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ABSTRACT  
Background: The focus of the present work on the laser interaction with human skin depend on the absorption of the radiation, in this study 
using the Nd-YAG laser of free running and Q-switching wavelength (1064,532nm) respectively. The absorption coefficient (μa), 
penetration depth (L), thermal relaxation time, pulse duration, fluence, power density, intensity and temperature have been studied and the 
relationship between them desiccation. The result of (PSNR) has been presented as a mathematical matrix, since the standard ratio (PSNR) 
was from (30-50dB) represent the acceptable ratio to the identical between the two images before and after treatment by Nd-YAG laser. In 
present work , the port wine stain has been studied, the (PSNR) value was lower than 30, it was mean that there were a big difference 
between the two images before and after treatment. All the values of (PSNR) for the patients have been recorded under 20 which means that 
the response for the treated lesions were remarkable. This method has been used to measure the quality of image before and after treatment 
by image processing. This study has been compared with other studies, and the results have been appeared as good agreement and high 
response. 
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INTRODUCTION 
 

Today laser has been used almost in various fields as medicine, science, technology etc. The laser 
continuous and pulsed for different type wavelength in the mentioned area, have been used. The laser beam 
interacts with human body skin has been studied by several researches and used by Nd-YAG,CO2 laser, Er-
YAG, diode lasers[1-5].           

Human skin represents one large in the body and there was an area of 1.8m2with consist about 16% of body 
weight skin has been contained of three layer, the epidermis, the dermis and the subcutaneous layer[6]. Practical 
and theoretically the laser interacts with human skin in case of free running and Q-switching for pulsed laser 
were studied [7, 8]. Laser has been considered a solution looking for a problem because the character of focused 
source of monochromatic light and high output power [9, 10]. This development of pulsed laser system as pulse 
duration, power density, fluence and wavelength which determines have been affected in biological tissue [11]. 
The effect of a short pulse width 532nm Nd-YAG laser in treatment of port- wine-stain (PWS)[12].                                                                                               

 Stimulation and experimental study of temperature distribution in living biological tissue under laser 
irradiation doing to know the mechanism of heat transfer in biological tissues in order to minimize damage to 
tissues resulting from extreme heat applied[13,14].                                                                                                                    
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Theory:  
When the laser light incidence on the skin surface it has been take place the absorption, reflection, and 

transmission can be described by the equation given.  
              

R+A+T=1                                                           (1)                                       
 
R=Reflectance, A=Absorption, T=transmission.  
                                                              
To understand the effect of laser on human tissue, it must be known to follow terms (Fluence, power, power 

density, thermal relaxation time, wavelength, spot size, pulse duration and chromophores). The energy, exposure 
duration and wavelength of laser have been affected by the biological response. Different components of tissue 
(water, hemoglobin, melamine and other pigments) absorbed light preferentially at different wavelength 
therefore the choice of wavelength affected the selectivity of laser treatment, light energy has been utilized to 
selectivity damage certain components of skin [15,16,17]. The ability of a medium to absorb electromagnetic 
radiation has been depend up on different factors, mainly the electron constitution of it atoms, and molecules, 
the wavelength of radiation, the thickness of absorbing layer and interact parameters such as the temperature or 
concentration of absorbing agents. Two modules were frequently applies  which described the effect of either 
thickness or concentration on absorption were so called  Lambert's law and Beer's law were express by [15]  

          
I(z)=I0 exp(-μaz)                                                                (2)  

                              
Where z denotes to the thickness, I(z) the absorbed intensity at thickness (z) I0 is incident intensity,μais the 

absorption coefficient of the medium.                                     
From the equation (2) has been obtained  
                                                                         

Z=1/μaln Io/I                                                 (3)  
                              
The inverse of the absorption coefficient μa was also referred to as the absorption length or penetration 

depth L (i.e).    
                                                                                             

L=1/μa                                                (4)  
                               
The distance in which the intensity of laser has been decrease 63% of its peak value or the absorption length 

measure the distance which the absorbed intensity has been dropped to 1/e of the incident intensity.[18]                                                                      
Atypically absorption coefficient μa and the corresponding penetration depth L for the most important laser 

wavelength have been depicted in table (1) as below [13].                
 

Table 1: Absorption coefficients μa and penetration depth of water L at different wavelengths. 
L (cm) μa (cm-1) Laser type Wavelength (nm) 
50 0.02 Diod 800                       
1.6 60.61 Nd-YAG 1064 
0.00008 12000 Er-YAG 29 
0.001 860 CO2 10600 
340 0.0029 He-Ne 633 

 
In biological tissue, the absorption has been caused by either water molecules or proteins and pigment, 

while the absorption in the infrared (IR) region of the spectrum has been attributed to water molecules and 
proteins. As well as pigments mainly absorbed in UV and visible range of spectrum. Light can be absorbed, 
transmitted, scratched or reflected by tissue, the light has been absorbed can yield a therapeutic result, while the 
lights transmitted and reflected from tissue yield no effect [18]. The knowledge of laser tissue interaction has 
been helped a doctors or a surgeons to right selection for optimal laser system to modify the type of therapy 
[13]. The laser tissue interacted has been classified (photochemical, thermal, photomechanical interaction etc.) 
[15, 18, 16].                                                                                                                           

Now when the laser light was delivered to tissue, chromospheres has been absorbed the photon and heating 
occurs, leading to temperature rise which increases the kinetic energy of the molecules greater than the intra 
molecular bond that hold the molecules together, the molecules denature. The temperature profile and time 
which the tissue was subjected to raised temperature. The relation between temperature and time has been 
depending up on the thermal properties of the tissue. Photo thermal effect has been occurred when 
chromospheres absorb the corresponding wavelength of energy and destruction of the target results from 
conversion of absorbed energy to the heat.             
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The temperature has been depending on the affected tissue that may take place vaporization, coagulation or 
even carbonization. The light delivered in short pulse, the local temperature will increase rapidly because the 
heat diffusion was minimized [15, 13, 16]. The contact laser surgery has been attribution the temperature 
gradient altered by contact laser tip. Since the absorbing material was in contact with the probe and tissue it will 
release the temperature of tissue by thermal effects, in addition the radiation heating caused by the same 
wavelength. These techniques referred to as wavelength conversion effect (WCE). The (WCE) does not result in 
changing in the wavelength of laser, rather it material has been adjusted on the probe tip. One can titrate the 
amount of laser existing the tip in comparison to the amount of heat generated by absorption of the tip [18].                                          

From the microscopic view, thermal effects has been occurred in molecular vibration- rotation bond 
followed by non-radiated decay, for the energy in the photons to ends up as heat in tissue by in the first step 
absorption and second step vibration relaxation. Those two step process have been efficient, when consider both 
steps separately-first, absorption has been facilitated due to the extremely large number of accessible vibration 
states of most biomolecules. Second the many channels have been available for deactivation and thermal decay, 
because atypical energies of laser photon such as (Nd-YGA laser 1.2 eV) has been exceed by for the kinetic 
energy of molecule at room temperature which is only about (0.025 eV) [15]. If the laser beam incident on 
tissue, the light distribution has been described by the fluence rate (irradiation or power density) it was the 
energy permit area in unit time (W/cm2), the amount of optical energy absorbed permit volume permit time is so 
called the absorbed power density in (W/cm3) and related to power density by [19].  

                                                                  
H(x) =μa(x) Pd                                                                                                (5) 

 
Where μa(x) is the absorption coefficient (cm-1), Pd is the power density.   
The layered tissue imagination consist of three layers having different optical  properties representing, 

epidermis, dermis, and fatty tissue of human skin, the thickness, absorption coefficient (μa) of each layer for Nd-
YGA laser at 1064nm have been depicted in table(2)[20].  

         
Table 2: Optical properties of different layers of human skin tissue at 1064 nm  

μa (cm-1) Thick (cm) Layer 
0.035 0.005 Epidermis 
0.0049 0.3 Dermis 
0.005 1 Fatty tissue 

 
The heat has been generated inside the tissue during laser exposure deposition of heat in tissue was due to 

laser light has been absorbed by tissue, for a light flux in non-scattering medium. If the phase transitions 
(vaporization, melting, or tissue alterations (coagulation, carbonization) did not occur an iteration in heat content 
dQ (Joule) induced a linear change in temperature(∆T) according to basic law of the thermodynamic present the 
relation between temperature and heat content as                  
 
dQ =mc ∆T                                                      (6) 

                      
m is the tissue mass ,c is specific heat capacity.   
Fourier's law of conducting has been described how heat was conducting a cross tissue [21] .The heat flux 

through the tissue heat conducting has been state as [19] 
                  

Q = -K                                                                (7)                    
              

Where, K: is the heat conduction and  q: is the heat flax.  

This law has been saw that the heat flowed by in the opposite direction to the temperature gradient (), 
this expecting from the second law of thermodynamics [19].                                                  

The temperature behavior inside tissue has been expressed by the two parameter k and C is called heat 
diffusion                                                                                                   
 
K=k/ec                                                                (8)  

                    
e=is the tissue density  
The thermal relaxation time (τth) one of the important parameter it was defined as the time required for the 

heat tissue to lose about half of it is heat. The thermal penetration depth Zth considered another important 
parameter decreases (1/e) of its peak value.  

        
Zth = (4Kt)1/2                                                              (9) 
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t: is the time.                                                                                                                      
The relation between L and τth equal: 
                                                                                

L= (4Kτth)
1/2                                                                                        (10) 

                    
If the laser pulse duration τ<τth, the thermal energy cannot be diffused to penetration depth so that the 

thermal effects would be negligible, if τ>τththe heat can be diffuse up to the optical penetration depth than 
thermal effects or damages have been possible. 

The thermal relaxation time of different tissue can be calculated by: 
                                

τth =1/5.6*10-7
μa                                                                                (11) 

                    
RESULTS AND DISCUSSION 

 
From the table (1) the values of penetration depth "L" calculate using the values μato obtain the values of 

thermal relaxation time (τth) and all these values depicting in table (3). 
 

Table 3: Relation between Absorption coefficients, penetration depth and thermal relaxation time in tissue that applied in the present work:       
Thermal relaxation time 
τth(ms) 

Penetration depth L 
(mm) 

Absorption coefficient 
(μa) 

Thickness(mm) Layer 

107×0.503 2.8169 0.355 0.05 1-Epidermis 

107×3.6443 20.408 0.049 3 2-Dermis 

107×3.5714 20 0.050 10 3-Fatty 

 
The relation between absorption coefficients μa(mm-1) and penetration depth L (mm) have been studied as 

in figure (1), the absorption coefficient and thermal relaxation time τth as in figure (2), from figure (1,2) shows 
that the decrease of absorption  coefficient led to increases in the penetration depth and thermal relaxation time, 
which was an evidence that this result were typical with equations (10,11). When the equation (9) has been 
applied, the obtain results shows in table (4), was found the thermal penetration depths response: 

  

 
 

Fig. 1: The relation between Absorption coefficient a(mm-1)and penetration depth L (mm). 
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Fig. 2: The relation between Absorption coefficient a z(mm-1) and thermal relaxation timeτtherm (ms) that 

applied in the present work.   
 

Table 4: Thermal penetration depths 
Thermal penetration depth Zth Time  
0.74μm 1μs 
2.3 μm 10μs 
7.4 μm 100μs 
23 μm 1ms 
74 μm 10ms 
0.23 μm 100ms 
0.74 μm 1Sec 

 
When heat diffused up on the time 1μs approximately 0.74 μm, the increase in the time lead to increase the 

thermal penetration depth and that the result agrees with equation (9).                                                                                                                        
 The fluence and power density has been studied as in figure (3). Show that the increase in the fluence lead 

to increase in the power density and the result was typical with the equation 
                                                                                                               

Pd=F/Sd                                                                  (12)                         
 
F: fluence, Sd : pulse duration 
                                                                                           

 
Fig. 3: The relation between fluence J/cm2and power density109w/cm2for 1064nm(Q.S) 
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The values of fluence has been varied according to the treated lesion and this variety would be in power 
density depend on the relation between them, so these two parameters have been considered very important in 
the laser treatment with human skin. 

Beer's law has been applied to obtain the value of absorbed intensity by applied the value of incident 
intensity of a thickness of differ layer of human skin tissue at Nd-YGA laser at 1064μm wavelength, Q-switch 
and long pulse, the absorbed intensity depend up on the type and thickness of skin layers. The relation between 
absorbed intensity and incident intensity were decrease when absorbed from the layer of human tissue represent 
in the values of absorbed intensity. The different of human skin tissue cause different value of differ intensity, 
so that the value of absorbed intensity for epidermis more than the value of absorbed intensity for dermis and 
which made the value of absorbed intensity for fatty tissue lowest value.                                                   

Figure (4.Aand B) depicted that the increase in the incident intensity led to increase in the absorbed 
intensity and that the result were typical matching with equation (2).        

                

 
Fig. 4A: The relation between absorbed intensityI(z)w/cm2and incident intensity I0 w/cm2for different layers of 

human skin tissue at Nd:YAG1064 nm (Q.S) 
 
The amount of optical energy absorbed per unit volume per unit time is called the absorbed power density 

H(x) in W/cm3 has been related with power density: 
 

H(x)= μaPd                                                              (19) 
 

 
 

Fig. 4B: The relation between absorbed intensityI(z)w/cm2and incident intensity I0 W/cm2for different layers of 
human skin tissue at Nd:YAG1064 nm(L.P.)     



238                                                Sahib. N. abdulwahid and Noor Taha Ismaeel, 2016 
Advances in Environmental Biology, 10(9) September 2016, Pages: 232-241 

 

The absorbed power density H(x) as in figure (5), expressed that the increase in the power density increased 
in the absorbed power density, this result agree with [19]. The relation between power density and temperature 
depend on Stefan-Boltzmann's law. 

Then the temperature related with maximum wavelength by Wien's displacement [21]. 
Figure (6) has been show the decrease in the temperature in maximum wavelength and this result has been 

considered typical evidence agree with [21]. By using to the computer programs called peak signal to noise 
(PSNR), we used this method to clarify the different between the two picture before and after treatment. Since 
the standard ratio of the (PSNR) was from 30 to 50 represent the acceptable ratio to the identical between the 
two images. Image has been converted from the spatial to the frequency space  process called digitize the image 
(digitization) as in figure (7). This means converted into a set of number and these numbers ranging from (0-
225) and produce 256 frequencies representing all gray frequencies starting from black bold color to the bright 
white color, in addition to the intensity of color per pixel per unit of image. The histogram displays the image 
frequencies that vary from image to another.    

                  

 
 

Fig. 5: The relation between power density W/cm2and absorbed power density W/cm3for different layers of 
human skin tissue at Nd:YAG1064 nm (Q.S. ) and (L.P.). 

 
This test has been showed that the different between the two images at the same area of any treatment 

before and after laser treatment figure (7). In addition to difference between histogram of the image before and 
after treatment to produce a new histogram represent the difference between the two images treatment, this 
shows the different has been achieved the two images any change in the skin and thus explained the difference 
made in color intensity of the image before and after treatment. Seventeen patients with facial Port-Wine Stain 
(PWSs) have been treated in present study. Ten sessions has been done by Nd : YAG long pulsed : wavelength 
532 nm, fluence of 28- 32 J/cm2, spot size 3 mm, frequency 1 Hz and pulse duration 25 ms. Figure (7A,B,C) 
has been depicted the response of treated (PWSs), PSNR ratio is 18dB and histograms before and after 
treatment. 
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Fig. 6: The relation between maximum wavelength for Nd:YAG laser (1064 nm and 532nm)  and temperature 
in K.    

 

 
A 

 
 B 
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Fig. 7: (-A- with (PWSs), -B-histograms) before and after, C- PSNR 18dB. 
 

Conclusions: 
Using Nd:YAG laser long pulse and Q-switched with both wavelength 1064nm and 523nm was safe and 

effective modality for treating port wine stain, the suitable and right parameters as (fluency, frequency, pulse 
duration and spot size)with careful to the laser hazards and taking into account the safety requirements led to 
make the results remarkable and without any side effect or complications.  

Choosing this kind of laser system in present study has been proved that it was the best choice for the 
present disease above. The matching between the theoretical part in present study as in equations and the 
applied part in the obtained results  proved that present study have been very accurate. The manner that showed 
that the results as (PSNR ratio and histograms) has been first of its kind in addition for the conventional way 
that showed the images before and after treatment was very important to show and analyzed the results in detail. 
The results of histograms have been showed change in the location curve in dark lesions before and after 
treatment, the changed in color level and in the shape of the port wine stain in all patients.   
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