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ABSTRACT

Introduction: Various irrigation activation methods have been 
developed in order to provide effective delivery of irrigant. 
Effective irrigant delivery and agitation are prerequisites 
to promote root canal disinfection and debris removal from 
inaccessible areas and improve successful endodontic treatment. 
Objective: The aim of present review is to compare the 
effectiveness of different irrigation devices in removal of smear 
layer in an in vitro study design.
Material and methods: MEDLINE, the Cochrane library, 
Google Scholar and major journals were searched for studies 
from January 2005 to December 2015 to identify appropriate 
articles. A comprehensive search was designed, and the articles 
were independently screened for eligibility by two reviewers. In-
vitro studies done on human extracted teeth evaluating removal of 
smear layer using different irrigating devices and using Scanning 
Electron Microscope  (SEM) were included
Results: Total 142 articles were searched out of which 66 articles 
were selected after reading title and abstract. As a second step, 
full text papers were obtained. Finally a total of 16 articles were 
included after reading and evaluating full text papers, out of 
which 5 articles were excluded on basis of insufficient data and 
11 articles were selected for final synthesis. Most of the articles 
supported machine assisted irrigation devices for removal of 
smear layer which can improve root canal therapy.
Conclusion: Machine assisted irrigation devices performed well 
in removal of smear layer.

Keywords: Irrigation Devices, Smear Layer Removal, SEM

INTRODUCTION
The micro-organisms play important role in the pathogenesis of 
pulp and periapical diseases.1 The success of endodontic therapy 
depends on disinfection  of the entire root canal system, which 
requires elimination of microorganisms and their byproducts 
and prevention of its re-infection. The disinfection of root canal 
is achieved by mechanical preparation along with the irrigating 
solutions.2 
All instrumentation systems as well as rotary systems are 
ineffective in cleaning and shaping of all surfaces and 
irregularities within the canal system.3 As they only clean 
central body of the canal, rest of the canal structures like lateral 
and accessory canals, canal fins, isthmi, and cul-de-sacs are 
untouched after completion of the preparation.4 Additionally; 
instrumentation produces a 1 to 5µm-thick smear layer that can 
block dentinal tubules from irrigant and sealer penetration.5 
Mechanical instrumentation that leads to the formation of tissue 
debris and smear layer formation gives favorable environment 
for  microorganisms to grow and disrupt the seal between the 
material and canal walls.
Direct contact of irrigating solution with the entire canal wall 
surfaces is necessary for effective action particularly for the 

apical portions of small root canals6 and it was stated that 
enhancement of the flushing action is necessary to improve root 
canal cleanliness.7

Various irrigation activation methods have been developed in 
order to provide effective delivery of irrigant. Effective irrigant 
delivery and agitation are prerequisites to promote root canal 
disinfection and debris removal from inaccessible areas and 
improve successful endodontic treatment Irrigant volume and 
fluid flow dynamics are important factors that affect canal 
debridement.
So to achieve goal of irrigation various irrigation activation 
based on different working principles like positive pressure 
agitation, Negative pressure agitation, sonic and ultrasonic 
agitation has been introduced in recent years.
The evaluation of endodontic therapy protocols in terms of 
smear layer removal during chemico-mechanical disinfection is 
essential to establish evidence-based guidelines to
improve clinical outcomes in endondontics.
Previous studies have pointed out the smear layer removal 
effectiveness of different irrigation devices during root canal 
treatment. However, no systematic review comparing the 
effectiveness of these irrigation activation devices during 
endodontic treatment has been conducted. The aim of this 
systematic review is to compare effectiveness of different 
irrigation devices in smear layer removal in an in-vitro study 
design.

MATERIALS AND METHODOLOGY
The methodology used in this systematic review includes 
1 	 a literature search strategy, 
2 	 selection criteria, 
3 	 screening and data extraction. 
The PRISMA (preferred reporting items for systematic reviews 
and meta-analyses) was followed in this systematic review.8

PICO
P - Participants: Extracted human teeth. 
I - Intervention: Irrigation devices 
C – Comparison: In between different irrigation devices
O – Outcomes: Removal of Smear layer 

Literature search strategy
The search strategy covered electronic databases and the reference 
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lists of such articles identified and published from January 2005 
to December 2015. The electronic databases searched were 
the following: PubMed (MEDLINE), the Cochrane library 
and Google Scholar. The following combination of key words 
were used: Irrigation devices AND smear layer removal AND 
scanning electron microscopy (SEM).

Inclusion criteria
1.	 Articles in English or those having detailed summary in 

English 
2.	 In-vitro studies done on human extracted teeth.
3.	 Studies evaluating removal of smear layer using Scanning 

Electron Microscope (SEM)

Exclusion criteria:

Reviews, case reports, abstracts, letters to editors, editorials 
were excluded.

Screening and data extraction
Initially, potential relevant publications involving endodontic 
irrigants were retrieved independently by two reviewers (SB 
and AS). All articles were screened for eligibility criteria. Any 
disagreements were resolved by consensus after discussion 
with a third reviewer (VM). The extraction of information from 
studies were conducted by the same reviewers.

RESULTS
The results of the search strategy are presented in table 1. Figure 
1 represent flow chart of systematic review process. Preliminary 
screening consisted total 142 articles out of which 66 articles 
were selected. For full-text screening, the following criteria 
were taken into consideration: In-vitro studies done on human 
extracted teeth in which smear layer removal evaluation was 
done using scanning electron microscopy (SEM) by using 
different irrigation devices. Finally a total of sixteen9-25 articles 
were included out of which eleven9-20 articles was finally 
synthesized in this systematic review.
All included articles were summarized in table 2.

DISCUSSION
The success of endodontic therapy depends on the substantial 
removal of vital and necrotic tissues, microorganisms, and 
their products from the root canal system. Chemo-mechanical 
debridement combining mechanical instrumentation with 
chemical irrigants can promote an adequate disinfection of 
the root canal systems during the endodontic treatment.2 This 
is probably because of the significant reduction of intra canal 
microorganisms and necrotic tissues. As a limitation of all 
instrumentation technique to clean only main central canal, the 
un-instrumented areas like lateral canal, accessory canals, fins, 
apical deltas and ramifications remains infected, the disinfection 
in these areas can be achieved through chemical irrigation 
solution, but its accesses is affected by many factors like 
presence of smear layer, vapour lock effect, narrower diameter 
of the apical portion of canal. Traditional techniques of syringe 
irrigation fails to achieve the goal of disinfection.
So to increase efficacy of irrigation solution various irrigation 
activation devices has been introduced recently. They increases 
the efficacy, contact area and contact time of irrigating solution 
with root canal wall promoting it into inaccessible areas and 
achieving disinfection.

Sr. No. Search strategy Number of 
articles

Number of  
selected articles

1 Irrigation devices AND smear layer removal AND SEM 46 16
2 Irrigation devices AND debris removal AND SEM 23 12
3 Irrigation system AND smear layer removal AND SEM 13 12
4 Irrigation system AND debris removal AND SEM 16 9
5 irrigation activation system AND smear layer removal AND SEM 4 4
6 Irrigation activation system AND debris layer removal AND SEM 2 2
7 Irrigation activation devices AND root canal debridement OR root canal cleansing AND SEM 8 4
8 Irrigation activation devices AND root canal debridement OR root canal cleansing AND SEM 12 6
 9 Irrigation activation techniques AND smear layer removal AND SEM 1 1
Total 142 66

Table-1: Detailed Search Strategy and Keywords
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Figure-1: Flowchart summarizing the article selection process
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Irrigation activation devices based on various principles like 
positive pressure, apical negative pressure, sonic and ultrasonic 
and lasers are reported in literature. The 11 studies included in 
this review have compared irrigation devices based on various 
principles with conventional needle.
Out of 11 articles included in this study only 1 article has 
compared different irrigating needles, other article compared 
Rinse-Endo system11 and rest 10 articles have compared 
irrigation activation devices with conventional needle irrigation.
10 articles have compared efficacy of different irrigation 
activation devices with conventional needle additionally they 
have used different concentrations of sodium hypochlorite and 
the ethelyne diamide tetraacitic acid as irrigating solution.
The sodium hypochlorite and EDTA helps in removal of smear 
layer are better than normal saline and showing better result 
compared with saline.
Out of 11 articles selected for this systematic review 3 
articles17,19,20 compared EndoVac irrigation system with side 
vented needle in one study and used 2.5% NaOCL and 17% 
EDTA as irrigating solution and concluded that EndoVac system 
is better in all the aspect when compared to conventional needle 
irrigation17, in another study using Endovac comaperd with 
canal brush and conventional syringe as control group and used 
1% NaOCL and 17% EDTA as irrigating solution and they also 
concluded that Endovac is better as compared to canal brush 
and conventional needle irrigation19, one more study included 
Endovac and compared it with Max-I probe, Endoactivator and 
conventional needle as control group and using NaOCL and 
EDTA and they concluded that EndoVac and EndoActivator 
performed much better than conventional needle and Max-I-
probe. So machine assited irrigation systems performed much 
better than conventional needle.20

EndoVac showed better result as compared to other irrigating 
devices because of negative pressure it creates in the canal, 
which takes the irrigant to the full Working Length. As irrigant 
comes in direct contact with the entire dentinal walls, the 
results are in support of the literature and research showing the 
maximum efficacy of EndoVac.
Passive ultrasonic irrigation was mentioned in 1 article out of 
11 articles selected for this study and they compared passive 
ultrasonic irrigation with conventional syringe irrigation 
using different concentrations (1% and 2.5%) of NaOCL. The 
mechanisms of acoustic streaming and cavitation was the rapid 
movement of particles of fluid in a vortex-like motion around a 
vibrating object. The fluid transportation from the apical to the 
coronal end, at a rate of a few centimetres per second, results in 
hydrodynamic shear stresses around the file and disrupts most 
biological material is the main reson for effectiveness of passive 
ultrasonic devices. So study concluded From the outcome of the 
present study it can be suggested that PUI with 1% NaOCI is 
more effective in removal of debris from the root canal system 
than syringe irrigation with a higher concentration of 2.5% 
NaOCI. Hence 1% NaOCI, which is more biocompatible.15

Sonic irrigation activation was used in one study and they 
compared EndoActivator and Max-I-Probe with endovac and 
conventional needle irrigation and used NaOCL and EDTA as 
irrigating solution and they concluded that endoactivator and 
endovac are more effective in cleaning the canal compared to 
max I probe and conventional needle.20

Lasers were compared in 316,18,10 articles out of which one article 
compared PIPS irrigation activation which uses Er:YAG laser 
with conventional needle irrigation using different irrigating 
solutions combination using NaOCL, EDTA, NaOCL+EDTA 
and CHX and concluded that no significant difference was found 
between PIPS and conventional needle irrigation.16 Another 
study compared Er,Cr:YSGG laser different power output with 
conventional needle irrigation also they used NaOCL+EDTA 
for conventional group and saline for laser group and they 
concluded that conventional needle irrigation was better than 
Er,Cr:YSGG laser at any output used.18

One last study compared Er:YAG laser with different time 
interval (20sec and 40 sec) and 17% EDTA and they concluded 
that Er:YAG laser was better than conventional needle 
irrigation.10

Other than these devises used 311,12,19 articles compared canal 
brush devices, out of which 211,12 articles compared canal brush 
with conventional needle irrigation and they both concluded 
that canal brush was more effective than conventional needle 
irrigation. And 119 article compared canal brush with EndoVac 
and conventional needle in which they concluded that canal 
brush and conventional needle was not effective.
Out of 11 articles selected for this review only 113 article 
compared different types of irrigation needles like brush 
covered needle and side vented needle with conventional needle 
and they concluded that brush covered and side vented needle 
were effective as compared to conventional needle. 

Limitations
Studies included in this systematic review evaluated smear 
layer removal using different irrigating devices should have 
followed same scoring criteria for SEM scores evaluation to 
give conclusive evidence.

Implication for future research
Further in vitro study required with larger sample size for better 
comparisons. The scoring criteria’s used for evaluation of 
smear layer removal for scanning electron microscopy should 
be standardized.

CONCLUSION
Effective irrigant delivery and agitation leading to effective 
cleanliness are prerequisites for successful endodontic 
treatment. This systematic review presents an overview of 
the irrigant agitation methods currently available and their 
debridement efficacy. So on the basis of data available in this 
systematic review it can be concluded that machine assisted 
irrigation devices are more effective in removal of smear layer 
and can improve success of root canal therapy.
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