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Unit - 1 

Introduction to Lasers in Medicine  

 

  

The enormous potential of lasers has not been overlooked in the fields of 

science, industry, and research. Interest in medical applications of lasers is 

constantly gathering momentum, as their versatility and efficacy are becoming 

increasingly recognized. The use of lasers should be seen as a transformative 

tool, a method which can be harnessed in various innovative ways that hold 

incredible promise for the medical field. Firstly, the availability of an 

instrument that produces an intense radiation of a specific wavelength opens 

up a vast realm of possibilities for utilizing light or photochemistry in medical 

diagnostics. Photoelectron spectroscopy, which is already utilized in 

artificially controlled situations, is now finding its way into comprehensive 

biological investigation. The remarkable value of the photoionization cross-

section is aggressively exploited, presenting a realm of opportunities for 

precise diagnostic applications. Moreover, this remarkable advancement has 

yielded novel methodologies for detecting and treating various diseases, 

leading to improved patient outcomes and overall healthcare advancement. 

Secondly, the laser's ability to focus an extremely high energy density on 

biological tissue allows for remarkable achievements in coagulation and 

cutting. The extraordinary degree of localization that can be attained through 

laser technology is groundbreaking. Depending on the level of control over 

the generated tissue temperature, one can selectively damage specified tissues 

or even achieve the vaporization of targeted tissue. This level of precision in 

surgical procedures has revolutionized the medical field, enabling healthcare 

professionals to perform intricate operations with minimal invasiveness and 

damage to surrounding healthy tissue. As a result, patient recovery times have 

been significantly reduced, leading to shorter hospital stays and improved 

overall patient care. The laser emerges as the pinnacle of artificial illumination 

sources, boasting unmatched intensity and exceptional directional qualities 

that are a testament to the incredible technological progress made in recent 

years. Notably, the medical use of high-intensity laser sources has only 

become viable in the past few years. As a result, lasers are now being 

employed across a wide range of applications, revolutionizing the treatment 

of numerous conditions. From eye diseases to various skin ailments, including 
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the treatment of hemangiomas (birthmarks) and tumors, lasers are proving to 

be a game-changing solution. Particularly in surgical procedures, especially 

those involving the delicate eye, the ability to achieve an incredibly high 

energy density makes the localistive high-density technique particularly 

effective and flourishing. However, this incredible progress is merely the tip 

of the iceberg, as doctors and medical professionals are increasingly interested 

in gauging the analysis capacity of low-intensity laser sources. These sources 

offer a whole new realm of possibilities in the realm of medical diagnostics, 

opening up avenues for even more precise and non-invasive procedures. By 

harnessing the power of low-intensity lasers, medical practitioners can explore 

new frontiers in diagnosis and treatment, potentially revolutionizing the field 

as we know it. The expansion of laser technology in both high-intensity and 

low-intensity applications holds immense promise for future medical 

advancements, paving the way for further breakthroughs in healthcare 

delivery and patient outcomes. In conclusion, the potential of lasers in the 

medical field is vast and ever-expanding. From their applications in 

diagnostics to their ability to transform surgical procedures, lasers have truly 

revolutionized medicine. With each passing year, new advancements and 

breakthroughs are made, pushing the boundaries of what is possible. As we 

continue to unlock the full potential of lasers, the future of medical 

applications holds great promise, offering hope for improved outcomes, 

enhanced patient care, and a better understanding of the human body. 

Together, with the continued integration of laser technology in medical 

practice and research, the medical community is poised to achieve remarkable 

advancements that will undoubtedly shape the future of healthcare. (Ma & Fei, 

2021) (Cornejo et al. 2022) (Dorfer et al. 2020) (Latz et al., 2021) (Li et al. 

2022) (Johansson et al. 2021). 
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Unit - 2 

Fundamentals of Laser Technology 

 

  

Lasers are coherent, monochromatic, and directional sources of light. They 

emit light in a narrow, low-divergent beam and have a very specific color, 

which arises from their discrete and narrowband frequency. This is reflected 

in their spectral purity and is a measure of the efficiency of the lasing process. 

Coherence is important in reducing the scatter of light, and for this reason, 

laser systems can be focused to achieve very small spots and resolution. The 

generation of laser light is a chain process known as amplification by 

stimulated emission of radiation (A.S.E.). The emission occurs through 

quantum mechanical transitions. In this process, the word "stimulated" refers 

to the presence of an incident photon with the same energy or frequency as the 

transition, which triggers the emission. This type of light is referred to as 

coherent because the emission between the atoms occurs with very little 

difference in phase. A laser beam can be manipulated and shaped according 

to its intended use and the optical elements involved. Laser beams possess 

several useful properties, such as the ability to be reflected, absorbed, 

transmitted, refracted, diffracted, and scattered. Additionally, lasers can be 

focused, collimated, attenuated, expanded, shifted, or transformed into 

different shapes. The light emitted by a laser can carry power over large 

distances. This characteristic finds applications in communication as well as 

power delivery. With regards to architecture, a laser system typically consists 

of three main components: an interacting medium, which could be a gas, dye, 

semiconductor crystal, liquid, or solid; an external energy source that 

functions as a pump, exciting the electrons to a level that enables gain to occur 

in the laser material; an optical cavity containing at least one mirror and an 

output coupler; and a means for extracting the laser beam. Expanding on the 

topic of lasers, it is important to highlight their highly focused nature, in 

addition to being coherent and monochromatic sources of light. The narrow, 

low-divergent beam emitted by lasers makes them exceptionally well-suited 

for precise applications. Moreover, the unique property of lasers to possess a 

specific color stems from their discrete and narrowband frequency. This 

distinct characteristic not only contributes to the spectral purity of lasers but 

also acts as an indication of the lasing process's efficiency. Coherence plays a 
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crucial role in reducing the scatter of light and is a fundamental aspect of 

lasers. By harnessing this property, laser systems can achieve remarkable 

focusing capabilities, resulting in the formation of incredibly small spots and 

providing high resolution in various applications. The phenomenon behind the 

generation of laser light revolves around a captivating chain process known as 

amplification by stimulated emission of radiation (A.S.E.). This intriguing 

process relies on quantum mechanical transitions to facilitate the emission of 

light. The term "stimulated" refers to the requirement of an incident photon 

with the exact energy or frequency of the transition, triggering the emission 

process. It is this synchronization that gives rise to the coherent nature of laser 

light, with minimal phase differences occurring during emission between the 

atoms. Expanding beyond their basic properties, laser beams possess 

remarkable versatility in terms of manipulation and shaping, based on specific 

requirements and the utilization of optical elements. Laser beams exhibit a 

wide range of useful properties; they can be reflected, absorbed, transmitted, 

refracted, diffracted, and scattered. Furthermore, lasers can undergo various 

transformations such as focusing, collimation, attenuation, expansion, 

shifting, and alteration into diverse shapes. In addition to their impressive 

properties, lasers possess the extraordinary ability to carry power across 

extensive distances. This aspect finds practical applications not only in 

communication but also in the realm of power delivery. To fully appreciate 

the architecture of a laser system, it is essential to consider its fundamental 

components. These components include an interacting medium, which can 

take the form of a gas, dye, semiconductor crystal, liquid, or solid. 

Additionally, an external energy source, functioning as the pump, is 

responsible for exciting the electrons to a level that enables gain within the 

laser material. Furthermore, an optical cavity housing at least one mirror and 

an output coupler plays a crucial role in facilitating the desired lasing action. 

Finally, a robust means of extracting the laser beam ensures its successful 

utilization in various applications. (Purohit, 2020) (Keiser, 2022) (Biswas 

2023) (Kaya, 2024) (Rahman, 2022) (Alkhazragi et al., 2021) (Lu et al. 2024). 
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Unit - 3 

Types of Lasers Used in Medical Applications 

 

  

Lasers can now be made almost any 'colour' - i.e., wavelength - to be visible 

either to the naked eye or to readily available sensor systems. Many reviews 

underline that over the years, many different lasers have been used for many 

medical applications. Typically, lasers are recognized by the lasing medium 

generating the photons. Solid-state lasers using one or many crystals, glasses 

or crystallites doped with metal or metal-like elements have numerous 

powerful, compact and efficient lasers. They exploit optical properties of 

energy levels of valence electrons, either crystal field transitions or 4f shell 

transitions, where electronic transitions are many, many times faster than 

radiative transitions and stored energy is eventually released as photons. Such 

lasers typically are very efficient for a low gain, and the fixed-wavelength 

output of the vast majority of solid-state lasers with continuous-wave typically 

covers the spectral spectrum of organic chromophores. In contrast, they are 

very poor at readily making truly nanosecond pulses where for a very short 

lasing pulse dust does not have time to be ablated, as its threshold can vary 

significantly if the dust particle is no longer 'sucked towards' the focus by the 

Marangoni flow mentioned above (which arises from local surface tension 

gradient related to the temperature gradient). Gas lasers can be classified into 

two distinct groups: DC-excited discharge lasers that have a continuous 

discharge typically using Usual Range (UR) electrodes with an annular 

cathode around a central anode or a copper tube placed at the laser cavity 

centre, and RF-excited discharge lasers that are resonators using a radio 

frequency (RF) line on either side of the discharge region typically generated 

by electrode-less RF excitation (transverse radio frequency discharge). 

Chemical oxygen-iodine lasers provide excellent power efficiencies, are 

tunable for a limited range of wavelengths, showing much promise for surgical 

applications. In theory, dye lasers operate over an ultra-wide range of 

wavelengths, as a huge array of laser dyes exist as a large family of black-

powders with a double-daggers dramatic customizability of optical gain 

curves through molecular engineering, to have a fixed laser wavelength and 

pulse duration adjusted from 10ns to as short as 0.42 ps. If there are no 

significant 'native' laser chromophores linear absorption coefficients at the dye 
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laser wavelength, other chromophores, e.g., skin melanin in the uv, can be 

used selectively to provide the confinement of deposition by absorption. 

Nowadays, with advancements in technology and research, lasers have 

become highly versatile and adaptable. They can now be produced in almost 

any wavelength or 'colour', which allows them to be easily detectable by the 

naked eye or various sensor systems. Medical applications have particularly 

benefited from the diverse range of lasers available. When it comes to lasers, 

they are categorized based on the lasing medium that generates the photons. 

Solid-state lasers, for example, utilize crystals, glasses, or crystallites that are 

doped with metal or metal-like elements. These lasers are known for their 

compact size, high power output, and efficiency. They rely on the energy 

levels of valence electrons and their transitions, such as crystal field transitions 

or 4f shell transitions. In these transitions, the speed of electronic transitions 

far exceeds that of radiative transitions, resulting in the eventual release of 

photons. While solid-state lasers are efficient for low gain, their continuous-

wave output typically covers the spectral spectrum of organic chromophores. 

However, they are less effective in producing nanosecond pulses, where there 

is little time for dust particles to be ablated. The threshold for dust particle 

ablation can vary significantly if the particle is not being pulled towards the 

focal point by the Marangoni flow, which is caused by local surface tension 

gradients due to temperature differences. Gas lasers can be divided into two 

main groups: DC-excited discharge lasers and RF-excited discharge lasers. 

DC-excited discharge lasers maintain a continuous discharge using UR 

electrodes with an annular cathode surrounding a central anode or a copper 

tube placed at the center of the laser cavity. On the other hand, RF-excited 

discharge lasers utilize a radio frequency (RF) line on either side of the 

discharge region, typically achieved through electrode-less RF excitation or 

transverse radio frequency discharge. Chemical oxygen-iodine lasers are 

known for their excellent power efficiencies and tunability within a limited 

range of wavelengths, making them highly promising for surgical 

applications. Dye lasers, in theory, can operate across an extensive range of 

wavelengths. They rely on a wide array of laser dyes, which exist as black-

powders and offer great flexibility in customizing optical gain curves through 

molecular engineering. This allows for precise control over the laser 

wavelength and pulse duration, which can range from 10 nanoseconds to as 

short as 0.42 picoseconds. If there are no significant absorption coefficients 

for the desired dye laser wavelength, alternative chromophores, such as skin 

melanin in the ultraviolet range, can be selectively used to enable precise 

deposition through absorption confinement. With the advancements made in 

technology and research, lasers have evolved into highly versatile and 
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adaptable devices. They can now be generated in a wide range of wavelengths 

or 'colours', making them easily detectable by the human eye or various sensor 

systems. The medical field, in particular, has greatly benefited from the 

availability of diverse lasers for different applications. Laser devices are 

classified based on the specific lasing medium that produces the photons. 

Solid-state lasers, for instance, utilize crystals, glasses, or crystallites that are 

doped with metal or metal-like elements. These lasers are renowned for their 

compact size, high power output, and remarkable efficiency. They leverage 

the optical properties of valence electrons' energy levels, including crystal 

field or 4f shell transitions. In these transitions, the speed of electronic 

movement exceeds that of radiative transitions, resulting in the release of 

photons. While solid-state lasers offer great efficiency for low gain, their 

continuous-wave output generally covers the spectral spectrum of organic 

chromophores. However, these lasers are less effective in producing 

nanosecond pulses, as there is insufficient time for dust particles to be ablated. 

The threshold for dust particle ablation can vary significantly if the particle is 

not being drawn toward the focal point by the Marangoni flow, which occurs 

due to local surface tension gradients caused by temperature differences. Gas 

lasers can be categorized into two main groups: DC-excited discharge lasers 

and RF-excited discharge lasers. DC-excited discharge lasers maintain 

continuous discharges using UR electrodes with an annular cathode 

surrounding a central anode or a copper tube positioned at the center of the 

laser cavity. On the other hand, RF-excited discharge lasers utilize radio 

frequency (RF) lines on both sides of the discharge region, typically achieved 

through electrode-less RF excitation or transverse radio frequency discharge. 

Chemical oxygen-iodine lasers are highly efficient and tunable within a 

limited range of wavelengths, making them extremely promising for surgical 

applications. In theory, dye lasers can operate across an extensive range of 

wavelengths. They rely on a vast collection of laser dyes, which exist in the 

form of black-powders and offer exceptional flexibility in manipulating 

optical gain curves through molecular engineering. This enables precise 

control over the laser's wavelength and pulse duration, which can range from 

10 nanoseconds to as short as 0.42 picoseconds. In cases where the desired 

dye laser wavelength lacks significant absorption coefficients, alternative 

chromophores, such as skin melanin in the ultraviolet range, can be selectively 

utilized to achieve confinement of deposition through absorption. (Cios et al. 

2021) (Harilal et al. 2022) (Geng et al., 2023) (Schütt et al. 2020) (Corato-

Zanarella et al. 2023) (Mysliwiec et al., 2021) (Hummel et al. 2020) (Lachetta 

et al. 2021) (Koulouklidis et al. 2020) (Liu et al., 2021). 
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3.1 Solid-state Lasers 

Properties and Mechanisms of Action Solid-state lasers have the gain 

medium made of solid materials. In solid-state lasers, the active medium can 

be a glass or crystal exhibiting properties of a laser medium, for example, a 

ruby. Solid-state lasers can be pulsed or continuous, and most of the solid-

state lasers in the medical field are Q-switched, having the capability of 

producing very high-power pulses in the range of gigawatts. The solid-state 

lasers can be pumped by flashlamps such as those having xenon gas in them. 

However, some other lasers require a diode for pumping. The Nd:YAG is the 

most commonly used solid-state laser in medical applications. It operates with 

a light wavelength of 1064 nm and has the capability of providing pulsed and 

continuous modes. Applications in diagnostics, solid-state lasers can be used 

in Raman spectroscopy, in which laser light is shone on the body of a patient 

to detect the presence of disease by the pattern of reflection ascertained from 

the samples collected in medical tests. Many therapeutic applications of solid-

state lasers are available. In most cases, the laser is used to coagulate blood or 

to open blocked vessels. A few procedures include bullectomy, 

cholecystolitholysis, Choledocholithotripsy, laryngeal disorders, and many 

others. The use of solid-state lasers in surgical applications is less because 

these lasers are not very accurate and not as effective as many other lasers that 

are available. However, solid-state lasers are useful in removing mild skin 

disorders, nevus, port wine stains, tattoos, keloids, and hypertrophic scars. 

Furthermore, the solid-state lasers with Q-switching technology are safe and 

pioneering to demonstrate the best ablation efficiency for bone and tooth and 

can be used in otolaryngology, stapedotomy, tissue perforation, lens, and 

cataract surgery. They are utilized for removing hyper polyp in the vagina, 

stenosis of the uterine blood vessels, meatal stenosis, as well as various other 

medical procedures and interventions. Solid-state lasers have revolutionized 

the field of medicine, offering innovative solutions for diverse applications 

and contributing to the advancement of medical technology. With their precise 

capabilities, solid-state lasers continue to pave the way for new discoveries 

and improvements in the medical industry, enhancing patient care and 

treatment outcomes. Solid-state lasers possess several unique properties and 

mechanisms of action that make them highly beneficial in various 

applications. These lasers utilize a solid gain medium, typically consisting of 

materials like glass or crystal, which exhibit the necessary properties to 

function as a laser medium. For instance, a ruby can serve as an active medium 

in solid-state lasers. One notable feature of solid-state lasers is their ability to 

operate in both pulsed and continuous modes, offering versatility in different 

medical scenarios. In the medical field, many solid-state lasers, particularly 
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those employed in diagnostics, are designed to be Q-switched. This means 

they can generate remarkably powerful pulses, often reaching the range of 

gigawatts. Flashlamps are commonly utilized to pump solid-state lasers such 

as those equipped with xenon gas. However, certain lasers necessitate the use 

of a diode for their pumping process. Among the various types of solid-state 

lasers, the Nd:YAG is the most widely used in medical applications. Operating 

at a light wavelength of 1064 nm, it boasts the capacity to deliver both pulsed 

and continuous modes, making it a valuable tool in medical procedures. 

Regarding their applications, solid-state lasers find utility in numerous 

diagnostic and therapeutic contexts. For instance, in diagnostics, solid-state 

lasers have found application in Raman spectroscopy. This technique involves 

directing laser light onto a patient's body, allowing healthcare professionals to 

detect the presence of diseases through the patterns of reflection obtained from 

collected medical samples. Turning to therapeutic applications, solid-state 

lasers frequently serve the purpose of coagulating blood or opening blocked 

vessels. Specific procedures in which these lasers are utilized include 

bullectomy, cholecystolitholysis, Choledocholithotripsy, as well as treatments 

for laryngeal disorders, and many others. It is important to note that solid-state 

lasers are not extensively used in surgical applications due to their relative 

lack of accuracy and effectiveness compared to other laser options available. 

Nevertheless, these lasers offer valuable advantages when it comes to 

removing mild skin disorders such as nevi, port wine stains, tattoos, keloids, 

and hypertrophic scars. In particular, solid-state lasers equipped with Q-

switching technology demonstrate exceptional safety and pioneering 

efficiency in ablating bone and tooth tissue, making them highly suitable for 

applications in otolaryngology, stapedotomy, tissue perforation, lens surgery, 

and cataract surgery. Furthermore, these lasers are employed in the removal 

of hyper polyps in the vagina, treatment of stenosis in uterine blood vessels, 

meatal stenosis, and various other medical procedures and interventions. 

Overall, the advent of solid-state lasers has brought about a revolutionary 

transformation in the field of medicine, presenting innovative solutions for a 

wide range of applications and significantly contributing to the advancement 

of medical technology. Thanks to their precise capabilities, solid-state lasers 

continue to pave the way for new discoveries and improvements in the medical 

industry, ultimately enhancing patient care and treatment outcomes. (Huber, 

2020) (Shen et al. 2022) (Herasymov 2021) (Borkenstein & Borkenstein, 

2024) (Brauch et al., 2022) (Yuan et al. 2022) (Liu et al. 2021) (Laky et al. 

2021) (Tang et al., 2021) (Abdelhalim et al. 2023). 



Page | 10  

3.2 Gas Lasers 

Gas lasers, while less efficient than solid-state lasers, are still widely 

utilized in various medical applications thanks to their unique properties and 

capabilities. The operation principles provided here offer only a brief 

overview of their functionality, so for more comprehensive information, it is 

recommended that the reader refers to other in-depth reviews to gain detailed 

insights. A gas laser that deserves special attention is the CO2 laser, which is 

renowned for its infrared properties. When operating within a high-power 

system, this laser generates an ample amount of heat capable of inducing 

vaporization in tissues. As a result, it finds extensive application in 

dermatologic surgery, providing effective solutions for a multitude of skin-

related conditions. Furthermore, both CW (continuous wave) and pulsed CO2 

lasers have emerged as indispensable tools in the medical field, facilitating a 

wide range of procedures. Some of these procedures include the treatment of 

stenosed blood vessels (angioplasty), opening blocked passages within the 

urinary, genitourinary, and biliary tracts, addressing esophageal strictures, as 

well as removing foreign bodies in tracheal or laryngeal airways, among 

others. Additionally, a CO laser operating in the mid-infrared region has 

proven to be a highly valuable surgical instrument, particularly in the field of 

neurosurgery. Its precise and localized laser-tissue interaction plays a crucial 

role in preventing the spread of certain ailments. It's noteworthy that the term 

'excimer' is derived from the words 'excited dimer'. An average excimer laser 

system consists of a chlorine (Cl) atom and a krypton (Kr) atom, operating 

within the infrared region of the electromagnetic (EM) spectrum. Due to a 

combination of these factors, excimer lasers have become one of the most 

widely employed laser systems in various industries, including medicine. The 

output wavelength of excimer lasers can be precisely tuned over a limited 

range by utilizing a delicate grating system, which further expands their 

versatility. One potential application of excimer lasers lies in the creation of 

corneal curvature changes, which are commonly employed in refractive 

surgery to correct myopia and astigmatism. Such procedures greatly improve 

patients' visual acuity and overall quality of life. Moreover, excimer lasers 

have shown promising results in the field of ophthalmology, enabling 

surgeons to reshape the cornea with exceptional precision and reproducibility. 

With ongoing advancements and discoveries, the utilization of gas lasers, 

including CO2 lasers and excimer lasers, is expected to continue evolving and 

expanding. This progress will undoubtedly usher in new horizons in the realm 

of medical treatments and surgical interventions, bringing about further 

improvements in patient care and well-being. The use of gas lasers also 

extends to cosmetic dermatology, where they find application in the removal 
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of tattoos, pigmented lesions, and other skin imperfections. In addition, gas 

lasers are instrumental in various research fields, including spectroscopy, in 

which they play a crucial role in analyzing and identifying molecular 

structures. Their unique properties, including high power, coherent output, and 

tunable wavelength, make them extremely valuable tools for studying the 

fundamental properties of matter and probing the interactions between atoms 

and molecules. Gas lasers have also contributed significantly to the 

advancement of scientific knowledge in fields such as atomic physics, 

quantum optics, and laser cooling and trapping. Furthermore, gas lasers have 

found practical applications in industrial processes such as material 

processing, manufacturing, and precision cutting. Their ability to deliver a 

high-energy density beam allows for precise and controlled material removal, 

making them indispensable in industries that require precise machining, such 

as electronics, automotive, and aerospace. Gas lasers have also demonstrated 

their effectiveness in marking and engraving processes, providing permanent 

and high-quality markings on a wide range of materials, including metals, 

plastics, glass, and ceramics. In conclusion, gas lasers, including CO2 lasers 

and excimer lasers, have proven to be versatile and powerful tools in various 

fields, particularly in medicine, research, and industrial applications. The 

unique properties and capabilities of gas lasers enable them to perform a wide 

range of tasks with precision and efficiency. As technology continues to 

advance, we can expect further advancements and discoveries that will push 

the boundaries of gas laser applications, leading to improved healthcare 

outcomes, enhanced scientific understanding, and increased productivity in 

manufacturing processes. (Umroh et al. 2020) (Dinara et al. 2021) (Mushtaq 

et al., 2020) (Fu et al. 2022) (Fisher, 2020) (Webb & Jones, 2020) (Daggett et 

al., 2020). 

3.3 Dye Lasers 

Dye lasers comprise several very popular laser systems generating broad 

tunable wavelength ranges at the same time. They are pumped by either 

intense (but expensive) gas discharge lamps, using organic dye, or diode laser 

pump modules for dye. Depending on the application, they may exploit so-

called ultrafast Ti:Sapphire lasers. Therefore, dye lasers are used in 

diagnostics in pulsed wave rate for hemochrome and tesular tracing, therapy 

in tunable wave rate, for example in dentistry with plaque identification, or in 

pulsed therapy in dermatology for treatment of hypersensitive plaques on the 

skin. Another interesting dye laser is DYEPLUS. This powerful, tunable, and 

easy-to-use dye laser integrates an all-solid-state Nd:YAG pump laser with a 

dye module for a compact and robust benchtop turnkey system. It is tunable 
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between 1.200 and 2.000 nm, with fundamental power up to 6 W, and the 

fourth harmonics power up to 1 W. The DYEPLUS is designed for both 

fundamental and fourth-harmonic radiation at 1.7 and 0.6 W; fully tested, 

ready to use. Type: Tunable Dye laser; Central Wavelength: 1.200 - 2.000 nm; 

peak Power: up to 30 MW, W: up to 6 / 1 (fourth harmony). If you flip through 

the equipment manual for a modern confocal microscope, you will probably 

find a dye laser mentioned in conjunction with the microscope system. Dye 

lasers are used in many types of research settings where researchers need 

flexible and highly tunable light sources. This is because the emission 

wavelength in a dye laser can be adjusted to almost any visible wavelength 

(and some infrared wavelengths) for any amount of time. The ability to tune a 

laser across a range of wavelengths is used in medical diagnostic systems to 

minimize exposure of the body to an external light source. Also, the high 

power, pulsed capabilities of some dye lasers are useful in certain aesthetic 

(non-medical, usually) procedures. Applications of dye lasers in medicine are 

largely in diagnostics and therapy, but some dye laser systems can also be used 

as a surgical tool. Dye lasers are known for their versatility and effectiveness 

in various applications across different fields. Due to their unique 

characteristics, such as the ability to generate broad tunable wavelength 

ranges, they have become incredibly popular in the field of laser technology. 

These lasers can be powered using intense (albeit expensive) gas discharge 

lamps or diode laser pump modules specifically designed for dye lasers. 

Additionally, ultrafast Ti:Sapphire lasers can also be utilized to enhance their 

performance in certain applications. One noteworthy example of a dye laser is 

the DYEPLUS. This particular laser stands out due to its exceptional power, 

tunability, and user-friendly design. It combines an all-solid-state Nd:YAG 

pump laser with a dye module, resulting in a compact and robust benchtop 

turnkey system. The DYEPLUS offers tunability between 1.200 and 2.000 

nm, with a fundamental power of up to 6 W and fourth harmonics power of 

up to 1 W. It has been extensively tested and is ready for immediate use. 

Classified as a tunable dye laser, the DYEPLUS operates within a central 

wavelength range of 1.200 - 2.000 nm, with a peak power of up to 30 MW and 

a W value of up to 6/1 (fourth harmony). If you explore the equipment manual 

of a modern confocal microscope, it is highly likely that you will come across 

a reference to a dye laser in conjunction with the microscope system. This is 

because dye lasers find widespread use in various research settings where 

researchers require flexible and highly tunable light sources. The ability of dye 

lasers to adjust their emission wavelength to almost any visible wavelength 

(and certain infrared wavelengths) for any duration of time makes them 

invaluable in medical diagnostic systems, as they minimize the exposure of 
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the body to external light sources. Furthermore, the high power and pulsed 

capabilities exhibited by select dye lasers make them particularly 

advantageous in certain aesthetic procedures, primarily those that are non-

medical in nature. In the medical field, dye lasers primarily find applications 

in diagnostics and therapy. However, it is worth noting that certain dye laser 

systems can also serve as effective surgical tools. The adaptability and 

effectiveness of dye lasers contribute to their prominence in numerous 

applications, playing a vital role in advancing research and medical 

procedures. Dye lasers have proven to be versatile tools in various fields, 

offering a wide range of applications and benefits. Thanks to their ability to 

generate broad tunable wavelength ranges, they have gained immense 

popularity in the field of laser technology. These cutting-edge lasers can be 

powered using either intense, but expensive, gas discharge lamps or 

specialized diode laser pump modules specifically designed for dye lasers. 

Moreover, ultrafast Ti:Sapphire lasers can be utilized to further enhance their 

performance in specific applications. One remarkable example of a dye laser 

is the highly acclaimed DYEPLUS. This extraordinary laser model stands out 

due to its exceptional power, remarkable tunability, and user-friendly design. 

By combining an all-solid-state Nd:YAG pump laser with a dye module, the 

DYEPLUS achieves a compact and robust benchtop turnkey system. With its 

remarkable tunability range spanning from 1.200 to 2.000 nm, this laser offers 

a fundamental power of up to 6 W and a fourth harmonics power of up to 1 

W. It has undergone extensive testing and is ready for immediate use. The 

DYEPLUS is categorized as a tunable dye laser, operating within a central 

wavelength range of 1.200 - 2.000 nm. It boasts a peak power of up to 30 MW 

and a W value of up to 6/1 (fourth harmony). If you delve into the equipment 

manual of a modern confocal microscope, it is highly likely that you will come 

across references to dye lasers in conjunction with the microscope system. 

This is primarily attributed to the widespread usage of dye lasers in various 

research settings where researchers require flexible and highly tunable light 

sources. Dye lasers offer an unparalleled advantage in that their emission 

wavelength can be easily adjusted to nearly any visible wavelength, and even 

certain infrared wavelengths, for any desired duration of time. This 

remarkable capability is particularly valuable in medical diagnostic systems, 

as it effectively minimizes the exposure of the human body to external light 

sources. Moreover, the high power and pulsed capabilities exhibited by select 

dye lasers render them highly beneficial in specific aesthetic procedures, 

typically those of a non-medical nature. While dye lasers predominantly find 

applications in diagnostics and therapy within the medical field, certain dye 

laser systems have also proven to be efficient surgical tools. The adaptability 
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and effectiveness of dye lasers have propelled them to the forefront of 

numerous applications, playing a pivotal role in advancing research and 

medical procedures. Their unparalleled versatility and exceptional capabilities 

continue to revolutionize various fields, cementing their position as invaluable 

assets in the realm of laser technology. (Khalkhal et al. 2020) (Brown, 2020) 

(Dinara et al. 2021) (Omer, 2021) (Wang & Dong, 2020) (Pham et al. 2021) 

(Cios et al. 2021) (Rey-Barroso et al. 2021) (Taylor & Lai, 2021) (Ilișanu et 

al., 2023). 
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Unit - 4 

Laser Safety in Medical Settings 

 

 

Introduction  

Laser safety is a major concern when it comes to employing lasers in the 

medical field. Safety protocols in medical environments are different than 

those of research labs, as the stakes are higher when dealing with patients' 

well-being. The use of lasers also varies from one medical facility to another, 

based on factors such as the type of laser being used and the specific 

procedures being performed. Therefore, it is crucial to have a comprehensive 

understanding of laser safety in medical settings, from the applicable 

regulations to the necessary safety measures. Protective Measures: The 

implementation of protective measures is paramount to ensuring the safety of 

individuals in medical environments where lasers are utilized. The primary 

objective of these measures is to safeguard anyone from potential injuries 

caused by direct contact with the laser beam or scatter radiation. Furthermore, 

these measures also aim to prevent accidental damage to nearby equipment, 

which could compromise the efficiency and effectiveness of medical 

procedures. When it comes to laser safety, it is important to note that while 

safety goggles are commonly used, they can also cause eye strain. Therefore, 

laser eyewear is carefully selected to mitigate this issue. Manufacturers ensure 

that the optical density of the eyewear does not exceed 10% for the specific 

wavelength being protected. By adhering to this criterion, healthcare 

professionals can perform their duties with minimal discomfort and optimal 

vision. To further enhance laser safety in medical settings, it is essential to 

properly maintain and clean protective eyewear. Aspersions, such as grease or 

other substances, should be promptly removed from the eyewear to maintain 

its effectiveness. Regular inspections and cleaning procedures should be 

implemented to ensure that the eyewear remains in excellent condition and 

provides the necessary level of protection to medical personnel. Regulations 

on Laser Handling: While there are no specific regulations pertaining solely 

to lasers themselves, the risks associated with laser usage are governed by 

other regulations. For instance, hospitals or clinics employing laser sources 

must undergo inspections by the appropriate authorities. This is especially 

important in cases where the facility utilizes high-powered laser equipment, 
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as these devices fall under stringent laser regulations. In the United States, 

lasers are categorized by esteemed organizations such as the Center for 

Devices and Radiological Health (CDRH), the Food and Drug Administration 

(FDA), the Occupational Safety and Health Administration (OSHA), and the 

American National Standards Institute (ANSI). These organizations work 

collectively to establish comprehensive guidelines and regulations that ensure 

the safe handling and usage of lasers in medical settings. Furthermore, the 

ANSI Z136.3 standard specifically focuses on enforcing and maintaining strict 

control measures for lasers in the vicinity of medical procedures. By adhering 

to this standard, healthcare facilities can effectively mitigate potential hazards 

associated with laser usage and safeguard the well-being of both medical staff 

and patients alike. In summary, laser safety is of utmost importance in medical 

settings, and protective measures play a vital role in ensuring the well-being 

of individuals and the efficiency of medical procedures. By adhering to 

applicable regulations and standards, healthcare facilities can provide a safe 

environment for laser usage and minimize potential risks. It is crucial for 

medical professionals to stay informed and updated on laser safety protocols 

to protect themselves and their patients. Laser safety should be a primary 

concern in the medical field due to the potential risks associated with their use. 

In medical environments, safety protocols differ from those used in research 

labs because higher stakes are involved concerning patient well-being. The 

use of lasers varies depending on the medical facility, including the type of 

laser and the specific procedures undertaken. Therefore, it is essential to have 

a comprehensive understanding of laser safety in medical settings, 

encompassing applicable regulations and necessary safety measures. 

Protective measures play a fundamental role in ensuring the safety of 

individuals in medical environments where lasers are utilized. These measures 

aim to prevent potential injuries resulting from direct contact with the laser 

beam or scatter radiation. Additionally, they strive to avoid accidental damage 

to nearby equipment that could compromise the efficiency and effectiveness 

of medical procedures. While safety goggles are commonly used for laser 

safety, they can cause eye strain. To mitigate this issue, laser eyewear is 

meticulously chosen. Manufacturers ensure that the optical density of the 

eyewear does not exceed 10% for the specific wavelength being protected. By 

adhering to this criterion, healthcare professionals can carry out their duties 

with minimal discomfort and optimal vision. To further enhance laser safety 

in medical settings, proper maintenance and cleaning of protective eyewear 

are crucial. Any aspersions like grease or other substances should be 

immediately removed from the eyewear to ensure its effectiveness. Regular 

inspections and cleaning procedures should be implemented to guarantee that 
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the eyewear remains in excellent condition and provides the necessary level 

of protection to medical personnel. While there are no specific regulations 

solely for lasers, the risks associated with laser usage are governed by other 

regulations. For example, hospitals or clinics employing laser sources must 

undergo inspections by the appropriate authorities. This is particularly 

important when high-powered laser equipment is utilized as these devices fall 

under stringent laser regulations. In the United States, lasers are categorized 

by esteemed organizations such as the Center for Devices and Radiological 

Health (CDRH), the Food and Drug Administration (FDA), the Occupational 

Safety and Health Administration (OSHA), and the American National 

Standards Institute (ANSI). These organizations work together to establish 

comprehensive guidelines and regulations that ensure the safe handling and 

usage of lasers in medical settings. Moreover, the ANSI Z136.3 standard 

focuses on enforcing and maintaining strict control measures for lasers in the 

vicinity of medical procedures. Adhering to this standard enables healthcare 

facilities to effectively mitigate potential hazards associated with laser usage 

and safeguard the well-being of both medical staff and patients. In conclusion, 

laser safety plays a vital role in medical settings, and the implementation of 

protective measures is crucial for the well-being of individuals and the 

efficiency of medical procedures. By adhering to relevant regulations and 

standards, healthcare facilities can provide a safe environment for laser usage 

and minimize potential risks. It is of utmost importance for medical 

professionals to stay informed and updated on laser safety protocols to protect 

themselves and their patients effectively. (Corrales et al. 2024) (Yang et al. 

2020) (Huang et al. 2021) (Bensadoun et al. 2020) (Seago et al. 2020) (Wu et 

al. 2021) (Souissi et al. 2021) (Ahmed et al., 2021) (Sahay et al. 2021) 

(Ventimiglia et al. 2021). 
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Unit - 5 

Laser Applications in Medical Diagnostics 

 

 

Medical diagnostics represent another important field for the applications of 

lasers. The motivations are a clear requirement for non-invasive techniques 

(especially for in vivo investigations), the need for advanced signals for 

analyzing complex structures, and the well-localized nature of lasers. The 

properties of optical processes (absorption, scattering, and emission of light) 

are responsible for certain diagnostic signals used for the type of structure 

(mainly tissue) and/or the unhealthy state of the structure (like cancer), and 

those signals could be used for therapy. One group of diagnostic techniques is 

based on changes in light transmittance and reflectance of the optical signals. 

The other one uses light scattering to extract information regarding the internal 

structure or composition of the examined area. Several of these techniques 

have already found practical applications. Optical coherence tomography 

(OCT) is a high-resolution in vivo retinal imaging technique that permits the 

visualization of microstructures in the human eye. The technique is based on 

low-coherence interferometry, and clinical-experimental applications have 

been successfully reported in ophthalmology. Laser-induced fluorescence 

(LIF) is commonly used for tissue diagnostics, particularly for cancer 

diagnostics. A short pulse with a duration in the nanosecond range ionizes the 

sample, producing fluorescence. Thus, cells in which the radiation propagates 

fluence emit fluorescence. The structure of the sample will deform the light 

wave, and a fraction of the light travels back through the optical fiber and is 

sampled, spectrally analyzed, and thus provides a diagnosis. This was applied 

in a clinical setup for lung cancer staging. Furthermore, lasers have also been 

utilized in the field of dermatology for diagnostic purposes. Laser dermatology 

has paved the way for advancements in identifying various skin conditions 

and abnormalities. By emitting laser light onto the skin, dermatologists can 

analyze the scattered light and observe characteristic patterns that indicate 

specific dermatological conditions. This non-invasive technique has proven to 

be highly effective in accurately diagnosing diseases such as psoriasis, 

eczema, and melanoma. Moreover, lasers have demonstrated great potential 

in the early detection of skin cancers, enabling prompt treatment and improved 

patient outcomes. In addition to dermatology, lasers have revolutionized the 
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field of dentistry by providing valuable diagnostic capabilities. Through the 

use of lasers, dentists can accurately identify dental caries, assess the health of 

gums, and detect abnormalities in oral tissues. Laser-based techniques such as 

laser fluorescence and optical coherence tomography have shown promising 

results in detecting early-stage dental caries that may not be visible to the 

naked eye. This early detection allows for timely intervention and preventive 

measures, ultimately preserving the integrity of the teeth. Furthermore, lasers 

have also found extensive use in cardiovascular diagnostics. In particular, 

laser-based imaging techniques have significantly enhanced the visualization 

and characterization of arterial plaques and atherosclerosis. By utilizing laser-

induced fluorescence and optical coherence tomography, cardiologists can 

obtain detailed information about the composition and morphology of arterial 

plaques, aiding in the assessment of their stability and the risk of rupture. This 

invaluable information guides treatment strategies, such as the selection of 

suitable stents and the implementation of preventive measures to reduce the 

risk of cardiovascular events. Moreover, lasers have proven to be instrumental 

in the field of oncology, specifically in the diagnosis of various types of 

cancers. By leveraging the unique properties of laser light, oncologists can 

analyze tissue samples and detect the presence of cancerous cells with high 

precision. Laser-induced fluorescence spectroscopy, for instance, allows for 

the identification of malignant tissues based on their distinct fluorescence 

patterns. This non-invasive technique enables earlier and more accurate cancer 

diagnosis, facilitating timely intervention and personalized treatment plans. In 

summary, the applications of lasers in medical diagnostics are vast and 

groundbreaking. Through their ability to provide non-invasive, high-

resolution, and precise diagnostic information, lasers have revolutionized 

numerous fields within healthcare. Whether in ophthalmology, dermatology, 

dentistry, cardiovascular diagnostics, or oncology, lasers continue to play a 

pivotal role in enhancing our understanding of complex biological structures 

and improving patient outcomes through early detection and targeted 

therapies. Lasers are the future of medical diagnostics, and their potential is 

boundless. (Khan et al. 2022) (Barik et al. 2022) (Amani et al., 2022) 

(Pavithran et al. 2023) (Kaniyala et al. 2022) (Sperber et al. 2024) (Chen et 

al., 2020). 

5.1 Optical Coherence Tomography (OCT) 

In the last twenty years, from the field of telecommunications, a 

completely new diagnostic technique has been adopted in medical diagnostics, 

which is optical coherence tomography (OCT) to investigate intrascopic 

transitions of biological tissues. OCT is an extension of popular imaging 
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technologies, which are non-contact and non-destructive. It can explore not 

only the inner structure but also the multi-layered structure with a few 

micrometer measurement resolution in human eyes, skin, and various other 

human body parts. Currently, it represents one of the most widely studied and 

important medical diagnostic techniques, providing important supplementary 

information to commonly used classical imaging techniques. According to the 

principles of OCT probing, the following principles of imaging can be 

categorized: time domain OCT (TD-OCT), different wavelength or spectral 

domain OCT (FD/S-OCT), Fourier domain OCT. Due to the ability to perform 

extensive functional analysis of investigated microstructures, it is also 

possible to distinguish functional OCT. Currently, OCT imaging is widely 

used in ophthalmology to assess the retina, macula, and cornea. In addition to 

the dominant application in visualization and diagnostics, OCT, of particular 

relevance are applications in the area of the equipment for drug delivery (e.g., 

syringes and skin), based on the functional OCT. Based on the combination 

with a mini needle system, we can operate in the compact form of needles and 

visual control in the package of such a system, so it can find potential 

applications in biopsy, dermatologic treatments, in-vitro fertilization (IVF) 

procedures, and various other aspects of medical and biomedical fields. With 

its non-invasive nature and precise measurement capabilities, OCT has been 

proven to greatly contribute to the advancement of medical science, allowing 

for accurate and efficient diagnosis and treatment planning. As technology 

continues to improve, the potential for further expansion and utilization of 

OCT in various medical disciplines becomes increasingly evident. Its ability 

to provide detailed imaging and functional analysis opens up new possibilities 

for research and clinical applications, paving the way for more effective 

healthcare practices and improved patient outcomes. Optical coherence 

tomography (OCT) is an extraordinary diagnostic technique that has 

revolutionized medical diagnostics in the last two decades, emerging from the 

field of telecommunications. It allows for in-depth investigation of intrascopic 

transitions in biological tissues, making it highly valuable for a wide range of 

applications in healthcare. Unlike traditional imaging technologies, OCT is 

non-contact and non-destructive, making it safe and efficient. With its 

remarkable capabilities, OCT can not only explore the inner structure of 

tissues but also delve into the intricacies of their multi-layered composition. It 

achieves this with an astounding few micrometer measurement resolution in 

crucial areas such as the human eyes, skin, and various other parts of the body. 

Considered as one of the most extensively studied and significant medical 

diagnostic techniques, OCT provides vital supplementary information to 

classical imaging methods. By utilizing different principles of imaging, OCT 
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can be categorized into time domain OCT (TD-OCT), different wavelength or 

spectral domain OCT (FD/S-OCT), and Fourier domain OCT. Additionally, 

OCT can also be functional, allowing for extensive analysis of microstructures 

under investigation. This advanced feature enables the distinction of 

functional OCT, adding further versatility to its applications. Presently, OCT 

imaging plays a pivotal role in ophthalmology, providing valuable 

assessments of the retina, macula, and cornea. Moreover, its relevance extends 

beyond visualization and diagnostics, making it invaluable in the field of drug 

delivery equipment. By leveraging functional OCT, applications like syringes 

and skin-based drug delivery systems can be developed. Paired with a mini 

needle system, OCT facilitates precise and compact operations, enabling 

visual control within the system's packaging. Consequently, the potential 

applications of such a system span various medical fields, including biopsy, 

dermatologic treatments, in-vitro fertilization (IVF) procedures, and countless 

other aspects of medical and biomedical research. The non-invasive nature of 

OCT combined with its exceptional measurement capabilities has proven to 

be a game-changer in medical science. By offering accurate and efficient 

diagnosis and treatment planning, OCT significantly contributes to the 

advancement of healthcare practices. As technology continues to evolve, the 

utilization of OCT in diverse medical disciplines continues to expand. Its 

unparalleled ability to provide detailed imaging and functional analysis opens 

up boundless possibilities for research and clinical applications, ultimately 

leading to more effective healthcare practices and improved patient outcomes. 

With each new advancement, OCT cements its position as a transformative 

tool in the medical field, empowering healthcare professionals to push 

boundaries and deliver unparalleled care. (Everett et al. 2021) 

(Mohammadzadeh et al. 2020) (Le & Patel, 2020) (Zeppieri et al. 2023) 

(Kamalipour and Moghimi 2021) (Sampson et al. 2022) (Nanji et al. 2020). 

5.2 Laser-Induced Fluorescence (LIF) 

The Laser-Induced Fluorescence (LIF) technique makes use primarily of 

pulsed lasers with the necessary energy to excite and promote the atoms or 

molecules of the tissue to higher energy levels. Consequently, this technique 

depends on the mechanism of spontaneous fluorescence, which is the emission 

of light by a substance that has absorbed light or other electromagnetic 

radiation. A considerable array of excimer lasers has been developed in the 

ultraviolet wavelength band for tissue ablation and etchings, allowing for 

precise and efficient procedures. However, the utilization of UV excimer light, 

particularly below 400 nm, is significantly hindered by its strong absorption 

by water and blood. As a result, it is entirely unavailable for conducting 
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biological tissue diagnostics or employing a potential cancerous cell detection 

method during the early stages of exposure. The LIF technique aims to 

circumvent this limitation by utilizing lasers with wavelengths other than 

ultraviolet, specifically those above 400 nm, and directing them directly onto 

the tissue. However, the use of this technique in general in vivo applications 

is still under scrutiny due to the potential cumulative effects that may arise 

from inadequately selected laser parameters. Despite this, LIF boasts a 

significant advantage in its high sensitivity, which may enable the 

differentiation of cancerous tissue from normal tissue at an early stage of the 

disease. In medical applications, LIF has been developed for a variety of 

purposes, including tumor detection, dental caries diagnosis, pharmaceutical 

or drug-related cancer differentiation, detection of bone ingrowths, and more. 

Therefore, the intensity and polarization of the resulting fluorescence can be 

reflected, without causing any perturbations to the cell, tissue, or organism, by 

undertaking a careful analysis of the optical path for both the exciting and 

fluorescence radiation. By studying these measurements, one can obtain 

valuable information for tissue inspection purposes in a chronological manner, 

facilitating in-vivo clinical diagnostics using a fluorescence microscope or in-

vitro histological examination. It is worth noting that the LIF technique is 

highly suitable for probing the characteristics of various entities, ranging from 

individual cells to molecules and even complex living organisms, all in a non-

destructive manner. By harnessing the power of laser-induced fluorescence, 

researchers and clinicians continue to make significant strides in the field of 

medical diagnostics, ultimately improving our ability to understand and 

manage health-related conditions effectively. The LIF technique has shown 

great potential in advancing our understanding and management of a wide 

range of health-related conditions. Through the utilization of pulsed lasers, it 

is able to excite and elevate the energy levels of atoms or molecules in tissues, 

relying on the principle of spontaneous fluorescence. While UV excimer light 

has traditionally been used for precise procedures, it is hindered by its high 

absorption by water and blood, limiting its applicability in biological tissue 

diagnostics and cancer detection. To overcome this hurdle, LIF employs lasers 

with wavelengths above 400 nm, effectively bypassing the limitations 

imposed by UV light. However, caution must be exercised in selecting laser 

parameters to mitigate potential cumulative effects. Despite these 

considerations, LIF offers a remarkable advantage in its high sensitivity, 

enabling the early detection of cancerous tissue. Its applications in medicine 

are vast, encompassing tumor detection, dental caries diagnosis, 

distinguishing different types of cancer based on drug interactions, detection 

of bone ingrowths, and more. By analyzing the resulting fluorescence's 
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intensity and polarization through careful examination of the optical path, 

valuable insights can be gleaned without disturbing the cells, tissues, or 

organisms under investigation. These measurements provide valuable 

information for tissue inspection, allowing for in-vivo clinical diagnostics 

using fluorescence microscopes, or histological examination in controlled 

laboratory environments. Importantly, the non-destructive nature of the LIF 

technique makes it highly suitable for probing various entities, including 

individual cells, molecules, and complex organisms. By harnessing laser-

induced fluorescence, researchers and clinicians continue to make significant 

advancements in medical diagnostics. These ongoing developments enhance 

our capacity to comprehend and effectively manage a wide range of health-

related conditions, subsequently improving overall healthcare outcomes. The 

widespread adoption of the LIF technique holds the promise of revolutionizing 

healthcare practices, maximizing early detection rates, and improving 

treatment outcomes for patients across the globe. (Fitzgerald et al., 2022) 

(Crosby et al. 2022) (Kaur et al., 2022) (He et al. 2020) (Su & Lee, 2020) 

(Hussain et al. 2022) (Galvão-Lima et al. 2021). 
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Unit - 6 

Laser Applications in Therapeutics 

 

 

Laser applications in therapeutics rely on selective tissue absorption, high 

spatial precision, and non-contact delivery mechanisms. Two main 

approaches are used in the clinic in the therapeutic window of the 

electromagnetic spectrum: (1) Photodynamic Therapy (PDT); and (2) Laser-

Based Tissue Welding. PDT uses a combination of a photoactive drug to 

localize in target tissue and a non-toxic wavelength of light. The laser gets 

absorbed by the tissue molecule, leading to activation of the drug and the 

generation of toxic singlet oxygen (¹O2) and/or free radicals, which are lethal 

to cells. There have been three photosensitizing drugs approved for PDT by 

the US FDA: Photofrin, Hpd, and Visudyne. PDT is generally used to 

selectively destroy malignant tumors and neovascularization in age-related 

macular degeneration. Laser-based tissue welding uses laser energy to create 

a sutureless wound with high tensile strength for soft tissues (such as skin, 

cornea) with special proteins (e.g., collagen) as the primary light absorbers 

that comprise the extracellular matrix. Optical Tissue Intervention (OTI) is a 

generic term used to define therapeutics performed using light, especially with 

lasers, and it includes PDT and Laser Tissue Welding as two of the main 

applications. The principles and methodologies associated with the use of 

lasers in therapeutics are essentially an extension of the associated basic 

principles of laser-tissue interaction. Cancer therapeutics is the primary 

clinical application of this diverse and growing field. The term "Photodynamic 

Therapy" primarily refers to the use of light sources with wavelengths 

sufficiently long (somewhere between 600 nm & 900 nm) for the emitted light 

to pass through the skin and activate the photoactivated drug (called 

Photosensitizing, Photoreactive agents) which has been either applied 

topically or given intravenously. The drugs are selectively retained in the 

cancerous or pathological areas thus the destroyed not necessary tissues 

including skin around the area. Earlier it was a popular method of brain cancer 

surgery, and now is used for superficially spreading cancers; skin, head and 

neck, and mucosa malignancies; bladder cancer through intravesical 

administration of drug; endometrial and cervical cancers by vaginally 

administered photosensitizers. The laser produced in this manner of 
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Photodynamic therapy is less thermal in nature that has the potential of 

selective destruction of cancer cells when the exposed tissue to light comprises 

the tumor tissues and not the surrounding normal ones. Consumer applications 

for the removal of tattoos, treatment of viral warts, skin rejuvenation, and 

whitening have been lesser but increasingly available. The limited tissue 

penetration by derived light limits deeper uses as well as absorption of the 

light by melanin may exert a pigmentary tumor-irritant effect. OTTIC stands 

for Optical Tissue Intervention and Imaging Consortium in the UK and is a 

Brookes University, IESG, and EPSRC sponsored body that brings a multi-

divergent gathering of unsurpassed professionals that seek to integrate 

technology advances in these multilateral domains, to discuss and disseminate 

advancements in their research activity. For a brief, non-exhaustive list of 

potential applications of OTI, read more. The advancement and utilization of 

lasers in medical treatments for therapeutic purposes are highly dependent on 

several factors, including but not limited to, selective tissue absorption, 

incredible precision in spatial targeting, and the ability to deliver treatment 

without any physical contact with the patient. In the clinical setting, two 

primary approaches have proven to be highly effective in the electromagnetic 

spectrum's therapeutic window. The first one is known as Photodynamic 

Therapy (PDT), while the second approach is referred to as Laser-Based 

Tissue Welding. PDT is a technique that essentially combines the power of a 

photoactive drug with the localized targeting ability of a specific wavelength 

of light. The goal is to ensure that the light is absorbed by the targeted tissue, 

allowing the drug to become activated and generating toxic substances such 

as singlet oxygen (¹O2) and free radicals. These toxic elements are incredibly 

detrimental to cells and have proven to be successful in destroying cancerous 

cells and other malignant tumors. The US FDA has approved three different 

photosensitizing drugs for PDT: Photofrin, Hpd, and Visudyne. This 

technique is most commonly employed in the selective destruction of 

malignant tumors as well as the treatment of neovascularization in age-related 

macular degeneration. Laser-based tissue welding, on the other hand, utilizes 

the power of laser energy to create a wound that requires no sutures and 

possesses outstanding tensile strength, particularly in soft tissues like the skin 

and cornea. The primary light absorbers in this technique are special proteins, 

such as collagen, which are essential components of the extracellular matrix. 

By effectively utilizing these proteins, laser-based tissue welding has proved 

to be highly effective in creating secure and strong closures for wounds. 

Optical Tissue Intervention (OTI) serves as an umbrella term encompassing 

various light-based therapeutic techniques, especially those involving lasers. 

This includes PDT and Laser Tissue Welding, which are two of the most 



Page | 26  

significant applications within this domain. Understanding the principles and 

methodologies associated with laser use in therapeutics is crucial since they 

are essentially an extension of the foundational principles that govern laser-

tissue interaction. It is worth noting that cancer therapeutics represent the 

primary focus of this diverse and ever-evolving field. When we talk about 

"Photodynamic Therapy," we primarily refer to light sources with 

wavelengths long enough (typically ranging between 600 nm and 900 nm) to 

penetrate the skin and activate photoactivated drugs, also known as 

Photosensitizing or Photoreactive agents. These drugs are either topically 

applied or administered intravenously, ensuring their selective retention in 

cancerous or pathological areas. This selective retention allows for the 

destruction of abnormal tissues while sparing the surrounding healthy ones, 

preventing unnecessary damage. While previously popular for brain cancer 

surgery, PDT is now commonly employed for superficially spreading cancers 

such as skin, head and neck, and mucosa malignancies. Other applications 

include bladder cancer treatment through intravesical drug administration, and 

endometrial and cervical cancer treatments involving vaginally administered 

photosensitizers. It is essential to highlight that the laser generated during 

Photodynamic Therapy exhibits less thermal energy, making it a potent tool 

for selective cancer cell destruction. By carefully targeting the tumor tissues 

while sparing the surrounding normal tissues, this method offers immense 

potential in eradicating cancer cells while minimizing collateral damage. 

Consumer applications have also emerged, although they remain less common 

than clinical applications. These include tattoo removal, treatment of viral 

warts, skin rejuvenation, and whitening procedures. However, it is crucial to 

consider the limited tissue penetration capabilities of the derived light, which 

restricts its use in deeper treatments. Additionally, the absorption of light by 

melanin may result in a pigmentary tumor-irritant effect, necessitating caution 

and close monitoring. OTTIC, or the Optical Tissue Intervention and Imaging 

Consortium, represents a collaborative effort in the United Kingdom. 

Sponsored by Brookes University, IESG (Intelligent Engineering Systems 

Group), and EPSRC (Engineering and Physical Sciences Research Council), 

this consortium brings together a diverse group of professionals from various 

backgrounds. Their shared goal is to integrate advancements in technology 

within the realm of optical tissue intervention and imaging. By facilitating 

discussions and disseminating research advancements, OTTIC strives to drive 

progress in these multidisciplinary domains. If you are interested in exploring 

a brief yet non-exhaustive list of potential applications for OTI, we invite you 

to read further. (Hamblin, 2020) (Allison et al. 2024) (Correia et al., 2021) 

(Gunaydin et al., 2021) (Mariño‐Ocampo et al. 2023) (Aebisher et al., 2024) 
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(Ansyori, 2022) (Aebisher et al. 2024) (Escudero et al. 2021) (Pham et al., 

2021). 

6.1 Photodynamic Therapy (PDT) 

Photodynamic therapy (PDT) is often described as a three-component 

system that employs light of a specific wavelength, an appropriate 

photosensitizer (PS), and a sufficient amount of molecular oxygen. This 

groundbreaking therapy has shown immense potential in the treatment of 

various diseases and has been extensively studied and utilized in medical 

practice. When the PS is selectively administered to the target area to avoid 

healthy cells, the light shines upon the target, catalyzing the formation of 

reactive oxygen species (single oxygen state) that ultimately eradicates the 

unwanted tissue. This mechanism of action has proven to be highly effective 

in the treatment of numerous conditions. The applications of photodynamic 

therapy are vast and diverse. It has shown great efficacy in the ablation of solid 

tumors, providing a non-invasive and targeted approach to cancer treatment. 

Additionally, it has been used with remarkable success in age-related macular 

degeneration, a common eye disorder that can lead to vision loss. 

Photodynamic therapy has also been employed as an antimicrobial treatment, 

effectively combating various infections and diseases caused by pathogenic 

microorganisms. In the field of cardiovascular medicine, this therapy has 

contributed to the induction of blood clotting, aiding in the prevention and 

management of clot-related diseases. Furthermore, photodynamic therapy has 

exhibited remarkable results in the treatment of non-cancerous diseases of the 

subretinal neovascular, a condition characterized by the growth of abnormal 

blood vessels in the back of the eye. It has also been employed in the 

management of several cutaneous disorders, offering a targeted and efficient 

treatment option. The versatility of photodynamic therapy is truly remarkable, 

as it can be applied in various fields of medicine and has the potential to 

revolutionize numerous treatment approaches. Moreover, research has shown 

promising results in the utilization of photodynamic therapy for 

photooxidative cancer chemotherapy. The intricate double radical inveterate 

complexity observed in PDT has paved the way for further advancements in 

this field. A comprehensive comparative study has demonstrated significant 

progress in 5-aminolevulinic acid (5-ALA) mediated photodynamic therapy 

(PDT) and its accessibility in the clinic for the healing of oncological 

infirmities. This particular form of photodynamic therapy has proven to 

effectively target tumors at the photography level, differentiating between 

normal and cancer cells. It has successfully cured patients suffering from 

complex oncological infirmities, including malignant gliomas, actinic 
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keratosis, bladder cancer, cervical cancer, pancreatic cancer, lung cancer, 

breast cancer, and skin cancer. The therapeutic actions exhibited by 5-ALA-

PDT stem from the photosensitized activity thereof, highlighting its efficacy 

and potential in cancer treatment. Compared to traditional treatment 

modalities such as radiation or chemotherapy, treatments with PDT have 

shown significant effects. The use of photodynamic therapy has demonstrated 

superior outcomes in various types of tumors, making it a promising and 

versatile treatment option in the field of oncology and medical sciences. In 

recent years, researchers have been diligently exploring novel approaches to 

further enhance the efficacy of PDT. The combination of PDT with other 

treatment modalities such as immunotherapy and targeted therapies has 

yielded promising results, opening up new avenues for personalized cancer 

treatment. These advancements hold great promise for the future of oncology, 

offering hope to patients and medical professionals alike in the relentless fight 

against cancer and other debilitating diseases. As research and technology 

continue to advance, the potential of photodynamic therapy remains 

boundless. It serves as a beacon of hope in the quest for more effective and 

targeted treatments, offering patients improved outcomes and a better quality 

of life. The continuous exploration and refinement of this therapy underscore 

the dedication and commitment of the medical community in the battle against 

cancer and other challenging illnesses. With each new discovery and 

breakthrough, photodynamic therapy takes a step closer to becoming a 

cornerstone of modern medicine, ushering in a new era of comprehensive and 

personalized care. (Jiang et al., 2023) (Alsaab et al. 2020) (Li et al., 2020) 

(Algorri et al. 2021) (Hu et al., 2020) (Lu et al., 2023) (Shen et al. 2021) 

(Bhole et al. 2021) (Wan et al., 2021). 

6.2 Laser Tissue Welding 

The central idea of laser tissue welding is to utilize laser technology to 

stimulate the closure of both external and internal wounds in the tissues to 

which they are exposed. The purpose of coagulation during tissue welding is 

primarily to halt or minimize the patient's blood loss. However, by leveraging 

the diverse range of laser wavelengths currently available, surgeons can 

potentially selectively photocoagulate significantly sized blood vessels prior 

to conducting the actual tissue welding process. This innovative approach 

allows for more targeted and efficient treatment, leading to improved patient 

outcomes. Laser welding distinguishes itself from laser anastomosis by fusing 

together the borders of adjacent tissues, as opposed to using sutures to 

reconnect them. By using laser energy to create a molecular bond between the 

tissues, there is a significant reduction in the risk of infection, decreased 
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scarring, and enhanced healing. The degradative effects resulting from the 

interaction between lasers and tissue during the welding process lead to the 

formation of an ablation zone. This ablation zone typically extends a few 

millimeters into and beyond the surgical site, as the laser energy causes the 

tissue to melt. The melted tissue then undergoes a reorganization process 

through grinding, cooling, and molecular interdigitation, ultimately resulting 

in the formation of a thin layer of fused tissue. This thermally reorganized 

tissue predominantly consists of collagen, which serves as the most widely 

distributed protein in the connective tissues of humans and forms the structural 

framework for organs like skin and fascia. Although the precise physical 

mechanism by which collagen molecules bond together following melting 

remains unknown, tissue fusion imparts immediate strength to the surgical 

site. The boundaries of the coagulative zone gradually blend into the 

surrounding normal tissue that has been thermally affected, without any sharp 

demarcation. This seamless integration promotes a more natural healing 

process and reduces the risk of complications. Moreover, during the tissue 

welding process, minerals derived from bones and structures such as the 

cornea may slightly readjust and resolidify from their original positions. This 

readjustment ensures the stability and integrity of the surgical site, providing 

long-term support for the repaired tissues. The contraction of the wound after 

surgery causes a reduction in the overall dimensions of the surgical site, while 

the strength gradually increases as both the soft and hard configurations 

stabilize. This dynamic process allows for the adaptation of the repaired tissue 

to the surrounding physiological conditions, promoting optimal healing and 

functional restoration. The timeframe for achieving half-strength varies from 

a matter of days to several weeks, depending on the specific type of tissue 

damage and the location of the surgery. This variability reflects the intricate 

nature of tissue healing and highlights the importance of individualized care 

and follow-up. Numerous novel potential applications involving laser-induced 

welding are currently being investigated within a wide range of surgical 

disciplines, including ophthalmology, neurosurgery, and orthopedics. The 

objective is to explore the capabilities of laser tissue welding in various 

procedures, such as repairing retinal detachment, reconnecting nerves, and 

promoting bone fusion. These groundbreaking applications hold great promise 

for improving surgical outcomes, reducing complications, and enhancing 

overall patient care. The ongoing research and technological advancements in 

laser technology are paving the way for additional possibilities in precise and 

efficient tissue welding techniques. Researchers are constantly exploring new 

methods to enhance the efficacy and safety of laser tissue welding. 

Developments in laser systems, imaging technology, and surgical 
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instrumentation are contributing to improved accuracy, control, and 

reproducibility. These advancements effectively revolutionize the field of 

surgical medicine, empowering surgeons to provide the highest level of care 

to their patients. In conclusion, laser tissue welding is an innovative approach 

that harnesses the power of laser technology to promote effective wound 

closure and tissue healing. Through precise coagulation and fusion of tissues, 

laser tissue welding offers numerous advantages over traditional suturing 

methods. With ongoing research and technological advancements, the 

potential applications of laser tissue welding continue to expand, promising a 

new era of surgical medicine that prioritizes patient outcomes and quality of 

care. (Chen et al., 2024) (Birkelbach et al. 2020) (Gerasimenko et al. 2022) 

(Huang et al. 2023) (Li et al. 2023) (Li et al., 2024) (Gowda & Kumar, 2020) 

(Liu et al. 2022) (Ghosh et al. 2023). 
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Unit - 7 

Laser Applications in Surgical Procedures 

 

 

Over the years, various surgical retinal techniques have been developed as an 

invariable consequence of modern-day technological toils and innovative 

clinical ideas. An innovative way of reducing the extent of intraocular 

manipulations is via laser applications in the sub-categories of tissue removal 

and hemostasis. Currently, three sophisticated techniques are in popular use: 

Laser Ablation: Principle - Laser beam acts on target tissue and invasive and 

thermal procedures are set in motion. All the tissue elements are destroyed and 

vaporized by ablation including choroid, RPE, neural retina, and tough colloid 

drusen. However, perilesional sclerosis often does not occur. Laser 

Coagulation: Principle - Self-sealing and coagulation of the retinal tissue are 

made possible via this method. Photocoagulation diminishes post-treatment, 

abrupt changes of relative tissue volume thereby ensuring perilesional 

sclerosis while maintaining a safety-cut between denatured and non-denatured 

neural tissue. Cf. previous slide: Surgical Coagulation Current rationale: "L'art 

de la fibrose" Lesions for sclerosis: Large ∅, high H, short T Lesions for 

coagulation: Small ∅, low H, longer T. Laser Dissection (former 

hyaloidotomy, laser kapsulotomy): principle - Holes and tears within the limits 

of the application tissue because of tensile strength of an expanding gas bubble 

after coop-laser-pulse or photodisruption. Unlike Nd:YAG laser applications: 

wound healing by coagulation around trauma; due to impact wound bleeding 

in the vitreous. On the other hand possible aspiration of haemorragic residues. 

Furthermore: Nd:YAG laser systems need an additional hardware (special 

optic path to surgical field, additional Q-switch components) The therapist-

o.m coupled laser will be largely used after about 6 to 10 years from now. 

However, there are hyper-sophisticated frequency-doubled Nd:YAG solid-

state laser systems on the market with same applications. Variations 

concerning application tissue and general principles of these techniques are 

inter alia for example: phototoga-tomy: dissection of tessutum tecta (retina) 

and CRVO-surgical CO2-laser-treatment of FCHs surgery of the cornea and 

lens Busin anterior CRVO. In the future, with advancements in technology 

and clinical insights, an even greater array of surgical retinal techniques will 

likely emerge, building upon the foundation laid by the current methods. 
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These innovative approaches will continue to reduce the need for extensive 

intraocular manipulations by harnessing the power of laser applications in the 

realms of tissue removal and hemostasis. Among the repertoire of techniques 

available, laser ablation stands out as a principle-driven procedure, as the laser 

beam precisely targets the tissue and sets in motion a series of invasive and 

thermal procedures. Through the process of ablation, all the participating 

tissue elements, including the choroid, RPE, neural retina, and even tough 

colloid drusen, are effectively destroyed and vaporized. However, it is 

important to note that perilesional sclerosis does not always occur as a result 

of this technique. Another popular technique is laser coagulation, which 

allows for self-sealing and coagulation of the retinal tissue. This method of 

photocoagulation reduces the occurrence of post-treatment abrupt changes in 

relative tissue volume, thereby ensuring perilesional sclerosis. By maintaining 

a safety-cut between denatured and non-denatured neural tissue, laser 

coagulation promotes effective healing while minimizing potential 

complications. The previous slide, which focuses on surgical coagulation, 

further highlights the current rationale behind this technique. Referred to as 

"L'art de la fibrose," lesions for sclerosis are characterized by a large diameter 

(∅), high height (H), and short duration (T), while lesions for coagulation are 

distinguished by a small diameter (∅), low height (H), and longer duration (T). 

A third technique known as laser dissection, previously referred to as 

hyaloidotomy or laser kapsulotomy, is based on the principle of creating holes 

and tears within the targeted tissue. This is accomplished through the tensile 

strength of an expanding gas bubble, which is generated after a coop-laser-

pulse or photodisruption. Unlike Nd:YAG laser applications, this technique 

does not rely on wound healing through coagulation around trauma. Instead, 

it may lead to wound bleeding in the vitreous, which can be managed by 

possible aspiration of hemorrhagic residues. It should be noted that Nd:YAG 

laser systems require additional hardware, including a special optic path to the 

surgical field and extra Q-switch components. However, it is anticipated that 

the therapist-o.m coupled laser will become more widely used in the coming 

years, approximately 6 to 10 years from now. Alternatively, there are already 

highly advanced frequency-doubled Nd:YAG solid-state laser systems 

available on the market that offer similar applications. Throughout the 

evolution of these retinal techniques, variations have emerged concerning the 

application tissue and general principles. For instance, phototoga-tomy 

involves the dissection of tessutum tecta (retina), while CRVO-surgical CO2-

laser-treatment focuses on the treatment of FCHs (fibrovascular choroidal 

hyperplasia) with surgery of the cornea and lens. Additionally, Busin anterior 

CRVO (central retinal vein occlusion) presents unique considerations in terms 
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of laser application. As technology continues to advance and new insights are 

gained, further refinements and variations to these techniques are expected, 

leading to enhanced outcomes and advancements in the field of surgical retinal 

procedures. In conclusion, the future of surgical retinal techniques looks 

promising with the ongoing development of advanced laser applications. 

These techniques, including laser ablation, laser coagulation, and laser 

dissection, offer precise and effective methods of tissue removal and 

hemostasis. As new insights and technological advancements emerge, there is 

the potential for even greater refinement and expansion of these techniques. 

This will ultimately lead to improved outcomes and advancements in the field 

of surgical retinal procedures, reducing the need for extensive intraocular 

manipulations and enhancing patient care. (Palanker, 2021) (Luttrull, 2023) 

(Luttrull & Kent, 2020) (Orsetti, 2023) (Tang et al., 2022) (Luttrull, 2023) 

(Burri et al.2021) (Ma et al. 2024) (Zong et al., 2021) (Zong et al., 2022). 

7.1 Laser Ablation 

Laser ablation is a cutting-edge non-thermal surgical technique that 

effectively and precisely vaporizes tissues, making it a highly innovative 

approach in comparison to traditional methods. This transformative procedure 

converts target tissues into a plasma plume, creating a unique environment for 

surgical procedures. The plasma generated during laser ablation contains 

electrons and positively charged ions, further enhancing its distinctive 

properties. However, due to the transformation of tissues into a conducting 

plasma, conventional methods, such as the widely used minivan tricorder, face 

difficulties in accurately differentiating between changes in optical reflectance 

caused by the tissues themselves and those caused by laser ablation. 

Consequently, accurately assessing the efficacy of the procedure becomes a 

challenge. Laser ablation has proven to be an incredibly promising tool for 

tissue removal in various fields of surgery. Its versatility allows it to be utilized 

in any surgical procedure where a portion of the body needs to be excised from 

another part. The tissues susceptible to ablation range in their required level 

of precision, typically measured in millimeters. Among the frequently treated 

tissues, vaporization is particularly prevalent and commonly performed by 

dentists. The extent of thermal damage caused during laser ablation is 

dependent upon the type of laser used and the specific settings applied. 

Compared to traditional mechanical removal, laser ablation offers enhanced 

precision, resulting in less lateral damage, scatter, and penetration. This 

increased precision establishes it as a preferred option for many surgeons. 

Diode laser ablation has demonstrated remarkable results in the removal of 

mucosa, adult adenoids, hyperplastic tissues, and the eradication of 
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obstructive sleep apnea. It has also been successfully employed in the 

treatment of intra-oral and head and neck tumors, as well as cervical pre-

cancer. Furthermore, it is a viable treatment option whenever reducing 

thickness or removing tumors from muscle, fat tissue, fascia, or glandular 

tissue – be it benign or malignant – is necessary. The efficacy of laser ablation 

is widely recognized and has been validated in various surgical procedures. Its 

successful application extends to the treatment of oral and gynecological 

diseases, rhinology, ENT-otolaryngological conditions, ophthalmology, 

urology, and brain, lung, liver, vasomotor, and skin tumor reduction. 

Moreover, the treatment of hemorrhoids, a condition causing significant pain 

and discomfort, frequently utilizes laser ablation. However, challenges arise 

due to the spread and scope of ablation, requiring careful consideration. 

Recent research has explored the utilization of laser treatments in the removal 

of benign rectal and vaginal tumors, highlighting the potential of this advanced 

technique in a wider range of applications. However, there is still ample room 

for exploration, particularly in surface rectal treatments. Additionally, when it 

comes to laser treatment, non-destructive measurement techniques, such as the 

rendezvous technique, play a crucial role in assessing the impact on snoring 

patients both before and after treatment. Although lens ablation is primarily 

associated with cataract procedures, it can also be employed in non-cataract 

surgeries. This showcases the versatility and potential of laser ablation in 

diverse medical scenarios, expanding its reach beyond its initial application. 

In conclusion, laser ablation has emerged as an innovative and highly effective 

surgical technique for tissue removal. Its precision, coupled with its extensive 

range of applications, has established it as a valuable tool in various fields of 

surgery. As research continues to explore its potential and refine its use, laser 

ablation is set to revolutionize the way we approach surgical procedures and 

improve patient outcomes. (Beck et al. 2020) (Scribante et al. 2023) (Pyo et 

al., 2021) (Condor et al. 2021) (Bhalla et al. 2022) (Liu et al. 2022) (Tenore 

et al. 2023) (Tarasenko et al. 2021). 

7.2 Laser Coagulation 

Many surgical techniques heavily rely on the immediate cessation of 

bleeding, making it absolutely essential to incorporate a coagulative effect. 

Among the available hard lasers, the argon laser proves to be the most suitable 

option for coagulation purposes. Specifically, a pore-size laser with power 

levels appropriate for treating superficial or moderately deep-seated lesions, 

without the risk of inducing thermal necrosis. The coagulation effect is 

achieved by elevating the tissue temperature to a sufficient level, which then 

leads to the denaturation of blood protein, coagulation of the surrounding 
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tissue, and effective prevention of further bleeding. It is crucial to optimize 

the vessel size, depth, and power output to minimize any potential undesired 

deeper thermal effects. The argon laser, owing to its capacity to transmit 

visible light, has found extensive applications in the coagulative treatment of 

various retinal disorders, such as drusen displacement and diabetic 

microaneurysms. Its versatility extends beyond retinal photocoagulation, 

encompassing iridokeratocoagulation, endoscopic surgery, tumor therapy, and 

other medical procedures. In addition, the neodymium YAG laser has also 

proven valuable in retinal photocoagulation, yet it has gained significant 

recognition in the field of endoscopic tumor therapy within gastroenterology. 

Venturing further into the domain of urology, the application of a neodymium 

YAG laser holds promise, along with exploring the possibilities that arise from 

combining lasers with other approaches. While discussing laser application, it 

is imperative to acknowledge the noteworthy use of an excimer laser for photo 

therapeutics. However, its scope is limited to what is feasible within the UV 

range. Initially reported in 1983, the first clinical application of this laser 

showcased its potential as a scalpel. However, unlike photorefractive 

applications in ocular surgery, which primarily focus on refractive corrections, 

the primary clinical hurdle for the initial pulsed excimer laser design lies in its 

purely mechanical properties concerning turnover, angioplasty, particularly 

within non-ocular surgical contexts. Despite these challenges, the continued 

exploration of excimer lasers in non-ocular surgical contexts holds immense 

potential for advancements in various fields of medicine and surgery. This 

encompasses the development of improved techniques for tissue ablation, 

precise incision, wound healing, and many other clinical applications. 

Researchers and medical professionals are constantly striving to optimize the 

use of excimer lasers and expand their applications to maximize their 

therapeutic potential. With ongoing advancements in laser technology and 

research, the future of surgical procedures holds promise for safer and more 

efficient coagulation techniques, ultimately benefiting patients and healthcare 

professionals alike. These innovative tools, in combination with scientific 

advancements and interdisciplinary collaboration, allow us to push the 

boundaries of medical capabilities and improve the quality of care provided to 

patients worldwide. Through continued research and clinical validation, we 

can pave the way for a new era in surgical interventions, revolutionizing 

healthcare practices and enhancing patient outcomes. The possibilities are 

endless, and the potential for further advancements is limitless, opening up a 

vast array of possibilities for the future of surgical procedures and medical 

advancements. The continuous pursuit of excellence in surgical techniques, 

combined with the use of cutting-edge laser technology, is paving the way for 
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a new era of healthcare innovation. As we continue to push the boundaries of 

what is possible, we will undoubtedly witness incredible breakthroughs that 

will reshape the field of medicine for years to come. (Adly et al. 2023) 

(Stefanovic et al. 2023) (Shimizu et al. 2021) (Trapeznikova et al. 2020) (Abdi 

et al., 2024) (Laser et al. 2022). 
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Unit - 8 

Emerging Technologies and Future Directions 

 

 

Emerging technologies and their potential future prospects in the zone of laser 

applications in medicine are explained extensively below, shedding light on 

the remarkable advancements that lie ahead. In the coming decades, it is 

expected that, in vivo super resolution imaging, single molecule imaging, 

identification of NP based early-stage biomarkers, and molecular medicine 

would be the primary focus of medical diagnostics, propelling the boundaries 

of healthcare to new horizons. Laser imaging modalities such as Coherent 

Anti-Stokes Raman Scattering (CARS), Spectral Amplitude Coding Optical 

Coherence Tomography (Santa), and Stimulated Raman Scattering (SRS) 

have already shown their unique capabilities and significance in various 

applications. However, it is anticipated that in the near future, a single label-

free modality will be thoroughly explored, revolutionizing the field by 

offering an all-in-one imaging technique that encompasses the description or 

identification of cellular organelles, lipids, DNA, proteins, and other crucial 

biomolecules. These groundbreaking improvements in laser imaging 

techniques will undoubtedly revolutionize diagnostic methods in patient care, 

paving the way for more accurate and efficient medical interventions. 

Embedded within the future of medical science, a high-throughput diagnosis 

and therapeutic process via either imaging or Near-Infrared (NIR) optical 

pharmacotherapy is highly anticipated in the field of cancer research. With 

exponential growth in the field of nanomaterials, an extraordinary platform for 

opening new pathways in Nanomedicine is being created, enabling the design 

of biocompatible multifunctional imaging nanomaterials that will play a 

critical role in accurate disease diagnosis and treatment, particularly in the 

case of cancer. The advent of these multifunctional nanomaterials will 

enhance the precision and efficiency of medical interventions, leading to 

improved patient outcomes. Moreover, the introduction of optically generated 

high-intensity small femto-second lasers will emerge as a cutting-edge 

technology for performing various medical procedures, including incisions, 

wound healing, and skin rejuvenation techniques. These lasers possess unique 

capabilities that trigger the response of cell-surface proteins and proteins on 

the basement membrane, facilitating tissue repair and regeneration without the 
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need for physical tissue cutting. This innovative approach will not only 

enhance patient outcomes but also minimize scarring and improve overall 

recovery time, marking a significant step forward in the field of medical 

aesthetics. Recognizing the growing trends in the medical field, where disease 

diagnostics and site-specific therapy are in high demand, we anticipate the 

development of novel methodologies that can specifically target and eliminate 

active regions of cells, such as junctional proteins and dehydration agents. By 

doing so, the spread of diseases can be effectively discouraged or limited, 

ultimately benefiting patients worldwide. However, to fully maximize and 

utilize these advancements, there is a strong need for the acquisition of 

comprehensive knowledge in disease detection, site-specific therapy, and 

exploration of the photophysical and photochemical aspects of chromophores, 

laser excitation mechanisms, and their diverse applications. In this regard, 

ongoing research and development efforts should focus on unraveling the 

intricate details and potential of these technologies, ensuring that their benefits 

can be harnessed to their fullest extent. In conclusion, we firmly believe that 

in the coming decades, this review and the applications of newer and potential 

advancements in the related fields will bring decisive expertise to the 

forefront, ushering in a beneficial and prosperous future for mankind. The 

potential of laser applications in medicine is vast, and with continuous 

research and development, we can unravel groundbreaking solutions for 

various medical challenges, ultimately improving the quality of life for 

individuals worldwide. As technology continues to evolve, the integration of 

lasers in medical applications will grow even further, paving the way for more 

precise diagnostics, efficient treatments, and advanced therapeutic 

approaches. With each passing day, we inch closer to a world where lasers 

play a pivotal role in enhancing healthcare outcomes and transforming the way 

we approach medical interventions. Through collaborative efforts, 

interdisciplinary research, and innovative thinking, we can unlock the full 

potential of laser technology, revolutionizing the field of medicine and 

bringing forth a new era of healthcare excellence. This will lead to significant 

advancements in patient care and contribute to a brighter future for medical 

science and humanity itself. Laser technology in medical applications holds 

an immense promise that can reshape the way we diagnose and treat diseases. 

By harnessing the power of lasers, we can embark on a transformative journey 

towards more accurate and efficient medical interventions. The future of laser 

applications in medicine is expansive and filled with potential. Emerging 

technologies are paving the way for remarkable advancements, 

revolutionizing the field and propelling healthcare to new horizons. In the 

coming years, the focus of medical diagnostics will shift towards in vivo super 
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resolution imaging, single molecule imaging, identification of NP based early-

stage biomarkers, and molecular medicine. These cutting-edge advancements 

will push the boundaries of healthcare, enabling us to achieve new heights in 

patient care. Laser imaging modalities such as Coherent Anti-Stokes Raman 

Scattering (CARS), Spectral Amplitude Coding Optical Coherence 

Tomography (Santa), and Stimulated Raman Scattering (SRS) have already 

showcased their unique capabilities and significance in various applications. 

However, the future holds even more exciting possibilities. It is anticipated 

that a single label-free modality will emerge as a game-changer in the near 

future, offering an all-inclusive imaging technique that can accurately describe 

or identify cellular organelles, lipids, DNA, proteins, and other vital 

biomolecules. This revolutionary advancement in laser imaging techniques 

will pave the way for more precise and efficient diagnostic methods, 

propelling medical interventions to new heights. As we delve into the future 

of medical science, an eagerly anticipated high-throughput diagnosis and 

therapeutic process through imaging or Near-Infrared (NIR) optical 

pharmacotherapy holds immense promise in the field of cancer research. 

Nanomaterials are experiencing exponential growth, creating an exceptional 

platform for Nanomedicine. These nanomaterials, designed to be 

biocompatible and multifunctional imaging agents, will play a critical role in 

the accurate diagnosis and treatment of diseases, particularly cancer. The 

introduction of these multifunctional nanomaterials will enhance the precision 

and efficiency of medical interventions, leading to improved patient outcomes. 

There is also significant progress in the development of optically generated 

high-intensity small femto-second lasers, which are poised to revolutionize 

medical procedures such as incisions, wound healing, and skin rejuvenation 

techniques. These lasers possess unique capabilities that activate cell-surface 

proteins and proteins on the basement membrane, facilitating tissue repair and 

regeneration without the need for physical tissue cutting. This remarkable 

innovation not only enhances patient outcomes but also minimizes scarring 

and reduces overall recovery time, marking a significant advancement in 

medical aesthetics. The medical field is witnessing a growing demand for 

disease diagnostics and site-specific therapy. In response, it is anticipated that 

novel methodologies will be developed to specifically target and eradicate 

active regions of cells, such as junctional proteins and dehydration agents. By 

doing so, the spread of diseases can be effectively deterred or restricted, 

ultimately benefitting patients worldwide. However, to fully harness and 

maximize these advancements, comprehensive knowledge in disease 

detection, site-specific therapy, and the exploration of the photophysical and 

photochemical aspects of chromophores, laser excitation mechanisms, and 
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their diverse applications is crucial. Ongoing research and development efforts 

should focus on unraveling the intricate details and potential of these 

technologies, ensuring that their benefits can be fully realized. In conclusion, 

we firmly believe that in the coming decades, this review and the applications 

of newer and potential advancements in the related fields will contribute 

significant expertise, ushering in a beneficial and prosperous future for 

humanity. The potential of laser applications in medicine is vast, and through 

continuous research and development, we can unlock groundbreaking 

solutions for various medical challenges, ultimately improving the quality of 

life for individuals worldwide. As technology continues to evolve, the 

integration of lasers in medical applications will grow even further, paving the 

way for more precise diagnostics, efficient treatments, and advanced 

therapeutic approaches. With each passing day, we edge closer to a world 

where lasers play a pivotal role in enhancing healthcare outcomes and 

transforming the way we approach medical interventions. Through 

collaborative efforts, interdisciplinary research, and innovative thinking, we 

can unlock the full potential of laser technology, revolutionizing the field of 

medicine and ushering in a new era of healthcare excellence. This will lead to 

significant advancements in patient care and contribute to a brighter future for 

medical science and humanity itself. The possibilities are endless, and as we 

embrace the power of lasers, we set forth on an extraordinary journey towards 

a future filled with remarkable medical advancements. (MacRitchie et al. 

2020) (Jin et al. 2020) (Huang et al. 2020) (Chen et al., 2024) (Liao et al. 

2023) (Salvador-Morales & Grodzinski, 2022) (Akkilic et al., 2020) (Andreou 

et al., 2022) (Combes et al. 2021) (Villa et al. 2020). 
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Unit - 9 

Challenges and Limitations in the Use of Lasers in Medicine 

 

 

Lasers have found a wide variety of medical applications, revolutionizing the 

field of surgery. Different types of lasers are now used in various kinds of 

operations on practically every part of the body, making a dramatic impact. 

For instance, in the removal of eye cataracts, lasers are utilized to ensure 

precision and minimize damage to surrounding tissues. They are also 

employed to destroy or excise tumors, performing minimally invasive 

procedures that offer quicker recovery times and reduced scarring. 

Additionally, lasers are instrumental in removing birthmarks and tattoos, 

providing a safe and effective method for aesthetic purposes. They have also 

become indispensable in many abdominal surgeries, where their precision and 

accuracy are essential. Lasers are also playing a crucial role in photodynamic 

therapy, where light-sensitive substances are activated by lasers to destroy 

cancer cells selectively. Furthermore, they are effective in destroying stones 

in various areas of the body, including the kidneys, ureter, urinary bladder, 

liver, and gallbladder. This non-invasive technique eliminates the need for 

traditional surgery, providing a safer and more efficient solution. In the field 

of diagnosis, lasers have proven invaluable. They are used in fundus 

fluorescein angiography and scanning laser ophthalmoscopy to capture 

detailed images of the eye's blood vessels. These techniques are vital in 

monitoring conditions such as diabetic retinopathy and macular degeneration. 

Additionally, lasers are used to measure blood flow in retinal and choroidal 

blood vessels, aiding in the diagnosis and monitoring of vascular diseases. 

Laser-based devices are increasingly recommended for arterial occlusion 

disuse and the treatment of varicose veins. The application of lasers in these 

areas has resulted in less invasive procedures with reduced recovery times. 

Soft lasers are also commonly used for various therapeutic purposes, including 

pain management, tissue healing, and inflammation reduction, among others. 

It is important to note that various modes of lasers are employed in these 

medical applications. These modes may include pulsed lasers, continuous 

wave (cw) lasers, q-switched lasers, with or without frequency doubling, and 

with or without dyes. Each mode offers unique advantages depending on the 

surgical procedure or therapy being performed. There is ongoing 
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experimentation with lasers in other medical fields such as lasing the hole in 

the gonator of newborn infants, skin resurfacing, dental surgery, plastic 

surgery, and hair removal. While these applications are still being researched 

and developed, they hold promising potential for future medical 

advancements. Despite the immense possibilities offered by lasers in 

medicine, there are challenges and limitations associated with their use. 

Established medical imaging devices such as computed tomography (CT), 

magnetic resonance imaging (MRI), ultrasound (US), angiographic and 

nuclear medicine systems have a low patient risk profile. Consequently, the 

use of these imaging techniques is based on weighing the low risk against the 

necessity of obtaining crucial clinical information. However, the targeting of 

imaging agents to the site of pathology can enhance the diagnostic capability 

of these techniques while reducing patient dose. Although these features 

remain exceptions within clinical practice, ongoing research worldwide aims 

to make them standard components. While the incorporation of 

superconducting magnets in medical treatments holds the potential for cost 

benefits, improved patient comfort, and treatment efficacy, their clinical 

demonstration is still required. Furthermore, it is important to address the 

potential risk of toxic effects associated with some imaging agents, ensuring 

patient safety throughout the process. Specific laser procedures, such as tattoo 

removal and hair removal with pulse dye lasers, are currently under trial. 

While these techniques show promising results, they require the usage of 

larger thermal energy densities. This, in turn, can lead to incomplete hair 

removal, delayed hair growth, folliculitis, and eventual skin fibrosis. Further 

research and refinement are necessary to optimize these procedures and 

minimize potential side effects. In the realm of radiation safety, the training of 

radiation safety officers needs improvement to ensure the well-being of both 

professionals and patients. Instances of radiation fatalities caused by 

radionuclides in medicine have been reported, highlighting the need for 

stringent safety protocols and continuous training. Biological and medical 

research frequently introduces new potential exposures. For example, 

genetically modified microorganisms can cause infections, and vaccines could 

trigger immunological responses. The residues of these processes may contain 

chemical or radionuclides in urine or stool. Therefore, appropriate safety 

measures are essential to minimize risks associated with these research 

studies. The rapid expansion of molecular imaging, particularly positron 

emission tomography (PET) and single-photon emission computed 

tomography (SPECT), in nuclear medicine has contributed to an increasing 

number of professionals working with unsealed sources of radionuclides. It is 

crucial for these experts to possess a fundamental understanding of atomic 
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structure, unstable atoms, and basic physical principles to ensure safe 

practices. Additionally, the overuse of common imaging techniques such as 

X-ray CT and procedures for radiation therapy increases the likelihood of 

radiation exposure. Consequently, the development and implementation of 

additional safety practices and advancements are crucial to protect both 

patients and medical professionals. Given the transformative potential of 

lasers in medicine, continuous exploration and enhancement of their 

applications are essential. Ongoing research and advancements in laser 

technology hold great promise for the future of medical treatments, offering 

the potential to revolutionize healthcare and improve patient outcomes. By 

fostering collaboration between scientific and medical communities 

worldwide, we can unlock the full potential of lasers and shape a healthier 

future for all. (Khalkhal et al. 2020) (Dinara et al. 2021) (Latz et al., 2021) 

(Katayama, 2020) (Ahmed et al., 2021) (Kane & Gelman, 2020) (Malik, 2021) 

(Shah et al. 2020) (Corrales et al. 2024) (Zuo & Lin, 2022). 



Page | 44  

 

Unit - 10 

Conclusion and Summary 

 

 

Lasers are an invaluable tool in modern medicine! It combines several 

disciplines of science and engineering and has led to overall improved 

methods in diagnostics and medical treatment. X-rays, ultrasound imaging, 

computer tomography, microsurgery, and today, "laser surgery" are just a few 

examples that depend upon our understanding of laser technology. The term 

"laser surgery" encompasses a broad range of applications involving the use 

of laser energy (light) for a variety of medical procedures. Among other 

things, uses include shrinking or destroying tumors, reducing pain and 

inflammation, and even correcting vision. 

The use of lasers in medical diagnostics, surgeries, and therapies is tested 

and applied in many research institutions and hospitals all over the world. 

Techniques and equipment are improved constantly in most fields of laser 

applications. The use of lasers in three fields of medical care has been 

reviewed above. The aim was obviously not to cover all specialized aspects of 

these fields but to illustrate possible uses of lasers in providing a specific 

approach to the diagnostic process. The analytical advantages are enormous, 

and although applications are still rare, a great future for the technique can be 

foreseen. In the therapeutic field, the effects of lasers are difficult to predict. 

It is to be expected that new clinical applications will be discovered because 

of the unique characteristics of lasers, such as coherence and strong local 

effect. Studies are currently in progress in many laboratories. For now, careful 

selection of the patient and, in particular, the safety of ordinary surgical 

procedures must be kept in mind when a laser is used. It is to be expected that 

in order to understand the full significance of a laser effect, basic research in 

physics, biochemistry, and physiology will be necessary for years to come. 
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