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Introduction

Abstract

Introduction: Lasers and optics have been used extensively in dental procedures in recent years,
and realizing the optical properties of the tooth is also an essential in its successful applications.
The aim of this study was to compare the absorption and transmission of applied wavelengths in
the range of 190-1100 nm at different dentin thicknesses and the effect of changing the direction of
radiation emission on the dentin tubules.

Methods: There were fifteen dentin specimens with thicknesses of 300, 600, and 1000 mm, five
specimens for each thickness, prepared through a transverse section of the coronal dentin over the
pulpal roof area of human molars. Considering the coronal-apical and apical-coronal directions, we
measured the absorption and transmission of parallel light rays perpendicular to the dentin samples
in different thicknesses and two directions with a Cecil CE 7400 UV/Vis spectrometer.

Data analysis was performed using SPSS software version 19. P value<0.05 was considered
significant.

Results: The absorption rate of the ultraviolet wavelength range was significantly higher than
that of visible and infrared light irradiation from both directions at three thicknesses (P<0.001).
The radiation shift direction had no significant differences in the absorption and transmission of
wavelengths of ultraviolet, visible, and infrared light in any of the three thicknesses (P>0.05).
Conclusion: Accordingly, attenuation or transmission losses of light in the ultraviolet to infrared
range clearly depend on the wavelength of light and the optical properties of dental dentin, and the
thickness of the dentin used in this study has a little effect.

Keywords: Spectrometer; Transmission losses; Optical beam.

to be effective in disinfecting root canals and dentinal

Understanding the optical properties of dentin is
considered necessary in various fields of odontology. The
domain of these effects is important from a diagnostic,
clinical and cosmetic point of view as color matching
plays a key role.' Furthermore, the effects of laser light
on the mechanisms of cavity preparation and dentin
surface treatment ** as well as the disinfection process
¢ and various dimensions of tissue regeneration are
evident.”® These effects are currently well-used, and the
applications of lasers and LEDs in various treatments
of different areas of dentistry have received remarkable
attention and proved to be highly efficient.”*

Lasers are used in endodontic treatments to assist in
decay removal, to access cavity preparation, and to treat
the dentin surface in the canal to remove the smear layer.
In addition, they are widely used and have been shown

tubules.'*"* In addition to the areas mentioned above,
the use of lasers to stimulate cells in studies on tissue and
cell regeneration has also gained importance in recent
years."”” The use of lasers in the range of blue light to
infrared light in the root canals leads to various effects
on dentinal tissue, including a photothermal disinfection
effect,’® a developmental stimulation of the healing
process for the surrounding tissue in the alveolus,'”** and
the activation of the irrigation solutions in the canal.*
Therefore, it has been proposed as an important tool for
disinfecting root canals and dentinal microtubules in
endodontics.?** On the other hand, the morphology of
the dentinal tubules and the geometric pattern of their
orientation are also important for light distribution
and propagation.”* In many cosmetic treatments
and bleaching processes®®” as well as in the treatment
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of dentine hypersensitivity,”** the pattern of the laser
beams runs from the outside of the dentine to its inside.
When light enters biological tissues, a combination
of absorption, transmission, reflection, and scattering
occurs, and considering the anisotropic nature of these
tissues, the optical properties and patterns of light
distribution in these tissues are fundamentally dependent
on the patterns of elements, and tissue microstructures
responsible for the light source are relevant.>*** Dentinal
tubules exhibit hyper-mineralization in the pretubular
wall, which could alter the absorption pattern and beam
distribution due to the conical shape of these dentinal
microstructures.’*

The estimation of beam absorption in dentin or other
tissue is a function of the frequency and wavelength of
that light.**** However, a few studies have investigated the
patterns of laser beam absorption in dentin, in particular
the depth of penetration and its effect on the absorption
amount and distribution.”*"*” Considering the gap in the
literature, the present researchers aimed to investigate the
absorption scale and transmission of beams and the effect
of changing the direction of beam emission on dentinal
tubules in the range of ultraviolet light and infrared light,
which is carried out via the spectroscopy absorption
method in three thicknesses of 300, 600 and 1000 pm as
dentin slices.

Materials and Methods

In this experimental laboratory study, the population
consisted of extracted molars due to periodontal
problems. According to Table 1, in Otsuki and colleagues’
study » with 90% power, 95% confidence, and 70% drop
(since the discs are fragile and the probability of rupture
is very high in the experiment), The maximum sample
size obtained was five in each group.

After  receiving approval code IR.GOUMS.
REC.1398.212 from the Golestan University of Medical
Sciences Ethics Committee, 15 molars without cracks,
defects or morphological changes that were periodontally
hopeless were extracted and collected.

Teeth were first cleaned and kept in 2.5% sodium
hypochlorite solution for disinfection for 15 minutes,

rinsed with double distilled water, and kept in 0.5%
chloramine-T solution until the beginning of the study.***

Then, for more similarity in the orientation of the
dentine tubules, the sample preparation had to be
made in the three thicknesses of 300, 600 and 1000 pm
perpendicular to the longitudinal axis of the tooth in the
upper area of the pulp chamber. Therefore, considering
the sample size, we placed five samples in each group.
A water-cooled diamond blade was used to cut each
molar on a precision cutting machine (Mecatome, Presi,
France) to obtain cross-sections of these thicknesses.
To do this, we first inserted the teeth into a transparent
plastic block. Then the block was cut in parallel in the
desired increments. After that, we first used 10 mL of
EDTA 17% (PULPDENT, Watertown, MA, USA) with a
syringe to irrigate each sample for one minute and then
with 10 mL of NaOCl 5% for 1 minute each to remove the
smear layer and finally the samples washed with 10mL of
distilled water to remove any of the deposits.*’

Taking into account the conical structure of the dentine
tubules, we applied the light irradiation in the corono-
apical and apico-coronal directions to analyze the optics
from both radiation directions of the samples (Figure 1),
so preservation and transfer of the sample direction were
carried out very carefully, and their direction was marked
on the slide.

During the irradiation, we fixed the samples between
two Plexiglas slides with a gap of 5 mm width and 2.5 cm
length in the middle. This slit is in front of the light source
where the sample is placed in the spectrometer holder.
This design is essential to remove interfering factors such
as slide thickness to pass a beam of light through the
slit and direct radiation onto the sample. Therefore, by
changing the direction of placing the sample holder in the
holder spectrometer, it is possible to study the effect of
this change in the direction of the tubules on the amount
of attenuation or the lost amount of transmitted light
(Figure 2).

Changes in the beam source can lead to unavoidable
behavior in the parameters of geometric measurements,
and absorption determination can be accompanied by
justifiable errors.

Table 1. Comparison of Absorption and Transmission in the Corono-apical Beam Direction of Ultraviolet, Visible, and Infrared Wavelength Regions at Each

Thickness
Mean = Standard Deviation
Thickness Variable F P Value
Ultraviolet (1) Visible Light (2) Infra-Red (3)

Absorption 1.38+0.37* 0.64+0.16° 0.62+0.17°% 14.56 0.001
300 ym

Transmission 10.07 £5.08* 24.41+£10.19* 23.28+11.30" 2.80 0.100

Absorption 1.76+0.32* 0.65+0.12% 0.61+0.11°% 47.13 <0.001
600 pm

Transmission 10.20+3.46" 24.18+7.25° 22.02 +£6.49° 7.94 0.006

Absorption 1.55+0.23* 0.60+0.10° 0.56+0.10° 47.71 <0.001
1000 pm

Transmission 10.14+3.954 24.82+£5.34° 22.18+5.21°8 10.29 0.005

Two-way analysis of variance and the Tukey’s post hoc tests (P<0.05). Different superscripts of the capital letters in each row represent a statistical difference.
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Figure 1. Schematic Representation of a Human Molar Dentine Disc Showing the Prepared Tubular Course and Both Directions of Beam Irradiation
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Figure 2. Schematic Illustration of the Experimental Set-up Used in the Measurement of the Absorption and Transmittance on the Dentinal Disks

However, the fact that the amount of absorption
depends on the wavelength is important, and it is
recommended in experiments conducted to determine
the absorption of biological tissue using beam sources
with a continuous radiation scale.”® For this reason, the
present study used a double beam Cecil CE 7400 UV/
VISIBLE, Cecil instrument limited, England spectrometer
device to examine beam absorption. This spectrometer
employs an emission spectrum within a 190-to-1100-nm
wavelength as a source of light and is able to measure the
transmission and absorption curves with high accuracy
and speed for liquid and narrow solid samples within this
wavelength spectrum. Light perpendicular to the objects
is directed at a fixed distance, and immediately upon the
experimented samples, the transmitted ray is directed
to the spectrometer of the device. After measuring the
absorption/transmission spectrum for the samples, the

amount of beam absorption/transmission at specified
wavelengths (within the UV range: at two wavelengths
of 220 and 255 nm; within the invisible light range: at
wavelengths of 445, 515, 632.5, and 660 nm; and within
the IR range: at wavelengths of 810, 940, 980, and 1065
nm) can be extracted from the absorption/transmission
spectra to determine the changes in beam absorption/
transmission depending on the thickness of the samples.
Absorption might be exhibited as transmittance,

T=I/1,, or absorbance, A=log I /I, where I and I
represent the intensities of the transmitted and incident
light respectively. Thus, absorbance and transmittance
are dimensionless.

Moreover, it is possible to study the effect of changing
the direction of the incident beam in the thickness of
dentin discs on the amount of beam absorption by the
device and its standard algorithm. Hence, we placed each
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sample from both directions in the device holder so that
the samples received the radiation beam in both apico-
coronal and coronal-apical directions.

Statistical Analysis

Analyses were performed using the SPSS software
program (IBM SPSS Statistics 19, SPSS Inc., Somers,
NY, USA). The normality of the data was verified by the
Kolmogorov-Smirnov test.

The two-way ANOVA was used for comparing the
mean values between the tested groups, and also Tukey’s
post hoc test was used for pair-wise comparison, where
the level of significance was set at P<0.05. Finally, the
independent-samples ¢ test was used to compare the
direction of radiation in the amount of absorption and
transmission among the study groups.

Results

According to Table 1, the spectrometer extracted the
mean and standard deviation of the absorption and
transmission rate in the wavelengths of ultraviolet,
visible, and infrared regions in three thicknesses of 300,
600, and 1000 microns. The normality of the data was
confirmed by the Kolmogorov-Smirnov test, and the two-
way analysis of the Fisher test showed that there was a
significant difference in the absorption and transmission
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of ultraviolet, visible, and infrared wavelength regions
emitted from above by these three thicknesses (P<0.001),
and in two-way comparisons with the Tukey’s post
hoc test, the absorption of the ultraviolet wavelength
was found to be greater than the visible and infrared
wavelengths in all three thicknesses, and in the ultraviolet
wavelength region, specimens with a thickness of 600
microns had the highest absorption in dentin. There was
also no significant difference between the absorption
and transmission of visible and infrared light at three
thicknesses (P>0.05). The lowest transmission was in the
UV wavelength range at 1000 pm.

Figures 3 and 4 also show further details of the
measurement. Figure 3 shows the UV-Vis absorbance
spectra for a typical sample series (600 um thickness)
in the apico-coronal and corono-apical incident beam
directions. The average absorbance and transmittance
spectra are shown in Figure 4 for all samples in both
incident directions.

As Table 2 shows, at these three thicknesses there
is a significant difference (P<0.001) in the amount of
absorption and transmission of ultraviolet, visible and
infra-red light wavelengths emitted from the apico-
coronal direction. There is no significant difference in
the transmission of visible and infrared light wavelengths
(P>0.05). Infrared and visible light wavelengths at a
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Figure 3. Absorption of Light Irradiation of Dentin Samples With 600 um Thickness in Both Apico-coronal and Corono-apical Incident Beam Directions. Insets

show the magnified portion of the spectra
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Figure 4. Absorption and Transmission Spectra of Dentin Samples With 300, 600 and 1000 pm Thicknesses in Both Apico-coronal and Corono-apical Incident

Beam Directions. Inset shows the magnified portion of the

spectra
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thickness of 600 um have the lowest absorption, and
ultraviolet wavelength regions at a thickness of 1000 um
have the lowest transmission of dentin.

In addition, according to the results of Table 3, an
independent-samples t-test showed that the irradiance
shift direction in the amount of absorption and
transmission of ultraviolet, visibleand infrared wavelength
regions was not significant in all three thicknesses and
could be considered statistically ineffective (P> 0.05).

Finally, Figure 5 demonstrates further details about the
difference in absorption and transmission between the
three wavelengths of ultraviolet, visible light and infrared
in three dentin thicknesses.

Discussion

The aim of the study was to compare the absorption
and transmission of light radiation in the ultraviolet to
infrared wavelength range in three dentine thicknesses.

This experimental laboratory study with a descriptive
analytic approach was performed on 15 dentin samples
with thicknesses of 300, 600 and 1000 pum and five samples
from each thickness. Ultraviolet, visible and infrared
wavelength regions were irradiated from above (corono-
apical) and below (apico-coronal). The penetration
of light radiation through dentin samples depends on
the optical properties of the tissue, chromophores such
as pigments, hydroxyapatite and water, the technical
specifications of the device, and the operation method.*”*!

Changes in the beam source can lead to unavoidable
behavior in the parameters of geometric measurements,
and absorption determination can be accompanied by
justifiable errors.

However, the fact that theamountofabsorption depends
on the wavelength is important, and it is reccommended
in experiments conducted to determine the absorption of
biological tissue using beam sources with a continuous

Table 2. Comparison of Absorption and Transmission in the Apico-coronal Beam Direction of Ultraviolet, Visible, and Infrared Wavelength Regions at Each Thickness

Mean = Standard Deviation

Thickness Variable F P Value
Ultraviolet (1) Visible Light (2) Infra-Red (3)

Absorption 1.58+0.37* 0.74+0.26° 0.69+0.27°8 13.23 0.001
300 pm

Transmission 9.27+4.714 20.08+9.78* 23.39+11.617 3.23 0.075

Absorption 1.73+0.30* 0.66+0.148 0.60+0.138 45.64 <0.001
600 pm

Transmission 10.16+3.934 20.23+£6.74° 18.07 £5.67° 6.33 0.013

Absorption 1.49+0.26* 0.63+0.12°8 0.57+0.148 28.41 <0.001
1000 pm

Transmission 8.66+3.44% 23.41+6.128 20.78+6.48"% 6.20 0.020

Two-way analysis of variance and the Tukey’s post hoc tests (P<0.05). Different superscripts of the capital letters in each row represent a statistical difference.

Table 3. Comparison of the Change in the Radiation Direction to the Rate of Absorption or Transmission of Ultraviolet, Red Visible, and Infrared Wavelength Regions

Mean =+ Standard Deviation

Thickness Wavelength Variable F P Value
Coronol-apical Apico-coronal
Absorption 1.38 + 0.37 1.58 + 0.37 0.84 0.42
Ultraviolet
Transmission 10.07 + 5.08 9.27 + 4.71 0.26 0.80
Absorption 0.64 + 0.16 0.74 + 0.26 0.71 0.49
300 pm Visible light
Transmission 24.41 = 10.19 20.08 + 9.78 0.35 0.95
Absorption 0.62 + 0.17 0.69 + 0.27 0.49 0.63
Infra-red
Transmission 23.28 = 11.30 2339 + 11.61 0.31 0.98
Absorption 1.76 £ 0.32 1.73 £ 0.30 0.07 0.90
Ultraviolet
Transmission 10.20 + 3.46 8.66 + 3.44 0.71 0.49
Absorption 0.45 = 0.12 0.47 £ 0.11 0.62 0.78
600 pm Visible light
Transmission 2418 =+ 7.25 20.23 + 6.74 0.42 0.68
Absorption 0.61 £ 0.11 0.60 + 0.13 0.03 0.86
Infra-red
Transmission 22.02 + 6.49 18.07 + 5.67 0.45 0.66
Absorption 1.55 £ 0.23 1.49 + 0.26 0.05 0.90
Ultraviolet
Transmission 10.14 + 3.95 8.66 + 3.44 0.55 0.59
Absorption 0.60 = 0.10 0.63 £ 0.12 0.44 0.40
1000 pm Visible light
Transmission 24.82 + 5.34 23.41 + 6.12 0.23 0.82
Absorption 0.56 = 0.10 0.57 £ 0.14 0.11 0.57
Infra-red
Transmission 22.18 + 5.21 20.78 + 6.48 0.30 0.76
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Figure 5. Bar Graph Representing the Rate of Absorption and Transmission in Two Directions of Irradiation

radiation scale.” For this reason, a double beam Cecil the
CE 7400 UV/VISIBLE spectrometer device was used in
this study to examine beam absorption.

Gutknecht et al investigated the antibacterial effect of a
blue 445-nm diode laser on Enterococcus faecalis in root
canal dentin in human teeth at three thicknesses of 300,
500 and 1000 pm and showed the effectiveness of a blue
diode laser at the corresponding radiation parameters."”
For this reason, we used three dentin thicknesses to study
the measurement of absorbance and light transmission in
the above wavelength regions.

Dogandzhiyska et al’’ measured the absorption and
penetration of light in the wavelength range of 350-1000
nm on dentin samples of 1-mm thickness prepared from
above the roof of the pulp chamber perpendicular to the
long axis of the tooth. They reported that the highest tissue
uptake of radiation was observed in the blue spectral
range and the lowest in the infrared spectral range. The
lower the absorption of light of a certain wavelength
by the dentine was, the greater its transmission would
be. In contrast, in our study, dentin samples with three
different thicknesses of 300, 600 and 1000 pm were used
in a broader light spectrum from 190 to 1100 nm. The
specimens were only cut across the roof of the ventricular
pulp perpendicular to the long axis of the tooth for
more matching. Nevertheless, our study showed that
the transmittance and absorbance of the ultraviolet
wavelength region spectrum was significantly different
for visible and infrared light wavelengths (P>0.001).

In addition, some studies have evaluated the optical
properties of light scattering through dentin and enamel.
Zijp and Bosch* used a theoretical model to irradiate
16 um thin layers of dentin, which were cut parallel to
the tubules, with He-Ne laser light at different angles in

order to determine the light transmission in the vertical
and parallel directions to the dentin tubules. They
concluded that dentinal tubules are directly involved in
light scattering on this tissue. When light was irradiated
parallel to the dentinal tubule, the transmission of the
dentin was more intense. On the other hand, light
perpendicular to the axis of the dentinal tubules further
reduced its intensity (related to the anisotropic properties
of dentin). These data suggest that the transcendental
transmission of laser light occurs at least in part through
dentinal tubules.

Otsuki et al conducted a study entitled “Transmission
and passage of laser light through dentin” using a laser
with a wavelength of 805+20 nm and on one-millimeter
dentin slices, one half was prepared perpendicular to
the long axis of the tooth and the other half parallel to
it. The study found that the laser beam transmission
in sections perpendicular to the dentinal tubules was
two and a half times higher than in sections prepared
parallel to the tubules.” In another study by Vaarkamp
et al, various sections were prepared, and they examined
15 enamel samples and 15 dentin samples with parallel
and perpendicular sections of the proximal teeth with a
thickness of about 0.03-0.85 mm and light transmission
using a He-Ne laser light source (633 nm) by changing
the angle of radiation. Their study demonstrated the
ability to transmit light through dentinal tubules with a
high refractive index based on internal reflection through
peritubular dentin.®

In this study, to simulate the clinical irradiation
conditions during dental treatments such as endodontics
and bleaching, the rays were irradiated in both corono-
apical and apico-coronal directions due to inconsistencies
in the existing dentinal tubules. However, the thickness of

Journal of Lasers in Medical Sciences Volume 13, 2022
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the slices might partially affect the anisotropic properties
of the samples, so dentine slices with thicknesses of 0.3,
0.6 and 1 mm were used. However, the results could
not be directly attributed to the findings obtained by
irradiating dentin slices from the proximal area of the
teeth or thicker dentin slices.*>*

Generally, a spectrometer provides a reading of the
extinction coefficient (total light loss) as a measure of
signal strength versus a reference signal. This attenuation
is due to the absorption and scattering of light in the
matter.”> One of the shortcomings of this study is the
lack of scatter measurement; however, the thin thickness
of the samples and the low attenuation coefficient of
dentin could partially compensate for this shortcoming.
Berghammer et al showed that no significant difference
was found between the attenuation coefficients of sound
dentin. Although this attenuation in the ultraviolet range
appeared to be fundamentally different from the longer
wavelength, they attributed this result to the number and
density of dentinal tubules as the main source of light
scattering.**

In our study, two factors are considered important to
justify the weaker association between dentin permeability
and light attenuation and distribution. First, the dentin
slices were cut from the upper part of the pulp chamber,
and the opening of the dentin tubules was wider at this
distance. The second and most important factor relates to
the direction of radiation, which was along the dentinal
tubules from corono-apical or apico-coronal sides.

The results of this study showed that the irradiation
protocol used, based on which the irradiation angle and
dentine cross-section were adjusted from one sample to
another, did not affect transdentinal light transmission.
There is a possibility that the transient difference in
the tubule number and diameter could affect light
transmission, but no study to date has reported the
significant impact of these factors on light distribution
through the structure of dentin. Therefore, it could be
assumed that the number and diameter of the tubes
might help the light distribution, although this might not
be statistically significant. For this reason, there was no
direct correlation between dentin permeability and the
attenuation of transdentinal light.

Furthermore, it seems important to wash the surface
of the dentin with EDTA prior to the permeability
experiment because the open openings of the tubules
facilitate light transmission. A smear layer consisting of
mineral debris resulting from cutting and rinsing could
reduce 86% of dentin permeability.*

In another study, Kienle et al*® provided dentine
slices of 1-3 mm thickness from the upper part of the
pulp chamber. In addition, they studied He-Ne laser
light transmission at a wavelength of 633 nm through
intertubular dentin, which consisted mainly of collagen
fibers and hydroxyapatite crystals. The amount of light

on EDTA cleaned dentin slices was reduced by only 2%
(from 61 to 59%) compared to the slices covered with a
smear layer. This result shows that under the experimental
conditions and parameters of LEDs, the presence of a
smear layer per se does not play a notable role in reducing
transdentinal light transmission.

In the present study, despite the removal of the smear
layer that had formed on both sides (pulpal and occlusal)
of the disc, light attenuation was not affected when
changing the direction of radiation, indicating the ability
of light distribution through the dentinal tubules.

Conclusion

According to the results of this study, the amount of
beam absorption and the transmission of infrared and
visible light wavelengths were the same for the three
thicknesses of 300, 600 and 1000 mm. The ultraviolet
wavelength region had the lowest transmission and the
highest absorption in dentin, and this was statistically
significant. Although changing the direction of radiation
may not lead to significant differences in the amount of
transmission and absorption at ultraviolet, visible light
and infrared wavelength regions for the three thicknesses,
this could be clinically important due to the diversity of
treatment protocols; therefore, further studies need to be
conducted.
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