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Comparative Evaluation of Smear Layer Removal Using S

Four Different Irrigation Techniques: An in-vitro Study
AJAY CHHABRA', APOORVA RANAZ, NISHA GARG*3, RUHANI BHATIA#, SHOBIT SETHI5

INTRODUCTION: Irrigation is the vital part of root canal debridement. Usually post biomechanical preparation, the canal walls
are covered by smear layer. It is important to remove this layer before obturation for better bond between the filling and walls.
Conventional needle irrigation doesn’t give us adequate cleaning, therefore, new irrigation techniques are being tried to facilitate
better smear layer removal.

AIM: The aim was to evaluate and compare the smear layer removal by PATS, EndoActivator device, Passive ultrasonic irrigation
and side vent needle irrigation from canal walls.

MATERIALS AND METHODS: 60 extracted mandibular premolars were instrumented up to 35/.04 with Heroshaper files.
Samples were divided into 4 groups randomly before final irrigation as follows: Group I (n=15): Irrigation with side vent needles
(Nexus ltd.,India), Group II (n=15): Irrigation with EndoActivator (Advanced Endodontics, Santa Barbara, CA ) Group III (n=15):
Irrigation with PATS ( InnovationsEndo,India), Group IV (n=15): Irrigation with ultrasonic tips (Mani inc.). Teeth were split and
one-half of each tooth was chosen for SEM examination. The images were taken at apical third and scoring was done according
to criteria by Torabinejad et al in 2003. Data obtained were analyzed using Kruskal-Wallis analysis of variance followed by Mann-
Whitney U-test for individual comparison.

RESULTS: All irrigating systems remove smear layer but PUI has better cleaning ability as compared to other groups.
CONCLUSION: Passive ultrasonic irrigation shows better smear layer removal as compared to other techniques.
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INTRODUCTION

The success of endodontic therapy is mainly
dependent on  thorough  chemo-mechanical
preparation of the root canal system. Biomechanical
preparation of root canal leads to formation of smear
layer. This layer comprises both organic and inorganic
substances as well as odontoblastic process fragments,
other necrotic material, some microorganisms and by-
products. This layer results in prevention of
penetration of intracanal medicaments in the dentinal
tubules and has a detrimental effect on the sealing

The most commonly used irrigation technique is the
conventional needle irrigation. It involves
replenishing and exchange of the irrigant in the apical
third of the canal. The effectiveness of this technique
is determined by the depth that the needle penetrates.
The irrigant exchange doesn’t occur beyond 1-1.5 mm
of needle tip. The irrigant beyond that remains
stagnant leading to insufficient cleaning of canals.>

Since the efficiency of this irrigating technique is not

ability of obturating material three dimensionally.
Therefore, it is imperative to remove the smear layer.*
Irrigation is responsible for killing organisms, flushing
out the debris and removing the smear layer from
prepared canals. Also, it has been reported that some
of the canal parts remain un-instrumented during
canal preparation.> Therefore, for complete
disinfection of the root canal system it is important
that an irrigant is in direct contact with the entire
canal walls.3

very superior, an improvement in techniques is
required to achieve better cleaning especially in
complex areas. Various new techniques have
developed over the time ranging from manual
dynamic agitation of gutta percha cones to
ultrasonically activated irrigation.* One such system
that has developed for an efficient cleaning is the
EndoActivator system (Advanced Endodontics, Santa
Barbara, CA) which is sonically activated irrigation
system produces fluid agitation vigorously in the

| © Ajay Chhabra et al. This is an open access article distributed under the terms of the Creative Commons Attribution License CC-BY-NC 4.0, which permits
unrestricted use, distribution and reproduction in any medium, provided the use is not commercial and the original author(s) and source are cited.

8o

International Healthcare Research Journal 2019;3(2):80-86.



canals.> Another technique is Passive ultrasonic
irrigation (PUI) which uses a non contacting and non
cutting file that is activated ultrasonically.3

Recently, a new irrigating system Pro-Agitator Tip
System (PATS) (InnovationsEndo Ltd, Nasik,
Maharashtra, India) has been launched in 2017, that
contains a handpiece with an autoclavable polymer tip
that agitates the irrigant ultrasonically.

The aim of this in vitro study was to compare the
efficacy of PATS, the EndoActivator device, Passive
ultrasonic irrigation and side vent needle irrigation in
the removal of organic debris and smear layer from
root canal walls.

MATERIALS AND METHODS

The study was done in the Department of Conservative
Dentistry and Endodontics, Bhojia Dental College and
Hospital, Bhud, Baddi (H.P). Sixty freshly extracted
mandibular premolars which had caries, or were
extracted for orthodontic and periodontal reasons and
had single root canals with mature apex. External
surfaces of teeth were debrided with an ultrasonic
scaler (Woodpecker) and kept in normal saline
(Aishwarya Lifesciences), until used.

A diamond disc was used to decoronate the samples so
as to have a consistent working length of 15mm. #15 K-
file was used to negotiate the canal, until it passed the
apex. Working length was assessed imm short of the
length, when file tip was visible at the apex.

The samples were instrumented in crown- down
technique using Heroshaper (Micromega co. ltd.) files
20/.04,25/.04,30/.04 keeping the master apical file
35/.04. During instrumentation, files were coated with
Prep Canal (Ammdent, India) for lubrication and
irrigated with 1ml of 3% sodium hypochlorite solution
(Dentpro, Amrit chemicals Itd, Punjab, India) . After
completion of instrumentation, apices were blocked
using wax.

Samples were divided into 4 groups randomly before
final irrigation as follows:

Group I (n=15): Irrigation with side vent needles
(Nexus ltd., India): 10ml of 3% NaOCI was delivered
over a time period of 9o seconds, followed by 3ml of
17% EDTA for 2 minutes and final rinse with 2ml
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normal saline for 1 minute.

Group II (n=15): Irrigation with EndoActivator
(Advanced Endodontics, Santa Barbara, CA ):
Activated for 30 seconds until 10 ml 3% NaOCI was
used, total activation time was 9o secs, followed by 3
ml of 17% EDTA which was activated for 60 secs and
total contact time of EDTA was 2 minutes and final
rinse was done with 2 ml of normal saline which was
activated for 1 minute.

Group III (n=15): [Irrigation with PATS
(InnovationsEndo, India): 10 ml of warm 3% NaOCI
was delivered over a time period of 9o seconds,
followed by 3ml of 17% EDTA over a duration of 1 min
and was allowed to remain for 2 mins followed by final
rinse with 2 ml normal saline for 1 minute.

Group IV (n=15): Irrigation with ultrasonic tips (Mani
inc.): Activation cycle of 30 seconds until 10 ml 3%
NaOCl was used, which was activated for 9o secs,
followed by 3 ml of 17% EDTA activated for 60 secs and
the total contact time of EDTA was 2 minutes followed
by final rinse with 2 ml of normal saline which was
activated for 1 minute.

Paper points were used to dry the canals, and orifices
were blocked with cotton pellets. Deep grooves were
made on buccal as well as lingual surfaces of root with
diamond discs. Teeth were split using chisel and
mallets. One-half of each tooth was chosen for SEM
examination to evaluate smear layer removal.

The images were taken at apical third and scoring was
done according to criteria by Torabinejad et al. in 2003:
(i) o = No smear layer, (ii) 1 = Moderate smear layer,
(iii) 2 = Heavy smear layer .The results were tabulated
and analyzed statistically.

RESULTS

The results of the in-vitro study show a significant
difference in the smear layer removal by different
irrigation systems used. The table 1 shows a significant
difference in removal of smear layer between group IV
and group I and group II. Group IV shows better smear
layer removal as compared to other groups. Whereas,
no significant difference was seen between group II
and group III, stating that the amount of smear layer
removal by both these techniques is similar as seen in
figures 1-4.
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Figure 4. Smear layer removal in the apical third

Figure 1. Smear layer removal in the apical third . ‘ . .
using Passive Ultrasonic Irrigation

using EndoActivator

DISCUSSION

Root canal system debridement is important for
endodontic success. Biomechanical preparation
techniques forms a layer constituting both organic as
well as inorganic particles which is called smear layer.
Irrigation leads to better cleaning than that which is
achieved preparing root canal alone. It kills
microorganisms, flushes debris, and removes the
smear layer. Failure in removing smear layer during
final irrigation can have a negative effect on the
prognosis of treatment.®
Tl o f _‘&_wa.'-*’z .‘om‘h%% . L. .
o £ 3000, ot G 0.0 Different irrigants are used to flush out the debris,
tissue that has been necrosed, bacteria as well as the
smear layer formed by the biomechanical preparation
of the root canals. Irrigating solutions that dissolve
organic and inorganic material to eliminate the
microbes and increase chances of sealing filling
material three dimensionally are used to remove the
layer. Sodium hypochlorite (NaOCl) has been used
most commonly as an irrigating solution in
endodontics since 1920s. NaOCl, is a deproteinizing
agent, and EDTA, is a calcium-chelating agent, which
when used alternately lead to effective smear layer
removal.3 Irrigants when in contact with root canals
show improved cleanliness. The conventional needle
irrigation technique delivers the irrigant not more
than o-1.1 mm beyond needle tip. This doesn’t give us
sufficient cleaning of the complex anatomical areas
(eg. lateral canals, isthmuses, fins, and accessory
canals).” A vapor lock causes trapping of air in the root
canal especially apical part, thus hindering the irrigant
Figure 3. Smear layer removal in the apical third exchange and also has an effect on the efficacy of
using Side Vent Needle debridement. New devices are being used that increase

Figure 2. Smear layer removal in the apical third
using PATS
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APICAL MEAN STANDARD
THIRD DEVIATION
(EN)
GROUP III 2.40 0.507
1.20 0.414

GROUP IV
(PUI)

Table 1. Mean and standard deviation scores
values of smear layer removal at apical third
using different irrigation techniques.

(a. IN_VITRO score is constant when Group =
SVN. it has been omitted.)

Conventional irrigation with syringes is still used by
both general practitioners and endodontists. It
involves delivering the irrigant into the canal with
needles of different gauges, passively or with agitation.
Agitation is done by the up and down motion of needle
in the canal. Some needles are designed in such a way
that the irrigant is delivered through the distal most
end whereas others deliver irrigant in a lateral manner
through closed ended side vent way. Syringe irrigation
combined with different activation methods are
mainly used as final irrigation after completion of
biomechanical preparation.3

Ultrasound usage during root canal therapy for
irrigation is advantageous for endodontic disinfection.
The range of frequencies used is between 25 and 40
kHz. The efficacy in irrigation is due to two properties:
“cavitation” and “acoustic streaming”. The effect of
cavitation is limited and minimal, only at the tip of the
instrument being used, whereas acoustic streaming
has a more significant effect. Bubbles of positive and
negative pressure are created by the ultrasound in the
liquid that they contact, which become unstable and
collapse leading to an implosion resembling that of
vacuum decompression. The detergent effect of
ultrasonics is due to the explosion and implosion that
releases impact energy. It involves the use of a needle
activated by ultrasound. In this way, the irrigant is
released into the canal and it is also activated by the
action of ultrasonic needle at the same time.3

The EndoActivator System (Dentsply Tulsa Dental
Specialties, Tulsa, OK) is a sonically-driven canal
irrigation system comprising a handpiece which is
portable and 3 polymer tips which are flexible and
disposable and have different sizes, which don’t cut
into dentin. This design permits for safe activation of
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the flow and distribution of irrigants within the root
canals, especially in the apical third region.®

different irrigants in canals and produce vigorous
intracanal agitation of those irrigants. This system has
been shown to clean the simulated lateral canals at 4.5
and 2 mm from working length much better as
compared with traditional needle irrigation alone, and
it reportedly removed the smear layer when used with
demineralising agents like EDTA and dissociated
clumps of biofilm from the curved canals of molars.5

This study was done to evaluate the effectiveness of
different irrigation techniques in removing the smear
layer . The four different techniques used are: side vent
needles, Endoactivator, U-files and PATS (Pro Agitator
Tip System). In the present study, the maximum smear
layer removal in the apical third was achieved with the
U-files followed by PATS, Endoactivator and Side vent
needles.

The concept of using ultrasonic devices in endodontics
was first introduced by Richman in 1957. Passive
ultrasonic irrigation was first described by Weller et al
in 1980. In the present study, PUI has been used as one
of the methods of irrigant agitation. A small size 15 file
is inserted in the centre of the canal as far as the apical
third, once the root canal is prepared till the master
apical file. It is then filled with an irrigant that is
activated by an ultrasonically oscillating file. The
active streaming of the irrigant is responsible for
contacting a greater surface area of the canal wall thus
enhancing its cleaning action. Thus, higher velocity
and irrigant flow volume in canals can be a possible
explanation as to why PUI has improved cleaning
action.?

In the current study, scanning electron microscope has
been used to study the smear layer removal. Boyde,
Switsur and Stewart (1963) appear to be among the
first to describe the type of surface deposits in greater
detail using the Scanning electron microscope. Since
then SEM has been one of the most efficient methods
of evaluation of smear layer.™

In this study, the use of Passive Ultrasonic irrigation
was demonstrated to be the better mode of agitation.
Following Passive ultrasonic agitation, a better
removal of smear layer was noticed, which
subsequently revealed the least smear layer scores in
the SEM micrographs. The smear layer scores show a
highly statistically significant difference when
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International Healthcare Research Journal 2019;3(2):80-86.



compared to conventional syringe irrigation (p<
0.005).

Sabins et al.™ and Capar et al.”> reported that passive
ultrasonic irrigation is superior in removing smear
layer and debris from canals as opposed to passive
sonic irrigation.

The combination of ultrasonics and EDTA has been
previously recorded in literature. Kuah et al
demonstrated the efficacy of 17% EDTA in smear layer
removal, with and without ultrasonics, in vitro. One
hundred and five extracted premolars were randomly
divided into seven groups and were then instrumented
with different final irrigating protocols. Specimens
were studied using scanning electron microscope and
scoring was done for smear layer and debris removal.
groups with EDTA and ultrasonic irrigation showed
significantly cleaner canals and it was therefore
concluded that EDTA when combined with
ultrasonics and then applied for 1 minute showed more
efficient smear layer and debris removal in the apical
third of canals.®

The present study shows huge amounts of smear layer

in the apical third when irrigated with side vent
needles as compared to other systems. This can be
because the cleaning of syringe is inadequate as
compared to other methods and is dependent on the
root canal anatomy, the depth of placement and the
diameter of the needle. It has been shown that
irrigants can only progress 1 mm beyond the tip of the
needle. This result is in accordance with that of Karade
et al. which showed similar results.*4

Akveld NAE in 2007 when compared passive ultrasonic
irrigation it was seen that PUI performed better than
that of Endoactivator.” Li. D conducted a study which
compared four irrigation techniques in removing
calcium hydroxide & it was seen that greater amount
of calcium hydroxide was removed using PIPS and
ultrasonic at apical area when it was compared with
EndoActivator and needle irrigation.’® This result is in
accordance with our study.

Similarly, Khaord et al.7 and Mozo et al.® also
concluded that PUI has higher efficacy in pulp tissue
and dentinal debris removal as compared to
conventional needle irrigation techniques. This can be
attributed to high speed and more flow volume of the
irrigating solution when activated ultrasonically,
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therefore, eliminating more debris.

While in other study carried out by Khalap et al." it
was concluded that sonic activation is better than
ultrasonic activation in debris removal. The reason
given was that PUI creates acoustic microstreaming
producing enough shear stresses that disrupts debris
from prepared canals. Undesirable dampening effect
of the amplitude of its characteristic nodes and
antinodes pattern was created, especially on contact of
the instrument with the lateral walls of canal. But in
sonic system, no influence by lateral wall contact is
seen."

In this study, it was seen that EndoActivator has more
efficacy in removing smear layer than syringe
irrigation. On the contrary a study done by Uroz-
Torres et al.> showed that there was no difference
between Endoactivator and syringe irrigation in smear
layer removal. This variation of result might be due to
difference in the methodology.

Rédig et al.* in his study concluded that there was no
difference between smear layer removal by
EndoActivator, PUI and non-activated group at apical
third. Variation in the result can be due to the variable
methodology.

CONCLUSION

Although instrumentation removes most of the canal
debris and smear layer from root canal area irrigation
plays an important role in flushing out of debris and
removing smear layer from complex anatomical areas
of the canal that remain inaccessible to our
instruments.

Within the limitations of the present in-vitro study
results revealed that none of the tested irrigation
devices were able to completely remove smear layer
from the canal. However, passive ultrasonic irrigation
removed more smear layer in the apical third of root
canal as compared to other devices and this difference
was statistically significant. Moreover, PATS and
EndoActivator performed better than side vent
needles in removing smear layer which was also
statistically significant.
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