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ABSTRACT

Background: Smear layer formed during root canal preparation that affects irrigation activity,
which in turn affects the success of endodontic treatment. The aim of this study was to evaluate
and compare the effectiveness of three irrigant solutions (ethylenediaminetetraacetic acid
(EDTA), Triton and QMix) combined with three activation techniques (Sonic, Ultrasonic,
Diode laser) on smear layer removal.
Materials and Methods: Ninety single-rooted extracted mandibular premolars were selected
and decoronated to a length of 12 mm instrumented biomechanically with Pro Taper Next files
up to size X3. The roots were then divided into three groups according to final irrigation
(17%EDTA, Triton, QMix) each (number=30), then each group subdivided into three sub
group according to activation method (Sonic, Ultrasonic, Diode laser) each (number=10). The
samples were sectioned longitudinally and analyzed using a four-level scoring system in the
coronal, middle, and apical thirds under a scanning electron microscope at 3000x
magnification.
Result: In the apical third, Triton activated by diode laser demonstrated significant
improvement in smear layer removal compared to sonic activation (p<0.05) and was also
significantly more effective than the QMix group (p<0.05). There was no significant difference
in activation methods between other groups (p>0.05). The coronal thirds observed significant
cleaning ability compared to the apical third across most groups (p<0.05).
Conclusion: Diode laser-assisted Triton irrigation optimizes smear layer removal in the apical
area, outperforming Sonic and QMix, which enhance cleaning performance. Overall, better
cleaning in the coronal and middle third than the apical thirds.
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he three key components of root canal

therapy are cleaning, shaping, and
filling, these must be well integrated for
successful treatment; chemical cleaning is
essential for smear layer removal and
disinfection!!!,
The smear layer, created during canal
shaping, contains pulp remnants, dentin
debris, and bacteria; it covers dentinal
tubules impedes irrigant and medication
penetration and increases micro-leakage
and treatment failure risk; hence, removal is
recommended!?.

Irrigation plays a crucial role in cleaning
and shaping root canals by removing
necrotic tissue and dentine debris from
prepared areas"®). The Most commonly used
irrigation is sodium hypochlorite (NaOCI)
which efficiently eliminates organic
substances and demonstrates antibacterial
characteristics, also
Ethylenediaminetetraacetic acid (EDTA), a
chelating agent, effectively eliminates
inorganic substances. The smear layer,
composed of both organic and inorganic
substances, necessitates the usage of a
combination of NaOCl and EDTA for its
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removal?l. Triton (Brasseler, Savannah,
USA) is an innovative endodontic irrigation
solution that integrates the benefits of
NaOCl, EDTA, and chlorhexidine (CHX)
into a single-step (all-in-one) formulation,
Triton differs from standard irrigants and
advanced solutions in that it is employed as
a single irrigation during the procedure
rather than a final irrigant'],

The QMix is a premixed solution
containing (CHX), (EDTA), saline, and a
surfactant. This formulation provides both
antimicrobial and smear layer elimination
capabilities addressing the challenges
posed by the complex anatomy of root
canals where mechanical instrumentation
often leaves areas untouched™!.

Advanced techniques, including ultrasonic,
sonic and laser-activated irrigation, have
been developed to enhance debridement.
The action of sonic devices with sonically
driven polymer tip generates hydrodynamic
phenomena that facilitate the movement of
irrigants within the canal, enhancing their
cleaning ability™,

Ultrasound devices produce sound waves
characterized by minimal amplitudes and
elevated frequencies (25-30 kilohertz), as
they go laterally, their vibrations establish a
network of nodes and antinodes, an
oscillating tip conveys energy to the irrigant
in the root canal by passive ultrasonic
irrigation. The outcome is cavitation, which
facilitates the elimination of dentin
particles, along with sonic streaming!®.
Diode laser their primary application in the
endodontic treatment process is
photothermal  disinfection and  the
activation of the chemical action of
irrigants, such as sodium (NaOCI) and
(EDTA).  Laser-guided irrigation
effectively removes the debris and smear
layer from the root canal system by creating
unstable vapor bubbles with a secondary
cavitation effect!®!,

Irrigation is a crucial component of root
canal debridement; yet, the conventional
irrigation solutions and techniques are
insufficient for thorough root canal
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cleansing. Therefore, the present study
compares a new irrigant, Triton, with QMix
and EDTA using (sonic, ultrasonic, diode
laser) activation to evaluate the impact of
these irrigants and activations as a final
irrigation protocol on smear layer removal
under scanning electron microscope
(SEM).

MATERIALS AND METHODS

The present study was conducted in the
Conservative Department/ College of
Dentistry/ in Duhok City. The study was
conducted from November 2024 to July
2025. The study design was an invitro
experimental study on extracted lower
mandibular premolar teeth that had been
extracted for orthodontic reasons. patient
age between 18 to 25 years old. The current
study was approved by the research team
ethics committee of Duhok Directorate of
health and college of dentistry, University
of Duhok (Reference number: (27112024-
10-1).

Sample Selection and Preparation

Ninety straight, single-rooted mandibular
premolars that had been extracted for
orthodontic purposes were selected, teeth
with cracks, resorption, root caries, canal
obstructions, previous endodontic
treatment were excluded, soft tissues debris
was removed using periodontal scaler. the
samples were stored in 0.1% thymol
solution until use®. The samples were
decoronated to a length of 12mm using a
diamond disk and electronic caliper, the
pulp extirpation and patency were checked
using a 10 K file and the working length
was determined by subtracting Imm from
whole root length, which had been fixed
atl2mm (9). Apical foramen was sealed
with flowable resin composite to prevent
extrusion of irrigation solution during
preparation!!?,

Mechanical preparation of samples was
performed using Pro Taper Next rotary files
(Dentsply, Switzerland) and an E-COM
Cordless Endo Motor (Woodpecker, China)
set to 300 rpm and 3.5 Ncm torque
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according to manufacturer instructions for
Pro Taper next files. Three main files (X1,
X2, X3), each with a unique tip size and
taper, were used during the shaping process
[11]. Between instrumentation, irrigation
was performed to decrease the amount of
packed dentin, 2 ml of 5.25% NaOCL was
used after each file for all groups except for
the Triton group for which it is
recommended according to the
manufacturer instructions to use only Triton
along with the procedure, 2 ml of Triton
was used between each file instead of
NaOCL,

Sample grouping

Samples were divided into three main
groups (Group A: 17% of EDTA, Group B:
QMix, Group C: Triton) each n=30,
according to the final irrigation solution,
each group then subdivided into three
subgroups according to the activation
system (sonic, ultrasonic, diode laser) each
n=10. A 30-gauge endodontic needle side
vent and a disposable syringe were used
with 3ml for each irrigation solution
(EDTA, QMix, and Triton) as a final
irrigating solution, 2 mm short of the
working length, finally, 3 ml of distilled
water were used to rinse the canals, and Pro
Taper Next paper point was used to dry the
canal after final irrigation!'?,

Group (A, B, C) sonic irrigation activation:
Sonic activator (UDG sonic irrigator pro.
China), the tip of the medium-sized
polymer (25/.04) was employed. The tip
was passively inserted into the canal, 2 mm
shorter than the working length, and run in
three cycles at 10,000 cpm for 60 seconds
(5).

Group (A, B, C) passive ultrasonic
activation:  Ultrasonic  activation was
performed using a silver tip with a length of
2lmm, with tip size 25/0.02, using
woodpecker ultrasonic device, allowing for
3 cycles of 20 seconds and 45 kHz,
performed apical-coronal pumping
movements while the tip was held 1 mm
from the working length in the middle of the
canal'3!,

Group (A, B, C) diode laser activation:
Diode laser 940 nm was use with eye glass
for protection. Specimens were irradiated
by endodontic fiberoptic tip, (E2) with 200
um tip diameter (Biolase, CA, USA), with
1.08 Watt panel setting in a speed of Imm/s,
CW mode; The fiber tip was inserted 2mm
from the apex, helicoidal movement in
apical to coronal direction this was
performed in two cycles of 18 second each
resulting in a total laser radiation time of 36
seconds!'¥,

Sample preparation for scanning electron
microscopy (SEM)

A diamond disc was used at a reduced speed
to create extended grooves on both the
buccal and lingual root surfaces.
Subsequently, the roots were bifurcated!'!!.
One half of the root was delineated into
coronal, middle and apical thirds using an
indelible marker and prepared for scanning
electron microscopy (SEM) analysis!!.
Samples were dehydrated for 24 hours
using ethyl alcohol at concentrations
between 30% and 100%, then they were
positioned on metallic stubs inside a
vacuum chamber and then underwent gold
sputtering!'), A scanning  electron
microscope was used to analyze the
samples at x3000 magnification to identify
any residual smear layers in the coronal,
middle, and apical thirds®®!. The scoring
evaluation of SEM images examination had
been done blindly by two researchers for
the same samples using score system
established by Gutmann et al'>l. Scorel:
There is little or no smear layer, less than
25% of the specimen is covered with
tubules that can be seen and are open.
Score2: A moderate to light smear layer
covers 25-50% of the specimen, exhibiting
several open, visible tubules. Score3:
Moderate smear layer covering 50-75% of
the specimen, either scattered or
aggregated, with little or no visible tubules.
Score4: The specimen has a thick smear
layer that covers more than 75% of it and
there are no visible or open tubule orifices.
Statistical analysis
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Data were collected and analyzed with
SPSS Inc.'s version 26, the Statistical
Package for the Social Sciences.
Descriptive statistics served as an initial
step to interpret the nature of the data, given
that the data consisted of ordinal
measurements, non-parametric statistical
tests were applied. The Kruskal-Wallis H
test was used to compare independent
groups, and for pairwise comparisons, the
Mann—Whitney U-test was conducted with
using the Bonferroni correction. To
compared the three different levels of the
root canal within the same group, the
Friedman test was employed, in cases
where the Friedman test indicates a
statistically significant difference, the
Wilcoxon Signed-Ranks test was employed
for pairwise comparison using the
Bonferroni correction. P < 0.05 was chosen
as the significance level. Effect sizes were
calculated For the Kruskal-Walli’s test,
Eta-squared (n?) for the Wilcoxon Signed-
Ranks and Mann—Whitney U tests, the
effect size r will be calculated using
standardized Z statistic. For the Friedman
test, Kendall’s W  (coefficient of

concordance) reported as a measure of
effect size.

RESULTS

Descriptive  statistical analysis shows
median scores of smear layer removal in
each group (EDTA, Triton, QMix),
according to the activation techniques with
Interquartile Range.

In the coronal third, EDTA, QMix, and
Triton demonstrated comparable smear
layer scores across diode laser, sonic, and
ultrasonic activation. Middle thirds: EDTA
high smear layer scores were found in
ultrasonic and diode laser, while the lowest
was in sonic; the QMix group the highest
smear layer scores were in diode laser
followed by sonic and lowest in ultrasonic.
In the Triton group all three activations had
the same smear layer scores. Apical third:
EDTA represented the same smear scores
in all activations, while in the QMix the
highest smear score was found in ultrasonic
and the lowest was found in both diode laser
and sonic. In the Triton group the highest
smear score was found in sonic and lowest
was in ultrasonic and followed by the diode
laser (Tabe 1).

Tablel: Descriptive statistical analysis of smear layer scores of Activation Methods for different group in

(Coronal, Middle, Apical).

Root Canal Solution Aﬁgi&gn Min Max Median InteRr;l:ga:tlle
Diode Laser 1 2 1.000 1.000
EDTA Sonic 1 4 1.000 0.250
Ultrasonic 1 2 1.000 0.250
Diode Laser 1 2 1.000 1.000
Coronal QMix Sonic 1 2 1.000 1.000
Ultrasonic 1 2 1.000 1.000
Diode Laser 1 2 1.000 0.250
Triton Sonic 1 2 1.000 1.000
Ultrasonic 1 2 1.000 1.000
Diode Laser 1 3 2.000 2.000
EDTA Sonic 1 3 1.500 2.000
Ultrasonic 1 3 2.000 1.000
Diode Laser 1 3 2.000 1.250
Middle QMix Sonic 1 3 1.500 1.250
Ultrasonic 1 3 1.000 2.000
Diode Laser 1 3 1.000 0.250
Triton Sonic 1 4 1.000 3.000
Ultrasonic 1 2 1.000 1.000
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Root Canal Solution Activation Min Max Median Interquartile
Method Range
Diode Laser 1 4 2.000 3.000
EDTA Sonic 1 4 2.000 2.000
Ultrasonic 1 3 2.000 2.000
Diode Laser 2 3 2.000 1.000
Apical QMix Sonic 1 4 2.000 3.000
Ultrasonic 1 4 2.500 2.250
Diode Laser 1 3 1.500 1.000
Triton Sonic 2 4 3.500 2.000
Ultrasonic 1 4 1.000 2.000

Comparison of smear layer removal in the

same group according to activation
methods
There was mno significant difference

between activation methods in each group
(EDTA, QMix, Triton) in the coronal and

middle thirds (p>0.05), but there was a
significant difference in the apical third in
the Triton group (p<0.05), while EDTA and
QMix showed no significant difference in
the apical third (p>0.05). (Table2)

Table 2: Kruskal-Wallis H test for comparison of activation methods in the same group in the (coronal,

middle, apical)

Root Canal Solution H statistic p-value Effect Size (%)
EDTA 0.273 0.873 <0.001
Coronal QMix 0.290 0.865 <0.001
Triton 0.330 0.848 <0.001
EDTA 0.891 0.641 <0.001
Middle QMix 0.095 0.954 <0.001
Triton 1.536 0.464 <0.001
EDTA 0.329 0.848 <0.001
Apical QMix 0.493 0.782 <0.001
Triton 9.471 0.009 0.277

n? < 0.01 (negligible), 0.01 <yn? < 0.06 (small), 0.06 <n? < 0.14 (medium), and n*>> 0.14 (large)

In the apical third of the Triton group there
was a significant difference between diode

laser and sonic (p<0.05) while, no
significant ~ difference was observed
between diode laser and ultrasonic

(P>0.05). Additionally, no significant

difference between sonic and ultrasonic
(P>0.05). In Triton group diode laser was
more effective on smear layer removal in
the apical third followed by ultrasonic then
sonic. (Table3)

Table 3: Comparison in the apical third using Mann—Whitney U-test (Apical- Triton)

Groups Mean Rank U-test V4 p-value Effect Size (r)
Diode Laser 6.75 12.500 2978 0.009 0.544
Sonic 14.25
Diode Laser 10.15 46.500 -0.292 1.000 0.053
Ultrasonic 10.85
Sonic 13.40
21.000 -2.270 0.069 0.414
Ultrasonic 7.60

r < 0.1 (negligible), 0.1 <r < 0.3 (small), 0.3 <r < 0.5 (medium), and r > 0.5 (large)

* Adjusted p-values using the Bonferroni correction
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Comparison of smear layer removal
between the study groups according to
activation methods

There was no significant difference in the
activation methods between the groups in
both the coronal and middle thirds, but in
the apical third, there was a si{_gniﬁcant

difference in diode laser between the
groups (p<0.05), while no significant
differences were found in sonic and
ultrasonic in the apical third. (Table 4)

Table 4: Kruskal-Wallis H test for comparison between group according to activation methods in the

(coronal, middle, apical)

Root Canal Activation Method H statistic p-value Effect Size (17

Diode Laser 0.921 0.631 <0.001

Coronal Sonic 0.160 0.923 <0.001
Ultrasonic 0.330 0.848 <0.001

Diode Laser 3418 0.181 0.053

Middle Sonic 0.038 0.981 <0.001
Ultrasonic 1.047 0.593 <0.001

Diode Laser 6.097 0.047 0.152

Apical Sonic 4.162 0.125 0.080
Ultrasonic 0.696 0.706 <0.001

n? < 0.01 (negligible), 0.01 <y? < 0.06 (small), 0.06 <n? < 0.14 (medium), and n*>> 0.14 (large)

There was no significant difference in diode
laser effect between EDTA and QMix; no
significant difference between EDTA and
Triton was found. However, there was a
significant difference between QMix and
Triton (p<0.05), the diode laser in Triton

group being more effective on smear layer
removal than in the QMix group in the
apical third. (Table 5).

Table 5: Comparison in the apical third using Mann—Whitney U-test (Apical- Diode Laser)

Groups Mean Rank U-test Z p-value® Effect Size (r)

EDTA 10.30

. 48.000 -0.164 1.000 0.030
QMix 10.70
EDTA 12.70

. 28.000 -1.762 0.234 0.322
Triton 8.30
QMix 13.50

20.000 -2.466 0.042 0.450
Triton 7.50

r < 0.1 (negligible), 0.1 <r < 0.3 (small), 0.3 <r < 0.5 (medium), and r > 0.5 (large)

* Adjusted p-values using the Bonferroni correction

Comparison of smear layer removal among
thirds in each group

In the EDTA group a significant difference
was found in diode laser between root canal
thirds (p<0.05), In the QMix group, both
diode laser and sonic showed a significant
difference among root canal thirds
(p<0.05), In the Triton group sonic showed
significant  differences among thirds
(p<0.05). (Table 6).
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Table 6: Comparison between thirds of each group according to the activation methods use Fridman test

Root Canal Activation Method Chi-Square statistic p-value  Effect Size (W)

Diode Laser 9.250 0.010 0.154

EDTA Sonic 3.562 0.168 0.059
Ultrasonic 5.419 0.067 0.090

Diode Laser 11.214 0.004 0.187

QMix Sonic 7.300 0.026 0.122
Ultrasonic 3.909 0.142 0.065

Diode Laser 3.600 0.165 0.060

Triton Sonic 10.516 0.005 0.175
Ultrasonic 1.810 0.405 0.030

W < 0.1 (negligible), 0.1 <W < 0.3 (small), 0.3 <W < 0.5 (medium), and W > 0.5 (large)

There were no significant differences
between coronal and middle or middle and
apical thirds in EDTA with diode laser
activation, QMix with sonic and diode laser
activation, and Triton with sonic activation
(p>0.05). No significant difference was
observed between thirds in the QMix group
with sonic activation (p>0.05), while

significant differences were observed
between coronal and apical thirds in EDTA
diode, QMix diode laser activation, and
Triton sonic activation (p<0.05), which
indicated better cleaning performance in
coronal than in the apical thirds (Table 7)

Table 7: Wilcoxon signed rank test with for comparison between root canal third in the same group

Groups Mean Rank Z p-value Effect Size (r)
Coronal 8.70 1.633 0.189 0.298
Middle 12.30 - ' '
EDTA-Di .
iode Coronal 740 2428 0.045 0.443
Laser Apical 13.60
Middle 8.90
-1.730 0.252 0.316
Apical 12.10
Coronal 8.10 2.000 0.138 0.365
Middle 12.90 - ' '
Mix-Di .
QMix-Diode Corf)nal 6.70 .640 0.024 0.48)
Laser Apical 14.30
Middle 8.30
-1. 0.174 0.34
Apical 12.70 897 7 346
Coronal 9.20
-2.00 0.138 0.36
Middle 11.80 000 3 365
C 1 8.55
QMix-Sonic orona 2,041 0.123 0373
Apical 12.45
Middle 9.55
-1.51 0. 0.2
Apical 11.45 >18 387 7
Coronal 9.35
-1.633 0.306 0.298
Middle 11.55
Coronal 6.10
Triton-Sonic -2.558 0.033 0.467
Apical 14.90
Middle 8.95
-1.852 0.192 0.338
Apical 12.05

r < 0.1 (negligible), 0.1 <r < 0.3 (small), 0.3 <r < 0.5 (medium), and r > 0.5 (large)

* Adjusted p-values using the Bonferroni correction
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Figure 1: SEM images of smear layer removal from the root canal walls in each group and root third
(magnification x3000) (A. Diode laser B. Sonic, C. Ultrasonic).

DISCUSSION
In dentistry, mechanical instruments,
chemical irrigants, and intra-canal

medicaments are often used for disinfection
procedures. Mechanical preparation has
many obstacles; one of these was the
elimination of the smear layer from the
canal lumenl'®].

Smear layer covering the root canal wall
obstructing dentinal tubules and reducing
the efficiency of root canal therapy by
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preventing the filling material from making
adequate contact with the root canal
walll'7],

In this study, different irrigation solutions
(EDTA, QMix, Triton) with different
activation methods (diode laser, sonic,
ultrasonic) were compared to determine
their effectiveness in removing the smear
layer from the root canal system.
Comparison of activation techniques within
the EDTA group demonstrated no
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significant differences, consistent with the
findings of Giiltekin and Cobankaral'®!.
who also observed no variation in EDTA
activation methods concerning the removal
of smear layers and apical debris.
Conversely, in the same study, the QMix
group demonstrated notable variations in
activation techniques; however, our study
observed no differences. The amount of
QMix used, and the duration of application
in our study may contribute no differences
in activation. Additionally, there is a study
indicating that QMix was more effective
when used for 3 minutes compared to 1
minute!!’].

The superiority of diode laser over sonic
activation on smear layer removal in the
apical third in Triton agreed with Kaur et
al.l''l" who reported that laser activation
enhances smear layer removal by
effectively agitating irrigation, particularly
in cases where ultrasonic or sonic tips have
limited oscillation. Triton group in the
apical third showed better performance
with diode lasers than ultrasonics on smear
layer removal but without significant
difference between them, suggesting
performance may depend on specific
parameters, power setting, exposure time,
canal anatomy, this comes in agreed with
Elkhodary and Morsy!?®. There was no
significant difference in the apical Triton
group between sonic and ultrasonic
activation in smear layer removal similar
results obtained by Urban et al?!l, who
reported a similar effectiveness regarding
removal of smear layer.

The variability in results among different
solutions and thirds highlights the
complexity of smear layer removal and
suggests that no single activation method is
universally superior under all conditions.
Triton demonstrated superior effectiveness
in removing smear layers in the apical third
with a diode laser compared to QMix; there
was no direct comparison between the two
solutions in the literature but there was a
study by Castagnola et all?’l. found that
Triton was more effective than Dual Rinse

in eliminating smear layers in the apical and
middle thirds. This study used Triton
without activation, while in present study
we used activation. Laser activation results
in acoustic streaming and cavitation, which
may improve the flushing of irrigation in
inaccessible canal areas thus enhancing
canal debridement!?!,

No significant difference in diode laser
between QMix and EDTA apically, this
aligned with Kocak et al®* finding that
diode laser treatment reduced smear layer
efficacy without significant difference. No
significant difference between Triton and
EDTA in the apical with diode laser this
finding aligned with Zakaria and
Khudair!?*), that reported Triton effectively
eradicates smear layer, as conventional root
canal irrigating solutions (NaOCI/EDTA).
In a study by Oraim and Al-Zaka [3], they
examined the performance of Triton, 0.5%
chitosan nanoparticles (CNP), and 17%
EDTA, and reported that smear layer
removal was the least effective with Triton
at all levels of the root canal. This
disagreement may be due to the fact that
they didn’t use activation with irrigation, in
which laser activation enhances irrigants
efficacy by generating cavitation bubbles
and photoacoustic streaming, increasing
penetration and smear layer disruption!!'¥,
Comparison in thirds in each group showed
no significant difference in smear layer
removal between coronal and middle thirds,
indicating better cleaning efficacy in this
region due to easier irrigant access and
larger canal diameter exposes the dentin to
higher volume of irrigants allowing better
follow of solution this similar result was
obtained by Kaur et al''!l,

Significant differences were observed
between coronal and apical thirds, in which
better smear layer removal was observed
coronally, as demonstrated by EDTA diode
laser and the QMix diode laser, and these
findings aligned with Shakir and
Bahnam[®®!. Triton with sonic activation
results in better removal of smear layer in
the coronal than in the apical, with
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significant differences. The differences are
due to several reasons: small diameter of
the apical third which limits circulation
action of irrigation solution. Additionally,
the dentin in the apical region is sclerotic,
translucent, and exhibits a more irregular
architecture, leading to  decreased
permeability relative to the coronal or
middle thirds. Furthermore, insufficient
debridement in the apical region may result
from the apical vapor lock phenomenon?7].
Ultrasonic activation showed uniform
smear layer removal in all groups without
significant differences observed between
thirds; however, the coronal third appears
cleaner, but the variation is not statistically
significant. The use of acoustic streaming,
cavitation, and proper technique during
ultrasonic activation results in uniform
smear layer removal in all thirds and
increased streaming velocity of ultrasonic
devices, which is typically unaffected by
the curvature of the root canal, similar
results were obtained by Haupt et al?®],

In EDTA and QMix with sonic activation
there were no significant differences
between thirds; this was agreed by Khateeb
et al.l?”, who found no significant
difference in apical and coronal thirds of the
root canal using sonic activation, the sound
waves help to distribute the irrigant evenly,
which can result in consistent cleaning
across different sections of the canal.

The Triton group activated by diode laser
showed no significant difference between
thirds; however, better removal was
observed in coronal and middle areas. The
results disagreed with Al-baker and Al-
Huwaizil®!. Laser treatment is influenced by
factors like operator technique, laser
settings, and root canal system
characteristics, potentially affecting smear
layer removall®?,

CONCLUSION

Complete removal of the smear layer still
challenging even with advanced solutions
and techniques. Diode laser activation with
Triton showed promising results when
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compared to sonic and QMix in the apical
third. The apical third is the most difficult
area to clean regardless of the method used.
Recommendation

Further studies must be conducted to
evaluate the effectiveness of the new
irrigation solutions Triton with different
laser systems as well as its effect on dentin
microhardness.

Conflict of interest:

The article authors declare that they have no
conflicts of interest in the submitted
manuscript.

Acknowledgments:

Not applicable.

Copyright: The authors retain the
copyright of their work and grant the
journal a license to publish and distribute
the article under the journal’s open-access
policy.

REFERENCES

1. Haapasalo M, Shen Y, Wang Z, Gao Y.
Irrigation in endodontics. British dental
journal. 2014 Mar 21;216(6):299-303.
DOI: 10.1038/sj.bdj.2014.204.

2. da Silva Beraldo AJ, Silva RV, da
Gama Antunes AN, Silveira FF, Nunes
E. Scanning electron microscopic
evaluation of smear layer removal
using isolated or interweaving EDTA
with sodium hypochlorite. Iranian
Endodontic Journal.
2017;12(1):55. Doi: 10.22037/iej.201
7.11.

3. Oraim HW, Al-Zaka IM. Effectiveness
of triton irrigation solution in smear
layer removal: an in-vitro study.
European Endodontic Journal. 2024
Jan 12;9(2):139. DOI
10.14744/eej.2023.58070.

Mahadevan M,

Manimaran ND, Paulaian B, Gopal R,

4. Meyappan N,

Kumar N, Manimaran N. Scanning
electron microscopy analysis of smear



Duhok Medical Journal

Volume 20, Issue 2, 2026

layer removal ability of conventional
endodontic irrigation regimen, MTAD,
and QMix™ versus a mixture of
Azadirachta indica and Citrus limon:
An in vitro study. Cureus. 2023 Aug
2;15(8). DOI 10.7759/cureus.42877.
Al-baker HS, Al-Huwaizi HF. Efficacy
of smear layer removal from root canal
surface using: sonic, ultrasonic,
different lasers as activation methods
of irrigant (SEM study). J Res Med
Dent Sci. 2021 May;9(5):65-72.

Souza CC, Bueno CE, Kato AS,
Limoeiro AG, Fontana CE, Pelegrine
RA. Efficacy of passive ultrasonic
ultrasonic

irrigation,  continuous

irrigation  versus irrigation with
reciprocating activation device in
penetration into main and simulated
lateral canals. Journal of Conservative
Dentistry and Endodontics. 2019 Mar
1;22(2): 155-
9.DOL: 10.4103/JCD.JCD 387 18.
Anton y Otero CI, Marger L, Di Bella
E, Feilzer A, Krejci 1. Laser-activated
irrigation: cavitation and streaming
effects from dental lasers. Frontiers in
Dental Medicine. 2023 Feb 24;
3:1010916.
https://doi.org/10.3389/fdmed.2022.10
10916

Badami V, Akarapu S, Kethineni H,
Mittapalli SP, Bala KR, Fatima SF.
Efficacy of laser-activated irrigation
versus ultrasonic-activated irrigation: a
systematic review. Cureus. 2023 Mar
19;15(3): e36352. DOL:
10.7759/cureus.36352.

Devadurai RA, Sujatha V, Mahalaxmi
S. Effect of 5% carbohydrate derived-
fulvic acid on smear layer removal and
root dentin microhardness—An In Vitro

10.

11.

12.

13.

14.

study. European Endodontic Journal.
2022;7(2): 156.DOI
10.14744/e€j.2022.97759.

Butcher S, Mansour A, Ibrahim M.
Influence of apical preparation size on
effective conventional irrigation in the
third: a
microscopic study. European
Endodontic Journal. 2019 Feb 6;4(1):
9.DOI 10.14744/e€j.2018.06078.

Kaur M, Singla M, Kaur H, Mittal L,
Gupta S, Joseph MM. Comparative

apical scanning electron

evaluation of smear layer removal by

using different irrigant activation

techniques: An in vitro scanning
electron microscopic study. Journal of
Conservative Dentistry and
Endodontics. 2024 Mar 1;27(3): 257-
61.DOI: 10.4103/JCDE.JCDE 254 2

3.

Matos FD, da Silva FR, Paranhos LR,
Moura CC, Bresciani E, Valera MC.
The effect of 17% EDTA and QMiX
ultrasonic activation on smear layer
removal and sealer penetration: Ex
vivo study. Scientific Reports. 2020
Jun 25;10(1):
10311.https://doi.org/10.1038/s41598-
020-67303-z.

El-Halaby OI, Diab A, Morsy DA. The
efficacy of brush file used for irrigation
activation versus passive ultrasonic
irrigation in terms of smear layer
removal and canal cleanliness in single
rooted teeth: A comparative In-Vitro
study. Advanced Dental Journal. 2024
Oct 1;6(4): 675-
90.DOI: 10.21608/adjc.2024.257300.1
446.

Al-Mafrachi RM, Awazli LG, Al-
Maliky MA. The effect of using 940
nm diode laser in comparison with

111



THE IMPACT OF DIFFERENT IRRIGANT SOLUTIONS AND ACTIVATION

15.

16.

17.

18.

19.

112

endoactivator on radicular dentin
permeability and smear layer removal
(an in vitro study). Iraqi Journal of
Laser. 2018 Oct 17;17(B): 9-
15.DOI: https://doi.org/10.31900/ijl.v
17iB.297.
Gutmann JL, Saunders WP, Nguyen L,
Guo IY, Saunders EM. Ultrasonic root-
end preparation Part 1. SEM analysis.
International endodontic journal. 1994
Nov;27(6):318-
24 https://doi.org/10.1111/j.1365-
2591.1994.t600276.x.
Tan L, Liu Q, Chen Y, Zhao YQ, Zhao
J, Dusenge MA, et al. Comparison of
sealer penetration of sonic activation
versus conventional needle irrigation: a
systematic review and meta-analysis of
randomized controlled trials. BMC
Oral Health. 2022 Dec 3;22(1):566.
https://doi.org/10.1186/s12903-022-
02608-1.
Chavate PR, Ponnappa KC, Nanjappa
AS. Comparative evaluation of the
effect of ultrasonic and rotary agitation
of herbal irrigating solutions on smear
A SEM study. Journal of
Conservative Dentistry and
Endodontics. 2024 Feb 1;27(2):164-9.
DOI: 10.4103/JCDE.JCDE 277 23.
Giiltekin DS, Cobankara FK. Cleaning
effectiveness of QMix and EDTA
with  different
In Vitro study.
European Endodontic Journal. 2025
May 1;10(3): 211.DOI
10.14744/eej.2025.27147.
Chia MS, Parolia A, Lim BS,
Jayaraman J, de Moraes Porto IC.

layer:

when  activated

techniques: An

Effect of QMix irrigant in removal of
smear layer in root canal system: a
systematic review of in vitro studies.

20.

21.

22.

23.

24.

Restorative Dentistry & Endodontics.
2020 May 21;45(3).
DOI: https://doi.org/10.5395/rde.2020.
45.e28.

Elkhodary S, Morsy D. Efficacy of
diode laser activated irrigation (980
nm) and passive ultrasonic irrigation in
terms of smear layer removal in oval-
shaped canals: A comparative In-Vitro
study. Egyptian Dental Journal. 2023
Apr 1;69(2): 1709-
19.DOI: 10.21608/edj.2023.199640.24
85.

Urban K, Donnermeyer D, Schéfer E,
Biirklein S. Canal cleanliness using
different irrigation activation systems:
a SEM evaluation. Clinical oral
investigations. 2017 Dec;21(9):2681-
7. DOI 10.1007/s00784-017-2070-x.
Castagnola R, Martini C, Colangeli M,
Pellicciotta I, Marigo L, Grande NM, et
al. In vitro evaluation of smear layer
and debris removal and antimicrobial

activity  of  different  irrigating
solutions.  European  Endodontic
Journal. 2024;9(1): 81.DOI

10.14744/eej.2023.19042.

Vineetha CS, Ravi V, Sampathkumar
SJ, Prasad SA, Soundappan SP,
Chittrarasu M. Scanning electron
microscopic comparative analysis of
smear layer removal using
Ethylenediaminetetraacetic Acid and
Chitosan activated by ultrasonics and
diode laser: An: In vitro: study. Indian
Journal of Dental Sciences. 2022 Apr
1;14(2):74-8.

DOI: 10.4103/1JDS.IJIDS_56 21.
Kogak S, Cicek E, Saglam BC, Kocak
MM, Tirker SA. Influence of diode
laser application on the efficiency of

QMiX and EDTA solutions in



Duhok Medical Journal

Volume 20, Issue 2, 2026

25.

26.

27.

28.

29.

removing smear layer. Photomedicine
and Laser Surgery. 2015 Nov 1;33(11):
564-7.DOI: 10.1089/pho.2015.3910.
Zakaria NA, Khudair M. Scanning
electron microscopic evaluation of
smear layer removal and estimation of
dentin microhardness using TRITON
endodontic irrigant: An In Vitro study.
Erbil Dental Journal (EDJ). 2024 Dec
6;7(2):223-40. DOI:
doi.org/10.15218/edj.2024.25.

Shakir DZ, Bahnam IN. A
Comparative evaluation of smear layer
removal using: sonic, ultrasonic, and
erbium, chromium: yttrium scandium
gallium gamet Laser as activated
irrigation techniques (an SEM study).
Erbil Dental Journal (EDJ). 2023 Jun
30;6(1):39-49.
doi.org/10.15218/edj.2023.05.

Kourti E, Strakas D, Pantelidou-
Papadopoulou O, Tolidis K. Smear
layer removal by means of erbium,
chromium: Yttrium scandium gallium
YSGQG)
irradiation from apical third of mesial
root canals. Int J Dent Med. 2021 Sep
4;7(2): 20.doi:
10.11648/j.ijdm.20210702.12

Haupt F, Meinel M, Gunawardana A,
Hiillsmann M.
different
techniques on debris and smear layer

garnet (Er, Cr: Laser

Effectiveness  of

activated irrigation

removal from curved root canals: a

SEM evaluation. Australian
endodontic journal. 2020
Apr;46(1):40-

6. https://doi.org/10.1111/aej.12342.

Khateeb SU, Pathrose SP, Kumar AS,
Haribaskar S, Thota G. SEM
evaluation of various Intracanal
Irrigation DEvices on Smear Layer

30.

Removal: A comparative study. The
Journal of Contemporary Dental
Practice. 2021 Dec 17;22(2):184-8.
DOI: 10.5005/jp-journals-10024-
3002.

Abraham S, Vaswani SD, Najan HB,
Mehta DL, Kamble AB, Chaudhari
SD. Scanning electron microscopic
evaluation of smear layer removal at
the apical third of root canals using
diode
ultrasonics with chitosan: An: in vitro:

laser, endoActivator, and
study. Journal of Conservative
Dentistry and Endodontics. 2019 Mar
1;22(2):149-54. DOL:
10.4103/JCD.JCD 337 18.

113



THE IMPACT OF DIFFERENT IRRIGANT SOLUTIONS AND ACTIVATION

4:\5\9,1:

ot LSI S i J (03 W B Ly dabli (o S0 (aSiSAT 5 J) g (danla Ly A& s
ctkala
(AAEBU LAy gsad

u)syuwx)}s@mu)u)s)su@aqmgw})agu\q@; Cqu)b)ém bl g SAdl
U8y o) o g ailoandan oo gt il oS48 845 Laslals 6@\33&)14)5)3\.!‘_\35‘)4.“@6‘)45‘\4@3&_}453‘JJ‘J.JLA
Diode laser, ) 125> (SHSAT o o (hasle B0 U S &YW J4& (EDTA, Triton, QMix%17) La%lS

Ja gl b Ly s e U K1y 4 J (Sonic, Ultrasonic

sSo )l sid cale 12 Ban () )S ) S aiila oS (il o3 (5l 53 Oie ASU ol 50 5100 O 5i 1l 9S40 (IS
u_n‘*\.a\d MJJ\A éMaJM éa)b.\.u [ \.As.a.ﬂ X3L5)b“‘-°‘ Lﬁ‘\A(ProTaper Next f||es)_1 u)Sa.JLeL! 4\_\.1“ é.uls.m }1\.1
gy gl (S5 K e 5 30 o)l s sSuala s Ly il iy 5ol (EDTA, Triton, QMix%17) 0lys S o 5 08
1 Giae  tagal Gl jaa 510 ol s S8V L) sl il o 0¥ uﬁjﬁyu)&m\duudmjﬁﬂ
ey 5 s and MG (ol 1S5 s J e 0 el i 13 5 O AS 532 59 (o813, (0 S48 43la

il LS et WIS X3000 Wbl e o g 5 L U sry S 5 55 e 5 4ka

S i J (Jabs Gin B S 90 5 i) On i8S (Diode laser)= OSSYly 4iila S (Triton) 1pladdd
Kamlasa (QMix) 5 52 A% S Lues an 5 (SONIC)ASs 0S50 s o siaa K 8 Kalagm S
Aaal 9o 3 a8 Al S J Iy e U I )mh);&quuj)s\Jmm\a.u)SSYlA&)\)MAul;ﬂ

a5 8 Ll J e B 8 Samla e S (5 s S

LAL«\J @.\; L:)S\) o JAS\JJ\S E) ).\ul.z (Tr|ton) dJJLn d‘*\SJ ‘;H_u\_u (D|ode |aser) bh.\.\)\&.\ ‘AMJDJ

€52 Ol R o83 0 855l s o S et § o S L Ll S (QMix) s Sonic) (U8 &S5 e < (s
@J@\S.uJﬁ)@)\i@\ﬂh}@b&uﬂéu\qumb)s\)

114



Duhok Medical Journal Volume 20, Issue 2, 2026

oAl
4 pia Al 3 jAaUall A8da A1) ) o Jaudiil) il g AdlAal) (o ) Jallaa

e ousn i lae gl Blin e il 3l sl juiea (U IS ) poklil) d5da rcdlaal) g AuA1a0)
Go Jillae ADE Adad AjEes Al o Al sM e Gl Y e gl
Sonic, ) hdi Sliss &5 «s (ethylenediaminetetraacetic acid (EDTA), Triton and QMix)

Aalkll 4gkall 4 5) 8 (Ultrasonic, Diode laser

sz.\aéd.\ls.m‘)l.@ée\mhse‘q12d)b)d;l\dﬁ\;\w‘;&mdﬂld;‘jmn (_)Ja.u-\‘\j“)‘ed d)m\
Sl gl By Gle geae DI L) Lilsde Hsdall sl o3 X3 eas S (Protaper Next files)
Fy ) Wiy T e sana ) e yame US s 3 e gans ST (30 = 22211) (QMix <Triton <EDTA%17)
it Lpand g Wl gla il adadi 23 Laniiis JS1(10 = 22+1l) (Sonic, Ultrasonic, Diode laser) sl
iy sl el y Qo ol aladiuly el 5 o ll 5 alill Gl 3 xB000 i die bl i 5€IY1 seadl)

s‘d‘ Gl 8 Aalalll Ada A ) A Adlad Y 35yl g (D|ode laser)~ kil (Triton) o\S sl
Dot s € 35 om0 5 +(QMix) om s 51 Lol 1S5 (SOM)2 46t i S 3 5 55m5
S (3 e el Bl e i) G 8 Aad ST AR A 413 S 5 AY) Cile panall

& AUl dayda 415 (e «(Triton) s« ae 4aladivl e 4als ((Diode laser) Lo Cpeany ralalitiny)
3) S s AY e panals & )lie Culadll el s s (QMiX) s (Sonic) okl e 1 site il dakidl
) B e s gl Al (B Allad ST AU ddik

115



