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ABSTRACT   

The development of optical methods in modern medicine in the areas of diagnostics, 
therapy, and surgery has stimulated the investigation of optical properties of various 
biological tissues. The aim of this work is to investigate the feasibility of human teeth 
differentiation using laser, for this purpose, different laser sources have been used in 
order to compare their effect on the human teeth and consequently their accuracy in 
teeth differentiation .also, it is required to determine the type of laser that results in 
best accuracy. The experiment work in this research depends on using twenty human 
noncavitated caries lesion classified according to their class of caries. An ocean Blue 
HR2000 high resolution spectrometer is utilized to evaluate the optical properties of 
the teeth .the absorption coefficient are calculated under the effect of four excitation 
wavelengths (457 nm, 488 nm, 514 nm, and 633 nm). 

The results have showed that the argon laser at 488 nm is more sensitive for carious 
detection and it is the most suitable for human teeth ablation.    

  

Keywords: human caries detection, optical properties of human teeth, spectroscopy 
 

1. INTRODUCTION  
The optical properties of a tissue affect both diagnostic and therapeutic applications of light. 
The ability of light to penetrate a tissue, interrogate the tissue components, and then escape 
the tissue for detection is the key for diagnostic applications. The ability of light to penetrate a 
tissue and deposit energy via the optical absorption properties of the tissue is the key for 
therapeutic applications. Hence, specifying the optical properties of a tissue is the first step 
toward properly designing devices, interpreting diagnostic measurements or planning 
therapeutic protocols. The second step is to use the optical properties in a light transport 
model to predict the light distribution and energy deposition. 
The light propagation in turbid biological media is governed by both its absorption and 
scattering properties. This type of spectroscopic measurements can provide information in 
many different scientific fields including medicine. In medicine, the knowledge of tissue 
optical properties has found its application in cancer diagnostics and therapy. The changes of 
optical properties by laser treatments are particularly interesting [1, 2]. Light propagations, 
absorption and scattering, changes by the kinetic changes of optical properties in laser 
irradiations. This problem is clinically very important for the realization of safe laser 
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treatments because the understandings of optical properties by several laser parameters can 
realize the pre-estimated treatment effects. 
In laser medicine, the accurate knowledge about the optical properties (scattering coefficient: 
µs, absorption coefficient: µs, scattering anisotropy: g) of target tissue is important for the 
understanding prediction of propagation and distribution of light in tissues. [3] 
In this work, these properties of human teeth and carious tissues is of great importance for 
interpretation and quantification of the diagnostic data, and for prediction of light distribution 
and absorbed energy for therapeutic and surgical use. There are some methods used in 
detecting optical properties. The most common technique for extracting the optical properties 
of tissue in vitro is the Integrating Sphere (IS) method, Double integrating sphere system [4-
8] with an intervening sample is designed for non-invasive measurement of the optical 
properties of biological tissues, On the other hand, Inverse Monte Carlo methods [9-11] can 
be used to determine the optical properties separately over broad spectral range, without 
limitation of their accuracy. 
In this paper, the optical absorption coefficient, µa, in terms of the average human teeth were 
calculated using optical spectroscopy for different commercial law power laser source at 
wavelengths 457nm, 488nm, 514nm and 633 nm, and calculate the ability of laser to penetrate 
a human teeth and deposit energy to determine the maximum absorption coefficient for 
carious region and minimum for normal one (laser sensitivity).  
 

2. THEORETICAL background 
Methods for determining the optical parameters of tissues can be divided into two large 
groups, direct and indirect methods. One of the indirect methods to determine optical 
properties of tissues. Spell out acronyms unless they are widely known the optical response of 
tissue  

If tissue is irradiated with a laser beam, the fluence rate [W/m2] of the beam inside the tissue 
decreases exponentially (beer’s law).the attenuation of the laser beam is due to absorption and 
possibly scattering of the collimated light according to the relation  

            E(z) = (1-rs)E∘e-µ
t
z                                                               (1) 

 
E (z) is the attenuated beam within the tissue [W/m]. 
E◦ is the irradiance [W/m]. 
µt  is the attenuation coefficient.[1/m] 
rs  is the Fresnel specular reflection for nonpolarized light is about 2% for light normal to an 
air tissue interface. 
  
  
Laser –tissue interaction is viewed as the propagation of photons through a volume of 
randomly distributed absorption and scattering centers.in the framework of this 
representation, the probability that a photon will be absorbed or scattered over the distance ∆s 
is given by µt ∆s. Further, the probability that the photon is absorbed over the distance ∆s is 
µa ∆s where µa is the absorption coefficient with units [1/m].likewise, it follows that the 
probability of a scattering event over ∆s is µs ∆s where µs is the scattering coefficient with 
units [1/m].based on these definitions and assuming that absorption and scattering are disjoint 
event.  
 



     
 

Military Technical College 
Kobry Elkobbah, 

Cairo, Egypt 
April 19-21,2016 

  
8th  International Conference on 
Mathematics and Engineering 

Physics (ICMEP-8) 

 

 
 

3 

2.1 Optical Properties of Tissue  
To understand the various modalities of laser-tissue interaction, it is necessary to get an 
overview of how photons penetrate biological tissue and how physics of absorption and 
scattering. (Fig.1).  

  
 Fig.1 the various modalities of laser-tissue interaction 

                                                                            

2.2 Absorption and penetration 
The energy states of molecules are quantized; therefore, absorption of a photon takes place 
only when its energy, E = hv, corresponds to the energy difference between such quantized 
states. Absorption of a photon by a chromophore causes either a quantized change in the 
distance between charges (electron transition, ultraviolet or visible spectrum) or a quantized 
change of vibrational modes of the molecule (vibration transition, near infrared [NIR]). 
Where electronic transitions are excited, leading to discrete and intense (broad) absorption 
bands. In the NIR and mid-infrared (MIR) region, tissue absorption is dominated by water 
absorption, with the maximum at 3  μm. Th e co efficient μa (cm^ (-1)).  Characterizes the 
absorption. The inverse la defines the penetration depth (mean free path) into the absorbing 
medium. 
 
2.3 Scattering 
The scattering behavior of biological tissue is also important because it determines the 
volume distribution of light intensity in the tissue. This is the primary step for tissue 
interaction, which is followed by absorption and heat generation. Scattering of a photon is 
accompanied by a change in the propagation direction without loss of energy. Scattering 
structures of the tissue can be macroscopic like muscle fibers, skin layers, or dentin tubules; 
microscopic like cells or intracellular structures; and even sub-microscopic, taking into 
account macromolecules or nanoparticles 
According to the size of the scattering structure, one has to distinguish between Rayleigh 
scattering, d << l, and Mie scattering, d ≥ l. Scattering of tissue is always a combination of 
Rayleigh and Mie scattering The scattering, similar to absorption, is expressed by the 
scattering coefficient μs (cm^ (-1)). The inverse parameter, 1/μs (cm), is the mean free path 
length until a next scattering event occurs. 
We have seen from Mie scattering that scattering is not isotropic. Forward scattering is 
predominant in biological tissue. This characteristic is described by the anisotropy factor g. g 
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can have absolute values from 0 to 1, from isotropic scattering (g = 0) to forward scattering (g 
= 1). Negative values for g stand for backward scattering. In tissue, g can vary from 0.8 to 
0.99. Anisotropy factor g: 0 ≤ g ≤ 1. g = 0: isotropic scattering; g = 1: forward scattering.  
Taking into account the g value, a reduced scattering coefficient, μs′ (cm^ (-1)).  , is defined 
as 
 

                            μs′ =µs (1-g)                                                                     (2)     
                                                            

In MCSs, one has to consider a probability function for g in what direction a photon is 
scattered. The Henyey- 
Greenstein phase function [25] p ( ) is often used to describe the angular distribution of light 
scattered by tissue. It is characterized by the average cosine <cos  > of the scattering angle . 
Since the Henyey-Greenstein phase function is a probability density function, it is normalized 
to an area of 1. This model has been applied to numerous situations, ranging from the 
scattering of light by biological tissue to scattering by interstellar dust clouds. The angular 
distribution of scattered light is given by 
                                P (θ) =1/4π(1-g^2)/(1+g^2-2gcos(θ))^(3⁄2)                        (3)                                                                                           
 
The parameter g characterizes the normalized distribution. For some values of g, shows the probability 
of scattering from –180°≤   ≤+ 180°. When g approaches the value 1, then the function is 
very peaked around  = 0. In case of isotropic scattering, g = 0, there is a constant value of 
1/  overall scattering angles . 
The sum of μs and μa is called the total attenuation coefficient μt (cm^ (-1)).  : 
 

        μt = μs + μa (cm^ (-1))                                                                        (4) 
 

Measuring the optical constants of biological tissues is not a simple task. In a configuration 
where a collimated beam hits a tissue sample of defined thickness and only the transmitted 
photons (ballistic photons) reach the detector, the attenuation coefficient μt can be measured. 
 Some other expressions are helpful to describe the optical properties of biological tissue. The 
fraction of the scattering μs over the total attenuation μt is called Albedo a:                                                     

                          Albedo a=μs   ⁄ ((μs + μa))                                         (5) 
  
Whereas the effective damping coefficient μeff is defined as 
 

                                      μeff=√ ((3μs (μs + μa)))   (cm^(-1))                                     (6) 
 

The inverse value 1/μeff, is called the effective penetration depth, deff, of light into tissue: 
 
                                                             Deff=1/μeff   (cm)                                                          (7) 
   
In this work, to differentiate between normal and carious parts of teeth, a sensitivity 
parameter is proposed. This sensitivity is defined as the ratio between the absorption 
coefficients of the carious (µac) and the absorption coefficient of the normal parts (µan) 
                                               Sentivity s=μac  ⁄ μan                                                              (8)                                                                               

3. METHODS and materials  

3.1 Dental specimen selection 
Twenty teeth with natural noncavitated enamel carious lesions on smooth surfaces were 
selected from extracted human dental hospital. The lesions were classified clinically, by 
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dentists according to clinical judgment into classes as class1, 2 and 5.In this paper we 
examined teeth from class 2. 

3.2 Experimental technique 
The experiment was set up to illuminate the teeth by four wavelengths (457nm, 488nm, 
514nm, and 633nm) of laser sources, scan it, and measure the difference in absorption 
between four selected points starting from normal tissue up to the center of carious tissue for 
each teeth. The obtained absorption measures for the four points are compared to differentiate 
between the normal and carious tissue. This process is repeated for each of the four 
wavelengths. In these experiments, the (spectra suite spectrometer operating software is used 
to measure the absorption coefficients at the selected points).  
First we scanned the teeth through four points we choose these points according to the 
difference in the grade of carious from normal to center of carious by four wavelengths of 
different types of laser (blue 457nm, argon 488nm,argon 514nm and He-NE 633nm) 
 Second, with scanning we put suitable detector backward of the teeth to detect the laser beam 
after hitting the teeth and connect the detector to the suitable spectrometer (NIR- 4000 
SPECTROMETER), By using (SpectraSuite Spectrometer Operating Software) we can 
determine the Absorption coefficient and we can draw four graphs for each wavelength which 
indicate the difference in Absorption coefficient of each point according to the different types 
of laser. 
Finally, we calculate the effective transport coefficient and effective length (penetration 
depth) for each type of laser in order to choose the best wavelength in differentiating between 
caries and normal tissue according to best sensitivity. 
For determination of these coefficients we measured the optical properties of each tooth with 
a specific detector (fiber optical cable) to A NIR-4000 is spectrophotometer. Four 
wavelengths (457nm, 488nm, 514nm, and 633nm) pulsed from three laser source, first is blue 
laser 457nm, second is argon 488nm, third is argon 514nm, and fourth is He-NE 633nm. 
Initially, the tip of laser source was directed into an empty sample holder in a darkened room 
and a background spectrum was recorded, which was subsequently subtracted from each 
reading. These tests were undertaken to ensure that the spectra recorded from dental samples 
were due to the sample and not due to materials used in the fabrication of the optical fibers 
used in the probe. The laser was activated and the output from the tip of laser source directed 
onto a sample and the optical fiber probe was put in back of the dental sample to detect the 
laser beam after hitting the sample and analyzed in the spectrometer. Some several peaks 
were noticed but as these peaks were outside the spectral region of interest used for the later 
analysis and were therefore ignored.  

We were thus certain that any spectral features observed were due to components present in 
the dental samples. Normalization was undertaken by first subtracting from each spectral 
point the average background. The spectra were stored on a PC and analyzed using computer 
SpectraSuite Spectrometer Operating Software 
 

4. DISCUSSION and results 
The most important factor for caries detection, subsequent diagnosis and treatment planning, 
is to determine the extent of a lesion and to monitor the course of the disease in a quantitative 
and noninvasive manner. Caries can be described as a process resulting in structural changes 
to the dental hard tissue. The Diffusion of calcium, phosphate, and carbonate out of the tooth, 
the demineralization process, will result in loss of mineral content. Most of the optical 
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methods are based on the differences in light scattering, absorbing or Fluorescence between 
the sound enamel and the lesion. 

Absorption is the process in which photons are stopped by an object and the wave energy is 
taken in by the object. The energy lost is mostly converted into heat or into another wave 
which has less energy and hence longer wavelengths. Absorption of a photon takes place only 
when its energy, E = hν, corresponds to the energy difference between such quantized states. 

In this experiment we depended on absorption process calculating the absorption coefficient 
of each point which we selected with each wavelength used in this experiment.  

First we scanned the teeth through four points we choose these points according to the 
difference in the grade of carious from normal to center of carious as shown in the left side of 
(Fig.2)  by four wavelengths of different types of laser (blue 457nm,argon 488nm,argon 
514nm and He-NE 633nm) 

 Second, with scanning we put suitable detector backward of the teeth to detect the laser beam 
after hitting the teeth and connect the detector to the suitable spectrometer (NIR- 4000 
SPECTROMETER), By using (SpectraSuite Spectrometer Operating Software) we can 
determine the Absorption coefficient and we can draw four graphs for each wavelength which 
indicate the difference in Absorption coefficient of each point according to the different types 
of laser as shown in the middle of (Fig.2). 

Finally, from each graph we draw relationship between absorption coefficient and the points 
which chosen as shown in the right of (Fig.2) to calculate the sensitivity for each wavelength 
to compare between them and chose best one in differentiating between normal and carious 
part.  
 
 
 
 
 
                                                                                                                                       Absorption Coef. 
µa at λ                  

            Position 
                                                                                                                                                                           Normal                              
 
 
 
Carious     

Fig2. (a) Scanning teeth by blue laser, (b) absorption coefficients values and (c) general sensitivity curve 
 

SpectraSuite Spectrometer Operating Software calculates Absorption coefficient using the following 
equation.   

Normal 

Boundary1 

Boundary2
 

Carious 
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                                                             (9) 

 
Where:   
S = Sample intensity at wavelength λ  
D = Dark intensity at wavelength λ  
R = Reference intensity at wavelength λ 
By using spectrasuite software we can analyze the data and indicate the difference in 
absorption coefficients for each wavelength through the selected four points as shown in 
(Fig.3) 
 

     

 
 

Normal Boundary1 

Boundary2 carious

 

Boundary2 
 

Carious 

Normal 
 

Boundary1 
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Fig.3 (a) absorption of blue laser 457nm measured by spectrometer of four position in the 
teeth, (b) absorption of argon laser 488nm measured by spectrometer of four position in the 
teeth, (c) absorption of blue laser 514nm measured by spectrometer of four position in the 
teeth, (d) absorption of He-NE laser 633nm measured by spectrometer of four position in the 
teeth 
 

From these graphs we measured the absorption coefficients for each point in the 
sample with all wavelengths as shown result in table1 
 

Table .1 Measured absorption coefficient for scanned decayed human teeth at four positions.      

 

Coefficient of absorption 

 Sound  Edge of caries       Caries 

Bands Point1(normal 
tissue) 

Point2(boundary 
area) 

Point3(boundary 
area) 

Point4(severed 
decayed tissue) 

457 0.042  0.1189 0.1762 0.2445 

488 0.0081 0.1186 0.2471 0.3504 

514 0.015 0.1126 0.1658 0.2854 

633 0.0903 0.1311 0.1501 0.2742 

Boundary2 
 

Carious Boundary2 
 

Carious 

Normal 
 

Boundary1 
 

Normal 
 

Boundary1 
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 Fig.4 plot of absorption coefficients for each point with four wavelengths 

 

From above table(1) and according to laws that explained in the theoretical background we 
can summarize some optical properties in the followed table and after making curve fitting as 
shown in (Fig.4) we can calculate the sensitivity for each wavelength in detection the caries 
and differentiate between normal and caries region.  

the importance of the sensitivity is to differentiate between four types of laser and which one 
is the best to detect any change in the structure of the teeth (i.e. from normal and carious) We 
can draw a relationship between absorption coefficient and each position in the sample for 
each wavelength then we make a curve fitting by MATLAB to calculate sensitivity this result 
shown in (Fig.5). 
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Fig.5 (a) blue laser sensitivity 457nm, (b) argon laser sensitivity 488nm, (c) argon laser sensitivity 
514nm, (d) He-NE laser sensitivity 633nm 

 
 
                        
 
               Table .2 Calculated optical properties coefficients for carious areas of human teeth 
 

λ(nm) (c ) .  ( ) Sensitivity 
457 2.445 0.4089 0.8644 
488 3.504 0.2853 1.155 
514 2.854 0.3503 0.6648 
633 2.742 0.3646 0.5707 
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For each wavelength, the values of the optical properties determined are presented in Tables 
(2). These tables show the experimental values of: the absorption coefficient μa, and the 
effective mean free path Leff. As pointed out above we depended on the absorption parameter 
and absorption is the dominant property in carious part that we can say μa≈ μeff   , and Leff 
values were calculated as indicated in equation (7). On the other hand, the data show that 
Argon 488nm has best sensitivity (0.8644) which mean that it’s best wavelength to 
differentiate between carious and normal tissue, the second wavelength is blue 457nm has 
sensitivity (0.8644) which mean it can also use in differentiate between normal and carious 
tissue. 

We find in previous work that three types of these wavelengths already used in diagnostics in 
dentistry Argon 488nm,argon 514nm and He-NE 633nm[13]. From measurement we found 
blue laser457nm can be used in differentiation between normal and carious tissue. Another 
advantage from results that effective length for blue laser is the highest which mean that it can 
be used removing carious or ablation. 
 

5. conclusion 
This We believe that this overview of tissue optical properties will provide users a possibility 
to predict optical properties of tissues under their interest and evaluate light distribution in the 
organ under examination or treatment Optical properties of human teeth, at (Argon 488 nm, 
blue 457 nm, Argon 514 nm and He-NE 633 nm) have been determined using the 
spectrometer. We generally observed that the measured diffuse reflectance and transmittance 
of human teeth (normal and decayed tissues) decrease in reflectance, scattering, while 
absorption coefficients increased at 514 nm. These results of our study yield an overall high 
differentiation potential for various laser source types after interact with human teeth, 
performing that the maximum absorption coefficient at wavelength 514 nm, producing a 
powerful tools for carious detection and treatments.  
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