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Summary. Based on their biological, analgesic and antibacterial effect, lasers
are becoming more widely used in clinical practice in the recent years. In order to
obtain a therapeutic effect and to prevent dental pulp alteration in the treatment of
hard tooth tissue, the parameters of laser radiation should be precisely controlled.
Upon irradiation of dental pulp, these effects are dependent on the permeability of
light through the enamel and dentin. The purpose of our study was to examine the
penetration of light through dentin, according to the wavelength.The absorption of
light was also studied. For the aim of our investigation 30 dentin samples with thick-
ness 1 mm of extracted human teeth (premolars and molars) were prepared. The
absorption and transmission of light in the range 350-1000 nm in its passage through
the samples were studied using a spectrophotometer Ocean Optics QE65000. The
obtained results showed that the light absorption of dentin in spectral range 350-600
nm depends on the wavelength. When light sources, emitting in the wavelength
range above 600 nm were used, the dependence was low. These features should be
taken into account in the choice of irradiation wavelength and a light source.
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INTRODUCTION

n the dental clinical practice equipments and devices emitting light in a wide

I spectral range increasingly were used. They were applied in treatment of
dental hard tissues, for surgery, physiotherapy, disinfection of infected root

canals, etc. [1]. Different effects can be achieved by irradiation of an object treated
with light, and responding to different spectral, energy and temporal characteristics
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[2]. In treatment of dental hard tissues lasers were used in the wavelength range 2-3
pMm and power in range 8-10 W. For surgery and root canal disinfection (apicoecto-
my, decontamination) lasers were applied in the visible and infrared spectral region.
The most commonly used lasers for surgical procedures in clinical practice are in the
wavelength range 800-1100 nm and a power up to 10 W. In this spectral region the
light penetration in biological tissues is high and reaches to 10 mm. In physiotherapy
light sources are commonly used in range 630-750 nm, wherein light penetration
and influence on the tissue may reach 6-8 mm. By laser-assisted endodontic treat-
ment the light penetrates up to 1 mm in the dentinal tubules and kills microorgan-
isms, while by conventional treatment with liquid disinfectants the antibacterial effect
is quite superficial [4, 5, 6]. When density of light emission increases, the possibility
of undesired effects on tissues also increases. These facts require future study of
light penetration in the wavelength range from 350 to 1000 nm through the dentin.

AIM/OBJECTIVE OF THE STUDY

The aim of our study was to determine the degree of penetration of irradiation
of ultraviolet, visible and near infrared spectral regions through dentin of extracted
human teeth.

MATERIAL AND METHODS

For the purpose of our investigation 30 dentine samples with 1 mm thickness
were prepared. All samples were obtained by a transverse section in the area of the
pulp chamber roof of extracted human premolars and molars. For cutting diamond
burs (Komet, 6859.314.018) and high-speed handpieces with water-air cooling, and
for the thickness control — caliper Lascod ZLL0O10 were used.

A number of scientific articles has alrealdy presented determination of the de-
gree of ligth absorption in biological tissues (in particular into dentin) using discrete
light sources (in particular lasers, emitting light on specific wavelength) [3, 4, 10,
11]. Following the inescapable change in the geometric measurement parameters
by change of the light source, the absorption determination may be attended with
significant errors. Also the fact that the degree of absorption depends on the wave-
length is important. In experiments of determination of biological tissue absorption
application of light sources with a continuous spectrum of irradiation is advisible. For
this reason, in our investigation a xenon lamp with emission spectrum was used as
shown in Fig. 1.

The absorption and penetration of light in the wavelength range 350-1000 nm
through dentin samples with thickness 1 mm were measured. Collimated light beam
was guided perpendicular to the objects at distance of 5 mm. Immediately behind the
tested sample at distance of about 2-3 mm with the help of lens the passed radiation
was focused in flexible quartz optical light guide, which conducted it to the spectro-
photometer. Absorption and light transmission of the samples were studied using a
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spectrophotometer Ocean Optics QE65000 and specialized software Spectra Suita
Company Ocean Optics (USA) for treating the results. The image of the experimen-
tal setup is presented in Fig. 2.
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Fig. 1. Emission spectrum of xenon lamp
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Fig. 2. Experimental setup

18

In vitro study of light...



RESULTS

The results of our study are presented in Fig. 3 and Fig. 4.

Fig. 3 shows image of light absorption depending on the wavelength of 5 tested
samples. Statistical analysis of the light absorption results of the remaining 25 tested
samples is illustrated with graphics similar to the presented.

Fig. 4 shows image of the average transmission of samples in the studied
spectral range.
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The obtained results showed that the light absorption into dentin depends sub-
stantially on the wavelength. The relationship between the absorption and the wave-
length can be conditionally divided into three areas — from 300 to 600 nm, from 600
to 800 nm and from 800 to 1000 nm. In UVL (400-315 nm) and the blue-green part
of the spectral range, the absorption (with a high degree of reliability) was described
by monoexponential decrease, and the penetration was increased. In the area of
600 nm to 800 nm a slight decrease in absorption was determined (respectively a
slight increase of transmission). In the region above 800 nm the ratio transmission/
absorption was constant value.

DISCUSSION

Light penetration depends on the optical characteristics of the tissue, the pres-
ence of chromophores, the technical characteristics of the apparatus and the opera-
tive technique [4, 6]. The less the absorption of light with a specific wavelength of the
tissue is, the more deeply the light penetrates, therefore penetration increases [6].
Several studies determined that the highest penetration through tissue manifests ra-
diation with wavelength in the near infrared spectral region (750-1000 nm). The high-
est absorption into tissues was established in radiation in the blue spectral region [1,
6, 10]. These results were also confirmed in our study. The tooth dentin is composed
of organic and inorganic material. The exposure of dentin to a light beamleads to
scattering of light from the dentinal tubules. The light of the near- infrared region is
poorly absorbed into dentin [2, 10, 11].

The observed nature of curves absorption/transmission of dentin can be ex-
plained by the presence of natural chromophores, also typical of other biological tis-
sues, and to a minor extent of external pigment factors. Inverse relationship between
absorption and penetration of light was described — when absorption increases, per-
meability decreases. These changes were dependent on the wavelength of the light,
which is passed through the dentin samples.

Numerous authors determined that irradiation in the visible spectrum with
wavelength between 400 and 600 nm, is absorbed by natural chromophores such
as hemoglobin, melanin, etc. The primary chromophore for the infrared region is
the water [6, 10]. In the light spectrum there is a narrow zone of wavelengths,
where the water is not highly effective chromophore. This fact allows penetration
of light energy to the tissue with high water content. The area (approximately
600 to 1200 nm) is called therapeutic window. The most contemporary lasers
have wavelength within this therapeutic window [10]. In the present study a con-
figuration of the curve which is characteristic of melanin-like chromophore was
obtained. This allows us to state that the absorption of light with a wavelength
600 nm in dentin is possible and is determined on natural chromophores of its
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composition. It may also be due to bacterial strains, fallen into dentin samples in
their preparation of extracted teeth. In the range 600-800 nm the absorption may
be determined on hydroxyapatite, because of its characteristic linear increase of
absorption in this area. Above 800 nm the nature of the curves was determined
only on dentin composition, the size of tubular channels, and perhaps there-
fore the ratio absorption/transmission of dentin samples does not depend on the
wavelength from 800 to 1000 nm.

CONCLUSIONS

The obtained results allow us to make the following conclusions:

1. The penetration of light radiation through dentine samples depends on its
wavelength and the absorption of dentin components.

2. The less the absorption of light with specific wavelength into dentin is, the
greater the transmission is. That dependence is determined of the light wavelength,
which passes through the dentin samples.

3. The greatest penetration into dentin was determined on radiation with wave-
length in the near infrared spectral range (750-1000 nm), and the smallest in UVL
(400-315 nm) and blue-green part of the spectral range. The highest absorption into
the tissue was observed at radiation in the blue spectral region, and the least — in
the infrared spectral range.

4. When using a light source with a wavelength above 600 nm and especially
in the range 800-1000 nm, the absorption is equal and should be given the intensity
of the radiation of source to prevent unacceptable effects.
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