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Abstract 

A simulation of nano ablating an induced cancerous tumor in the thigh of a sheep was conducted after slaughtering it. The 

simulation was conducted on the assumption that the tumor and cancer occurred due to the abnormal growth of one of the amino 

acids that make up the collagen protein, which is proline, with a percentage of cancer cell division ranging from 10% to 90% in 

the tissues of the thigh of the sheep, as collagen is one of the proteins that make up the connective tissue of the thigh of the sheep. 

The surgical ablation of the aforementioned cancer was carried out practically using a laser knife, by implementing the output 

data obtained from the computational simulation. The Gauss View 6.0.16 program was used to build the spatial structure of the 

collagen protein and the amino acid proline, and the Gaussian 09 program was used to simulate the physical properties. A 

simulation program written in Fortran 90 was used to calculate the rate and time of tumor ablation, using the finite difference 

method, by using the data obtained from the simulation of physical properties by the Gaussian 09 program. A CO2 laser knife 

with a wavelength of 10600 nm was used to perform the tumor ablation operation. The simulation was carried out using the 

density functional theory method at the B3LYP level, in conjunction with the 6 – 311G(d,p) basis set. There was a great match 

between the rate of ablation in the simulation and the rate of ablation in the practical, as they were (1.87) mm/sec and (2.25) 

mm/sec, for 90 Vol. % respectively. It can be concluded from the results of the study that the simulation data can be used to help 

represent a surgical ablation operation with high accuracy in terms of time and rate of ablation. 

Keyword:  collagen • proline • ablation • laser knife • gaussian • induced cancerous tumor • DFT. 

 

Introduction 

Materials science is an interdisciplinary field that studies 

material properties and their applications in science and 

engineering. This science explores how materials' structure 

affects their properties. It combines applied physics and 

chemistry, as well as chemical, mechanical, and electrical 

engineering. Recently, advances in nanoscience and 

nanotechnology have elevated materials science to a new 

level[1]. Despite 80 years of dedicated drug discovery 

research, cancer remains the leading cause of death 

worldwide[2]. Efforts to eradicate cancer have been hindered 

by numerous challenges in treatment and diagnosis. 

Cancer therapeutics face a significant challenge due to the 

diverse genetic alterations found in each type of cancer. 

Tumor heterogeneity leads to resistance to single-target drug 

approaches, necessitating the use of combination therapies[3, 

4].  
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There has been a great development in all sciences due to the 

development of computers and computing, as it has become 

possible to simulate or model different and multiple systems 

through advanced programs quickly and permanently. The 

field of medicine has achieved great and tremendous 

development in terms of the use of various, accurate, and 

advanced treatments, or through devices and equipment used 

in diagnosis or treatment. Among the most important diseases 

that threaten humanity is cancer in all its types. From time to 

time, we see the emergence of a new and advanced 

technology or method that deals with cancer. Among the 

developments that have occurred in surgical operations to 

remove cancerous tumors is the use of laser devices instead 

of traditional scalpels that cause a long period of time for 

wounds to heal, and may cause infections that burden the 

patient with an additional burden in the long period of 

treatment compared to the use of laser scalpels called laser 

knives[5-7]. 

Several types of lasers are currently being used in 

maxillofacial surgery. Laser beams affect biological tissue 

based on their wavelength, which can be reflected, scattered, 

or absorbed[8]. Tissues are composed of diverse components 

that can differ between types and within the tissue structure. 

The optical properties of a tissue are influenced by its 

component substances, as well as their concentration and 

distribution. Water, hemoglobin, and melanin are the most 

studied components of biological tissue for their impact on 

light in the UV-IR spectrum. Recent research has focused on 

the roles of collagen, hydroxyapatites, and lipids. When 

selecting a laser, clinicians should choose a wavelength that 

is most efficiently absorbed by the target tissue or 

compound[9]. In order to increase the reliability of using the 

laser knife in surgical operations, a simulation is performed 

https://nanomatimp.uomustansiriyah.edu.iq/
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by implementing simulation programs that are built according 

to the required surgical operations. Among the most 

important programs used in the simulation and modeling of 

different systems and materials are Gaussian, CASTEP, 

SIESTA, Monte Carlo, and others[10]. This is in addition to 

building special simulation programs, and according to the 

case to be studied, the above programs support and are 

implemented for the data obtained from them. In these cases, 

multiple and different languages are used in building 

simulation programs. The finite difference method and the 

finite element difference method that use Fortran language 

are considered the most important methods in building 

simulation programs[11]. In our current study, the finite 

difference method was used in Fortran 90 language to build a 

cancer tumor ablation simulation program based on the 

Gaussian 09 program to obtain the physical data required to 

feed the finite difference simulation program, which was built 

according to the experimental data of the surgical ablation of 

a sheep thigh infected with cancer induced in the connective 

tissue, specifically in one of the proteins that make up the 

tissue, and in one of the amino acids that make up the collagen 

protein (There are 19 total amino acids in collagen (8 of 

which are essential): Alanine, Arginine, Asparagine, 

Aspartate, Cysteine, Glutamate, Glutamine, Glycine, 

Histidine, Isoleucine, Leucine, Lysine, Methionine, 

Phenylalanine, Proline, Serine, Threonine, Tyrosine, and 

Valine), while the amino acid was proline [C5H9NO2 ]. The 

connective tissue of a sheep thigh consists of a group of 

proteins including; Elastin 10%, Dermatan Sulfate 30%, 

Heparan Sulfate 5%, Collagen 40%, Chonderoitin, sulfate 

5%, Keratin 5% and Reticulin 5%[12]. 

Many studies have been conducted on the subject of using 

laser scalpels practically in ablating cancerous tumors in 

different places in the human body, especially those cancers 

that are in places that are difficult to deal with surgically with 

traditional scalpels[13]. The current study aims to implement a 

physical simulation of a surgical ablation of a type of 

cancerous tumor induced in the thigh of a sheep, by 

employing the Gaussian 9 simulation program in conjunction 

with the Gauss View 6 program, to assist specialist doctors in 

dealing with the laser knife and increase the reliability and 

accuracy of the surgical ablation process. 

Experimental Part 
Theoretical Considerations 

Several studies have shown that thermal ablation techniques 

are clinically effective for treating tumors; several thermal 

ablation techniques are currently available in clinical 

settings[14]. Thermal ablation (TA) is becoming increasingly 

popular for treating small and mid-sized tumors. Miniature 

percutaneous or endoscopic applicators heat the surrounding 

tissue with high selectivity, causing cell damage in a targeted 

area around the tumor[15]. The goal of hyperthermic ablative 

procedures is to cause direct cellular injury through the 

application of heat. This occurs after 1-2 minutes at 50°C and 

within seconds above 60°C[16], The CO2 laser causes soft 

tissue damage in three zones: an outer layer of carbonized 

material, a zone of vacuolation (cavities formed by the 

explosive conversion of water to steam), and a coagulated 

zone (formed at temperatures below 100 °C)[17]. When 

photons are well absorbed and concentrated in a small 

volume, tissue temperature rises significantly compared to 

when photons are poorly absorbed and spread out over a 

larger area. To efficiently and effectively reach the 

vaporization threshold, use a wavelength that the target tissue 

can absorb. Water is the most commonly targeted tissue 

component for beam absorption in soft tissue cutting and 

ablative applications due to its difficulty in reaching the 

ablation threshold and causing subablative thermal injury. 

The Er:YAG and CO2 laser wavelengths exhibit high water 

absorption coefficients[18, 19]. 

The Fourier-conduction-based Penne bioheat transfer 

equation is the most commonly used model for analyzing heat 

transfer in biological tissues during thermal ablative 

procedures due to its simplicity and feasibility[20]. 

𝜌∁
𝜕𝑇

𝜕𝑡
= ∇(k∇T) + 𝜌𝑏∁𝑏𝜔𝑏(𝑇𝑏 − 𝑇) + 𝑄𝑚𝑒𝑡 + 𝑄𝑙𝑎𝑠𝑒𝑟 − 𝑄𝑣𝑎𝑝 ... (1) 

where T is the temperature at which blood enters the tissue, 

ρb is the density of blood (kg/m3), Cb is the specific heat 

capacity of blood (J/kg.K), ωb is the blood perfusion rate 

(1/s), Tb is the temperature of blood entering the tissue, and 

the term [ρb Cb ωb (Tb-T)] simulates the tiny capillary 

vasculature's heat-sink effect, Qvap (W/m3) is the heat 

generation (or source term) during thermal ablative 

procedures and is highly dependent on the type of therapy 

under consideration, Qmet (W/m3) is the heat generated by 

metabolism, which is typically ignored due to its minimal 

impact compared to other heat sources and external heat 

source Qlaser, the term that is dependent on time is indicated 

on the left side of equation (1) first thing. 

The thermal properties of materials are closely related to heat 

capacity, primarily through lattice vibrations in insulators and 

conduction electrons in metals, with additional aspects such 

as thermal expansion and conductivity (K) [20], The thermal 

conductivity (K) of a substance is defined as the amount of 

heat (Q) transmitted by a unit temperature gradient in a 

direction normal to a surface of unit area in unit time under 

steady-state conditions. Heat transfer is solely dependent on 

the temperature gradient[21]: 

𝑄

𝐴
= −𝐾

𝜕𝑇

𝜕𝑋
 ... (2) 

In this equation, ∂T/∂X represents the temperature gradient in 

the heat flow direction, and A represents the cross-sectional 

area. The negative sign indicates that the heat flux is causing 

the temperature to decrease. 

When steady-state conditions are not applicable, thermal 

diffusivity (α) in (Ws½/m2.K) is used[22]: 

𝛼 =
𝐾

𝜌𝐶𝑉
 ... (3) 

where CV is the specific heat capacity and ρ is the density. α 

is related to the spatial and temporal variation of temperature 

(T) in the medium by[23]: 

𝜕𝑇

𝜕𝑡
= 𝛼𝛻2𝑇 ... (4) 

The value of α represents the rate at which temperature 

changes over time. 
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Thermal resistance in most materials is calculated by dividing 

the temperature difference by the heat flux (q). This method 

was applied to evaporator wick, nanoscale thin films, and 

nanofluid in a tube. Therefore, the thermal resistance can be 

expressed as[24]: 

𝑅 =
∆𝑋

𝐾
=

−∆𝑇

𝑞
 ... (5) 

R represents thermal resistance, ∆X is the thickness between 

inside and outside tissues, and ∆T is the temperature 

difference between the two. Mathematical modeling has been 

widely used to improve the efficacy of thermal ablative 

therapies and provide a priori estimates of treatment 

outcomes during the planning stage. Numerical modeling and 

simulations can effectively predict tissue response to 

thermotherapies. The predictions are based on two major 

mathematical models: bioheat transfer and tissue damage. 

This section outlines the framework for various therapeutic 

models used in clinical practice[25].   

The finite difference method relies on different 

approximations to be substituted into partial differential 

equations. For instance, the heat transfer equation in 

rectangular coordinates is given by[26]: 

𝜕𝑇

𝜕𝑡
= (

𝐾

𝜌𝐶𝑉
) (

𝜕2𝑇

𝜕𝑥2 +  
𝜕2𝑇

𝜕𝑦2 +  
𝜕2𝑇

𝜕𝑧2  ) + 𝑄 ... (6) 

The ablation rate (Ar) represents the material's mass loss rate 

and is equal to the ratio of ablation amount to ablation time[27]: 

𝐴𝑟 =
∆𝑑

𝑡
 ... (7) 

where ∆d is the ablation thickness (mm), and t is the working 

time (sec). 

The periodontium is a distinct anatomical site with four 

connective tissues: gingiva, periodontal ligament, cementum, 

and alveolar bone. Connective tissues are typically divided 

into fibrous and non-fibrous elements. Collagens and 

proteoglycans are well-studied components that play a 

significant role in skeletal and soft connective tissues. 

Collagen accounts for approximately 40% of total protein in 

the human body[28]. Collagen is classified into seven broad 

classes, with approximately 27 recognized types. Fibrillar 

collagen, specifically types I, III, and VI, is a major 

component of connective tissue. Oral mucosa's anchoring 

fibrils are composed of collagen type VII. The distinguishing 

feature is a unique triple helix with unusual cross-links[29]. 

Tropocollagen is a left-handed, α-helix molecule with three 

spirally wound polypeptide chains Figure 1. Tropocollagen 

molecules aggregate through electrostatic and hydrophobic 

side bonds, forming collagen fibers. Aggregation leads to 

cross-links, including covalent and non-covalent bonds 

between fibrils. The amino acids lysine (Lys-Lys) and 

hydroxyproline (Hyl-Hyl) form a pair[30, 31]. 

Materials and Methodology 

To ablate all the thigh of a sheep tissues, it was heated to 100 

°C, which causes the tissue to vaporize. Our goal was to model 

tissue ablation while minimizing thermal injury, as proteins 

of a sheep thigh at temperatures above 60oC, the tissues are 

considered damaged after that point[32]. 

 
Figure 1. High-resolution crystal structure of a collagen triple 

helix, formed from (ProHypGly)–(ProHypAla)–(ProHypGly) [30, 

31]. 

The sheep thigh tissue's extracellular matrix contains both 

fibrous and nonfibrous elements such as collagens, elastin, 

fibronectin, laminin, osteopontin, bone sialoprotein, growth 

factors, proteoglycans, lipids, minerals, and water[33]. The 

interactions between these components affect tissue health, 

damage, repair, and regeneration[34]. The study assumes that 

the occurrence of cancer in the sheep thigh tissue. Collagen 

protein was chosen as the tissue where an imbalance will 

occur that leads to cancer. Collagen is the primary component 

of the connective tissue extracellular matrix. Collagen protein 

contains the amino acids hydroxyproline, glycine, and 

proline. The study assumes that one of these amino acids, 

Proline, undergoes multiple divisions in the Collagen protein, 

resulting in cancer[35, 36]. 

The ablation of cancer in the sheep thigh tissue area was 

simulated using a tumor ablation program with a laser knife. 

The physical and thermodynamic properties of the sheep 

thigh tissue components were obtained using the online 

Gaussian 09 program by employing Gauss View 6.0.16. The 

Gaussian 09 program has been used to implement 

simulations. The Gaussian 09 program is based on calculating 

the total energy of the system by applying the Schrödinger 

equation to the system's particles based on a basis set and 

system-specific functions.  

The Gaussian 09 program can simulate the sheep thigh tissue 

under consideration, calculating its structural and thermal 

properties. Density functional theory (DFT) is a key method 

for calculating the electronic structure of solids, molecules, 

and atoms. The standard 6-311G(d,p) basis set was used for 

all models at the B3LYP level when using density functional 

theory (DFT)[37]. Using an internally developed finite 

difference method (FDM) with the FORTRAN 90 language. 

The finite difference method (FDM) was used as a technique 

to solve the thermal problem under appropriate boundaries. 

The 3-D domain is used in conjunction with a multilevel 

blood vessel-infused tumor and a modified 3-D triple-layered 

structure to directly determine the temperature and thermal 

deformation history in terms of thermal properties[38]. 

Results and Discussion  
Through the Gaussian 09 program coupled with Gauss View 

https://nanomatimp.uomustansiriyah.edu.iq/
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6.0.16, the optimal structure of all components of the sheep 

thigh tissue was obtained, as shown in Figure 2. The physical 

properties of density, specific heat, and thermal conductivity 

were obtained to implement the simulation of the assumed 

tumor ablation process according to the study of the sheep 

thigh tissue ablation using a laser knife. Also, Figure 2 

describes the structure of the amino acid Proline, which will 

be the main pathogenic cause of cancer in Collagen. 

Through the results of the optimal structural properties of the 

proteins of the connective tissue components of the sheep 

thigh under the simulation study, and then obtaining the 

physical data, which were used in the simulation program for 

the surgical ablation of the area affected by cancer in the 

sheep thigh, and when comparing the composition of the 

optimal structure of the proteins that make up the connective 

tissue with the optimal structure available in many studies[39], 

it can be noticed the great and ideal match in the composition 

of the optimal structures, and this can be explained by 

understanding the mechanism of the implemented simulation 

program, represented by the Gaussian 09 program, where the 

simulation implementation processes are carried out by using 

the density functional theory in solving the Schrödinger 

equation to obtain the total energy of the optimal structure at 

the lowest energy, and the period of running the program 

ranged between several minutes and several hours, during 

which the simulation program works to change the values of 

the bond lengths and the values of the tetrahedral angles and 

the values of the dihedral angles over the time of running and 

executing the program, until the optimal structure is obtained. 

The agreement between the optimal structures obtained from 

the simulation and the optimal structures available in the 

scientific literature indicates that the use of the B3LYP 

approximation compatible with the basis set 6 – 311G(d,p) 

was correct, accurate, and ideal. The difference in the average 

value of the bond length did not exceed (0.001) Angstroms[40, 

41]. 

 
Figure 2. Optimal structure of all components of the sheep thigh tissue. 

 

 

Table 1 describes the physical properties that will be used to 

simulate the ablation process using a laser knife. Through the 

results in Table 1, represented by the total energy, thermal 

conductivity, specific heat, and density of each of the proteins 

in the sheep thigh tissue components, in addition to the amino 

acid Proline, which causes the multiple divisions of the sheep 

thigh tissue cancer. A simulation of the ablation process of 

the cancer under study was carried out, with volume ratios of 

the causative agent Proline ranging from (10 - 90) Vol. % 

with a fixed increase rate of 10 Vol.%. 

Table 1. Total energy SCF, density ρ, specific heat CV, and thermal conductivity λ of the sheep thigh tissue. 

Tissue SCF (eV) Λ (W/mK) ( 𝝀 )T (W/mK) Ρ (Kg /m3) ( ρ)T (Kg /m3) CV (J /Kg. K) (CV)T (J /Kg. K) 

Elastin 10% -50028.08 0.04 

0.052 

126.65 

1447 

1225.93 

1025 

Dermatan Sulfate 30% -57938.81 0.03 1549.90 1036.29 

Heparan Sulfate 5% -57574.87 0.03 2715.20 765.66 

Collagen 40% -27466.58 0.09 1439.70 1075.03 

Chondroitin sulfate 5% -56869.18 0.03 1549.90 1015.47 

Keratin  5% -88774.16 0.01 2251.40 503.24 

Reticulin 5% -59468.37 0.02 1353.20 949.32 

Proline -10913.93 0.752 0.752 1255.84 1255.84 991.79 991.79 

Table 2 describes the simulation results, where the ablation 

rate and the time rate of the ablation process were obtained 

according to the volumetric ratios, in addition to the thermal 

diffusivity and effusivity properties, which helped in 

understanding and discussing the simulation of the ablation 

process. The results of the simulation of the ablation process 

for healthy tissue and for volume ratios of (10 - 90) Vol.% in 

Figures 3 – Figure12 were chosen only because they are 

sufficient for this, which represents the temperature 

distribution after a few seconds when the sheep thigh tissue 

https://nanomatimp.uomustansiriyah.edu.iq/
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of Vol.% Proline pathogenic cancer is ablated by simulation 

operation of Laser knife temperature for side and top view. 

Table 2. Ablation rate simulation results. 

Vol.% of 

cancer 

Time 

(sec) 

Ablation rate 

(mm/sec) 

Thermal effusivity 

(Ws½/m2.K) 

Thermal 

diffusivity (m2/s) 

0 17.89 3.35E-001 3.50E-008 277.678 

10 17.04 3.52E-001 6.16E-008 362.089 

20 15.97 3.75E-001 8.95E-008 429.324 

30 14.71 4.08E-001 1.19E-007 486.964 

40 13.25 4.53E-001 1.51E-007 538.709 

50 11.59 5.17E-001 1.85E-007 587.116 

60 9.74 6.15E-001 2.24E-007 634.779 

70 7.72 7.77E-001 2.71E-007 685.791 

80 5.53 1.08 3.37E-007 750.263 

90 3.21 1.87 4.72E-007 872.236 
 

 
Figure 3. Temperature distribution in oC after 17.895 seconds 

when 0 Vol.% Proline pathogenic cancer of the gingival tissue is 

ablated by the simulation operation of laser knife temperature. (a) 

side view, (b) top view. 
 

 
Figure 4. Temperature distribution after 17.04 seconds when 10 

Vol.% Proline pathogenic cancer of the gingival tissue is ablated 

by the simulation operation of laser knife temperature. (a) side 

view, (b) top view. 
 

 
Figure 5. Temperature distribution in oC after 15.975 

seconds when 20 Vol.% Proline pathogenic cancer of the 

gingival tissue is ablated by the simulation operation of 

laser knife temperature. (a) side view, (b) top view. 
 

 
Figure 6. Temperature distribution in oC after 14.71 seconds 

when 30 Vol.% Proline pathogenic cancer of the gingival tissue 

is ablated by the simulation operation of laser knife temperature. 

(a) side view, (b) top view. 

 

 
Figure 7. Temperature distribution in oC after 13.25 seconds 

when 40 Vol.% Proline pathogenic cancer of the gingival tissue 

is ablated by the simulation operation of laser knife temperature. 

(a) side view, (b) top view. 

 

 
Figure 8. Temperature distribution in oC after 11.59 seconds 

when 50 Vol.% Proline pathogenic cancer of the gingival tissue 

is ablated by the simulation operation of laser knife temperature. 

(a) side view, (b) top view. 

 

 
Figure 9. Temperature distribution in oC after 9.745 seconds 

when 60 Vol.% Proline pathogenic cancer of the gingival tissue 

is ablated by the simulation operation of laser knife temperature. 

(a) side view, (b) top view. 
 

https://nanomatimp.uomustansiriyah.edu.iq/


 

Abd et.al. 
Simulation and Application of Practical Data of the Nano Ablation of Cancerous Tumors 

Using Laser Knife 
NanoMatImp 

 

 

 

Copyright © 2024 NanoMatImp. This work licensed under a Creative Commons Attribution Noncommercial 4.0 International License. 29 
 
 

D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://n
an

o
m

atim
p
.u

o
m

u
stan

siriy
ah

.ed
u
.iq

/ 

 
Figure 10. Temperature distribution in oC after 7.72 seconds 

when 70 Vol.% Proline pathogenic cancer of the gingival tissue 

is ablated by the simulation operation of laser knife temperature. 

(a) side view, (b) top view. 
 

 
Figure 11. Temperature distribution in oC after 5.53 seconds 

when 80 Vol.% Proline pathogenic cancer of the sheep thigh 

tissue is ablated by the simulation operation of laser knife 

temperature. (a) side view, (b) top view. 
 

 
Figure 12. Temperature distribution in oC after 3.21 seconds 

when 90 Vol.% Proline pathogenic cancer of the sheep thigh 

tissue is ablated by the simulation operation of laser knife 

temperature. (a) side view, (b) top view. 

The results of Table 2 can be explained as follows: the cancer 

cell death is the primary goal of all cancer treatments. Photo 

thermal therapy (PTT) is a highly effective form of thermal 

therapy that kills cancer cells by exposing them to high-

temperature radiation above 40°C. PTT causes tumor death 

by converting light to heat when photo-absorbers are exposed 

to a near-infrared (NIR) laser. PTT can be used locally to treat 

cancer cells in primary tumors or metastases[42]. 

Understanding laser light fundamentals is crucial for 

understanding its applications in surgery. Lasers outperform 

other light sources in terms of power, beam quality, and 

coherence. Lasers emit coherent, monochromatic, and 

collimated electromagnetic radiation with high intensity, 

resulting in higher optical power per unit area for a given 

amount of energy than broadband light sources. These 

characteristics give the laser a unique set of applications. 

Each type of laser has unique features, such as spot size, 

wavelength, and radiance[43]. Laser energy can disrupt tissue 

through photo-thermal, photo-ablative, photo-disruptive, or 

photochemical mechanisms. Most surgical laser systems 

primarily affect tissue through photothermal effects. Photons 

are absorbed in tissue, converted to thermal energy, and alter 

the tissue due to the thermal change[9]. High-power pulsed 

lasers offer accurate tissue incision with minimal thermal 

damage to surrounding healthy tissue, making them a 

valuable tool in surgery. Pulsed CO2 lasers are widely used 

for precise cutting, minimal thermal damage, and 

simultaneous hemostasis of small vessels[44]. The ablation 

results seen in Figures 3 – Figure 12 can be explained by 

assuming that the three-dimensional propagation of the 

temperature front acts as a gauge for tissue ablation[45]. In 

accordance with Platnick et.al., the simulation technique may 

replicate the extensive thermal damage resulting from laser-

induced ablation of actual tissues by incorporating density, 

specific heat, and thermal conductivity characteristics for the 

thermal ablation of tissue proteins. This new surgical 

technique, called superficial and a real ablation, uses a laser 

to ablate precancerous growths from specific parts of the 

sheep thigh tissue[46]. 

The basic theory of ablation could be used to discuss the 

results of cancerous ablative; that is, the thermal flux applied 

to the front of the materials under ablation acts as a heat sink. 

Then, as the heat is applied, the first layers of materials 

become viscous and eventually reach the degraded case, 

producing either char or volatilization, which causes the 

material to decompose[47]. 

The laser spot is thought to be circular and follows a small 

heat source. The spot size and cross-section of a laser are the 

same thing. The fluency and irradiance of a laser beam are 

directly affected by the spot size; the square of the spot size 

radius is inversely proportional to both flux and irradiance, so 

a four-fold increase in the energy or power density occurs 

when the spot size is halved. A smaller spot size allows for 

more scattering to occur sideways and backwards, which 

causes the tissue's energy fluency to decrease more quickly 

than it would with a larger spot size. A large spot size is 

necessary for maximum laser light penetration in order to 

reach deeper or mid-dermal targets[48]. At spot sizes, a rise in 

penetration depth levels out. The length of time the individual 

is exposed to the laser beam determines how quickly the 

energy is supplied. 

Finally, here was a great match between the rate of ablation 

in the simulation and the rate of ablation in the practical, as 

they were (1.87) mm/sec and (2.25) mm/sec, for 90 Vol. % 

respectively. 

Conclusion 
It can be inferred from the simulation results using the 

Gaussian program that the program can be used to obtain 

thermal properties like specific heat and thermal 

conductivity, which are crucial parameters in the program to 

ablate cancer tumors, as well as physical properties 

represented by density. According to the simulation results of 

the ablation process, which are represented by the time and 

rate of ablation, it is possible to substitute a laser knife for 

standard metal surgical scalpels in order to ablate a cancerous 

tumor in the tissue of the sheep's thighs. This procedure offers 
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accuracy and faster healing than standard surgical 

procedures. 
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