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Abstract

Introduction: Laser irradiation has been suggested as an adjunct to traditional methods of canal
preparation but few studies are available on the antibacterial effect of diode laser in pulpectomy
of primary teeth. The purpose of the present study is to investigate the antibacterial effect of
diode laser in pulpectomy of primary teeth, in addition to define the optimal and harmless diode
lasing conditions in the root canal.

Methods: A total of 125 single rooted primary teeth were selected. After traditional canal
cleaning, they were divided in 2 groups. Sixty-five specimens after culturing of Enterococcus
faecalis into the canals, were divided in 3 groups: (1) traditional canal cleaning with 0.5%
NaOCI irrigation, (2) method of group 1+ 1.5 W diode laser (980 nm, pulse), (3) without
treatment (5 specimens). Then the specimens were cultured and after colony counting under
light microscope, were statistically analyzed by Kruskal-Wallis and Mann-Whitney tests. For
60 specimens, temperature rise of apical and cervical parts of the external root surface were
measured using 2 thermocouple type K, when radiating a 1.5 W diode laser into the canal.
Results: In the first experiment, the diode laser group showed tmost reduction in bacterial count.
And in the second experiment, the mean temperature rise of external root surface was less than
the threshold of periodontal ligament (PDL) damage.

Conclusion: Diode laser with a power output of 1.5 W, is effective in reduction of E. faecalis

Introduction

Itis not wise to maintain the infected primary teeth without
treatment. These teeth are a source of infection and
should be treated or extracted. Pulpectomy of primary
teeth is a conservative method of treatment versus
extraction. Preserving natural tooth is important because
of space maintenance, chewing ability and appearance.'?
Nowadays the most common method of root treatment of
necrotic primary teeth is complete pulpectomy that needs
a perfect accessibility to the root canals. Root morphology
of primary teeth makes endodontic treatment hard and
often impossible.’ Recent studies have shown that present
root treatment techniques should be changed or improved
to avoid failure of endodontic treatment.' Bacteria exist
throughout the root canal such as isthmuses, and dentinal
tubules. Enterococci are a cause of endodontic infections.
From this group, Enterococcus faecalis is common. E.
faecalis is a main cause of failures in endodontic treatment.
Although more present in infected permanent teeth, E.
faecalis is abundant in primary teeth too. The positive
results of endodontic treatment will increase significantly
if the infection is controlled correctly.* Bactericidal effects

bacterial count without damaging periodontal structures.
Keywords: Diode laser; Pulpectomy; Primary teeth.

of different types of lasers like Er-YAG, Nd-YAG and
diode lasers has been proved in endodontic treatment
of permanent teeth.>® In addition, the properties of laser
light provide a bactericidal effect that penetrates more
than 1 mm through dentinal thickness. Nowadays diode
laser has been concerned because it is economic, has a
good bactericidal effect and its temperature rise has been
shown to be in an acceptable range for permanent teeth.®
One of the important observations when using laser as
an adjunctive modality for endodontic treatments is the
heat that the laser produces may damage periodontal
structures around the tooth.%” The thickness of dentine
and enamel is lower in primary teeth than in permanent
teeth, so laser may cause the external root temperature to
rise higher than permanent teeth. The aim of this study
was in vitro assessment of the bactericidal effect of diode
laser in pulpectomy of primary teeth and also to verify the
external root temperature rise when diode laser is used
into the root canals of primary teeth.

Methods
A total of 120 freshly extracted, single rooted, anterior
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primary teeth with a single canal were used and prepared
as following; first the roots were cut to a length of
approximately 10 mm by a diamond bur on a high speed
handpiece and were stored in a 0.05% NaOCI solution.
Two experiments were prepared in this study.

1. To measure the external root temperature rise during
laser irradiation into the canal, 60 prepared teeth were
used and root canals were prepared up to an apical size
No. 60 (Dental K-File, Japan, Mani) and were irrigated by
10 mL 0.5% NaOCl and then by normal saline solution.
After that the canals were dried with paper point number
40, 50, 60. A 980 nm diode laser (laser ARC, FOX
Germany) was used. The fiber tip was 600 um in diameter.
To prevent the effect of hand temperature, a cylindrical
acrylic mold that was 5 cm in height and diameter was
used to hold the tooth during laser radiation. A hole was
prepared in the center of the mold’s circle to fix the tooth
and a hole in the height of the mold with a connection
to the upper hole to put the probe of thermocouple in
contact with apical region of the tooth. As there was
no available study with this goal, a series of pilots have
been done on 50 teeth according to Table 1, to obtain
the greatest power output of laser that does not increase
the temperature of external root surface more than 7°C
(threshold of periodontal ligament [PDL] injuries).
According to Table 1, the power output of 1.5 W
was used for this study. A thermo conductor paste
(Wiérmeleitpaste WPN 10, Germany) was spread on
the root surface to ensure as maximum thermal contact
as possible between the tip of thermocouple probe and
the root surface. Each tooth was fixed inside the acrylic
mold, two type K thermocouples (Autonics, Korea) with
a 1 mm diameter probe were used to measure the apical
and cervical temperatures of the root synchronously.
The measurement accuracy was 0.1°C. The probe of one
thermocouple was fixed in the groove of the acrylic mold

Table 1. Pilot Examinations to Reach Appropriate Irradiation Time of
Diode Laser 980 nm

No. of Teeth With

No. of Teeth Radiation Time (s) More Than 7°C Rise
10 30 (CW) 10

10 10 (CW) 5

10 5-5*-5 (pulse) 2

10 5-10*-5-10"-5 (pulse) 2

10 5-10*-5 (pulse) 0

Abbreviation: CW, continuous wavelength.
* Resting time.

at the cervical region of the root. Then the probe of second
thermocouple was entered from the hole existing in the
height of the cylinder and was placed in close contact with
the apical region of the root. Then the working length was
measured by a K-file for each tooth and the measuring size
was marked on the fiber tip of the laser by a silicone stop.
A 980 nm diode laser (Laser ARC, FOX Germany) with
the power output of 1.5 W, irradiated pulsatory with the
pulse length of 30 ms and the speed of 2 mm/s. The fiber
tip was entered into the canal to reach 1 mm upper than
working length, and the laser was radiated in pulse mode
and rotation. The whole time intra canal lasted 20 seconds,
lasing for 2 times of 5 seconds each (radiation time),
one resting time of 10 seconds (interval). To compare
the temperature changes at the root surface with the
temperature changes of the room another thermocouple
with the same features was placed at room. Temperatures
were recorded every second in a period of 20 seconds.
And the difference between the room temperature with
the apical and cervical temperatures was calculated. Then
data were assessed statistically by SPSS 17.

2. Sixty prepared teeth were used to evaluate the
antibacterial effect of diode laser. Root canals were
prepared up to an apical size No. 60 and were irrigated by
normal saline and then by 0.5% NaOCI. Then the canals
were dried by paper point number 40, 50, 60. A small piece
of light cure Glass Ionomer (GC Fuji, Japan) was cured
at the apical foramen of each tooth to obstruct the apical
opening. Then the roots were sterilized in an autoclave
at 134°C for 15 minutes. A suspension of E. faecalis
(ATCC 29212) strand was incubated in 5 mL trypticase
soy broth (TSB) culture medium at 37°C in incubator
for 24 hours. Then the concentration of inoculation
was adjusted to reach a degree of turbidity according to
McFarland scale which specifies a bacterial concentration
of 1.5x108 cells/mL, and specifying an absorbance of 0.08
to 0.1 at wavelength of 600 nm. Each root canal was filled
with 0.1 mL of suspension with an insulin syringe. Then
teeth were set up vertically inside the trypticase soy agar
(TSA) plates. Four thick TSA plates were used to support
the teeth vertically, and 16 teeth were fixed in each
plate. Plates were incubated at 37°C inside a laboratory
incubator. After 48 hours, the specimens were removed
from the incubator and were divided into 2 groups of
30 roots. One group of 30 roots was prepared with the
common method of pulpectomy. As each tooth was
prepared with the files No. 30 to 60 and after each filing,
was irrigated with normal saline solution. At the end step

Table 2. Temperature Rise During Irradiation of Diode Laser With 1.5 W Power of, 2x5 Seconds Pulse With 10 Seconds Interval

Number Minimum Maximum Mean = SD
Temperature of room 60 29.60 32.60 31.48 £0.67
Temperature of cervical region 60 31.60 34.20 32.94 + 0.67
Temperature of apical region 60 33.90 39.30 37.45 +1.06
Difference between room temperature and cervical temperature 60 0.30 4.20 1.45 £ 0.70
Difference between room temperature and apical temperature 60 3.70 7.10 5.97 + 0.69

198 |

Journal of Lasers in Medical Sciences Volume 8, Number 4, Autumn 2017



Effect of Diode Laser in Pulpectomy

the roots were irrigated with 0.5% NaOCI solution. A
separate series of sterile k-files were used for each tooth
to minimize the transmission of bacteria from one tooth
to another. In addition all steps were accomplished under
laboratory fume hood to observe the sterility.

Each tooth was carried just with a sterile forcep, after
completing pulpectomy steps and irrigation with 0.5%
NaOCl solution, sampling was achieved from within the
canal with a paper point No. 50 entered into the canal up
to the working length and kept in for 5 minutes and then
transferred immediately into an experimental tube size
100 x 12 mm including 5 mL TSB sterile solution and a
tube cap was set.

The other group of 30 roots was prepared with the
aforesaid pulpectomy method and after irrigating with
0.5% NaOCI solution, a 980 nm diode laser (Laser ARC,
FOX, Germany) with 1.5 W power output was irradiated
in pulse mode into the root canal for 20 seconds (two 5
seconds irradiation time and one interval of 10 seconds).
Then sampling was immediately achieved with a paper
point No. 50 in a rotational movement and transferred
to a separate experimental tube including 5 mL TSB
solution. Separate series of sterile k-files were used for
each tooth in this group too. The fiber tip of laser was
disinfected after each irradiation into each root canal by
a piece of cotton soaked in Deconex (Deconex Solarsept)
disinfection solution. After that, all experimental tube
including one specimen were transferred to the Vortex
machine and vibrated for 30 seconds. Then microscope
slides of specimens were prepared and colony counts were
assessed with a light microscope. Data were transferred
to SPSS 17 and Kruskal-Wallis and Mann-Whitney tests
were used for statistical analysis

Results

In the first experiment, from 60 specimens, after an
irradiation time of 20 seconds, temperature did not rise
more than the threshold at the cervical region, but at
the apical region temperature increased more than the
threshold in 2 specimens that it was 7.1°C for each one.
As it is shown in Table 2, the mean temperature difference
between the apical region and room was lower than the
threshold.

In the second experiment, there were 2 groups of 30
roots. As it is shown in Table 3, for the first group that the
treatment was common pulpectomy without using laser,
the mean of colony counts of bacterial growth was 37.9
but for the second group that the treatment was common
pulpectomy adding diode laser, the mean colony counts
was 2.7. As a result of both Mann-Whitney tests the
difference was significant (P <0.006).

Discussion

The goal of this study was to find a suitable power output
of diode laser that does not damage PDL tissue. The
result of this study showed that irradiation of diode laser
with a power output of 1.5 W and pulse duration of 20

Table 3. Bacterial Colony Count in the Study Groups

Mean Colony

Group No. of Teeth Count (log10) + SD
Pulpectomy without laser 30 37.9 £ 1.61
Pulpectomy with laser 30 2.7 +£1.94
Without treatment (control) 5 140.0 + 0.99

seconds (lasing 2 times of 5 seconds each, and an interval
of 10 seconds) does not damage periodontal tissues.
The threshold of PDL injuries has been demonstrated
in the literature to be 7°C.”® Many types of lasers have
been studied to characterize their bactericidal effect
in permanent teeth. The first one was CO2 laser. But it
was shown that CO2 laser is not suitable for endodontic
procedures because of its high temperature rise." Diode
laser has been used in many studies as an adjunctive
treatment of endodontics. And it has shown a high level
of bactericidal effect.>'"'* Different power outputs of
diode laser has been used in literature. In a study, external
root temperature rise of apical region was evaluated for
a 635 nm diode laser with a power output of 100 mW,
used for 150 seconds on permanent teeth. The results
showed that all temperature rises were below the safety
level of 7°C.* Whereas our study was on primary teeth
and an important aspect of children’s treatment is to get as
minimal time as possible, and in order to render our study
valuable clinically, we decided to choose a superior power
output but lower irradiation of time. In a study, 810 nm
diode laser with a 4 W power output, 5 seconds, was used
to reduce intra canal bacteria. The results showed that this
laser was effective for eliminating E. faecalis.”” The 810
nm diode laser has also been used in another study with
a power output of 3 W in continuous mode (CW) for 30
seconds and 74% reduction of E. faecalis was observed for
a dentinal thickness of 500 microns.' Also, in the study of
Schoop et al, a 810 nm Diode laser at 1 and 1.5 W power
was used. The results showed a high disinfection capability
for both power outputs but significantly higher with 1.5
W. Also as another result of this study, more power output
showed more bactericidal effect.® In the other hand, as
there was no available study with this goal in primary
teeth and because of less thickness of dentin and enamel
in primary teeth we decided to find the highest power
output of diode laser that does not rise the temperature
of external root surface more than 7°C. So according to
other studies, we decided to choose a power output of at
least 1.5 W to be valuable for the main goal of bactericidal
effect. And then find an appropriate irradiation time to
solve the problem of temperature rise.

The study of Dickers et al. showed that the amount of
temperature rise on the root surface is correlated to the
duration of laser irradiation.* So while radiating intra canal
with such lasers the fiber should be motioned throughout
the whole track, with a rotational movement.*"

The reason for our results showing no significant
temperature rise (no more than 7°C), may be this
rotational technique that we used in whole track in and out
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of the root canal. As it is known, the highest temperature
rises occur in the apical region of the root.* In our study
the same result occurred as it is shown in Table 2. Our
study was on primary teeth, the apical part of the root is
not as important as it is in permanent teeth for treatment
failures. Because the most pathologic radiolucencies and
the most accessory canals, that are the main reason of
relapse if they are not cleaned well, are in the furcation
region in primary teeth. And hand instrumentation often
cannot clear these accessory canals completely. Thus, the
laser could be more radiated in the cervical region and
less in the apical part of the root to reduce the temperature
rises. But this is just a comment and needs more studies to
find the best type of laser irradiation in primary teeth to
provide the best clinical criteria.

In the study of Kuvvetli et al performed on primary
teeth, canal irrigation by 5.25% NaOCI solution showed
more antibacterial effect than both diode and Er:YAG
lasers.® This result was different from the results of this
study and it may be because of different power output
and lasing time and more importantly because of NaOCl
concentration, that was 0.5% in this study compared to
5.25% in the Kuvvetli et al study, where the bactericidal
effect of NaOCI was higher.
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