. No No No No High
4 Herrera et al. No No No No High
5 Nakamura et al. Yes Yes Yes None Low

data has been done.

Huffaker et al, evaluated the efficiency of Endo Activator, a sonic
irrigation device and conventional needle irrigation, in eliminating
microbes in the root canal system. The bactetiological sampling
was done before and after cleaning and shaping. An additional
microbial sample was taken in the second visit after placement
of intracanal medicament. They reported that there was no sig-
nificant difference between sonic and conventional methods in
microbial reduction. But the intracanal medicament seemed to
significantly reduce the microbial count during the second visit.
This study supported a multi visit approach in treating apical peri-
odontitis [34].
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Beus et al, compared the antibacterial efficacy of non-activated
single-irrigation protocol (NAI) that used only 1% NaOCI with
a Passive ultrasonic multi-irrigation protocol (PUI) that used 1%
NaOCl, 17% EDTA and 2% chlorhexidine. The samples were
collected before instrumentation, after irrigation protocol, after
calcium hydroxide medicament and before obturation. The effect
of second visit instrumentation and intracanal medication were
also assessed. NAI and PUI made canals 80% and 84% bacteria
free, respectively, at the end of the first visit. After medication
with calcium hydroxide, it made canals 87% bacteria free, and the
second-visit instrumentation made the canals 91% bacteria free.
But there was no significant difference between the groups [35].

Paiva et al, evaluated the effects of passive ultrasonic irrigation

A Systematic Review. [z | Dentistry Oral Sci. 2021;08(05):2626

2628



http://scidoc.org/IJDOS.php

OPEN ACCESS

https://scidoc.org/IJDOS.php

Table 4. Depicts Risk of Bias (Minor Criteria).

S.No Author Sample Justified Cf;;ﬁzzn chi{ iia Method Error
1 Huffaker et al, 2010 No Yes Yes No
2 Beus et al, 2012 No Yes Yes No
3 Paiva et al, 2013 No No Yes Yes
4 Herrera et al, 2016 No Yes Yes No
5 Nakamura et al, 2017 Yes Yes Yes No

Figure 2. Depicts the risk bias summary [Quality assessment results using risk bias assessment tool outlined in the

Cochrane Handbook for Systematic Reviews of Interventions (version 5.1.0)].

Figure 3. Depicts overall assessment of risk bias [Quality assessment results using risk bias assessment tool outlined in the

Cochrane Handbook for Systematic Reviews of Interventions (version 5.1.0)].

as a supplementary disinfecting step along with a final rinse of
2% chlorhexidine. Samples were taken before and after root canal
preparation with 2.5% sodium hypochlorite (NaOCI) irrigation,
after either passive ultrasonic irrigation (PUI) for activation of
NaOCl or a final rinse with 2% chlorhexidine. The sampling was
done using broad-range polymerase chain reaction (PCR) for bac-
teria, fungi and archaea. There was no significant difference in
reduction of microbial load in intergroup comparison [30].

Herrera et al, conducted a clinical study to investigate the effect
of Ultrasonic activation of EDTA in reducing endotoxin levels
after mechanical debridement of root canals. The samples were
taken before and after chemomechanical preparation with M two
rotary files, after EDTA irrigation and after ultrasonic activation
of irrigant. He concluded that chemomechanical preparation was
effective in reducing bacteria and endotoxins, but could not elimi-
nate them completely. The ultrasonic activation of EDTA was
efficient in further reducing endotoxin levels in the root canals of
teeth with pulp necrosis and apical periodontitis [37].

Nakamura et al, conducted a randomized clinical trial to com-
pare the effectiveness of ultrasonic activation with non-activated
irrigation on the removal of bacteria and endotoxin from root

canals. They used R40 or R50 Reciproc instrumentation, used
2.5% NaOCl, 17% EDTA as irrigants and Smooth wire 0.2mm
diameter and 0.1 taper (Irrisonic) and Piezoelectric ultrasonic de-
vice irrigation. Irrigant activation was done using 30G side vented
endodontic needle, 2mm short of working length for 30 seconds.
Samples were collected before and after root canal preparation
and after irrigation protocol. They concluded that ultrasonic acti-
vation was more effective than a non-activated irrigation protocol
for reducing the number of bacteria but not the endotoxin levels
in root canals of teeth with apical periodontitis [43].

Interpretation Of The Result

Out of the 5 studies reviewed, it could be inferred that chemo
mechanical preparation augmented with irrigant activation was
effective in reducing bacterial load and endotoxins but did not
completely eliminate them. Considering the fact that there was
no significant difference between sonic and conventional meth-
ods and between various irrigation methods, it is made clear that
newer techniques are needed to completely eliminate the bacterial
counts. Also, Passive ultrasonic irrigation was effective in signifi-
cantly improving disinfection of root canal after chemomechani-
cal procedures. Ultrasonic activation of EDTA led to acoustic
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streaming and warming of irrigant that helped in reducing endo-
toxin levels in cases of apical periodontitis [39-41]. Also, the ultra-
sonic activation is more effective than non-activated irrigation for
reducing bacteria but not the endotoxins in the root canals [38].
The outcomes of the studies reviewed, demonstrates the need
for irrigant activation for adequate disinfection of the root canal
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