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Abstract

Introduction: Successful root canal therapy depends on the complete elimination of micro-
organisms such as Entroccocus faecalis, which is impossible to achieve with the traditional
methods. Lasers are recently introduced as a new method to solve the problem. The present study
is planned and performed to examining the antibacterial effect of Er: YAG laser.

Methods: Sixty extracted anterior primary teeth were prepared and sterilized. E. faecalis bacterium
was cultured in canals. Samples were randomly divided into two groups. The first group was
disinfected by NaOCI 5/25% and Er: YAG laser and the second group just by NaOCI 5/25%.
Published online 27 September Samples of canal contents were cultured and colony counts were calculated. The results were
2017 analyzed statistically by SPSS software and Mann Whitney test.

Results: There was no significant difference between colony counts in both groups (P=0.142). But
the number of colonies in the first group was lower than in the second group.

Conclusion: Although, Er: YAG laser cannot completely eliminate E. faecalis bacterium, its
simultaneous use with NaOCI decreases E. faecalis.
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Introduction

Early loss of primary teeth can cause malocclusion, or
permanent or temporary cosmetic, speech or functional
problems and it is necessary to keep pulp vitality and
teeth as much as possible.! Therefore, pulpectomy of
primary teeth with irreversible pulpitis or necrotic pulp
is necessary, in order to prevent damage to permanent
teeth or problems due to early tooth losses.? Successful
treatment is directly related to the elimination of micro-
organism from root canal.2 According to the study by
Sjogren et al, the teeth with positive bacterial cultures
during canal obturation have a 5-year success rate of
about 68%, while teeth with negative culture success rate
increases to 94%.’

Among different species of bacteria, Enterococcus faecalis
is known as a resistant species to root canal therapy
and also as a dominant species in permanent teeth with
failed root canal therapy.*¢ Moreover, the results of the
study by Cogulu et al indicate strong relationship of E.
faecalis bacterium with periapical radiolucency and pain
in primary teeth.” The existence of this bacterium in root

canal increases the probability of failure in root canal
therapy and also in retreatment.*® According to another
study E. faecalis may remain in the canal after mechanical
and chemical preparation of the canal.'’

Elimination of these resistant types of bacteria from root
canals is considered as a serious challenge in root canal
therapy." Recently, some lasers with different wavelengths
have proved to be strongly able to clear the canals in
permanent and primary teeth.'””"* These lasers disinfect
the canals from resistant bacteria such as E. faecalis.'**
One of these lasers which are introduced for endodontic
treatment is Er:YAG laser.'*"® The bactericidal effect of
this laser has been showed in some studies.'”*® In addition
to bactericidal effect, this laser has the minimal thermal
damage.”*** In the study by Perin et al on permanent
teeth, the effectiveness of Er:YAG laser on E. faecalis was
verified.”® The study carried out by Noiri et al, just like
the former, verified the effectiveness of Er:YAG laser
on species of E. faecalis*® The results of the study by
Kuvvetli et al on infected primary teeth, showed stronger
antibacterial effect of Er:YAG compared with NaOCL
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alone.”

Regarding the mentioned materials, new methods should
be found in order to increase the success rate of root canal
therapy in children to prevent damage to permanent
teeth. One of these methods is improvement of bacterial
elimination, therefore the present study was planned and
performed with the aim of examining the effect of Er:YAG
laser on E. faecalis in the canals of primary teeth.

Methods

Teeth Preparation

In this in vitro study, 100 extracted anterior primary teeth
were cleaned, disinfected and stored in normal saline.
Among them, 60 teeth which were resorbed less than %
of the root were chosen. Dental crowns were removed by
diamond fissure bur (Tees Kavan, Iran) to obtain uniform
teeth with a root length of 10 mm. Then, the roots were
prepared and shaped with 9 mm working length with
K-files up to #50 (Mani, Japan). During the process of
preparing and shaping, canals were rinsed with NaOCI
5/25% (Merck, Germany). After preparation, canals were
treated with 17% EDTA (Asia-Shimi-Teb, Iran) for 5
minutes to remove the smear layer. Then the canals were
irrigated with normal saline and then the teeth were put
into the autoclave with a temperature of 121°C for 30
minutes.

Root Canal Contamination

Pure E. faecalis (ATCC 19212) were cultivated in brain
heart infusion (BHI, HI Media, Mumbai, India) broth
medium and then suspended in 4.0 mL of brain heart
infusion. The cell suspension was adjusted to match the
turbidity of E. Faecalis at 1.5 x10® colony forming units
(CFU)/mL (equivalent t0 ~0.5 McFarland standards).
The end of each root was sealed with temporary cement
(Cimpat, Septodont, Saint - Maur-Des- fosses, France)
and 4 pL of the suspension was placed into the root canal
using an automatic pipette. The specimens were placed
into petri dishes covered with wet gauze and incubated for
48 hours at 37°C. Then teeth were cleaned by K-files up to
#60 and rinsed with NaOCI 5/25%.

Laser Radiation

The samples were randomly divided into 2 equal groups
according to randomized number table; each group
contained 30 teeth. The first group was exposed to laser
radiation and the second one was not. Er:YAG laser
(Er:YAG Fidelis Plus, Fotona, Slovenia) ( 2940 nm,
fiber with 20 mm length and 300 micron diagonal) was
applied. The laser with a power of 1 W, energy of 100 m]J,
10 Hz frequency, power density of 1414.71 W/cm?, energy
density of 141.471 J/cm?* was used spirally in short pulse
mode (250 ps) for 20 seconds (over 2 spans of 10 seconds
and with the interval of 2 seconds). Laser irradiation
started from the coronal part that was 10 mm away from
radiographic apex and 9 mm away from end point of

preparation process.

Sampling and Examining the Samples

The canals were dried with sterile paper point, and then
dentinal chips were produced in each tooth by sterile Gates
Gliden #3 (Maillefer, Ballaigues, Switzerland). After that,
the chips of dentin were taken from the inside of canals
with a moisturized paper point which was moisturized
with distilled water, and were transferred into the culture
environment BHI about 1 mL. The samples were shaken,
and about 1 pL of each sample was cultured in the solid
culture environment of blood agar. After 24 hours’
incubation in 37°C, the colonies were counted. Three
teeth were chosen randomly as control. These teeth,
after 48 hours’ incubation, were dried with a paper point,
and a dentine sample was taken from them. In a similar
manner, the bacteria in dentinal tubules of other samples
were counted. The results were analyzed statistically by
SPSS software version 21 with Mann-Whitney test.

Results

Mean count of bacterial colonies for the 2 groups is
presented in Table 1. According to Mann-Whitney test
results, there was no significant difference between the
groups (P value > 0.05).

Despite the absence of any significant relation, the mean
colonies count in the first group (Figure 1) was lower than
the second group (Figure 2). The mean colonies count was
2.4 + 1.42 for first group and 5.9 + 16.88 for Second group.
According to the results, 15 samples in the first group and
12 samples in the second group were completely free of
bacterial colonies (Figure 3).

Table 1. Mean Bacterial Colonies

Mean Colonies Count Colonies Free Samples Count
2.4 +1.42 15
5.9+ 16.88 12

Group 1: Hypochlorite sodium and laser irradiation.
Group 2: Hypochlorite sodium.

Group 1
Group 2

Figure 1. A Sample of Colony Count in First Group.
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Discussion

The success of pulpectomy in children is directly related
to the elimination rate of micro-organisms from root
canals.” On the other hand, complete elimination of
micro-organisms after cleaning, shaping and rinsing with
conventional methods, is not possible in all cases.** As
the results of the studies carried out by Kouchi et al show,
bacteria can penetrate into dentinal tubules to a depth of
1100 um,*” while according to another study, chemical
substances can penetrate into a depth of 130 pm at most.?
Among different bacteria existing in infected pulp tissue,
E. faecalis (facultative anaerobic gram positive cocci) is
a common endodontic pathogen in teeth with failure in
pulpectomy.”*** The results of the study by Cogulu et
al show that E. faecalis is strongly related to periapical
radiolucency and pain in primary and permanent teeth.’”
Therefore, elimination of bacteria such as E. faecalis from
the root canal is considered as a challenge in pulpectomy
of primary and permanent teeth.*!

In order to solve this problem, laser has been introduced
recently for disinfecting root canals.*** Lasers are
of different kinds and their application may lead to
different results. The results of the work by Moritz et al
show that performance of diode and Nd:YAG lasers for
eliminating E. faecalis in pulpectomy, was better than
Er:YAG laser. It is noteworthy that the results of applying
diode and Nd:YAG laser were similar to the results of
using NaOCl.>"** Different studies showed conflicting
results when comparing chemical cleaning methods with
laser. For instance, the results of the study by Kustarci
showed that NaOCL 5.25% had better effect than KTP
laser.*® The results of the study by Eldeniz et al showed
that NaOCL 5.25% had better effect than Er:Cr:YSGG
laser on the elimination of E. faecalis from infected root
canal.”” However, the results of another study showed that
applying Diode laser in comparison with mechanical and
chemical methods, causes more elimination of E. faecalis
in the apical part of root canals.®® In the study by Kuvvetli
et al, the effects of Er:YAG laser in molar primary teeth
was similar to the effects of NaOCL 1.25%."® Therefore,
it seems lasers can be effective in root canal disinfection.
Moreover, more studies on applying laser for primary
teeth is necessary because most of the previous studies on
laser are carried out on permanent teeth and structural
differences between permanent and primary teeth affect
the results.**

Er:YAG laser transmits energy through photo ablation
process. Hydroxyapatite absorbs maximum energy at
2900 nm which is close to Er:YAG laser wavelength.
The performance of this laser in preparing tooth cavity
is approved in many studies.*** According to the results
of the study by Moritz et al on the antibacterial effects
of some lasers such as Er:YAG, Nd:YAG and Ho:YAG,
it can be concluded that Er:YAG laser is more effective
than the others.?"* These results are also seen in the study
by Schoop et al that show Er:YAG laser in comparison

Figure 3. A Sample of Colonies Free Medium.

with Nd:YAG, diode and Er:Cr:YSGG in power of 1 W,
has been the best at limiting the growth of E. faecalis in
permanent teeth.”? On the contrary, the results of the
study by Kuvvetli et al on molar primary teeth show that
antibacterial effects of Doide laser have been better than
those of Er:YAG laser.”® Generally, it seems that Er:YAG
laser is an efficient laser for disinfecting the root canal.
According to the results of the present study, Er:YAG laser
also decreases the E. faecalis in anterior primary teeth.
This result was approved in the study by Kuvvetli et al on
molar primary teeth."

Laser has changeable parameters, so different results
can be gained.*** Power is one of those parameters.
According to the study by Takeda et al the power of
1/2 W is adequate for clearing the smear layer,'****
moreover, the power of 1/2 W is adequate for disinfecting
the canal.®® Accordingly, in the present study, because
the primary teeth are chosen and there is structural
difference between primary and permanent teeth, the
least power (1 W) used in other studies is chosen and
examined. According to the results of the study by Schoop
et al, a power of 1 W can only decrease the bacteria but a
power of 1.5 W is adequate for complete elimination of
E. Faecalis.? The results of the present study also show
that a power of 1 W does not completely eliminate E.
faecalis bacterium from the canal. According to the
mentioned items, it appears that complete elimination of
the bacteria from the root canal needs increased powers.
It is noteworthy that increasing the power of the laser
causes danger of increase in temperature and damage to
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periodontal tissues. But it should be considered that due
to higher absorption of Er:YAG laser’s energy by water in
comparison with other lasers such as Nd:YAG and CO,,
the possibility of increasing temperature is minimum.*
Water or air sprays are some of the efficient factors in
preventing thermal damage.*>' The study by Theodoro
et al showed that applying laser for 30 seconds with water
spray can decrease temperature (-2.2+2.5°C).” It should
be taken into consideration that using too much water or
air cooling results in energy absorption and decreased
ablation effect of laser.>

Another parameter that affects the antibacterial effect
of laser, is radiation time. The results of the study by
Kuvvetli et al showed that applying laser for 45 seconds
causes a decrease in E. faecalis in the root canal of
primary molar teeth.”® The results of the present study
also indicate that the number of colonies in the canal of
anterior primary teeth decreased by applying laser for 20
seconds. It should be mentioned that different studies
on radiation time on antibacterial properties indicate
different effects of radiation time. In the study by Kuvvetli
et al, increasing time improves the antibacterial effect of
Er:YAG laser.”” While, according to the results of another
study, increasing the time of laser application would not
improve the cleaning effect.>* Therefore, more studies on
laser radiation time are necessary.

Another factor is energy. According to the results of
the study by Noiri et al on the effects of Er:YAG laser
on E. faecalis, increasing laser energy rate decreases
the bacterial count, accordingly 20 m] energy does not
make any change in bacterial growth while 40 and 80 m]
decrease bacterial population.” In the present study also,
100 m] energy could not eliminate E. faecalis bacterium
completely from root canal of primary teeth. Therefore,
regarding the role of this bacterium in the pulpectomy
failure, more studies are advised.

It should be considered that the proper amount of energy
for elimination of different species of bacteria may be
different, for example according to the results of the study
by Noiri et al on the effects of Er:YAG laser, the amount of
energy that is adequate for complete elimination of gram
negative species, can only decrease the growth of gram
positive species.” Therefore, despite the fact that 100 m]J
energy is not adequate for complete elimination of E.
faecalis from the root canal, it is possible that regarding the
multi-bacterium nature of pulp disease,”* this laser with
the investigated parameters is suitable for disinfection of
root canal from other bacteria.

In addition to mechanical methods and new tools such
as laser, chemical materials such as NaOCI are used for
disinfecting the canal. It is noteworthy that the efficiency
of NaOCl in root canal disinfection depends on the of
NaOCl concentration.® > According to the study by
Gomes et al the most effective concentration of NaOCI
for E. faecalis elimination, is 5.25%.® Accordingly, a
concentration of 5.25% is used in the present study. In

the present study, the group which was disinfected only
by NaOCl 5.25% showed decrease in the number of E.
faecalis. Regarding the fact that E. faecalis in comparison
with other species such as Actinomyces naeslundii and
Candida albicans is more resistant to NaOCL*' therefore,
choosing an appropriate concentration of NaOCl is very
important. NaOCI with different concentrations lead to
contradictory results. For instance, in the study by Spratt
et al, using NaOCl 3% resulted in complete elimination of
E. faecalis®® which is contrary to the results of the present
study.

Conclusion

According to the results, laser application alongside
conventional methods do not significantly improve
elimination of E. faecalis from root canal of primary teeth.
However, regarding to the effect of different parameters
on the antibacterial effect of laser, more studies on power
and radiation time of laser is necessary. Moreover, clinical
studies to verify these results are also necessary.
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