
International Journal of Applied Science - Research and Review
 ISSN 2394-9988

2017
Vol. 4 No. 2:14

1

iMedPub Journals
    www.imedpub.com

Commentary

© Under License of Creative Commons Attribution 3.0 License | This article is available in: http://www.imedpub.com/applied-science-research-and-review/

DOI: 10.21767/2394-9988.100064

Idir Mellal*,
Aziz Oukaira,
Emmanuel Kengene and 
Ahmed Lakhssassi

LIMA Laboratory, University of Quebec at 
Outaouais, Gatineau, Quebec, 18X 3X7, 
Canada

*Corresponding author: 
Mellal Idir

 idir.mellal@gmail.com

LIMA Laboratory, University of Quebec at 
Outaouais, Gatineau, Quebec, 18X 3X7, 
Canada. 

Tel: (819) 595-3900

Citation: Mellal I, Oukaira A, Kengene 
E, Lakhssassi A (2017) Thermal Therapy 
Modalities for Cancer Treatment: A Review 
and Future Perspectives. Appl Sci Res Rev Vol. 
4 No.2:14

over the world, of the cancer deaths and the enormous number 
of the new cancer cases detected each year. The WHO provides 
some shocking statistics by 8.8 million dead in 2015 and it is 
considered as the second death cause in the USA in 2016. For this 
reason, research on cancer treatment remains a hot and dynamic 
scientific issue to improve the existing therapies.

Nowadays, thermal therapy has considerably improved. It has 
been used in many medical applications and many techniques 
have been developed. Divided by range of the temperature 
attended and the time duration, we can classify the thermal 
therapy into Diathermia, Hyperthermia, and Thermal Ablation. 
The first one elevates the temperature up to 41⁰C. It is mostly 
used in physiotherapy to treat rheumatic diseases as muscles 
and joints. Its principle is based on the use of low temperature 
for approximately an hour to accelerate the cell healing and 

Introduction
For thousands of years, man used temperature for therapeutic 
applications. The effect and influence of temperature had been 
early observed and used even though the understanding of the 
bioeffect of heat was not clear, so in different civilizations all over 
the world we can find many uses the heat and cold to treat some 
diseases including tumors. The principle of the thermal therapy is 
the application of the heat or cold to change the cutaneous, intra-
articular or core temperature of the soft tissue. Oncology remains 
one of the fruitful application domain of the thermal therapy. 
Due to the enormous number of a cancerous people over the 
world, the World Health Organization (WHO) classifies cancer as 
one of the deadest diseases of the last decades. In 2010, the total 
worldwide cost of the cancer was estimated to USD 1.16 billion, 
and it is on rising. Many statistics show astronomical numbers, all 
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Thermal therapy is a promising treatment for many patients particularly those 
with surgery intolerance. It has been used since the early age of humanity. 
Nowadays, the thermal therapy has proved its efficacy, especially in Oncology. In 
fact, the tumor ablation using a different modality of heating or cooling presents 
a therapeutic method to ablate the extra mass and eradicate the malignant it. 
The administration of the energy is performed in various ways using an energy 
source. Following the level of the used temperature and the nature of the used 
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uses the lowest temperature among them. Other modalities use an elevated 
temperature to kill and destroy the tumors. These ablative therapies are Radio 
Frequency Ablation (RFA), Micro Wave Ablation (MWA), High Intensity Focused 
Ultrasound (HIFU), LASER Ablation (LA), and Cryoablation(CA). With the purpose 
of doing a general state of the art of the thermal therapies applied in Oncology 
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pertinent published works in different databases. We also investigated the cell 
destruction mechanism due to temperature. We exposed the recent advances 
and the limitations of these modalities. However, to improve the quality of the 
treatment and increase the rate of survival, the research is still investigating these 
modalities. We discussed the future challenges and perspectives of the thermal 
therapies. Propositions to overpass the limitations of some techniques were 
introduced. 
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increasing the blood flow and metabolic rates. The second one 
overheats the targeted tissue by few degrees more, between 41⁰C 
to 45⁰C for several minutes. This therapy consists of increasing 
the temperature of the tissue to kill the malignant cells and save 
the healthy tissue. The last therapy can be classified into diverse 
types. It is based on the use of a hot or a cold source to ablate the 
unhealthy tissue by elevating the temperature or cooling down 
the targeted tissue. We can categorize these ablation techniques 
into Radio Frequency (RF) ablation, Ultrasound (US) ablation, 
Laser ablation, Microwave ablation (MW) and Cryoablation (CA).

The mathematical model describing the heat transfer in the living 
tissue is commonly known as Bio-Heat Transfer (BHT) model. The 
first model was proposed by Pennes in 1948 [1-19]. 

The equation is given as
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∂
                  (1)

where k, c, and ρ stand for the thermal conductivity (W/m.k) of 
the tissue, specific heat (J/kg.K) and density (kg/m3), respectively. 
T denotes the local tissue temperature (K). Ta is the arterial blood 
temperature (K). ρb and cb are the density and specific heat of 
the blood. The perfusion rate is described by ω (l/s). Qm and Qr 
define the metabolic heat production per volume (W/m3) and the 
injected power, respectively. In lack of an external heat source, 
the Joule effect in our case, equation (1) describes the Pennes 
equation modeling the BHT in biological tissue without external 
excitation [20].

The Initial Condition (IC) for the 1D equation is expressed in 
equation (2). It is given as

( ) ( )0
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=                      (2)

The Boundary Conditions (BC) associated with 1D BHT can be 
classified into three standard types. Equations (3-7) show various 
kinds of BC with Cartesian coordinates for one dimension (1D). 
For x=0, we define the BC1 as the outer surface. For x=L, we 
define the BC2 as the region adjacent to the core. Figure 1 shows 
a 1D Bio-heat Cartesian System.

Type 1 boundary condition: Specific surface temperature 
(Dirichlet condition)

For x=0: ( ), ax LT x t T
=
=                     (3)
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=
=                       (4)

Type 2 boundary condition: Specific heat flux ‘q’ (Neuman 
condition)
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Type 3 boundary condition: Convection heat transfer ‘h’
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For x=L, the tissue is considered to be in thermal equilibrium with 
the tissue. For this reason, we do not consider a type 3 [21].

Effects of Temperature on the Living Tissue
The heat injuries can be classified into three degrees depending 
on the depth of the burn. The first degree is a superficial burn 
on the epidermis. The second degree is deeper than the first-
degree burn. It involves injuries to the dermis. It is divided into 
two categories: superficial partial-thickness second-degree 
dermal burns and deep partial-thickness second-degree dermal 
burns. The third-degree causes irreversible damage. It is known 
as full thickness burns [22]. Contrary to the first degree and the 
partial-thickness second degree, which can heal spontaneously, 
the third degree and fully partial-thickness second degree 
requires a specific treatment. The biological tissue reacts to 
heating excitation as well as a cooling excitation. For this reason, 
low temperatures have been used to treat some injuries or stop 
hemorrhages. Even in Oncology, some researchers investigated 
the cryotherapy technique to ablate different kind of tumors, 
especially some case of cervical cancer or hepatic cancer [23-25].

Pavel et al. reviewed the thermal threshold for tissue damage. 
They showed, according to different heating source the thresholds 
available in the literature. They reported the various effects of 
the temperature on the cells, the DNA and the different part of 
the body according to the Cumulative Equivalent Minute at 43⁰C 
(CEM43). Many techniques are cited and discussed [26].

Death Process of Cells with Temperature
The volume of the damaged tissue depends directly on the 
heating source (power injected, time of exposure, wavelength) 
and the tissue parameters (thermal conductivity, density, 
electric conductivity, specific heat). The thermal ablative therapy 
produces three distinct zones. The central zone, which is the 
principal targeted area. It holds the malignant cells to destroy. The 
necrosis level of the cells is reached immediately after injecting 
the power (especially in RF ablation). The damage is irreversible. 
The second zone is the peripheral zone which surrounds the 
central targeted area. In this zone, the necrosis is not reached. 
However, an overheating due to the conduction effect can 
provoke reversible injuries. If the time of exposure and the power 
injected are controlled, we can avoid the irreversible injuries. The 
third zone is the unaffected healthy tissue [27]. Figure 2 shows 
the different zones of an RF ablation. 

The death cells mechanism leads to the destruction of the 
tumor. This process occurs in several ways in cryotherapy and 
hyperthermal therapies. The cell death mechanism in cryotherapy 
is caused by an extreme low-temperature exposure. The 
cooling source produces a frozen necrosis area, which leads to 
irreversible damage. In the peripheral zone, a reversible damage 
can be watched due to conduction effect. In the hyperthermal 
therapy, other phenomena occur. This technique consists on 
elevating the temperature of the tumor to kill the malignant cells. 

1D BHT Cartesian System with the boundary limits.Figure 1



3© Under License of Creative Commons Attribution 3.0 License         

Vol. 4 No. 2:14

2017
International Journal of Applied Science - Research and Review

 ISSN 2394-9988

The mechanism of death is complex and took place at a different 
level within the tissue. At 50⁰C, the enzymatic activity of the cells 
disappears, which leads to the death of the cells. At 60⁰C – 70⁰C, 
the protein denaturation initiated and the cellular membranes are 
disorganized. The viscosity of the blood increases. At 100⁰C, the 
evaporation of the interstitial liquids conducts to the destruction 
of the architecture of the tissue, which needs a high amount of 
energy. Finally, the carbonization and the pyrolyze phenomena 
appear. Figure 3 explains the various phenomena depending on 
the temperature amplitude and the time exposure [17]. 

To study the tissue damage, Henriques et al. formulated a model 
describing damage on a porcine skin. Since that day, many 
researchers have investigated the tissue damage during thermal 
therapy [28-30]. Equation 8 gives the thermal damage.

0
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RT t

W = x -ò                                                 (8)

where ξ is the pre-exponential factor (s-1), R is the universal gas 
constant, 8.314 (J/(mol·K)), Ea is the activation energy to start 
cells kill (J/mol), and T stands for temperature (k).

Figure 4 explains the different types of energy and their 
interpretations in equation 1. There are three terms with positive 
energy, which are the conductive term, the metabolic heat, 
and the heating source, and one negative term due to blood 
convection effect. On the other side, the storage of energy is 
a consequence of the addition of all terms. The stored energy 
leads to increase the tissue temperature, which destroys the cells 
(Figure 4).

Thermal Therapy Options Applied on 
Oncology
Many therapeutic modalities using heat to treat cancer can be 
found in literature. Each modality uses different kind of clinical 
systems. Each modality presents advantages and limitations. 
We can classify these methods into invasive, non-invasive, and 
minimally invasive methods. The non-invasive method consists of 
applying an external heat source then the temperature will diffuse 
within the tissue to overheat the targeted area. The minimally 
invasive utilizes a small tip probe to inject power to kill the tumor. 

This method is widely used nowadays with various modalities as 
RF, Laser, US, and MW. It might use intraluminal heating source or 
interstitial source. Other classifications are available in literature 
according to the nature of the heat source and other parameters. 

Hyperthermia Option
Thousand years ago, man used hyperthermia to cure tumors 
and destroy the malignant cells [2]. It consists of raising the 
temperature of the whole body or a part of the body by few degrees 
above the normal temperature for a period that varies from few 
minutes to hours. The range of the temperature applied in this 
therapy fluctuates from 41⁰C to 45⁰C. It can be applied alone or 
combined with other treatment like chemotherapy, radiotherapy, 
surgical treatment or immunotherapy. Many clinical studies 
demonstrated the effectiveness of simultaneous treatment with 
hyperthermia and radiation [14,31-35]. The treatment process 
requires a heating source, thermometry system to measure the 
temperature evolution and a control console for adjusting the 
injected dose. The treatment planning guarantees the efficiency 
of the treatment. The heating source position differs depending 
on the nature of the targeted tumor. The external hyperthermia 
is recommended for surface tumors near to the skin, not deeper 
than 3-4 cm. Intraluminal hyperthermia is used for tumors near 
or within the body cavities as well rectum and esophagus. For the 
deepest tumor in the body, as well brain and liver, the interstitial 
hyperthermia may be efficient. This minimally invasive method 
uses several materials such as an RF Probe, MW antenna or 
LASER fiber [2,14,36]. 

Hyperthermia can be categorized as: 

1. Local hyperthermia: Heat is applied in the small area, the 
purpose is to increase the temperature inside the tumor and 
spare the surrounding tissue. The heating source can be either 

Zones of cell destruction caused by an RF ablation [20].Figure 2

 
Effect of temperature on biological tissue depending on 
the temperature and the time of exposure.

Figure 3

 

Repartition of energy in the tissue.Figure 4
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external or internal. There are several approaches to overheat 
the tumor as well as RF, MW, and US [37]. The treatment 
process is accompanied with temperature measurement that 
can vary from invasive methods using thermometry devices to 
non-invasive techniques using Magnetic Resonance Imaging 
( MRI) or Computed Tomography (CT). The key to the success 
of the treatment is the control of the injected power and an 
excellent location and setting of the heating source following 
the Hyperthermia Treatment Planning (HTP) [32,38].

2. Regional hyperthermia: The targeted region is much wider 
than local hyperthermia. It can be an organ or a region of 
the body. It is mostly used to treat deep tumors like pelvis or 
abdomen. This method is more complex than the first one, 
because of the complexity and nonhomogeneity of the targeted 
region [39].

3. Whole body hyperthermia: The whole body is exposed to an 
overheating by few degrees above the normal around 42-43⁰C. 
This kind of therapy is more complex than the local and regional 
hyperthermia. It is used to treat advanced metastatic cancer and 
some diseases like HIV. It exists many methods to heat the body 
among them the thermal chamber or hot water blankets [40].

Technologies for Hyperthermia
Many clinical systems are in place to hyperthermia treatment. 
We can find software tools and hardware tools. For the software 
tools, COMSOL Multiphysics and SEMCAD X are used to develop 
for each patient a specific planning for the treatment. They 
offer the possibility to combine many modules and use many 
geometries. With a proper set-up, we can simulate the treatment 
process and use the predicted model to define the injected 
dose [41]. The equipment used in hyperthermia occupies a 
significant interest for scientists and clinicians. Since the first 
years of raising of hyperthermia as a cancer therapy, so much 
commercialized equipments have been developed [3,11,14]. 
BDS Medical Corporation offers many versions of material for 
hyperthermia. The BDS-2000 3D/MR System combines the 
sophisticated treatment delivery and control capabilities of 
the Sigma Eye Applicator with the non-invasive patient and 
treatment monitoring capabilities of the independently operated 
MR imaging System [42]. In 2018, Alba Hyperthermia Systems 
will launch its new version of equipment for hyperthermia called 
ALBA 4D Deep Hyperthermia System. This system combines many 
approaches by using different applicators. Moreover, it includes a 
new system for the control of the dosimetry in real time. Also, it 
is equipped with an HTP software for treatment simulation [43].

Challenges of Hyperthermia
The most commonly used systems for hyperthermia are based 
on the EM systems. The efficiency of the treatment is evaluated 
by knowing if the whole targeted tumor is destroyed with a 
small margin of the destroyed healthy tissue surrounding the 
tumor. Indeed, a temperature monitoring system should be 
accompanied with the treatment to ensure that we reach the 
desired temperature without exceeding the safe threshold. 
Heating deeper tumors with less collateral damage is still a hot 

issue. Combining hyperthermai with other options is also a 
promising way to increase the efficiency of the treatment. For 
example, an hybrid method was proposed by Nizam et al. [44]. 
It consists of combining for the same hyperthermia treatment 
an EM and US system. He demonstrates, on the fantom human 
head, the feasibility of such approach. The biggest challenge 
of hyperthermia is how to monitor the temperature inside 
the tumor. Researchers are investigating many methods for 
measuring in real time the temperature while executing the 
treatment [41]. Thermography method based on MRI, US and 
CT offers the opportunity of non-surgery, but lack from true real-
time and accurate feedback. In fact, after few seconds needed 
to take an image and do the necessary image processing than 
making a decision, the temperature diffuses within the tissue and 
changes its distribution. Another method exists based on the use 
of embedded thermal sensors to measure the temperature. The 
probe or the invasive heating source is equipped with sensors to 
measure the temperature locally [2,32,36,39].

Thermal Ablation Options
The ablative treatment modality means the destruction and 
the eradication of the tumor using temperature as an external 
excitation. It can be achieved in two ways: chemical or thermal. 
The chemical ablation uses chemical agents to coagulate and to 
kill the tumorous cells. The thermal ablation refers to the use of 
temperature to overheat the targeted tissue until its destruction. 
The temperature range in ablative therapies starts from 55⁰C 
and can reach 100⁰C. In fact, by overheating the tissue to high 
levels various physiological and biological phenomenon led to the 
destruction of this later. The ablative modality for treating cancer 
is used to cure many kinds of cancer like liver, kidney, rectum, 
lung, breast and prostate [1,20,45]. Several energy sources have 
been used to overheat the tissue with different approaches, 
invasive, minimally invasive and superficial. It includes RF, MW, 
LASER, US and gas for cooling in Cryotherapy [1,16,17]. 

To realize a successful ablation, the physicians should prepare 
and study the treatment. Motamedi et al. studied a cutaneous RF 
ablation of osteoid osteoma. They overviewed the literature and 
showed different steps for a successful ablation. Figure 5 shows 
various steps of a thermal ablation [46,47]. 

An imaging system is used to check the various steps of the 
treatment. It can be a CT Imaging system or MR imaging system. 
Multiple studies proved that multiple applicators use can be more 
efficient where it is applicable. It can increase the effectiveness of 
the treatment in some cases [17,48-50].

Radio Frequency Ablation (RFA)
RFA is an ablative modality using a high-frequency heating source 
to kill the targeted cells. The common frequencies used in RFA 
vary in the range of 375-500 KHz. This modality has been widely 
deployed and practiced to treat cancer in many cases: liver, breast, 
brain [8,15,17,18,49,50]. It consists of transforming the body on 
a simple electrical circuit that produces a resistive heating in the 
surrounding tissue of the used probe [17]. In consequence, the 
temperature of the tissue increases due to the resistive effect and 
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the cell death occurred. The first RF electrode was proposed in 
1990 by McGahan et al. [51]. It was a monopolar electrode for 
hepatic ablation. Since this landmark paper, many RF Probes have 
been developed. We can find RFA systems with one monopolar 
probe, bipolar probes, or multipolar probes. The shape of the 
probes differs also. It can have straight needle-like, incurved or 
elliptical shape [20,49,50,52-55]. Different physicians use RFA to 
treat several diseases. The RFA has been successfully employed 
in many cases and still exploring new applications especially in 
tumor ablation. However, it also shows the effectiveness and 
high performance in some other circumstances as the treatment 
of Barrett's esophagus syndrome, varicose veins, and uterine 
fibroids [54,56-58]. Figure 6 shows 3 models of probes found in 
the literature. 

The research to improve the RFA is still a hot issue because it 
suffers from lack of precision and accuracy. For this reason, some 
researchers investigated the tolerated margin of the healthy 
tissue damaged during an RFA and the different kinds of probes 
[59-62]. In 2016, Idir et al. proposed a new method for more 
successful RFA and reduced the collateral damage of an RFA [20]. 
They proposed a directional probe to control the temperature 
diffusion direction. They simulated the ablation process of a liver 
tumor. They used the probe to produce a directional heat in a 
way to ablate just the targeted area. This probe can refine the 
operation with a small margin of damaged tissue. The RFA is used 
to eradicate tumors of various kinds. However, it is recommended 
for small tumors and for people who cannot support surgery 
[55,63]. It has received big interest as a minimally invasive 
technique to eradicate many types of tumor or cure some health 
issues in different body organs like liver, lung, bone, brain, kidney, 
prostate gland, pancreas, breast and so on [60,64,65].

Micro Wave Ablation (MWA) 
The Micro Wave Ablation (MWA) is a thermal ablative modality, 
which uses Electro-Magnetic (EM) signal emitted by an 
antenna (or applicator) to heat the tissue and provoke a direct 
hyperthermic injury. The range of frequencies used in MWA 
begins from 915 MHz to 2.45 GHz [17,63]. It can be applied in 
a different way including percutaneous, laparoscopic, and open 
surgical access [66]. Unlike the RFA, the MWA is not an electrical 
current method. For this reason, the MWA is very valuable for 
the tissues with poor electrical conductivity like bone, kidney, 
and lung. Due to the nature of the used energy which is an 
EM radiation, the MWA can generate more uniform and larger 
ablation zones. It resolves some of the RFA limitations especially 
the increasing impedance that reduces the efficacy of the RFA 
[55,67]. Indeed, the heat generated by the MWA is a result of 
the kinetic energy of the tissue molecules after an EM excitation. 
The molecules, especially the water molecules, try to align with 
the rapid oscillating EM field. Consequently, absorption of energy 
is observed, which leads to tissue heating [16]. The MW heating 
is a deep heating, it heats tissue so efficiently. For this reason, it 
should be practiced with great precaution to avoid major damage 
[68]. MWA offers also the possibility to use multiple antennas 
to increase the size of the ablative zone and go deeper into the 
tissue [17,66]. This shortens the treatment time and gives more 
satisfying results what is not possible in the RFA.

High Intensity Focused Ultra Sound (HIFU)
HIFU is a hyperthermic ablation therapy that uses the principle 
of an Ultra Sound (US) waves. HIFU technology was proposed in 
1942 by Lynn et al. [69]. The therapeutic use of the HIFU consists 
of sending an US beam focused on a selected area to overheat Ablation process steps.Figure 5

 

Different types of an FR probes found in the literature. 
(a) is a straight needle-like probe proposed by Zhang et 
al. [59] to ablate a soft tissue sarcoma. (b) presents a 
probe with an ellipse shape [54] (c) shows four parallel 
electrodes for liver ablation [50].

Figure 6
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the tissue in purpose to cause a coagulation necrosis [16,70-72]. 
It is a highly precise treatment to kill tumors and cure some other 
health issues [73]. The beam is extremely oriented to a specific 
region of interest without causing significant collateral damage. 
Even when it goes through the tissue toward the targeted region, 
the HIFU beam does not destroy the healthy tissue [74,75]. HIFU 
modality knows a significant interest and growing emergence as 
a non-invasive treatment for solid tumors. It has been applied in 
the past 15 years over thousand times for several kinds of tumors 
[76]. HIFU treatment uses low intensity 0.125 – 3 W/cm2 to treat 
some physiological problem and to stimulate some functions. 
Intensities over 5 W/cm2 are considered as high and that can lead 
to the destruction of the tissue. HIFU treatment is performed 
under real-time monitoring with MRI or US imaging system [77]. 
HIFU application method can be categorized into four categories. 
Extracorporeal HIFU, it uses an external device. It is mostly used 
to treat superficial tumors. Illing e al. used an extracorporeal 
HIFU device to eradicate a liver and kidney tumors. They proved 
the safety and the feasibility of such an approach [75]. Transrectal 
HIFU is generally used to treat prostate cancer. Poissonnier et 
al. have treated 227 patients suffering from localized prostate 
cancer. The reported results showed an optimistic and efficient 
treatment with a low morbidity and fewer complications [77-79]. 
Interstitial HIFU treatment is recommended for deep tumors that 
cannot be reached with another method. This modality offers the 
possibility to be closer to the region of interest in a way that the 
injected beam will not be attenuated along the pathway [80]. It is 
used mostly for biliary and esophageal tumors [17]. Percutaneous 
HIFU treatment can be employed for deeper tumors especially in 
liver and kidney tumors.

The researchers make a significant focus on the HIFU modality to 
improve the quality of the treatment. Many scientists investigate 
several approaches and many application domains for the 
HIFU. The therapeutic applications of the US vary from sports 
injuries treatment and arthritis to tumor ablation therapy with 
HIFU technique [81]. The HIFU technique presents some unique 
characteristics that attract physicians and clinicians. In fact, with 
HIFU beam, we can elevate the temperature to 80-100⁰C in brief 
period (1-10s) without causing great damage and selectively 
target the tissue. Also, it offers the ability to deliver deeper to 
treat the deepest tumors. Moreover, it can repeatedly be applied.

LASER Ablation
A LASER (Light Amplification by Stimulated Emission of Radiation) 
is a monochromatic focused and directed beam of light. It is 
used in many applications in different fields [82]. LASER Ablation 
(LA) is the process of using a LASER source to deliver energy to a 
specific region to destroy this area. The destroyed zone depends 
on the beam used and other parameters related to the targeted 
tissue. In Oncology, LA has been used to kill tumors of different 
nature [63]. It has been applied to treat many kinds of cancer 
especially brain tumors. Because of the high compatibility with 
the MRI, the LA ablation is mostly monitored by an MRI imaging 
system. In 2017, Silva et al. used a real-time Magnetic Resonance 
(MR) thermometry for real-time monitoring of a Laser Interstitial 
Thermal Therapy (LITT) of brain tumors [83,84]. They proved the 
safety and effectiveness of this approach. The LA has also been 

applied to coagulate other cancerous tumors such as malignant 
hepatic, renal, pulmonary [63,85]. The destruction mechanism 
in LA consists of converting light into heat, which leads to the 
destruction of the region of interest. The conversion of the 
LASER beam to heat is occurred with three distinct phenomenon 
reflection, scattering, and absorption. Once the heat is 
generated, other phenomena happen to overheat the targeted 
volume. Conduction and Convection ensure the spread of the 
temperature. It is important to remind that the heat transfer by 
convection is negligible compared to the heat produced by the 
conduction [86,87].

The laser beam is characterized by its wavelength, pulse duration, 
pulse repetition rate and beam quality. For safer ablation, the 
physician should handle with all these parameters. There are 
so many types of laser sources, depending on the state of the 
used material to generate the beam: gas, liquids, solids and Light 
Emitting Diodes (LED). The neodymium yttrium-aluminum-garnet 
(Nd: YAG, the wavelength of 1064 nm) and CO2 lasers are one 
of the safest LASERs used in medicine [63,87,88]. The LASER 
beam can be delivered in continuous mode or pulsed mode. The 
choice of the wavelength depends on the wanted depth of the 
ablation. Many studies have compared different LA with various 
wavelengths and reported that the selection of the wavelength 
is directly linked the required depth of the incision [89-91]. The 
wavelengths used for LA starts from 560 nm to 2100 nm. The 
most common way to deliver a LASER beam is the use of an 
optical fiber. This approach has been widely used during the last 
decade. Adding to this, the efficacy of using optical sensors for 
monitoring the temperature diffusion during a LA was recently 
demonstrated by many studies [92-95]. In 2017, Gassino et al. 
developed a fully optical system for Tumor LA with an optical 
probe equipped with temperature real-time measurement using 
sensors based on Fiber Bragg Gratings (FBGs) [96]. The results 
obtained showed that the thermal pattern corresponds to the 
desired shape. Furthermore, the temperature measurement was 
not an estimated value, as it is with the US and MRI imaging, but 
a real-time measurement.

Low-Level Laser Therapy (LLLT) is also another therapeutic method 
used to treat a different kind on health issues. It uses a low-
intensity Laser to provide a potential treatment. This approach 
has been used to treat hair loss, rheumatic problems, pain relief, 
and enhance muscle strength [97,98]. Like other modalities, the 
LA has advantages and limitations in some applications. Table 1 
gives the high and low points of this modality.

Cryoablation
Contrary to the four precedent therapies (RFA, MWA, HIFU, 
and LA), the cryotherapy uses a low temperature below zero 
to create a freezing zone and generate the destruction of the 
selected region [99]. It uses extremely low lethal temperature < 
-20⁰C. The mechanism of destruction of the tissue is complex and 
occurs at different temperature levels. The time of treatment in 
Cryoablation varies from seconds to tens of minutes. Baust et al. 
reviewed the Cryoablation therapy [100]. They investigated the 
cell destruction mechanism. They reported different definition 
proposed to define the “Cryosurgical ablative dose.” They 
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showed the various applications of the Cryoablation in cancer 
treatment and other diseases. According to some studies, if 
the targeted cells are exposed to a low temperature of −30 to 
−40⁰C for approximately ⩾1 min, we can notice almost total cell 
destruction. The Cryoablation is performed with a probe that 
delivers a low temperature to the region of interest. The probe 
tip is alimented by a source of nitrogen or argon for cooling the 
tissue to a low temperature -100⁰C produced by different kinds 
of cooling probes.

The Cryoablation has shown many benefits in several medical 
applications. For cancer treatment, it has been widely exploited 
to ablate many types of tumor. This modality offers highly efficient 
in the treatment of some cases of cancer where the patient is not 
a candidate for surgical treatment. However, it suffers from the 
complication of the freezing tissue. Improving this modality is a 
present research issue. 

Discussion and Comparison
The RFA is the most used ablative modality. The MWA is gaining 
interest because it overpasses the limitations of the RFA. In fact, 
the impedance effect and the resection effect represent a practical 
problem for the RFA. In MWA, those limitations are resolved. 
Adding to this, the MWA is suitable to treat the large tumors >5 
cm what is not recommended for the RFA [63]. One of the best 
advantages of the MWA is the size of the active zone, which is up 
to 2 cm surrounding the antenna. Furthermore, the possibility to 
use simultaneous multiple antennas to enlarge the ablative zone. 
On the other side, LA continues to expand and improve. It offers 
some advantages, but it suffers mainly from practical limitations 
especially the excessive cost of treatment. For the HIFU ablation, 
its main advantages are the ability to focus the beam to a limited 
area and the high level of safety for the patient.

The use of an imaging system is recommended for the placement 
of the needle or probe and the monitoring of the ablation 
process, which consists of taking consecutive images to follow up 
the temperature diffusion. This is a crucial factor for a successful 
treatment. These systems can be of different nature, CT, MRI or 
US. Hegg et al. performed 19 renal tumors RFA guided with an 
US imaging system. They reported no major complication after 
the treatment. They exploited the major advantages of the US-
guided approach to achieve a safe and efficient ablation. The US-
guided approach intervenes in important moments to place the 
probes accurately in the right position and evaluate the proximity 
to the adjacent critical structure. Moreover, it allows a real-time 
monitoring of the ablation process, which is crucial step to avoid a 
significant collateral damage. The choice of the optimal modality 
to get the best treatment results is done after considering many 

parameters. Hinshaw et al. overviewed the percutaneous tumor 
ablation modalities. They investigated the RFA, MWA, and CA. 
They focused on the methodology used to choose the appropriate 
modality for a tumor ablation to have an optimizing clinical 
result. According to their findings, there are many parameters 
for optimal ablation. Some of them are relating to the operator 
ability, others concern the material and the modality used. The 
choice of the ablation modality, hot (RFA, MWA, LA, HIFU) or cold 
(CA), is made considering many factors. First, the previous similar 
ablations should be studied and compared to see which modality 
is safer and riskless to the patient. Further, the morbidity of the 
patient, the type, and size of the tumor, as well as its proximity to 
vulnerable organs should be examined. They reported the most 
used method for few organs and compared these methods. One 
of the important parameter to compare the thermal modalities 
is the number and nature of the post-procedural complications. 
In fact, following many studies, the complication noticed, major 
or minor, are the lowest rate in the FRA modality comparing to 
the other modalities with many similarities with MWA. A recent 
study in 2017 by Luo et al. compared the therapeutic effects of the 
RFA with other ablative modalities on Hepatocellular Carcinoma 
(HCC). Many parameters including a Complete Tumor Ablation 
(CTA), Local Tumor Recurrence (LTR), Overall Survival (OS) and 
complications of the treatment were defined and compared. The 
authors selected the most 30 original and high-quality studies 
among the 2675 initial published studies found in the literature. 
They concluded that RFA has less complication comparing to the 
MWA, CA. The most commonly mentioned complication is the 
fever, which is more important in MWA (because of the deep 
heating) and less in RFA and LA. The CTA is achieved similarly in 
RFA and MWA with lower rates in CA and LA. Many other studies 
have compared the RFA with other modalities for treating the 
HCC or other tumors. They have compared the clinical results 
and reported evidence of efficacy and effectiveness. Sharma 
et al. compared the non-invasive HIFU with RFA of Osteoid 
Osteoma and showed the similarity of the clinical results and the 
advantage of the HIFU by offering a non-invasive procedure. Nou-
Eldin et al. retrospectively compared the local tumor response 
and the survival rates of three ablation modalities (LITT, RFA, and 
MWA) of a non-colorectal lung tumor ablation. They followed 
up 109 patients in 175 CT-guided ablation sessions. The authors 
proved that the three modalities present an efficient therapy 
with approximately similar clinical results with some advantages 
for the MWA [101-105]. Table 2 summarizes the most used and 
typical characteristics, benefits, and some limitations of the 
discussed thermal ablative modalities. 

Advantages Inconvenient
Minimally invasive. Recommended for people do not support surgery.

Safe modality

Less time

Repeatability of 

Not efficient for larger tumors

The excessive cost

Not requested for complex tumors

Table 1 Advantages and inconvenient of the LA.
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Future Perspectives
The thermal therapy has proved its effectiveness and efficacy in 
many medical applications. Oncology is the most popular field 
where the thermal therapy has been widely exploited. Despite 
all the technological improvement, the thermal therapy still has 
problems and limitations in clinical applications.

The hyperthermia treatment suffers from lack of precision by 
causing considerable margin damage, which is not suitable 
and not tolerable especially in some organs such as brain. This 
therapy is usually combined with other types of treatment, 
which is another way for researchers to improve the quality of 
the treatment. In addition to hyperthermia, the thermal ablative 
modalities which are RFA, MWA, LA, HIFU and CA also present 
several inconveniences and many clinical limitations. So, all these 
limitations and disadvantages present significant challenges for 
physicians, engineers, and designers. The factors to improve 
the thermal therapy can be divided according to their nature 
to hardware systems, software tools, mathematical modeling, 
and imaging systems for thermography and placement. We can 
categorize these particular challenges of the thermal therapy into 
the following:

Software Tools
1. Development of powerful planning tools to prepare and optimize 
the treatment.

2. Invest in new modeling and simulation tools with a more realistic 
model based on the real architectures and real parameters.

3. Combination of different therapies with distinct modalities to 
improve the performances of the treatment.

4. The non-uniform shape of the tumors should be investigated and 
explored to reduce the margin damage in the healthy encircling 
tissue.

Considering the non-homogenous of the tumor.

Hardware Systems
1. Improve hardware systems by improving the devices and 

including more facilities and options to achieve safer and 
comfortable treatment.

2. Design a better electrodes and heating source with more 
flexibility in use and simplicity to configure. The parameters 
which define the heating activity should be programmable 
to adjust the heating source easily.

3. Invest and explore the use of multi-electrodes to increase 
the volume of the ablative zone and to ensure a total 
ablation of the tumors, particularly with the MWA, which 
presents promising opportunities.

4. Local parametrisation of the tumor parameters using 
a special probe to define the needed parameters. The 
collected data will be utilized in modeling and simulation of 
the treatment process instead of using approximated data.

Mathematical Modeling
1. Modification of the Pennes’ model for a better description of 
the temperature distribution in living tissue.

2. Explore new BHT models other than Pennes’ model.

Imaging and Thermometry
1. Employ the imaging systems like CT, US or MRI to place the 
electrodes in the right position, inject the power and follow-up 
the temperature distribution.

2. Improve the existing imaging systems.

3. Explore and improve the use of sensors (optical or MEMS) to 
measure the real temperature locally in true real time instead of 
estimating the value using image processing tools.

Table 2 Description and characteristics of the thermal ablative modalities.
Description \ Modality RFA MWA LA HIFU CA

Heating Principles Resistive by RF 
alternating current

   Propagating high   
frequency EM waves

Convert Laser beam 
to heat

Focused US beams to 
heat the tissue

   Freeze selected 
region to destroy the 

tissue
Frequency/Wavelength 375-550 KHz 915 MHz-2.45 GHz 560 nm to 2100 nm. 200K Hz-3.5 MHz Uses gas to freeze

Temperature Range 55-100 ⁰C 55-100 ⁰C 50-100 ⁰C 70-100 ⁰C <-30 ⁰C
Exposure Time Few to tens min 1 to 5 min Few min (3 min) 1 to 10 s 7 to 30 min

Thermometry Method MRI, US or CT MRI, US or CT MRI, US or CT US CT, US or MRI

Electrodes Single or multiple probe One or more antennas Directed (or not) fiber 
probe US Array Nitrogen or argon 

based Cryoprobe

Advantages

Minimal invasive
Simple and Easy

Effective
Worldwide availability

Less complications
Many robust systems

Minimal invasive
Local target

Overpass the RF limits
Large ablative zone

Elevated temperature 
in small time

 Minimal invasive
Easy configuration of 

the LASER
High Precision

Non-invasive
Focused lesion
Repeatability

Compatibility with 
other therapies

Depth of penetration

Minimal invasive
No carbonization

Large lesion

Limitations
Impedance problem
Small ablation zone

Low precision

More complications
Coaxial cable heating
Lack of directionality

Small ablative zone
Expensive price

More Complications
Low survival rate

Quality of the small 
transducers

Ablation time
Need acoustic 

coupling

High complications 
ratesDifficulty in 

placing the probes
High risk of bleeding
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