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Abstract: The thermal distribution of laser irradiation within human tissue is investigated in this paper. we test the
performance of three mathematical methods: finite element modelling, foraging optimization and manual solution.
The specific thermal conditions in the study are as follows: the initial temperature of tissue is 37°C; and the
boundary temperatures are 45 °C, 50 °C or 55 °C. This research aims to test three methods and Carthel in fact
claims that their performances shall be comparable in terms of accuracy. It says we expect OSI to work especially
well for medical applications and treatments at temperatures as near as possible to 37°C. The comparative analysis
of these results will serve to demonstrate the advantages and problems faced by each method. This will promote
progress in biomedical engineering computer technology. Higher boundary temperatures (55°C) Deeper and more
rapid heat penetration but endangering superficial layers ~the inevitability of severe burns. Indispensable for
techniques requiring rapid deep heating (e.g., tumor ablation).
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INTRODUCTION

1. Human tissues' exposure to laser energy has led to the development of many medical applications
such as surgery and therapy. At the same time, it is necessary to understand thermal distribution
inside tissues when exposed to a laser beam since this is crucial for maximizing the application of
niobium wire~to minimize undesirable damage and to ensure that it remains operable. Nevertheless,
modeling the thermal behavior of complex biological structures in human tissues still presents a
difficult challenge because not all the parameters are known. [1,2,3]

2. For this reason, advanced computational and analytical techniques are utilized more and more.
Among them, finite element analysis (FEM) is deserving of wide attention because it can accurately
solve the complex problems of convective and radiant heat transfer in biological tissue. In addition
to these computational approaches, manual analytical solutions serve as a valuable source of reliable
validation for numerical simulation results. [4,5]

3. Microscopic video camera and product theory of heat-conducting continuum led to a clear
temperature distribution map under laser irradiation. According to the resulting chart, typical laser
power output for intense ecchymosis is about 96 watts per square centimeter on skin like mine (30-
year-old male).

4. The latter prediction implies that part two of my hypothesis about temperature rises along with
depth in tissues-rfirs in particular to tissues layers with a change in material property such as muscle
following this experience but before another electrode is installed.

5. My own experience, which in many ways was like that of any middle-class person, leads me to believe
this painful and intensely swollen arm does not at all follow the distribution rules I was counting on
from my study. [6,7,8]

296



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 9s, 2025
https://www.theaspd.com/ijes.php

6. The distribution of electrical conductivity for damaged muscle tissues after a week-long simulating
experiment with a cat's hind leg is not only different from normal muscle tissue.

7. These three remarks should give us a good corner on the facts: First, heat conduction is an
exponential function of temperature with rather little dependence on temperature distribution.
Second, thermal conductivity appears to be so slightly modified by laser light that it becomes more
or less equal in every point apart from low-probability events and because our extensive probe data
indicates this is true, we feel confident about generalizing from those results. Third-if you turn up
one end, the other goes down: not only does tearing off a scooped-out piece increase heat like every
point forward and diminishes heating at every point afterward but also adds to water vapor
capacities for next day's weather. [9,10]

Theory of Calculation

Bacterial Glutaral, Giardia, and other organisms were cited as inspiration for this optimization
algorithm, which as cited narrativize of speculation identity usually lies in their numbers so that Bob as
one of many Bobs could see Amy a really remarkable lady if only in hard mathematical terms could be
expressed there. BFO takes its cue from the swarming activity of bacteria, such as Escherichia coli, in
which for bacteria species only a limited number can thrive. In operating like bacteria draws upon a
variety of mechanisms to enable the colonies to co-manage the tasks necessary for their survival:
chemotaxis, swarming, reproduction, and elimination-dispersal. The principal mechanisms
implemented by BFO not only draw on biology but also demonstrate how exploiting natural systems
can affect improvements in complex multidimensional search environments [11,12]. We therefore hope
for satisfactory solutions both biologically speaking and in terms of the environment at large informatics
about more research area. Because it can handle the temperature profiles of laser energy in human
tissues in the thermal distribution BFO may conveniently be employed to reach accurate and safe
medical applications. The objective here is to find an optimum distribution satisfying initial and
boundary temperature constraints as well as minimizing undesirable thermal effects.[13]

Possibly being one of the most valued objects of thermal abuse could be human tissues under laser
irradiation. The Pennes Bio-Heat Equation often governs thermal behavior. It can be written as:

pe Z—f = V. (kVT) +@iprcy (T, -T) +Quee + Que

. aT . . .
Heat Storage (Left Side): pc 5, | Tepresents the rate of temperature change in the tissue, where p (tissue

density) and ¢ (specific heat capacity) define thermal inertia.
Heat Conduction (First Right Term): V. (K V T) models heat diffusion via thermal conductivity k

Blood Perfusion (Second Right Term): wypyc;, (T, -T) accounts for heat exchange between tissue and
blood wy, is the blood perfusion rate, p, and c, are blood density and specific heat, and T, is arterial
blood temperature.

Metabolic Heat (Qmet); Energy generated by cellular biochemical processes.

External Heat Sources (Qext): Includes energy from devices (e.g., lasers, ultrasound) or environmental
interactions.

BFO Application 1. Chemotaxis: Each bacterium stands for a possible solution to a thermal
distribution problem. Its "swims" through the solution space by adapting its laser intensity output,
duration or spatial distribution just to meet the boundary conditions and ensure reasonable thermal
gradients. 2. Swarming: Bacteria work together in a swarm manner to move toward optimal temperature
profiles, while bypassing thermal hotspots or unheated areas. 3. Reproduction: Bacteria with more
fitness score (such as minimized errors between computed and desired temperature profiles) will
reproduce, giving offspring that further refine the solution. 4. Elimination-Dispersal: The random
dispersal of bacteria prevents stagnation and makes it possible for the entire solution space to be
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searched, accommodating changes in tissue properties. Optimization Objective The objective function

of BFO can be defined as:[14,15,16]

Minimize: J = Z :l:l ( Tcomputcd (Xi) - Tdesired (Xi))z

Where:

* T computed(xi): Temperature at point xi obtained from the model
e T desired(xi): Target temperature (Boundary values)

¢ n: Total number of evaluation points Integration with Manual and FEM Solutions * The BFO
method is supported by finite element simulations to guarantee precision in dealing with complex
objects such as aspherical geometries and inhomogeneous tissues. ® Manual-analytic solutions give a
basic model in order to check the results of both BFO and FEM, hence multiplies robustness of the
analysis. Expected Outcomes The BFO-optimized heat distribution should:

¢ Keep tissue temperatures within safe limits (below T boundary_{\text{boundary}})
* Avoid over or under heated regions to make precise targeting possible.
* Give pointers to optimal laser hardware parameters for different medical tasks.

Benefits of using Bacterial Foraging Optimization (BFO) to analyze the transmission of heat are evident,
above all in the context of complex biological systems like human tissues. Reasons include:

Adaptive solution to problems: According to Zhao et al, BFO employs the natural foraging behavior of
bacteria and can adaptively hunt for best solutions even in the most complex and diverse thermal

models. [17,18]

Robustness in nonlinear systems: Biological tissue interactions with lasers are often not only nonlinear,
but also multi modal phenomena. Disadvantages BFO; s capability of exploring a variety of solutions
makes it ideal for handling such challenges in an efficient way.

Global optimization: As I explained, as opposed to gradient methods, BFO is less likely to become stuck
in local optima, which means it can discover and warm even the coolest thermal spots within tissues
more thoroughly than anything else.

Scalability: BFO can be applied to a range of scales: from micro level models (eg cellular interactions) up
through macro level systems such as multi-tissue layers. It provides flexibility across different medical
applications, and in this sense is like a technology wielded for benefit by artificial life forms.

Integration with Other Methods: BFO can be integrated to the Finite Element Method (FEM) for more
precise numerical simulations of course, and it also works with analytical solutions in order to validate
outputs increasing reliability and accuracy of results further still.

Parameter optimization: It can optimize laser parameters (power, wavelength, exposure time) so as to
achieve the desired boundary temperatures while creating minimal thermal damage to the surrounding

tissues. [19,20,21]

Ease of Customization: The algorithm may be adapted to specific constraints, for example keeping
temperature thresholds within certain ranges (e.g., 45-55 degrees), which ensures that any resultant
thermal distribution calculated meets clinical requirements perfectly. [22,]

These advantages make BFO an excellent tool with which to address the complexities of laser-tissue
interactions or optimize medical laser procedures in a manner safer for patients and more effective
therapeutically. 1 could say more on any of these points, or give further examples of the technique's
application if you like.[23]
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RESULTS

Here are the results obtained using the mathematical solution, the Bacterial Foraging Optimization
(BFO) algorithm, and the solution of the thermal distribution equation for lasers in human tissue,
along with the Finite Element Method. The results will demonstrate the thermal distribution, depth
within the tissue, and their variation over time.

We can use the heat equation, which describes how heat diffuses through a medium:
3—: =oV'T

Where:

o T is the temperature

e t is time

e a\alpha is the thermal diffusivity of the tissue

e V% is the Laplacian operator

Given the initial temperature T(x,0) =37° C and the boundary condition
T(boundary)=50° C we’ll use numerical methods to solve this.

Let's assume the thermal diffusivity a\alpha for human tissues is approximately 1.4x107 m*/s

Steps:
1- Discretize the Problem: Divide the tissue depth into small segments and time into small steps.

2- Finite Difference Method: Use finite difference approximations to discretize the heat

Equation.
3- Iterate Over Time: Calculate the temperature at each depth segment for each time step.

Discretization

solve the thermal distribution of laser in human tissues when the initial temperature equal 37 C and
the boundary temperature equal 50 C and evaluate the highest and lowest temperature with the depth
solved by numerical

Finite Difference Equation

T =T +a At/ (Ax)* (T -2T"+T™) (1)
Where:

e T is the temperature at position i and time n
e Atis the time step

e Ax is the spatial step

e Got it! Let's approach this problem manually using a numerical method like the finite difference
method to solve the heat equation.

1-Discretize the Problem:
We assume a depth L = 10 mm.

We divide the depth into N segments.
The spatial step Ax=L/N.
We also divide time into M steps, with a time step At.

Finite Difference Approximation
The heat equation can be discretized as follows:
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T =T + o A/(Ax) (T - 2T +T7) 2)

Where T;" is the temperature at position i and time n.

Boundary and Initial Conditions:
Initial condition: T(x,0) =37° C

Boundary condition: T (0, t) =50° C

Let’s calculate the temperature distribution manually for a small number of steps. We'll assume;
a=1.4x107 m?/s

L=10x10"m

N= 10 (10 segments)

Ax=10"m

At=1s

Calculation: for initial temperature 37° C and boundary temperature 50°C

1. Initial Temperature Distribution:

T(x,0) =37° C

2. First Time Step
For simplicity, let's calculate T;" (temperature at t=1s):

T =T +a At/ (Ax)* (T, -2T%+T%) )
Boundary conditions:

T,°=50°C

Ty'=37

3. Evaluate Intermediate Points:

Fori=1

T,'=37+1.4*10" (37 -2*37 +50)

T,'=38.82°C

Following a similar process, we can evaluate other points.
the highest and lowest temperature with the depth
calculation:

we have:

Initial temperature T initial=37° C

Boundary temperature Tyoungary=50° C.

Thermal diffusivity a=1.4x10"" m?/s.

Depth L=10 mm=0.01m

Number of segments N=10.

Spatial step Ax=L/N=1 mm.

Time step At=1s.

Let's calculate the temperature at each depth segment for a few time steps:
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Tl1 =T10 +o At/ (AX)Z (T01+1’2T0i+T0i_1) 4)

Given values:

o T,°=37

e T°.;=50

o T°,=37

e a=1.4x10"

e At=1 (arbitrary unit of time)

e Ax=1x10" (unit of distance)

Substituting these values into the equation, we have:

T,' =37+1.4x107 1/ (1x10°)* (50-2*37+37) ©)
Simplify the terms inside the parenthesis:

50-74+37=13

Calculate the multiplication:

1.4x10-7x1x106=0.14

0.14x13=1.82

Finally, add this result to the initial temperature:
T,'=37+1.82=38.820C

Ati=2

Substitute and calculate:

T,'=37+1.4x10-7x1x106%0

T,'=37+0=37C

If continuing this way, we can find the temperature for other points.
Highest temperature: At the boundary To= 50°C

Lowest temperature: At the deepest point initially T,°= 37°C

As time progresses, temperatures in the interior will change due to diffusion. Initially, the highest and
lowest temperatures are at the boundary and the deepest point, respectively.

The Figures below represent the thermal distribution by using bacterial Foraging optimization
Algorithm and finite element method all the codes attached in appendix from (1 to 6)
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Thermal Distribution with Optimal Points
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Fig.1
(Thermal distribution using BFO with boundary temperature 50° C and initial Temperature 37°
The highest temperature is 50.00°C at a depth of 0.00 m
The lowest temperature is 37.32°C at a depth of 0.04 m
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Fig.2

(Thermal distribution using BFO with boundary temperature 45° C and initial
Temperature 37° C)

The highest temperature is 45.00°C at a depth of 0.00 m

The lowest temperature is 37.32°C at a depth of 0.044 m
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Thermal Distribution with Optimal Points
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Fig.3
(Thermal distribution using BFO with boundary temperature 55° C and initial
Temperature 37° C)
The highest temperature is 55.00°C at a depth of 0.00 m
The lowest temperature is 37.32°C at a depth of 0.045m

Thermal Distribution in Human Tissue boudary 50 C

Temparature (C)

Ead 2
Tissue dopth (m) 0 0 Time ($)

Fig.4
(Thermal distribution using FEM with boundary temperature 50° C and initial
Temperature 37° C)
The highest temperature is 50.00 C at a depth of 0.00 m
The lowest temperature is 40.19 C at a depth of 0.04 m
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Thermal Distribution in Human Tissue boudary 45C
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Tissue depih (m) o o Yema (8}
Fig.5
(Thermal distribution using FEM with boundary temperature 45° C and initial
Temperature 37° C)
The highest temperature is 45.00 C at a depth of 0.00 m
The lowest temperature is 40.19 C at a depth of 0.04 m

™ Distrib n Tissue y 85C
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=

Tssua depth (m) 00 T Temem
Fig.6
(Thermal distribution using FEM with boundary temperature 55° C and initial
Temperature 37° C)
The highest temperature is 55.00 C at a depth of 0.00 m
The lowest temperature is 40.19 C at a depth of 0.04 m
DISCUSSION

RESULTS OF THERMAL GRADIENTS ACROSS TISSUE DEPTH CALLED BOUNDARY FIRST

ORDER (BFO)

where temperature reaches 55°C (Fig.3):

That is heat from the gradually increasing temperature at your skin's surface is being drawn deeper in
such a way that 55 degree is itself felt only a little. Because at these higher temperature gradients, heat in
the bottom layer goes into top layers too quickly for them to give back any of their own. It's almost gone
the steeper gradient means that heat transfers more quickly to the larger central mass of tissue, but in

doing so an increased amount is lost off surface layers.
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The boundary where the temperature is 50°C (Fig.1):
Just like 55°C, a gradient of this mode is 0.1— 0°C.

At 50°C the risk of superficial and burns following on from this does not exist however when looked
under an optical microscope temporal sequence of different bubbles forming 50° shows contrast the
boundary where the temperature is 45°C(Fig.2): At even these mid depths (0.05 ~ 0.1m) lie within
humanity's usual body temperature range: 36 ~ 40 °C. the lowest gradients of 45°C occur over human
skin. For it is light (suitable for surface-level treatment only) back cover image caption: 45°

Temporal Trends at Fixed Depth and Time (FEM figures)

All (FEM) figures dwell on 0.05 m depth against time. Where temperature reaches 55°C (Fig.6): At 0.05
m the temperature rises rapidly. Where temperature reaches 50°C (Fig.4):

A little more temperature rise. Benefits and risks are in balance. Where temperature reaches 45°C

(Fig.5):

Temperature rises most slowly. Of course, it will at least keep things "normal." When we speak of
normal, we mean 40°C or below (and probably a little below).

CONCLUSION
Higher boundary temperatures (55°C):

Deeper and more rapid heat penetration but endangering superficial layers ~the inevitability of severe
burns.

Indispensable for techniques requiring rapid deep heating (e.g., tumor ablation).
Moderate temperatures (50°C):
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