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abstract: Laser induced interstitial thermotherapy LITT is a minimally invasive process intended for
precise aiming at breast cancer tumors. Based on the principle of controlled and localized heat ablation. We
developed a theoretical computational model emphasizes the role and importance of water present within the
tissue. During LITT, vaporization of water taken into account to encounter energy changes. A finite element
method was used to probe, the effects of vaporization and development of froths using a bubble formation
model. We investigated bubble formation and vaporization by studying the effects of laser power, bubble size
and radius effects. The generated results demonstrated tissue water density variations relative to heat influx
and pertaining to both tissue heat evolution and its reaction to vaporization processes.

Keywords: Laser induced interstitial thermotherapy (LITT), breast cancer, vaporization, finite ele-
ment model.
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1. Introduction

The World Health Organization (WHO) lists cancer as the second foremost reason of mortality
throughout Europe. The European population represents one eighth of global numbers, yet it has approx-
imately a quarter of all cancer patient cases during a yearly period with 3.7 million new cases occurring.
Cancer causes the passing of 1.8 million European each year. Weekly consumption of tobacco combined
with alcohol in excess results in 40% of entire cancer cases. Breast cancer and lung cancer exhibit the
most dangerous cancer-related mortality. Breast cancer is often influenced by hormonal, genetic, and
reproductive determinants [1,2], whereas lung cancer is predominantly associated with environmental
exposures such as tobacco use and air pollution [3,4]. Despite these differences, both conditions demon-
strate significantly improved treatment outcomes when diagnosed at an early stage, underscoring the
critical importance of timely detection and intervention [5,6]. Cancer treatment has an excellent rate
of success for multiple tumor types when detection occurs during early stages. Medical professionals
consider tumor removal surgery as the primary therapy and its successful recovery potential remains sub-
stantial. A hepatic tumor resection remains possible for only 20–25% of patients who have this condition
[7]. Breast cancer exists as the top cancer diagnosis among women who receive new cancer diagnoses
each year with primary status as the second leading cause of cancer-related fatalities worldwide among
female patients. The diagnosis of breast cancer requires physical examination in combination with breast
imaging techniques and tissue biopsy. In many Western populations, breast cancer is often detected

2020 Mathematics Subject Classification: 92C50.

Submitted October 14, 2025. Published March 22, 2026

1
Typeset by BSPMstyle.
© Soc. Paran. de Mat.

www.spm.uem.br/bspm
http://dx.doi.org/10.5269/bspm.79535


2 Asif Nawaz et al.

through routine health screenings, even before noticeable symptoms appear. The identification of breast
cancer normally occurs through physical touch of palpable breast masses before screening tests become
available. Medical treatment of breast cancer includes surgery with radiation therapies and chemother-
apy while immunotherapy may be employed according to stages and tumor types. [8]. Laser Induced
Interstitial Thermal Therapy (LITT) is an encouraging breakthrough in breast cancer therapy with a less
invasive approach than the conventional therapies. Unlike traditional approaches that often result in sig-
nificant tissue damage, long recovery periods, and systemic side effects, LITT allows for precise, localized
destruction of tumor cells using controlled thermal energy delivered via laser. This technique not only
minimizes harm to surrounding healthy tissue, reduces treatment-related pain and brings about better
cosmetic results along with reduced hospital stay durations. As research into breast-conserving therapies
advances, LITT emerges as a valuable tool in the pursuit of safer, more effective, and patient-friendly
cancer treatments [9].

Thermal ablation functions as an alternative therapy choice following surgery denial because it utilizes
temperatures to destroy cancer tissue. Thermal ablation serves as an interventional procedure to treats
liver, breast and brain cancer tumors. Cancer cells require complete destruction for preventing their
return. When performing surgery, one should protect essential healthy tissues from damage as much as
possible. The need for imaging becomes clear due to this situation. Microwave Ablation (MW), Laser-
induced Thermotherapy (LITT) and Radiofrequency Ablation (RF) are now combined with Cryotherapy
as methods for cancer thermal treatments [10].

This paper describes the modeling of bubbles which occur during LITT of breast cancer tumor treat-
ment. Accurate detection and localization of breast tumors are foundational to the success of Laser-
Induced Interstitial Thermal Therapy. Prior to initiation of LITT, tumors are typically identified using
imaging modalities, such as magnetic resonance imaging (MRI), ultrasonography and mammography.
These techniques not only confirm the presence of malignancy, but also provide high-resolution spatial
data that guides the laser fibers placement for precise thermal ablation [11]. In addition to pre-operative
imaging, intra-operative monitoring using ultrasound or MRI thermometry may be employed to enhance
the accuracy of fiber positioning and to assess thermal distribution in real time [12]. The modeling and
simulation of bubble formation presented in this study are built upon these detection frameworks and
aim to improve intra-procedural visualization and treatment precision by offering insights into thermal
dynamics at the tissue level [13].

Numerous factors determine how laser energy affects biological tissue, including the laser’s wavelength,
power output, and irradiance duration, in addition to the physical and optical characteristics of the breast
tissue [14]. The thermal process begins when clinicians insert a laser applicator directly into the breast
cancer tumor. These applicators are often internally water-cooled, which helps dissipate excess heat and
allows for deeper and more controlled energy deposition into the target tissue allowing for precise and
localized thermal ablation of abnormal areas [15]. This method is minimally invasive and can be used in
delicate regions such as the breast, brain or liver [16]. One major advantage of LITT technique over other
ablation systems is the possibility of performing applicator placements under CT guidance while executing
the actual ablation under MRI [17]. This hybrid approach enhances procedural precision and minimizes
risks. Furthermore, low levels of patient radiation exposure compared to prolonged CT-guided ablation
are considered a benefit when MRI is used during treatment [18]. Importantly, MR thermometry enables
real-time monitoring of temperature distribution, allowing clinicians to optimize energy delivery and
avoid damage to surrounding healthy tissue [19]. The compatibility with Magnetic Resonance Imaging
(MRI) for real-time monitoring and control is a significant advantage of LITT Additionally, since LITT
is MRI-guided, patients avoid exposure to ionizing radiation, which contrasts with conventional thermal
ablation procedures that often require CT guidance. This makes LITT particularly suitable for patients
requiring repeat treatments or those sensitive to radiation exposure [20-21].

Laser-induced interstitial thermotherapy (LITT) uses laser light to destroy tissue by heating it [22,
23]. This photo thermal effect happens when tissue molecules absorb the laser’s light, converting it to
heat. The resulting temperature increases damages cells and tissue. How the heat spreads depend on the
tissue’s properties and the laser’s settings [24]. The extent of the damage is determined by factors like
temperature, tissue properties, and heating duration. Cell death occurs through processes like apoptosis
and necrosis when temperatures reach around 60°C, causing protein denaturation. While the targeted
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tissue coagulates quickly, surrounding tissue experiences hyperthermia (42°–60°C), leading to further,
delayed damage [25-27]. Early laser treatments focused on surface applications, but LITT allows for
direct energy delivery to tumors, minimizing harm to healthy tissue. Physicians use Laser Interstitial
Thermal Therapy (LITT) as a minimally invasive procedure by making either small incisions or burr holes,
which significantly reduces surgical trauma, recovery time, and post-operative complications compared
to traditional craniotomies or open resections. LITT delivers focused laser energy directly to the tumor
site via optical fibers, enabling highly localized ablation. This contrasts with earlier laser treatments
that were limited to superficial tissues, often causing unintended damage to nearby healthy structures.
A major advantage of LITT is the integration with MRI systems that enable real-time monitoring of
thermal dose and lesion formation. This MRI thermometry allows clinicians to manage ablation zone
precisely, reducing risk of damaging surrounding breast regions. LITT avoids the use of ionizing radiation,
unlike CT-guided procedures or traditional radiotherapy. This benefit is especially important for patients
requiring multiple treatments, younger individuals, or those with radiation sensitivity. LITT is well-
suited for treating tumors in eloquent or surgically challenging areas of the breast. This procedure acts
as medical treatment for individuals who cannot benefit from traditional open surgery. due to the tumor’s
location or the patient’s health condition. The minimally invasive character of LITT enables patients
to enjoy both quicker hospital release periods and quicker recovery times in comparison to conventional
surgical methods. LITT can be safely repeated and used alongside other treatment modalities such as
chemotherapy, targeted therapy, or stereotactic radiosurgery. It can also be combined with a biopsy in a
single session, improving diagnostic and therapeutic efficiency [20, 21]. However, early LITT lacked real-
time imaging and treatment planning, which limited its effectiveness. During LITT procedures water acts
as the main component because it maintains superior laser energy absorption capabilities and transforms
this energy into thermal energy. The water content and procedure temperature measurements in LITT
treatment were recorded by Yang et al. [28-31] as early as 2007. The main laser energy absorption
process in LITT procedures occurs through water due to its specific property. When the laser activates
its emission of focused light at precise wavelengths water molecules in targeted tissue absorb this energy
better than the rest of tissue contents [32, 33].

The purpose of this computational model revolves around recreating heat evaporation and bubble
development for LITT applications. The main purpose is investigating the detailed physical interac-
tions between intense laser energy and biological tissue through in-depth study. The research details
mechanisms are involved with vaporization while describing bubble initiation and bubble movement. A
theoretical and mathematical framework is developed within this computational model for analyzing basic
vaporization principles during LITT procedures.

2. Materials and Methodology

The bio-heat transfer equation establishes the fundamental explanation of how laser energy interacts
with tissue through delivery. The full model takes into account a combination of tissue properties,
including: specific heat capacity and thermal conductivity of tissue, perfusion rate of blood, temperature,
optical properties of tissue, tissue density and parameters of laser wavelength, power and duration of laser
pulse. The equation is stated as [2].

ρCp
∂T

∂t
−∇ · (κ∇T ) + ξb

(
T − Tb

)
= Qrad in (0, τ)× Ω (2.1)

T (0, ·) = Tinit in Ω (2.2)

In above equation T = T (x, t) represents temperature of tissue, liable on point x ∈ Ω over time
interval t ∈ (0, τ). The specific heat capacity CP , the density of the tissue ρ, and κ represents thermal
conductivity. Blood perfusion rate is signified by ξb and temperature of blood is represented by Tb.
Finally, irradiation of the laser Qrad [J] depicts energy source and distribution of tissue temperature at
primary point is Tinit. The equation describes how laser light interacts with biological tissue while it
absorbs energy and scatters part of the emitted energy. The model explains photo thermal conversion in
tissue cells following laser light absorption which leads to tissue damage.
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The simulation relies on finite element method (FEM). The model applies the diffusion approximation
from transport theory to calculate light distribution and it combines bio heat equation with tissue micro
perfusion to determine thermal damage extent while accounting for temperature dependent thermal and
optical properties. A damage integral provides the measures of tissue damage [34,35].

MATLAB was used to employ as computer programming software which utilized numerical methods
including finite element method and Runge-Kutta method to solve governing equations for ordinary differ-
ential equations (ODEs). Multiple laser parameter, tissue property and treatment protocol adjustments
are handled through simulations which helped us to develop optimized treatment methods, understand
bubble dynamic structures, temperature effects on tissue water density, pulse duration effects and tissue
damage thresholds.

The computational research optimizes LITT treatment methods to achieve ultimate treatment out-
comes while preserving nearby healthy tissue unaffected. These research findings along with results and
observations are structured into this paper to benefit future professional work and research in this field.

2.1. Bubble Formation Model

LITT transmits stimulated and coherent laser energy into biological tissues containing substantial
water content which leads to energy absorption because the water absorption coefficient is high in near-
infrared laser wavelength ranges. Laser energy transfer into heat causes temperature elevation inside
the targeted tissue regions after absorption occurs. When laser energy interacts with water molecules
present inside cells it stimulates an intense temperature elevation. The constant temperature rise of
water molecules eventually reaches boiling point. Cells experience a phase transition during this phase
when water molecules convert from liquid to gas state thus causing water vaporization inside the cells.
Vaporization happens specifically in the treated tissue where the operation takes place.Water vaporization
leads to the creation of micro vapor bubbles inside the tissue. The bubbles contain steam produced
through process of vaporizing water. Bubbles form and generate continuously as more water vaporizes
during the process while their survival depends on tissue-specific conditions.

Figure 1: The temporal evolution of bubbles (left) occurs when diode laser of 1064 nm turns on at t’ = 0
s followed by their degeneration (right) while laser is turned off at t” = 0 s. Laser operated with a power
of 5 mW. [27].

.

Cycling process of bubbles creates mechanical forces which donate to tissue disruption through me-
chanical means. Tissue cellular damage results from the mechanical effects that occur during bubble cycle
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formation and collapse along with laser-generated heat intensity. Cellular structures experience break-
down due to laser energy that also triggers cancer cell death by coagulative necrosis. Through its localized
performance cancers cells can be destroyed precisely but healthy adjacent tissue remains unharmed. The
bubble formation model uses a hemispherical bubble shape based on experimental observations which are
shown in Figure 2.

Figure 2: Formation of primary and secondary bubbles. Nanoparticle accumulation process and Laser-
induced bubble formation. The times presented in the study count from when bubbles first emerged.
(a) The red circular nanoparticle moves directionally toward the area where the laser emitted light
concentrates (dotted circle in yellow color). (b) Air bubble is produced by Laser focus after nanoparticle
enters its region. The small bubble reaches only 5 micrometers across, and it does not stay within the
laser focus zone. (c) The bubble expands although it maintains its position outside the focal area. (d) The
bubble achieves a position exactly within the laser focus but it simultaneously drifts beyond the focal zone
of the camera device. (e) The surface of the bubble displays both nanoparticles as well as bubbles grown
from the solution. (f) After the bubble detaches from laser focus the nanoparticle aggregate remains
behind. (g) The aggregate settles within the new bubble that develops in the focused area. (h) Within
aggregate, trapped ethanol forms extra bubbles. The use of 8 mW and 16mW for super continuum and
pump pulses exists in [36].

3. Results and Discussion

3.1. Tissue Water Density

The laser energy path of LITT activates targeted tissue that triggers localized temperature elevation.
The elevated temperature level produces water vaporization in tissue matter resulting in decreased density
of water molecules throughout the affected tissue region. To study how temperature affects tissue water
density we developed mathematical model equation-(3.1). (part-1) for temperature range 0◦C to 103◦C,
equation-A (part-2) for temperature range 103◦C to 104◦C and equation-1 (part-3) for temperature range
104◦C to 200◦C via MATLAB. We produced a graphic that shows the derivative of water density along
with temperature to examine changes in water density.
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W (M) = 800 ·


1− e(

M−106
3.42 ) if M ≤ 103◦C,

R(M) if 103◦C < M ≤ 104◦C,

e(
80−M
34.37 ) if 104◦C ≤ M,

(3.1)

Where R(M) is key that inserts among two exponential function and is assumed as:

R(M) = 3.713× 10−2M3 − 11.475M2 + 1.182× 103M − 4.058× 104 (3.2)

Water tissue density experiences changes when exposed to heat in accord with Figure 3 (a). Supply
of heat at these temperatures below 100◦C primarily affects tissue and water contents by raising their
temperature. The tissue water vapors increase while temperature reaches 100◦C causing water density
to decrease progressively until most of the tissue water evaporates. The rate of water density change
decreases with temperature progression until the measurement reaches 100◦C according to Figure 3(b).
The rate of water density adjustment sharpens at the instant temperature touches 100◦C.

Figure 3: (a) The first graph displays the density of water through temperature variations and (b) The
second depicted visual shows the derivative of water density against temperature alterations

3.2. Effect of Laser Fluence

The treatment’s overall safety and efficacy increases together with healthy tissues preservation when
laser fluence maintenance stands as a fundamental factor by regulating the absorption depth of light into
materials. We analyzed the laser tissue effects through a relationship that connects laser fluence with
absorption depth by using equation:

d =
1

α
ln

(
F

Ft

)
(3.3)

The above equation defines α that represents absorption coefficient while F indicates Laser fluence
and Ft serves as threshold fluence. Measurement of Laser fluence occurs in units of joules per square
centimeter (J/cm2)[37,38]. The effect of Laser fluence on the tissue is depicted in Figure 4. At low
values of laser fluence, the absorption depth reached its peak but subsequently decreased slightly. A
short duration of sufficient laser energy served to pull all cell electrons out to an infinite distance. The
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electrostatic forces supersede cohesive forces due to Coulomb explosion after intense laser beams discharge
multiple electrons to generate positive ions.

Loss of these electrons weakened chemical bonding and enabled Coulomb repulsion to overcome them
and resulted in explosion of positive ions and electrons. The research indicates that cell damage rises as
the number of low-energy laser pulses climbs but damage only occurs during the first laser pulses when
energy levels become higher. No cell destruction happened as the number of pulses continued to increase
during this phase. The observation finds justification through the understanding that multiple strong
laser energy pulses disrupt cells while extra pulses fail to interact with surviving cells.

Figure 4: The graph shows how laser fluence affects absorption depth measurement

3.3. Damage Function

Tissue damage is modelled by Arrhenius Law defined as:

ω(t,x) = A

∫ t

0

Ae−
Ea
RT ds (3.4)

Here, damage rate constant is symbolized by ω(t,x), frequency factor is denoted by A, activation
energy is denoted by Ea, real gas constant is denoted by R, and T depicts temperature. The damage
rate of tissue with respect to temperature is illustrated in Figure 5. Tissue damage criteria follow a
temperature scale, where comfort occurs at 0◦C to 40◦C, irreversible cellular damage exists at 40◦C to
60◦C, coagulation happens at 60◦C to 100◦C, vaporization occurs at 100◦C, and temperatures greater
than 100◦C produce tissue boiling, which subsequently generates cavitations from vapor bubbles. Tissue
experiences increased thermal damages at these higher temperature stages.
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Figure 5: A Curve of Temperature and Damage Rate Constant

3.4. Size of Bubble as Function of Laser Power

The main purpose of LITT involves increasing tumor tissue temperature up to destroy it. The tissue
vaporization results in bubble formation due to the water present within the tissue. Tissue bubbles develop
according to the laser power averages and tissue optical characteristics per the following mathematical
expression:

R3
max =

(
pi

pmax

) 1
γ α

2πρih

P

f
d (3.5)

Simulation results appear in Figure 6. A rise in laser power values at low levels caused observable
enlargements in bubble size to their maximum extent. During the first phase of the plot, the slope
indicated that the system responded strongly to power variations of the laser. The bubble radius growth
rate slowed down because saturation limits were reached when power increased continually. Further
increases in the laser power showed decreased effects on vaporization bubble dimensions according to
the graph data. When laser power reaches a very high level, the relationship between additional laser
power and bubble size development levels off. Additional laser power applications in this region resulted in
minimal changes to the maximum bubble radius since excessive power deposited energy without enlarging
the bubble size.
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Figure 6: The size of bubbles shows direct correlation to the Average Power level of Laser (with

parameters, h = 2.84 × 103 J/kg, ρi = 322 kg/m
3
, f = 30 kHz, pi = 218 atm, absorption coefficient of

water α = 100 cm−1 and pmax is the pressure on maximum size of bubble)

4. Conclusion

This study presented a comprehensive computational framework for analyzing bubble generation and
behavior during laser-induced thermotherapy (LITT), with a specific focus on tissue vaporization. The
findings underscore the critical role of water content within biological tissue, as it directly influences
the formation, growing, and breakdown of vapor bubbles when exposed to high-intensity laser energy.
By simulating these processes, the research captured the thermal complexities and dynamic interactions
at play, offering a detailed understanding of how localized vaporization initiates and propagates. The
model provided valuable insight into the thermodynamic thresholds that trigger bubble nucleation, as
well as the mechanical effects these bubbles impose on surrounding tissues. Overall, this work advances
the current knowledge of laser-tissue interaction by linking bubble behavior to thermal response and
treatment efficacy, pave the way for more controlled and precise applications of LITT in clinical settings.
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