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Abstract The aim of this study was to assess the effect of two
different laser systems on the mineral content of root canal
dentin. Thirty-six single canal-extracted mandibular premo-
lars were used in this study. The teeth were randomly divided
into two groups of 18 teeth each and prepared with a master
apical file #50. Dentin chips were obtained by Gates-Glidden
burs and saved in Eppendorf tubes to serve as a control. Then,
root canals were treated with a erbium:yttrium–aluminum–
garnet or neodymium:yttrium–aluminum–garnet laser. Dentin
chips were again obtained using Gates-Glidden. The levels of
calcium (Ca), phosphorus (P), magnesium (Mg), sodium (Na),
and potassium (K) in each specimen were measured by in-
ductively coupled plasma-atomic emission spectrometry. Data
were statistically analyzed by a Mann–Whitney U test. The
changes in Ca, P, Mg, Ca, and K levels and the Ca/P ratio after
laser irradiations were minimal and statistically not significant
(p >0.05). It was determined that the laser systems used in this
study did not affect the mineral content of root canal dentin.

Keywords Laser . Root canal . Dentin .Mineral content

Introduction

Advances in technology have made it possible to use laser
beams in dentistry, as well as in other areas of health care [1].
In recent years, the various applications of laser systems,
including the removal of the smear layer, the melting of the
dentin surfaces, root canal preparation, and antimicrobial ef-
fects, has gained popularity in endodontic therapy [2]. In

particular, erbium:yttrium–aluminum–garnet (Er:YAG) and
neodymium:yttrium–aluminum–garnet (Nd:YAG) lasers have
been used for a broad range of applications [3, 4]. However,
laser applications in root canals can cause some morphologi-
cal and chemical changes on root canal dentin. The severity of
these changes depends on the type of laser energy as well as
the density and absorption characteristics of the tissue [5, 6].

Dentin composition has been defined based on its organic
and inorganic components. Calcium (Ca) and phosphorus (P)
elements present in the hydroxyapatite crystals are the major
inorganic components of dental hard tissue. The Ca/P ratio of
hydroxyapatite in the dentin, which implies the basic compo-
sition of dental hard tissue, has been shown to be 1.67 M,
depending on variables such as the crystal type, the anatom-
ical location, the availability of Ca, and the determination
technique [7, 8]. Alterations in the Ca/P ratios of the dentin
surface, as a result of operational procedures, may change the
original ratio between the organic and inorganic components,
which changes the permeability and solubility characteristics
of the dentin and may affect the adhesion of dental materials to
the hard tissues [9].

According to our data, the effects of the Er:YAG laser
system on the mineral content of root canal dentin has not
been studied yet. Therefore, the aim of this study was to
evaluate the mineral content of root canal dentin after the
application of two different lasers by using the inductively
coupled plasma-atomic emission spectrometry (ICP-AES)
technique. The null hypothesis was that Er:YAG and Nd:YAG
laser irradiation would not affect the mineral content of the
root canal dentin.

Materials and methods

Tooth selection and sample preparation

This study’s protocol was approved by the Research Ethics
Committee of Ataturk University. Thirty-six mandibular
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premolar teeth collected frompatients between 30 and 40years
old, freshly extracted for periodontal reasons, were used in this
study. The soft tissues covering the root surfaces were re-
moved, and the teeth were stored in distilled water. The
crowns of all of the teeth were removed using a slow-speed
diamond precision saw with water cooling (Isomet 1000;
Buehler, Lake Bluff, IL, USA) to adjust the length of the roots
to a standardized length of 15 mm. The pulp tissues were
removed with barbed broaches (VDW, Munich, Germany).
The working length of each root canal was determined by
subtracting 1 mm from the length of an inserted #15 K-file
(Dentsply, Maillefer, Ballaigues, Switzerland) with its tip
visualized at the apical foramen. The canals were then pre-
pared to a master apical size #50 with K-files (Dentsply) by
using the balanced force technique as described by Roane
et al. [10]. Step-back was performed by using K-files #55–
80. The canals were irrigated with 2 mL 1 % sodium hypo-
chlorite (NaOCl) between each file size by using a syringe and
a 29-gauge needle (NaviTip; Ultradent, South Jordan, UT,
USA). Twelve milliliters of NaOCl solution was used for each
root. The final irrigation with 5 mL distilled water was
performed. The canals were then dried with paper points
(Dentsply). The teeth were randomly divided into two groups
comprised of 18 teeth each. Before the laser application,
dentin chips were obtained with Gates-Glidden drills (#2
and 3; Dentsply) from all of the teeth in both groups and
saved in Eppendorf tubes. These dentin chips served as
control.

Laser irradiation procedure

Group 1 : The specimens were irradiated by an Nd:YAG
laser (Smarty A10; Deka, Italy) using a fiber tip. The laser
emits photons at a 1.064 nm wavelength, 1 W power
output, 100 mJ energy, a 10 Hz repetition rate, a pulse
duration of 150 μs, and a power density of 3,183.1 w/
cm2. A 200 μm fiber tip was placed just 3–4 mm shorter
than the working length inside of the canal and then
activated. Laser irradiation was performed in a spiral
motion and in a noncontact mode from the apical region
to the canal orifice. Each canal was irradiated four times
for 10 s at 15-s intervals [11]. The movement speed of the
laser tip was 1.2–1.3 mm/s. After the laser irradiation, the
root canals were rinsed with distilled water and dried with
paper points.
Group 2 : The specimens were irradiated by an Er:YAG
laser (Doctor Smile Erbium laser, Lambda Scientifica,
Vicenza, Italy) with a wavelength of 2,940 nm, 1 W
power output, 100 mJ pulse energy, a 10 Hz repetition
rate, a pulse duration of 250 μs, and a power density of
795.7 w/cm2. The laser energy was delivered through a
sapphire tip terminal, 12 mm long and 400 μm in diam-
eter. The tip was placed 3–4 mm shorter than the working

length inside of the canal and activated for 3 s in the
apical region [12]. Following this process, four additional
laser irradiations, each of which was 3 s, were performed
in a spiral motion and in a noncontact mode from the
apical region to the canal orifice. The movement speed of
the laser tip was 4–4.3 mm/s.

In the experimental groups, water (2 cm3/min) and air were
sprayed through the handpiece at a 50 % level to prevent the
dentin from overheating during the laser irradiation. After the
laser irradiation, the root canals were irrigated with distilled
water and dried with paper points. Dentin chips were obtained
from the teeth by Gates-Glidden drills (#4 and 5) and pre-
served in Eppendorf tubes.

Measurement of mineral content

The dentin chips obtained from the teeth in both laser groups
before and after laser treatment were stored in plates at 70 °C
in a stove until they reached a fixed weight. Their weights
were recorded with an electronic balance (Electronic Balance
FA-1604B, E-Chrom Tech Corporation, Taiwan). Ten millili-
ter nitric acid and 15 ml deionized water were added to the
samples, and they were burned at 170 PSI and 200 °C in a
microwave until dissolved. Following the calibration of the
ICP-AES instrument (Vista AX, Varian, Australia), 2 ml of the
solution was taken and heated until it reached 10,000 °C, at
which point the samples were completely atomized and ener-
gy was released. Every element was described according to its
different wavelength. The levels of Ca, P, Mg, Na, and K in
each sample were determined using the ICP-AES technique.
The mineral contents were calculated as a percentage weight.

The differences between the values before and after laser
irradiation were analyzed with a Mann–Whitney U test. The
statistical differences were determined at a significance level
set at p <0.05 using SPSS software (SPSS Inc., Chicago, IL,
USA).

Results

The mean percentage weights of the five elements (Ca, P, Mg,
Na, and K) in the dentin before and after laser irradiation are
shown in Table 1. The Mann–Whitney U test showed that
there were no significant differences before and after laser
treatment for Ca, P, Mg, Na, and K, as well as the Ca/P ratio
(p >0.05). Although the five element levels increased after
Er:YAG laser irradiation, none of these changes were statisti-
cally significant (p >0.05). The Ca, P, Mg, and K levels also
increased after the Nd:YAG laser irradiation, but these
changes were not statistically significant (p >0.05) either.
One exception was that the Na level decreased after the
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Nd:YAG application, but this decrease was not statistically
significant (p >0.05).

Discussion

Recently, laser technology has often been used in endodontic
treatment. In investigating such treatment, numerous studies
have used a variety of lasers: for example, diode, CO2,
Nd:YAG, and Er:YAG. Some studies have also researched
whether Nd:YAG and Er:YAG lasers cause any change in root
canal dentin, depending on various factors, such as their
method of application, time, and the amount of energy re-
leased [13–16]. Few studies have addressed the effects of
Nd:YAG laser irradiation on root canal dentin structure at
the molecular level [11]. However, there are no studies about
the effects of Er:YAG laser irradiation on the mineral content
of root dentin. Therefore, in the present study, we examined
changes in the mineral content of the root dentin after Er:YAG
and Nd:YAG laser irradiation was applied using the same
parameters.

In previous studies, the effects of lasers and irrigation
solutions on the mineral content of the root canal dentin have
been investigated. In most of these studies, teeth irrigated with
distilled water or saline solutions were used as the control
group [11, 17, 18]. In contrast, we used dentin chips obtained
before the laser irradiation as the control. Thereby, given that
each tooth has a different mineral structure, the effectiveness
of the lasers on the mineral content of the root dentin can be
assessed more objectively. In addition, in the present study, to
achieve standardization, we used teeth obtained from patients
who were similar in age because the mineral structure of teeth
may change with aging.

Heat emerging during the laser systems’ application to the
hard tissues may cause changes to the structure and composi-
tion of the dentin tissue [19]. Nelson et al. [6] reported that
dentin apatite crystals transform larger apatite crystals includ-
ing the reduction of carbonate after a laser application. Dentin
apatite crystals, like all other biological apatites (enamel,
bone, and so forth), have been identified as carbonate hy-
droxyapatites containing minor elements like Mg, Na, and
HPO4. During a laser application, the tissue temperature

increases rapidly and quickly reaches up to 10,000 °C [20].
Dentin apatite crystals melt during laser pulses and recrystal-
lize between consecutive pulses. As a result of rapid recrys-
tallization, defects in apatite crystal structure occur. This
change in the structure and content of apatite crystals may
lead to an alteration in the Ca/P ratio. If the dentin temperature
increases, water vaporization, protein decomposition, and the
separation of carbonate from the apatite crystals occur [21].
The use of air and water cooling decreases heat generation by
the absorption of excess energy in the region of the laser
irradiation [22]. In the present study, to prevent heat increase,
the laser irradiation for the experimental groups was
performed via air and water cooling, and we observed that
the Ca/P ratio of our experimental groups did not exhibit any
significant changes.

In previous studies, scanning electron microscopy (SEM)
and energy dispersive spectrometry were often used to deter-
mine the mineral content levels of dentin [18, 23]. However, it
is impossible to repeat the measurements from SEM and
energy dispersive spectrometry exactly [17, 24]. In addition,
dentin porosity may produce secondary diffraction. Dentin
surfaces must be polished perfectly for the correct measure-
ments to be obtained. However, it has been stated that the
smear layer produced by polishing may be responsible for
different elements found in dentin surfaces [25]. For the
determination of trace elements in dentin, the ICP-AES tech-
nique is one of the most attractive detection systems [17]. This
technique allows the mineral content levels from dentin chips
obtained with Gates-Glidden drills to be determined without
polishing the dentin surface. SEM and energy dispersive
spectrometry can measure dentin mineral content with
amounts detectable at the parts per million (milligrams per
liter) level. However, with the ICP-AES technique, trace
elements can be detected at the parts per billion (micrograms
per liter) level. Another main advantage of the technique is
that multiple elements can be measured analysis at the same
time by ICP-AES [24]. In contrast, the measurements in SEM
and energy dispersive spectrometry should be repeated for
each element [17]. In our study, we used the ICP-AES tech-
nique because of these advantages.

Previous studies have not evaluated the effects of the
Er:YAG laser on the mineral content of the root dentin. In

Table 1 Mean levels and stan-
dard deviations of five elements
in dentin before and after treat-
ment with lasers

There was no significant differ-
ence between before and after
laser irradiation (p >0.05)

Before Nd:YAG After Nd:YAG Before Er:YAG After Er:YAG

Ca 30.2733±0.86835 30.5756±0.72768 30.4539±0.62190 30.5500±0.57731

P 12.3256±0.50837 12.5739±0.43981 12.6344±0.43424 12.8356±0.53654

Mg 1.3465±0.28725 1.3622±0.29170 1.2434±0.25250 1.2539±0.15462

K 0.0422±0.01555 0.0517±0.02307 0.0500±0.01495 0.0583±0.01505

Na 0.6811±0.05697 0.6661±0.05962 0.6233±03835 0.6261±0.04245

Ca/P 2.4596±0.12715 2.4476±0.09368 2.3998±0.09946 2.3840±0.11983
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the current study, we used the method of application and
length of time of the Er:YAG laser similar to that used in
the study of Takeda et al. [12]. They stated that Er:YAG
irradiation for 15 s was the minimum time to obtain effec-
tive results in removing the smear layer because laser
irradiation for a longer time may cause thermal damage
to the periapical tissues. They activated the laser at the
apical part for 3 s, and they determined that the smear
layer in the apical region, which is described as the hardest
area to clean during root canal treatment, was effectively
removed. Thus, we aimed to determine the compositional
changes of dentin after the use of the Er:YAG laser with
this methodology. In the present study, the compositional
changes of the dentin after Er:YAG or Nd:YAG laser
irradiation during root canals were evaluated using the
ICP-AES technique. The mean percentage weights of Ca,
P, Mg, Na, and K, as well as the Ca/P ratio of the groups,
were not affected by the laser irradiation. These findings
are compatible with the results of a study reported by
Gurbuz et al. [11], who demonstrated that the mineral
content of root dentin was not affected significantly after
Nd:YAG laser irradiation. Similarly, a recent study showed
that the laser irradiation of dentin surfaces using Er:YAG,
Nd:YAG, and KTP lasers did not change Ca, K, Mg, Na, or
P concentrations, or the Ca/P mineral ratio of the dentin
surface [25]. In contrast, Secilmis et al. [26] reported that
Er:Cr:YSGG laser irradiation (1 W) increased the mean
percentage weights of Ca, Mg, Na, and P, as well as the Ca/
P ratios of their experimental groups. Soares et al. [27]
showed that the Ca and P content of the dentin increased
after Er:YAG laser irradiation with 220 mJ. They also
determined that the Ca/P ratio decreased after Er:YAG
laser irradiation with 100 mJ. The results of an in vitro
study by Altundasar et al. demonstrated an increase in Ca,
P, and Mg levels after Er:Cr:YSGG laser irradiation. In
their study, they used an energy dispersive X-ray analysis
to determine the compositional changes [22]. The differ-
ences between the results of these studies may be due to the
laser system types or the detection method of the mineral
content.

Conclusion

The null hypothesis was accepted by the results of the present
study. Within the limitations of the present study, it can be
concluded that Er:YAG and Nd:YAG laser irradiation did not
affect the mineral contents of root dentin. In the present study,
laser devices with the same parameters were used. Further
studies must be conducted to determine whether different
parameters and time intervals have an effect on the mineral
content of root canal dentin.
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