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solutions of root canal by ultrasonic or using 808 nm Diode laser on the apical seal of canal.
Methods and Materials: A total of 90 extracted human maxillary central incisors were prepared
up to size #45 and were randomly assigned to 4 experimental groups (n=20) and two control
groups (n=>5) respectively, as follows: I): 3 mL of 5.25% NaOCI was agitated as final irrigant
solution with ultrasonic for 30 sec. The ultrasonic tip was 1 mm shorter than the working length,
II): 3 mL of 5.25% NaOCIl was agitated as final irrigant with 808 nm Diode laser for 30 sec. Fiber
tip, placed in 1 mm shorter from working length was spirally moved coronally, III): 3 mL of
17% EDTA was agitated as final irrigant with 808 nm Diode laser for 30 sec and was applied
similar to group II, IV): 3 mL of 17% EDTA was stimulated as final irrigant with ultrasonic for
30 sec and was applied similar to I. Apical seal was assessed by Dual Chamber technique using
Bovine Serum Albumin protein. Kruskal-Wallis and Mann Whitney tests were used with
significance level lower than 0.05% for statistical analysis. Results: The average leakage in the
negative control, positive control, and groups I, II, III, IV were: 0.00, 13.5+5.1, 1.72+2.9,
5.12+5.6, 3.36+3.7, 2.4+4.2, respectively. Statistical analysis showed significant difference
between groups (P<0.05). There was a significant difference between groups 1 and 2 in terms of
protein leakage. Conclusion: Agitating 5.25% sodium hypochlorite solution as the final irrigant
with ultrasonic is more effective in apical leakage reduction compared to other groups.
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Introduction

prerequisite for successful root canal therapy, mechanical
instrumentation and canal irrigation have an important role in the

Root canal therapy is a treatment through which the patient is
able to hold his natural teeth with maintaining its
performance and beauty [1]. Success in endodontics is primarily
determined based on three factors of cleaning and shaping, full
disinfection and filling [2]. Root canal therapy is performed with
the aim of removing pathogens and their products, to fill canal
space with a three-dimensional filling and make a proper apical
seal [3]. Given the importance of disinfecting the canal as a

process of root canal therapy [2]. Among the existing irrigant
solutions, sodium hypochlorite and ethylene diamine-tetra-acetic
acid (EDTA) are commonly used [4]. Studies have shown that the
use of these solutions has a significant effect after the end of canal
cleaning and shaping as final irrigant solutions before filling the
root canal in removal of smear layer [4, 5]. Microorganisms
remain despite the process of root canal cleaning and shaping, due
to its complex morphology including isthmii, deltas and lateral
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canals which act as a place for bacteria, debris and necrotic tissues
to harbor [5]. Regardless of the instrumentation techniques, 35%
or more of the root canal surfaces remain unprepared [6].
Accordingly, the irrigants ability to penetrate these areas is
important for debridement and disinfecting root canal [4]. These
solutions should be in direct contact with the root canal wall
surface to improve effectiveness [4]. However, reaching the apical
part is usually difficult for the irrigants due to small diameter of
canals. The traditional irrigation with the syringes are widely used
in endodontic therapy, but the studies have shown that the effect
ofirrigants is directly associated with the needle penetration depth
on the apical region and this is not possible in narrow or curved
canals. Thats why; some techniques and tools such as ultrasonics
and laser are applied to improve the effectiveness of irrigants [7-
11], because they render the irrigants to reach the apical third of
the root canal system. Passive Ultrasonic Irrigation (PUI) is
described as using an activated file with ultrasonic in passive mode
to create acoustic streaming. PUI is able to remove endodontics
biofilm and help irrigants to penetrate across canal walls more
effectively. Using a combination of PUI with NaOCI removes
more debris than irrigation with a syringe [7]. In the last two
decades, laser technology has gained the spotlight as an adjunct
treatment in endodontics [12]. Lasers operate in continuous wave
or pulse mode or by the use of an optical fiber conductor. Specific
wavelengths of laser light are capable of penetrating deep into the
dentinal tubules and eliminating the microorganisms, removing
the smear layer or changing the surface morphology of dentin.
Diode lasers have been proposed for disinfection of the root canal
due to their optimal antibacterial properties and low cost in
relation to most laser used in endodontics. It has been
demonstrated that E. faecalis can be largely or completely
eliminated by the application of diode laser alone or in
combination with irrigating solutions. The available diode laser
wavelengths for dental application range from 800 to 1064 nm.
Some previous studies have assessed the efficacy of 810 nm and
980 nm lasers separately and their results confirm their acceptable
antimicrobial efficacy. Laser-activated irrigation increases its
efficiency through cavitation, subsequent bubbles collapse and
creating acoustic streaming, which leads to removal of smear layer
and debris from the canal wall [9, 13]. According to the
aforementioned items, this study aimed to evaluate the efficacy of
the final rinse agitation with ultrasonic or 808 nm diode laser on
apical seal of human single-rooted teeth.

Materials and Methods

In this in vitro study, 90 human maxillary incisors extracted due
to periodontal reasons were collected. The teeth were held in
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sodium hypochlorite (5.25%) (Golrang, Pakshoo Co. Tehran
Iran) for 24 h to remove any debris and pollution and later
external root surfaces were cleaned using sterile ultrasonic inserts
(Varios, NSK, Nakanishi Inc., Tokyo, Japan) to take dental plaque
and organic tissues. The samples were then stored in normal
saline. The selected teeth clinically had straight roots without any
anatomical anomaly. All samples were subjected to buccolingual
and mesiodistal radiography. Calcification, internal or external
resorption or cracks (visible under the light of stereo microscope),
severe decay of dental crown and roots, large restoration of crown,
root fractures and severe curvature of the root, severe depression
on the root surface and apical foramen larger than File #40, were
considered as exclusion criteria.

The crown of all samples was cut from cemento-enamel
junction with a fissure bur (Jota, Ruthi, Switzerland) under
copious water. Then using the K-File #15 (Dentsply Maillefer,
Ballaigues, Switzerland) roots length were determined. For this
purpose, the file was placed in the root so that its tip could be
observed from apical foramen. After calculating the roots length,
the working length was considered as 1 mm shorter. The length
of all samples were the same and equal to 13 mm. The coronal
portion of the roots was prepared by crown down technique
using #2 and 3 Gates Glidden drills (Dentsply Maillefer,
Ballaigues, Switzerland). Then apical portion of the roots were
prepared up to the #45 file (as Master Apical File). During
sample preparation and the cleaning and shaping stages, normal
saline was used for irrigation. All canals were prepared by the
standard step back method and were kept in normal saline.
Based upon simple allocation protocol, the samples were
randomly divided into 6 Groups of 4 experimental groups
(n=20) and two control groups (n=5). After randomized
assignation in the groups, the interventions were applied in
accordance with the following procedure:

Group 1: The use of 3 mL of 5.25% NaOClI as a final irrigant
solution which was transferred to canals with a syringe and
activated with ultrasonic set (Nakanishi Inc., Tokyo, Japan) and
the tip of E8 for 30 sec (That is, three times every 10 sec and 1
mL of the solution, and 10-sec-intervals to avert from
temperature increase).

Group 2: The use of 3 mL of 5.25% NaOCl similar to (Group
I) as final irrigant solution radiated by 808 nm diode laser with
the power of 1.5 W and continuous mode with 200 micron fiber
tip and the fiber tip was placed in 1 mm shorter of the working
length (for better contact with the entire surface of the wall this
technique is used due to direct radiation of LASER beam) and
was helically moved from apical to the coronal portion. Each
time irradiation lasts for 10 sec. It was moved from apical to the
coronal with the speed of 1.2 mm/s. The total number of
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irradiation times for each canal is 3 times at intervals of 10 sec.

Group 3: The use of 3 mL 17% EDTA (similar to Groups 1
and 2) (Diadent Inc., Chongchong Buch Do, Korea) as a final
irrigant solution irradiated by 808 nm diode laser with the power
of 1.5 W and continuous mode with the fiber tip of 200 um that
the fiber tip was placed in 1 mm shorter of working length (for
better contact with the entire surface of the wall this technique
is used due to direct radiation of laser beam) and was helically
moved from apical portion to the coronal portion. Each time
irradiation lasts for 10 sec. The total number of irradiation times
was 3 times at intervals of 10 sec to avoid temperature increase.

Group 4: The use of 3 mL (similar to Groups 1, 2, 3) of %17
EDTA as the final irrigant solution which was transferred to
canals by syringe and was agitated for 30 sec with ultrasonic and
E8 tip for 30 sec (that is, three times each time 10 sec and 1 mL of
solution at intervals of 10 sec to avoid temperature increase). In all
groups, the volume of the used solution and the time of agitation
are equal. Positive control samples were prepared without
agitation and filling was not done. The five negative control
samples were prepared and all canals were filled with wax.

After this stage, the canals were dried with paper cone
(AriaDent, Tehran, Iran) and obturated with gutta-percha 2%
(Diadent Inc., Chongchong Buch Do, Korea) and AH-26 sealer
(Dentsply, Tulsa Dental, Tulsa, OK, USA) using lateral Cold
Condensation technique using the spreader (Dentsply
Maillefer, Ballaigues, Switzerland) to be ready for the next
steps. Outer surface of root was covered using two layers of
varnish (Nail Polish) except for 2 mm apical zone. No coverage
was applied for positive control group samples, whereas in
negative group, the outer surfaces was completely covered with
two layers of varnish.

All the samples were mounted in a dual-chamber leakage
apparatus. First, the teeth were inserted from the cap end of a
1.5-mL plastic Eppendorf cylinder (Elkay, Shrewbury, MA,
USA). The ending 3 mm of cylinders were cut previously, so the
root tips passed through this part and were visible. Interfaces
between the tubes and the teeth were sealed with sticky wax. The
cylinders were placed in pre-autoclaved 10-mL glass vial tube
with identical dimensions. The glass vials had been filled
previously with 9 mL of distilled water. The junction line
between microtube and vial was tightly covered and sealed with
Parafilm (Supa Co., Tehran, Iran). The whole system was
sterilized with ethylene oxide gas for 12 h. The plastic cylinders
were filled with 1 mL of 1% bovine serum albumin (BSA, Sigma-
Aldrich, St. Louis, MO, USA). The assembly was incubated again
at 37°C and a relative humidity of 90% for 30 days (test period).
BSA was refreshed every day throughout the experiment.
Bradford indicator was used to measure the concentration of

leaked albumin form the upper chamber into the lower one at
the end of the 30" day. Bradford protein reagent is an aqueous
solution of Coomassie Brilliant Blue G (Sigma-Aldrich, St.
Louis, MO, USA), ethanol, and phosphoric acid. The procedure
is based on the formation of a complex between the dye, Brilliant
Blue G, and proteins in solution. According to the manufacturer,
albumin leakage into the solution and subsequent formation of
the protein-dye complex would shift the wavelength of
maximum absorption of Coomassie Brilliant Blue G from 465 to
596 nm. Color development is rapid. Only 5-min incubation is
sufficient to read the samples at 595 nm. The amount of
absorption is proportional to the protein present. The glass tubes
were separated. Then 50 pL of test solution of the vials was
pipetted into a new Eppendorf tube and 150 microliters of
Bradford protein reagent was added to the tube, and the contents
were mixed using spectrophotometry, and the maximum
absorption was measured to calculate the microleakage.
Statistical analysis of the data was conducted using the Kruskal-
Wallis followed by the Mann-Whitney tests. The level of
significance was set at 0.05 (SPSS software for Windows, SPSS
version 23.0, SPSS Chicago, IL, USA).

Results

Average leakage in the negative control samples, positive and
groups 1, 2, 3 and 4 was 0.00, 13.5+5.1, 1.72£2.9, 5.12+5.6,
3.36+3.7, 2.4+24.2 respectively. Statistical analysis showed a
significant difference among the groups (P<0.05). According to
the statistical analysis, no leakage was observed in negative
control group and the most leakage was found in the positive
control group (Figure 1). In the comparison between groups 1
and 4, sodium hypochlorite and EDTA had been agitated with
ultrasonic at the same time and volume. There was no significant
difference among the effects of solutions on the apical seal
(P>0.05). In the comparison between groups 2 and 3, sodium
hypochlorite and EDTA with 808 nm laser diode had been
agitated at the same time and volume. No significant difference
was observed between the leakages of protein in these two
groups (P>0.05). In a comparison between the groups 1 and 2 in
which the sodium hypochlorite solution had been activated with
ultrasonic and 808 nm laser diode, the results have shown
significant differences between the two groups (P<0.05). In a
comparison between groups 3 and 4, where EDTA solution had
been activated by ultrasonic and 808 nm laser diode, significant
difference was not observed between the groups (P>0.05). Among
the four experimental groups, the first group (sodium
hypochlorite agitated with ultrasonic) showed the least amount of
protein leakage (P<0.05).
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Figurel. Graphical representation of protein leakage in
experimental groups

Discussion

dentinal debris, the
microorganisms remained from root canal is a prerequisite for
success in endodontic treatment [14]. Mechanical cleaning of
canals significantly reduces microorganisms inside the canal, but
does not sterile the canal [2, 13]. To improve the mechanical
method of preparation, antimicrobial irrigant solutions have been
recommended. The main function of irrigants is cleaning the root
canal in the process of shaping and enlargement. Commonly used
irrigant solutions in endodontics include sodium hypochlorite
(NaOCl) and ethylene diamine tetra-acetic acid (EDTA) that are
very beneficial through the process of cleaning and shaping as well
as irrigation [15, 16]. For example, the advantages of sodium
hypochlorite during preparation can be improving the cutting
effect of hand tools, reducing the torque on the rotary NiTi files.
Moreover, the use of these solutions as the final irrigant solutions
effectively helps removal of the smear layer from the root canal
walls [17]. On the other hand, one of the problems of sodium
hypochlorite is having high surface tension that restricts its
penetration into the dentinal tubules and the root canal
irregularities [18]. Studies have shown that the use of syringe is
not effective for irrigation in the apical third of canal. This
traditional technique distributes the solution in 0.1-1 mm beyond
the tip of the syringe because canal irrigants must be in contact
with the canal to improve the effect of this irrigation in the apical
region [10]. Available ways to improve the effectiveness of
irrigating solutions include change of concentration, volume, pH,
temperature and conditions of maintenance and agitation [14,
16]. Among the tools used to agitate the irrigant solutions can be

Removal of necrotic pulp tissues,

ultrasonic exposure. Ultrasonic influence is defined by its ability
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in the formation of bubbles called cavitation and acoustic
streaming [19]. Laser is another way which is used for this
purpose. With the advent of wide applications of lasers in
dentistry, it could have attracted the clinicians’ attention toward
the use of it in endodontics in order to agitate irrigant solutions
for improving their effectiveness [20].

In the recent years, application of laser technology in clinical
dentistry has considerably increased, mainly due to introduction of
different laser wavelength, methods and delivery systems. Laser
therapy is known as an efficient modality in endodontic treatment
due to multiple advantages such as smear layer removal, decreasing
the bacterial count and reducing the apical microleakage. Studies
have shown that differences in the wavelength, power, irradiation,
time, spot size and number of cycles are responsible for the variable
efficacy of lasers reported. Laser-based mechanism in enabling
solutions is according to absorption of laser energy, the formation
of bubbles, the collapse of these bubbles and creating acoustic
streaming [9]. Laser diode due to less space occupied by the device,
low cost, thin and elastic fiber tip (which enables practitioners to use
it in narrow and curved canals) has been very important. Diode
laser, which is generally, introduced in endodontic covers wave
lengths in the range of 800-980 nm [21]. It has a high absorption in
pigments, but its absorption in water and hydroxyapatite are low.
Most bacteria produce pigments and also due to the penetration
depth of bacteria up to 1100 microns within the dentinal tubules,
diode laser can be a good choice for use in removing and reducing
bacteria because it has passed hydroxyapatite and has a high
penetration depth.

Microbiological studies have shown that Nd: YAG laser gives
the best results in reducing microorganisms even to a depth of
1000 um [22]. Diode laser with a wavelength of 810 nm ranks
second in terms of reducing microorganisms (about 63%) [9, 19].
This study aimed to compare the effect of agitating final irrigant
solutions with 808 nm diode laser and ultrasonic waves on root
canal apical seal. According to the results obtained in this study,
sodium hypochlorite agitation with ultrasonic waves is effective in
reducing the apical leakage. The studies carried out in this regard
confirm the above results including a study conducted in 2015 by
Kanumuru et al. [23] for comparing the penetration of different
solutions agitated by different methods.

The results of the study showed that ultrasonic and
reciprocating groups led to better penetration of solutions. In
another study which was done by Justo et al. [24], the effect of final
irrigation on removing debris was studied. Different solutions
such as sodium hypochlorite, chlorhexidine and saline were
considered as the main groups

The results showed that in groups that ultrasonic was
performed; removing debris from the apical third of the root was
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done more effectively. And it was also observed that the type of
used solution is not effective on removing debris. In the present
study, comparison between the groups activated with the same
tools, showed that the type of solution used is not effective in
reducing protein leakage.

The sealing ability properties of endodontic filling materials
are investigated using various methods including dye penetration,
clearing techniques, radioisotopes, marginal adaptation, bacterial
leakage, efc. [25]. A series of advantages and disadvantages have
been mentioned for each of these techniques, for example,
bacterial leakage evaluates sealing in all assessed areas while only
adjacent walls of materials are evaluated in dye leakage [26]. The
bacterial leakage studies focus on the main pathogenic factor, but
even this technique may not reflect actual clinical conditions
because the specific species are used with a limited number of
therefore the bacterial effect,
environmental influence, temperature changes, salivary enzymes

bacteria and synergistic
and buffering antibody substances are ignored. In this study,
protein leakage method has been used to evaluate the sealing
ability some of the studies that used this technique include the
studies by Saghiri et al. in 2008 [27], Vosoughhosseini et al. in
2011 [28] and Zarenejad et al. in 2015 [25].

In a study carried out by Wang et al. [16], the effect of 980 nm
diode laser irradiation was investigated on apical leakage after
canal obturation. The samples were irradiated with a 980 nm
diode laser and the apical leakage was evaluated using a dye
penetration. The results showed that 980 nm diode laser is useful
to reduce apical leakage. However, in this study the effect of
agitating the solution was investigated by 880 nm diode laser on
apical seal using protein leakage method [16]. In 2016, Ayranci et
al. [17] examined the effect of agitating irrigant solutions with
laser and ultrasonic on removing the smear layer on the apical
third and middle one-third of roots. In this study, Er: YAG was
used with a wavelength of 2940 nm. The results showed that laser
agitated irrigant combined of 17% EDTA and 5.25% NaOCl each
for 30 sec is the most effective on removing the smear layer in the
apical third [17]. In that study, the tip of laser probe was placed in
pulp chamber and the ultrasonic tip was placed in 1 mm shorter
than the working length. The results showed that the agitating
combination of these two solutions with ultrasonic, removes more
smear layer compared to the groups in which sodium
hypochlorite had been agitated only with ultrasonic and laser.

In contrast, the results obtained from comparing groups 1 and
2 in our study suggest more effectiveness of sodium hypochlorite
agitation with ultrasonic waves compared to that of laser on apical
seal (P<0.05). Different results may be due to different types of
laser used in this experiment (wavelength, power). Moreover, the
results showed that there is no significant difference in reducing

leakage between agitating the solutions, EDTA and NaOCI with
similar tools (P>0.05) (Comparing between groups 1-2 and 3-4).
The study results showed that ultrasonic agitation of these two
solutions is more effective than NaOCI agitation with laser. This
means that the simultaneous use of the two solutions can be
considered as a factor in removing the smear layer [23]. In a study
conducted by Arslan in 2013 [29], the 808 nm diode laser agitating
effect 15% EDTA as the final irrigant solution of canal began at
different times. In that study, the number of open tubules in the
apical third was examined after the test using electron microscopy.
The results showed that agitation of 15% EDTA with an 808 nm
diode laser for 20 sec has been effective as a final irrigant solution
to remove the smear layer on the apical third and the most
disruption in the dentinal tubules was observed. That study aimed
to compare the agitation effect of 15% EDTA by laser in different
times and activating the solution with ultrasonic waves has not
investigated. Moreover, it is necessary to mention that the volume
used from the solution was 15 mL all of which can be the reasons
for different results. The possible reason for the lack of effect of
agitating sodium hypochlorite with diode laser on the apical seal
can be attributed to cross-reactivity between them and the
conditions provided during the study (time of agitation, the
volume of the solution, device settings) and the amount of laser
energy absorbed by the solution.

Conclusion

It is concluded that strengthening final irrigant solution (5.25%
NaOCIl) with ultrasonic waves is a good way to minimize the
protein leakage in root canal treatment processes.
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