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ABSTRACT
Aim: To evaluate the effect of continuous ultrasonic and diode laser root canal irrigation
activation techniques on apical extrusion of debris for extracted mesial mandibular molar roots.
Materials and methods: Forty extracted mandibular molars were used in this study. After
teeth hemi-sectioning was done, forty mesio-buccal canals were mechanically prepared using
Revo-S system files according to manufacturer instructions till size AS 35# and then, roots were
randomly assigned to two equal groups according to the irrigation activation method: Group (1):
conventional syringe irrigation was used after mechanical preparation. This group was subdivided
into 2 subgroups: Subgroup (1A): conventional syringe irrigation with no laser and subgroup (1B):
conventional syringe irrigation with diode laser. Group (2): Continuous Ultrasonic Irrigation (CUI)
was used after mechanical preparation and further divided into two subgroups: Subgroup (2A):
Continuous Ultrasonic Irrigation (CUI) with no laser and subgroup (2B): Continuous Ultrasonic
Irrigation with diode laser. A modified version of Myers and Montgomery’s experimental approach
was employed to assess apically extruded debris. Debris were calculated by measuring difference
of weight of Eppendorf tubes (before mechanical preparation W1 and after mechanical preparation
and irrigation activation W2). All measurements were done using analytical balance.
Results: In all sub groups, no significant difference was shown, but the apical debris extruded
was higher in subgroup (2B) (continuous ultrasonic irrigation with diode laser) then subgroup
(1B) (conventional syringe irrigation with laser) followed by subgroup (2A) (continuous ultrasonic
irrigation with no laser). The least amount of apical debris was in subgroup (1A) (conventional
syringe irrigation with no laser).
Conclusion: Diode laser and continuous ultrasonic irrigation activation could be safely used
for irrigation activation with minimal effect on apical extrusion of debris.
Keywords: Continuous ultrasonic irrigation, diode laser 810, apical extrusion of debris.
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INTRODUCTION
The elimination of microorganisms from the root
canals is the main factor for endodontic treatment
success. During chemo-mechanical preparation,
endodontic files and irrigating solutions eliminate
the organic and inorganic tissues that enclose and
harbor microorganisms and their byproducts.
Syringe irrigation (SI) has been described to be
insufficiently capable to clean the apical third of
root canal (1,2). Irrigating solution and debris in root
canals could be extruded beyond the apex reaching
the periapical tissues during root canal preparation
triggering severe pain (3,4,5,6).
Irrigating solutions are only capable of reaching
dentin walls, not the intricate apical anatomy of root
canals and lateral canals (7). Numerous approaches
have been researched, including ultrasonic, laser,
and sonic activation to improve the efficiency of
irrigating solutions (8,9,10). Furthermore, techniques
such as sonic and ultrasonic have been explored and
developed to improve the dispersal and activation of
the irrigant. Also, as an alternative to the traditional
cleaning and disinfection methods, lasers have been
offered (11).
Cavitation and pressure waves are caused by
ultrasonic and pulsed middle infrared lasers within
the root canal space. These two physical techniques
are used for removing the smear layer (12). In terms
of clinical practice, the associated smear layer
must be removed from canal because it may house
packed microorganisms and contaminated material
in the canal wall. (13,14).
The performance of lasers used in dentistry has
been improved and many types of lasers have been
considered in order to develop better treatment
methods (15).
Bacteria, pulp tissue, dentin chips, and irritants
are finally forced into the periapical tissues from the
root canal, despite strict meticulous working length
(WL) adjustment. The extrusion of these elements
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may result in unintended outcomes such as acute
inflammatory response, post-instrumentation pain,
and inter-appointment flare-up and prolonged
periapical healing time (6,16). As a result, avoiding
debris extrusion during root canal treatment is
considered a critical factor for root canal treatment
success (17). The aim of this study was to evaluate
and compare the amount of apically extruded debris
with continuous ultrasonic and diode laser irrigation
activation.
MATERIALS AND METHODS
1- Collection of teeth
Forty recently extracted human mandibular
molars with completely formed roots were collected
for this study. Roots with cracks, caries and resorptive
defects were excluded. Teeth were carefully cleaned
with curettes to remove the soft tissue remnants,
then placed in 5.25 % sodium hypochlorite (NaOcl)
for one hour for surface disinfection.
Preoperative periapical radiographs of the
extracted teeth were taken with parallel and mesial
shift to check for number of canals, root caries, root
canal calcification or pulp stones.
2-Teeth preparation
Hemi-sectioning of the teeth at the furcation level
into mesial and distal roots were done using a low–
speed diamond saw under water Isomet 1000. In this
study, apically extruded debris were evaluated in
mesio-buccal canals only. Access cavity preparation
was made in each tooth and the mesio-buccal canals
orifices were located. The patency of each canal
was confirmed by inserting size 10 K file (Mani Inc,
Japan) till the apical foramen to exclude teeth with
root canal calcification or pulp stones. The working
length (WL) was determined by passing file size10
K until seen coming out from the apex and then
withdrawing it for 1 mm. Mesio-buccal canals were
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mechanically prepared using Revo-S1 system files
according to manufacturer instrructions at rpm 250
and torque 1.6 N\cm2 starting by file SC1, SC2 and
SU till size AS 35#.
3- Classification of the samples
From the 40 molars, the 40 mesial roots were
randomly assigned to two equal groups according
to irrigation activation method:
Group (1): conventional syringe irrigation was
used after mechanical preparation. This group was
subdivided into 2 subgroups:
Subgroup (1A): conventional syringe irrigation
with no laser (irrigation was done using 30-gauge
side vented needle2 placed 2mm shorter of the
working length).
Subgroup (1B): conventional syringe irrigation
with diode laser. (Diode laser3 was used for
activation of 2.6 % NaOCl in the root canals. Device
adjusted at power of 0.8 Watts, interval and duration
of 20 seconds in a continuous mode using fiber core
diameter 200 µm and length 20 mm without tip
initiation).
Group (2): Continuous Ultrasonic Irrigation
(CUI) was used after mechanical preparation and
further divided into two subgroups:
Subgroup (2A): Continuous Ultrasonic
Irrigation (CUI) with no laser (canals were cleaned,
shaped and irrigated using the ProUltra PiezoFlow4
that was used for activation of the irrigating solution
according to manufacturer’s recommendations).
The stopper on the PiezoFlow needle was set 1 mm
short of binding in the canals, but not more than
75% of the working length.
Subgroup (2B): Continuous Ultrasonic
Irrigation with diode laser (the use of diode laser
1
2
3
4

MICRO-MEGA®+, BESANCON cedex, France.
ENDO-TOP, PPH KERKAMED, Poland
PicassoLite, AMD, LASERS® LLC, USA
Dentsply Tulsa Dental Specialties, Tulsa, OK, USA.
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was performed as described before in subgroup 1B).
4- Method of Evaluation
A modified version of the experimental model
described by Myers and Montgomery (15) was
used to evaluate the amount of apically extruded
debris, empty Eppendorf tubes were numbered and
weighed using an analytical balance three times
and average weight was calculated (W1). Then,
a hot instrument was used to create a hole in the
stopper of the Eppendorf tubes. External root
surface was covered with two layers of nail polish
except for 1mm around the apical foramen. Mesial
roots were inserted into these holes under pressure
and a 27-gauge bent needle was inserted alongside
the stopper to balance the air pressure. The whole
apparatus was then assembled into a glass vial and
the vial was covered with aluminum foil. Mesiobuccal canals were instrumented and irrigation
activation was done for the root canals according to
which subgroup they belong. After instrumentation
and irrigation, the separated stoppers with the
mesial roots were removed from the pre-weighed
Eppendorf tubes.
The external root surface was flushed with
1ml distilled water into the tube to collect debris
adhering to external root surface. Before weighing
the dried debris, Eppendorf tubes were maintained
in an incubator at 37°C for 15 days to evaporate the
moisture. Eppendorf tubes were weighed again (W2)
and weighing procedure was carried out again using
the same balance and three consecutive weights
were obtained for each tube, followed by calculating
the mean. The amount of apically extruded debris
was determined by subtracting the average weight
of the pre-weighed Eppendorf tubes from the
average weight of Eppendorf tubes containing the
dried debris obtained from the three consecutive
measurements (W2 –W1). All measurements were
done using analytical balance.
Statistical Analysis
The mean and standard deviation values were
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calculated for each group. Data were explored for
normality using Kolmogorov-Smirnov and ShapiroWilk tests. Data showed parametric (normal)
distribution.

between conventional subgroups (1A and 1B) and
Ultrasonic subgroups (2A and 2B) where (p=0.820)
and (p=0.348) respectively.

Independent sample t-test was used to compare
between two groups in non-related samples. Twoway ANOVA test were used to test the interactions
between different variables.

subgroups (2A and 2B) groups, while the least mean

The highest mean value was found in ultrasonic

value was found in conventional subgroups (1A and
1B). Table (1), Fig. (1).

The significance level was set at P ≤ 0.05.
Statistical analysis was performed with IBM®
SPSS® Statistics Version 20 for Windows.
RESULTS
Effect of laser activation on amount of apically extruded debris:
For both conventional syringe irrigation
subgroups and Ultrasonic subgroups, there
was no statistically significant difference between
subgroups 1A and 2A (No-laser subgroups) and
between subgroups 1B and 2B (Laser subgroups)
where (p=0.152) and (p=0.052) respectively.

Fig. (1): Bar chart representing the mean values of apically
extruded debris of different irrigant activation groups.

The highest mean value was found in groups
activated with laser (1B and 2B), while the least
mean value was found in No-laser groups (1A and
2A). Table (1), Fig. (1).

Two-way ANOVA

Effect of irrigation method on amount of apically
extruded debris:

significant difference between conventional syringe

For both No-laser groups and Laser groups,
there was no statistically significant difference

Data in table (1) shows the results of Two-way

ANOVA analysis for the interaction of different
variables. The results showed that there was non-

irrigation group and continuous ultrasonic irrigation
group. Also, laser had no statistically significant

effect on amount of apically extruded debris.

TABLE (1): The mean, standard deviation (SD) values of apically extruded debris of different groups.
Apical debris
Variables

No-Laser

Laser

p-value

Mean

SD

Mean

SD

Conventional syringe irrigation

0.042

0.006

0.045

0.003

0.152ns

Continuous Ultrasonic Irrigation

0.043

0.004

0.047

0.003

0.052ns

p-value
ns; non-significant (p>0.05)

0.820ns

0.348ns
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The interaction between the two variables had no
statistically significant effect.
DISCUSSION
For successful root canal treatment, it is
mandatory to irrigate the entire root canal system. It
is difficult to achieve a proper irrigation of the most
apical part of the canal while avoiding extrusion of
debris and irrigant beyond the apex (2,19,20). Apical
extrusion of debris beyond the apex results in
postoperative discomfort and delayed periapical
healing. The occurrence rate and frequency of
extrusion has been observed to range between 1.4
to 16 % (21).
Many factors have been discovered to influence
apical extrusion of debris and irrigant, including
root canal anatomy, instrument size, type, canal
preparation technique, apical enlargement, apical
stop, irrigation solutions, techniques, and devices,
as well as canal curvature and the presence of more
than one canal (22,23,24,25,26,27). As a result, irrigant
extrusion leads to debris extrusion as mentioned
by Yılmaz and Küçükay who stated that extruded
debris and irrigants had a positive correlation with
each other (28).
Moreover, according to Mitchell et al (29),
increasing the apical diameter of the canal increased
the risk of irrigants being extruded beyond root apex.
That’s why in our study, the apical canal preparation
was standardized to (size35).
Single and straight roots were used in the majority
of in vitro apical debris extrusion investigations
(30,31,32)
. In an in vivo clinical investigation, Arias et
colleagues (33) discovered that the incidence of pain
after endodontic treatment was much higher in teeth
with curved root canals than in single and straight
roots.
Similarly, Karataslioglu et al. (34) reported that
the amount of apically extruded debris increased
as the degree of canal curvature in teeth increased.
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Moreover, the mandibular molars were chosen
because they have the uppermost reported incidence
of postoperative pain (33). Based on the literature,
lower mandibular molar teeth with mesio-buccal
canals were used in this investigation to model
the most common clinical scenario and assess the
quantity of apical debris extrusion with different
irrigation activation techniques.
Thus, in the current investigation, Myers and
Montgomery’s well-known debris collection design
was used (18), which was recommended by Tanalp
and Güngör (6) to ensure standardization of all
groups.
In the current study, although no significant
difference was found between all sub groups but the
highest amount of debris extrusion was seen in laser
subgroups.
In the current study, laser irrigation activation
extruded more debris (subgroups 2B and 1B). These
results come in accordance with Kuşxtarcı and Er
(35)
who found that amount of apically extruded
debris was greater in laser groups than conventional
groups, while these results run against Yusufoglu
et al (36) who stated that laser extrude less debris
than manual irrigation. Cavitation is defined as the
formation of vapor or a cavity containing bubbles
within a fluid. The cavitation and pressure waves
caused by laser activation of the irrigant in the canal
could explain the more quantity of debris in laser
subgroups (37). Mechanism could be explained as in
wet canals, sub-ablative setting of laser activation
may cause large elliptical vapor bubbles formation,
which expand, swell, and implode causing the
irrigant to expand up to 1600 times its original
volume (38). After 100–200 µs, the bubble implodes,
under pressure develops, and fluid is sucked
back into the canal, causing secondary cavitation
effects (39). This expansion generates high pressure,
allowing irrigation solutions to travel in three
dimensions (3D) and improving root canal cleaning
(40)
. Furthermore, the laser-generated pressure waves
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promoted rapid fluid flow and appears to improve
the efficacy of endodontic irrigant in eliminating
the smear layer (41). But unfortunately, this increased
pressure could result in more vigorous irrigation,
which could explain the increased amount of debris
extruded apically. Because pressure waves produce
transverse fluid movement, the chance of irrigant
and debris extrusion beyond the apical constriction
is higher with laser than ultrasonic activation and
therefore this explains the more extrusion of debris
in subgroup (1B) than subgroup (2A).
During laser activation in the root canal, apical
fluid pressure may be affected by the distance
between the fiber tip and the apex. (42). To prevent
some of the adverse consequences of typical laser
applications, the fiber tip was generally used in
the coronal region of the root canals in the current
investigation, as in some earlier studies (43,44,45).
Previous research found that ultrasonic irrigant
activation was more successful in eliminating
artificially manufactured dentine debris in simulated
canal expansions with broader tapers (46), As a result,
the vibrating file of the ultrasonic devices only
oscillates transversely rather than longitudinally
towards the root axis. As a result, the solution’s
apical migration can be linked to the generation
of ultrasonically produced waves at the solutionair
interface, which causes trapped air in the root canal
to be evacuated, allowing the solution to flow
apically in the opposite direction (47). This might
explain larger amount of debris extrusion with
ultrasonic activation than conventional subgroup.
Also, ultrasonic energy might have led to apical
precipitation of the debris.
Furthermore, with low irrigant extrusion,
continuous ultrasonic irrigation was likely to reach
the most apical area, which is consistent with
various previous investigations on irrigant delivery
(2,48,49,50,51)
. Results of the current study showed nonsignificant difference between continuous ultrasonic
and laser activated subgroups and conventional
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syringe subgroups, these results are in accordance
with peeters et al (52) and sharma et al (53), who
evaluated laser activated and ultrasonic irrigation
procedures, and proved the safety of both activation
techniques regarding their effect on apical extrusion
of debris.
While the continuous ultrasonic needle was
limited to 75 % of the working length; with an
average WL of 19–20 mm in the mandibular molar,
the needle tip should be inserted 4–5 mm distant from
the canal terminus. It’s probable that continuous
ultrasonic needle’s position was distant from the
canal termination resulted in less irrigant extrusion
into the periapical region which subsequently
resulted in minimal extrusion of debris (54).
The results of ultrasonic activation also come
with Karatas et al. (26) who stated that ultrasonic
extruded more debris than the needle technique,
with no significant difference.
In the existing investigation, the conventional
syringe subgroup (1A) needle tip was 2 mm short
of WL. The depth of the needle tip affects irrigant
extrusion as more coronally the needle is situated,
the created apical pressure will be diminished, but
the irrigant exchange process will be less efficient
(55)
. Extrusion occurred even though the suggested
side-vented needle was set away from the apex. The
needle was put shorter of the WL by 2 mm or before
binding for standardization purpose, and needle
binding into the root canal walls was forbidden to
avoid forcing irrigant and debris into the periapical
area. To avoid periapical extrusion of irrigants,
conventional syringe irrigation was done with
gentle pressure (56).
The probability of irrigants extrusion from the
apex was raised when the needle was inserted 2mm
distant from the apex (57). The side-vented is closed
apically, generating more pressure on the root canal
walls and improving the hydrodynamic activation
of an irrigant, as well as minimizing the chances of
apical extrusion, which enables the irrigant to reflux
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and causes added debris to be moved coronally,
decreasing the unintended entrance of debris into
the periapical tissues(58).
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