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 The present analysis estimated the changes of temperature subsequent 

laser therapy on skin, subcutaneous adipose tissues and muscle, by 

COMSOL Multiphysics software. Different thickness of tissues were 

selected and irradiated by continuous mode of wavelengths of laser 

with Gaussian beam profile. A preliminary model of combining the 

optical and thermal characteristics of these tissues was designed. The 

simulations predict the thermal distribution of laser on tissues 

corresponding to different wavelengths and different beam doses. 

The results of the data analysis indicated that laser irradiation at 

different wavelengths can increase skin temperature 37 up to 39 

degrees of centigrade in photobiomodulation technique. The 

enhancement of temperature showed insignificant impact on 

subcutaneous adipose tissues and was negligible on the deep tissues 

such as muscle. The estimations could be validated by experimental 

trials. 

 

Keywords: 

Photobiomodulation 
Thermal distribution 

COMSOL Multiphysics 

 

 

1. Introduction 

The biological effects of laser changes by the wavelength, power, the time profile of irradiation, 

tissue profile, and the physical properties of the material [1]. Photobiomodulation (PBM) employs 
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an “optical window” from wavelengths of 600 nm to 1100 nm, with 1 to 20 J/cm2 energy density 

of laser beam to heal various musculoskeletal damages [2-4]. In the therapeutic method, the 

photons absorbed by cellular photoreceptors were followed with activation of biochemical 

pathways [5-14]. Increases of temperature in the target tissue should be less than 1°C and the 

energy of laser is enough below the level of secure body temperature [15, 16]. Therefore, the 

effects of PBM is biochemical not thermal and absorbed light employs a chemical transformation 

[4]. In this way, understanding and predicting temperature progression during laser therapy 

becomes essential. Additionally, providing the beneficial simulations for growing efficacy by 

optimizing laser beam parameters is obligatory.  

COMSOL Multiphysics, as a software, provides a user-friendly situation to investigate a wide 

range of physical occurrences [17]. Reviews of literatures have presented that COMSOL software 

is a potent instrument for creating more precise computation than other simulation methods of 

light and tissue interactions have shown its uniformity to provide essential information. [18]. 

The analysis of literature has shown COMSOL Multiphysics were utilized for assessing   and 

plotting the accurate models to evaluate effective parameters in different laser therapy techniques 

[19-22]. 

The present study is to progress a computational model in order to assess the thermal distribution 

in the tissues during the LLLT irradiated with continuous wave of lasers with Gaussian profile. 

For this purpose, a 3D simulation COMSOL model which is a simple tool for designing a light 

source inducing photobiomodulation, was employed for computing the extent of heat in several 

tissues. 

2. Materials and methods 

2.1. Modeling process 

The effects of different wavelengths of laser beams on different type of tissues were investigated. 

As it is mentioned before, COMSOL Multiphysics software was used to investigate the thermal 

effects of transferred energy to the tissues that modeling process shown in Fig. 1 graphical 

abstract.  

 

Figure 1. Graphic of modelling process 
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2.2. Tissue Modeling  

2.2.1. Geometry of the model 

A cube with 18 mm × 18 mm × 18 mm dimensions, consisting of different layers and diverse 

thicknesses created that including skin (type II), subcutaneous adipose tissue and muscle. 

Thickness assumed for tissue layers contains skin 3mm, subcutaneous adipose tissue 5mm and 

muscle 10mm [23].  

2.2.2. Tissue optical properties 

The diagnostic and therapeutic techniques are affected by tissue optical properties. The 

penetration depth of laser and deposited energy in tissues, extremely depend on tissue optical 

properties [24]. In this simulation optical properties of tissues were defined. Absorption 

coefficient μa (cm−1) in Table 1 and reduced scattering coefficient μˊs (cm−1) in Table 2 were used. 

These coefficients were extracted from literatures for different wavelengths and tissues [25-31]. 

Table 1. Absorption coefficient μa (cm−1) for different wavelengths and different tissues [26-28] 

Wavelength (nm) Skin Adipose Tissue  Muscle 

600 0.69 1.18 1.23 

700 0.48 1.11 0.48 

800 0.43 1.07 0.28 

900 0.33 1.07 0.32 

1000 0.27 1.06 0.51 

1100 0.16 1.01 0.13 

 

Table 2. Reduced scattering coefficient μˊs (cm−1) for different wavelengths and different tissues [26-28] 

Wavelength (nm) Skin Adipose Tissue Muscle 

600 28.1 13.4 8.94 

700 16.7 12.2 8.18 

800 14.0 11.6 7.04 

900 15.7 10.0 6.21 

1000 16.8 9.39 5.73 

1100 17.1 8.74 5.84 

2.2.3. Tissue thermal properties 

The thermal properties were affected by the amount of water in tissue [32]. Three essential 

thermal parameters of tissues which are used in the physics of the simulation include density, heat 

capacity and thermal conductivity in Table 3 [33].  
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Table 3. Thermal properties of different tissues [33] 

Thermal parameters Skin Adipose Tissue Muscle 

Density (kg/m3) 1109  911 1090 

Heat Capacity (J/(kg·K)) 3391 2348 3421 

Thermal Conductivity (W/m/°ʗ) 0.37  0.21 0.49 

2.3. Heat Source Modeling 

The thermal distribution assessed by Beer-Lambert law [34]. The present simulation, the laser 

beam modeled as a heat source. The deposited energy through absorbed beam, considered as a 

heat source.  

The heat transfer was explained by Eq. (1):  

Where, 

ĸi is the summation of the absorption coefficient (cm–1) and the reduced scattering coefficient (cm–

1) for any kind of tissue and I is the beam intensity (W/cm2).  

When the laser beam affects the tissues, metabolic heat is negligible in comparison with external 

heat that is induced by laser. The heat extraction by blood circulation considers by Pennes 

equation Eq. (2) [36].  

The power of laser beam as a heat source was considered 500 mw that is the highest power of 

low-level laser beams [36]. The energy densities as a dose of laser beam was considered zero up to 

20 J/cm2. To achieve these values, the laser radiation time was calculated zero up to 40 seconds. 

The distance between beam origin and tissue surface was assumed as 3cm. 

With the purpose of defining the thermal development, the bio-heat transfer application mode and 

time dependent study by means of series (0, 0.2, 40) seconds were employed.  The initial 

temperature of tissues was considered T0=37°C. 

3. Results 

Overall, by using this modeling at any depth of tissues and at any point of time, the thermal 

distribution could be estimated.  

Graphs evince temperature changes at various times and diverse tissues. Regarding the values, 

alteration of temperature could be clinically important. As it is presented, after spending 30 

seconds, changes of temperature are very slight. Through the time and energy density increases, 

the temperature rises.  

Ⴍ = ∑ ĸ𝑖 𝑖  I (1) 

ρ Cp 
∂T

∂t
 + ∇ . q = ρb Cp, b ωb (Tb – T) + Qmet (2) 
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The highest temperatures occurred at the skin level in the wavelength of 600nm and 700 nm, after 

spending 40 seconds in the energy of 20 J/cm2 the temperature reaches about 39 °ʗ in Figs. (2) & 

(3).  

The lowest temperature was run in the wavelength of 800nm, after 40 seconds the temperature 

reaches 38.4°ʗ at the skin surface in Fig. 4. Furthermore, the temperature was observed about 

38.7°ʗ at the other wavelengths. Following increasing depth in tissues, the temperature is reduced 

and reaches less than 37.5°ʗ at subcutaneous tissues in Figs. (5) - (7). 

According to the outcomes of the modeling, increasing the temperature in tissues is dependent on 

coefficients of tissues in the certain wavelength and beam doses. As expected, with the assessment 

of PMB parameters, enhancement of temperature is not tangible and deleterious. 

 

Figure 2. (a) 3D schematic of the temperature distribution in entire geometry, after 40 seconds in wavelength of 600 

nm. (b) Line graph of the temperature distribution at several times and in different depth of sample, in wavelength of 

600 nm. 

 

 

 

Figure 3. (a) 3D schematic of the temperature distribution in entire geometry, after 40 seconds in wavelength of 700 

nm. (b) Line graph of the temperature distribution at several times and in different depth of sample, in wavelength of 

700 nm. 
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Figure 4. (a) 3D schematic of the temperature distribution in entire geometry, after 40 seconds in wavelength of 800 

nm. (b) Line graph of the temperature distribution at several times and in different depth of sample, in wavelength of 

800 nm. 

 

 

 

 

Figure 5. (a) 3D schematic of the temperature distribution in entire geometry, after 40 seconds in wavelength of 900 

nm. (b) Line graph of the temperature distribution at several times and in different depth of sample, in wavelength of 

900 nm. 
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Figure 6. (a) 3D schematic of the temperature distribution in entire geometry, after 40 seconds in wavelength of 1000 

nm. (b) Line graph of the temperature distribution at several times and in different depth of sample, in wavelength of 

1000 nm. 

 

 

 

 

Figure 7. (a) 3D schematic of the temperature distribution in entire geometry, after 40 seconds in wavelength of 1100 

nm. (b) Line graph of the temperature distribution at several times and in different depth of sample, in wavelength of 

1100 nm. 

4. Discussion 

The survey of simulations represents complex mathematical or simple solutions [32, 37], although 

there is a lack of study about the prediction of tissue damages, oriented to the clinical application. 

Modelling of heat deposition in tissues for laser and tissue interactions were suggested based on 

the reduced scattering coefficient (μˊs) and absorption coefficient μa). Furthermore, the reaction 

determination of temperature was simulated by the heat conduction equation [38]. 

In the present model, coefficients were used to estimate thermal distribution and heat deposition. 

COMSOLMultiphysics 5.6a was employed to evaluate laser parameters and the time of treatment 

with the purpose of a new conception for photobiomodulation.  



8 M. Masoumipoor et al./ Computational Sciences and Engineering 3(1) (2023) 1-10  

 

Biological phenomena occur at different temperatures during the photo-thermal therapy. 

Biological effects were considered as bio stimulation at <43°C, hyperthermia at 43-45°C, 

reduction in enzyme activity at 50°C and protein denaturation (coagulation) at 60°C. Therefore, to 

achieve photobiomodulation occurrences, the temperature changes in biological tissues should be 

up to 43°C. Higher temperatures can motive harmful thermal effects on the tissues [39-42].  

The preliminary outcomes will be suitable when planning the experimental studies to induce 

optimal values without damage and the temperature changes. 

In the present modeling, it is revealed that continuous radiation of laser for 40 seconds with 

500mw power can not damage the tissues due to increased temperature; hence to prevent damage, 

it may be crucial to limit the time of radiation bellow 40 seconds. Higher beam doses with higher 

powers lead to higher temperatures at irradiated tissues that prevent PBM phenomena.  In the case 

of direct contact with skin, increases of temperature could be more significant than non-contact 

state.  

Further studies of different parameters of laser therapy can lead to developing an application 

Based on model designing. 

5. Conclusion  

COMSOL Multiphysics software was utilized to plan initial assessments and a device 

optimization for selective treatment. This model could be used as a support tool in laser therapy 

devices to obtain more safe protocols for both animal and human subjects. Furthermore, the 

practice with this computer-based technology enables us to reduce the number of animals in 

experiments and preclinical research. 
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