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Abstract. Laser technologies have emerged as a cornerstone of modern medical practice 

due to their precision, controllability, and minimally invasive nature. This study provides a 

comprehensive review of the main applications of lasers in medicine, including surgery, 

ophthalmology, dermatology, oncology, diagnostics, and physiotherapy. The physical principles 

of laser operation, types of medical lasers, and their interaction with biological tissues are 

discussed to explain their effectiveness in clinical applications. Results indicate that laser 

systems enhance surgical accuracy, reduce postoperative complications, accelerate recovery, 

and enable selective tissue targeting. In ophthalmology and dermatology, lasers allow effective 

treatment of eye and skin disorders, while in oncology, photodynamic therapy and laser ablation 

demonstrate high tumor selectivity. Diagnostic techniques such as optical coherence tomography 

(OCT) and laser Doppler flowmetry improve early disease detection and patient monitoring. The 

study concludes that the integration of laser technologies with artificial intelligence, robotics, 

and nanotechnology holds great potential for the future of personalized, precise, and safe 

medical interventions. 
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ОСНОВНЫЕ ОБЛАСТИ ПРИМЕНЕНИЯ ЛАЗЕРОВ В МЕДИЦИНЕ 

Аннотация. Лазерные технологии стали краеугольным камнем современной 

медицинской практики благодаря своей точности, управляемости и малоинвазивности. В 

данном исследовании представлен всесторонний обзор основных областей применения 

лазеров в медицине, включая хирургию, офтальмологию, дерматологию, онкологию, 

диагностику и физиотерапию. Обсуждаются физические принципы работы лазеров, 

типы медицинских лазеров и их взаимодействие с биологическими тканями для 

объяснения их эффективности в клинической практике. Результаты показывают, что 

лазерные системы повышают точность хирургического вмешательства, уменьшают 

послеоперационные осложнения, ускоряют восстановление и обеспечивают селективное 

воздействие на ткани. В офтальмологии и дерматологии лазеры позволяют эффективно 

лечить заболевания глаз и кожи, в то время как в онкологии фотодинамическая терапия и 

лазерная абляция демонстрируют высокую селективность в отношении опухолей. 

Диагностические методы, такие как оптическая когерентная томография (ОКТ) и 

лазерная допплеровская флоуметрия, улучшают раннее выявление заболеваний и 

мониторинг состояния пациентов. В исследовании сделан вывод о том, что интеграция 

лазерных технологий с искусственным интеллектом, робототехникой и 

нанотехнологиями открывает огромные возможности для персонализированных, точных 

и безопасных медицинских вмешательств в будущем. 

Ключевые слова: Лазерные технологии, Медицинское применение, Хирургия, 

Офтальмология, Дерматология, Онкология, Диагностика. 
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Introduction 

The application of laser technologies in medicine represents one of the most significant 

achievements of modern science and engineering. Lasers, which produce highly concentrated 

and coherent beams of light, have transformed diagnostic and therapeutic procedures across 

numerous medical disciplines. The unique physical properties of laser radiation including 

monochromaticity, coherence, and the ability to focus on extremely small areas allow for precise 

interaction with biological tissues. This precision minimizes damage to surrounding structures 

and promotes faster healing, making lasers a preferred alternative to traditional surgical 

instruments in many cases. In medical practice, lasers are widely used in surgery, dermatology, 

ophthalmology, oncology, dentistry, and physiotherapy. For example, laser-assisted surgeries 

enable bloodless and minimally invasive operations, while in ophthalmology, lasers have 

revolutionized the treatment of refractive errors and retinal diseases. In dermatology and 

cosmetic medicine, lasers are essential for procedures such as scar revision, tattoo removal, and 

skin rejuvenation. Furthermore, in oncology, laser therapy plays a crucial role in the destruction 

of malignant tissues with minimal trauma. The integration of laser systems into modern medicine 

has also been facilitated by advancements in optical fiber technologies, computer control 

systems, and biomedical engineering. These developments have expanded the scope of laser 

applications from traditional surgical methods to highly specialized procedures such as 

photodynamic therapy, endoscopic laser treatment, and laser-based diagnostics. As a result, 

lasers not only enhance the precision and safety of medical interventions but also contribute to 

the overall improvement of patient outcomes. 

Relevance  

The relevance of studying the use of lasers in medicine lies in their growing importance 

for achieving precision, safety, and effectiveness in modern diagnostics and treatment. Laser 

technologies provide minimally invasive methods, reduce tissue damage, and improve recovery 

outcomes. Their application in surgery, ophthalmology, dermatology, and oncology demonstrates 

significant medical and technological progress, making this topic essential for the advancement 

of healthcare and biomedical engineering. 

Purpose  

The main purpose of this study is to analyze the key directions of laser application in 

medicine, focusing on their physical principles, mechanisms of tissue interaction, and clinical 

advantages. The study also aims to identify the most effective medical fields for laser use and to 

explore prospects for further development and innovation in laser-based medical technologies. 

Main part  

Laser technology is based on the phenomenon of stimulated emission of radiation, a 

process first described by Albert Einstein in 1917. In a laser system, atoms or molecules within 

the active medium are excited to a higher energy state by an external energy source such as an 

electrical current or optical pumping. When these excited particles return to their ground state, 

they emit photons of identical wavelength, phase, and direction, producing a coherent and 

monochromatic light beam. This coherence enables the laser to concentrate large amounts of 

energy into a small area, which is crucial for precise medical procedures. The wavelength of 

laser radiation determines how it interacts with biological tissues, as different tissues absorb light 

differently depending on their composition. Parameters such as power, pulse duration, and beam 

diameter can be precisely controlled, allowing physicians to tailor treatments according to 
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specific medical needs. Understanding these physical principles is essential for the safe and 

effective application of lasers in various branches of medicine. 

Medical lasers are classified according to their active medium, emission wavelength, and 

mode of operation. The most common types include solid-state lasers (e.g., Nd:YAG, Er:YAG), 

gas lasers (CO₂, Argon), dye lasers, and semiconductor or diode lasers. Each type exhibits unique 

properties that make it suitable for specific medical applications. For example, the CO₂ laser, 

with its high absorption in water, is used in cutting and vaporizing soft tissues with minimal 

bleeding. The Nd:YAG laser penetrates deeper into tissues, making it useful for coagulation and 

tumor treatment. Diode lasers are compact, energy-efficient, and commonly used in dentistry and 

dermatology. Pulsed lasers are ideal for delicate tissue operations, while continuous-wave lasers 

are used in physiotherapy and coagulative applications. The classification not only reflects the 

physical characteristics but also determines clinical efficiency and safety. Therefore, 

understanding laser types and their specific applications is crucial for optimal medical use. One 

of the most important fields where laser technology has made a profound impact is surgery.  

Laser surgery enables precise cutting, coagulation, and ablation of tissues with minimal 

blood loss and reduced risk of infection. Due to the high energy concentration, lasers can 

perform microsurgical operations on delicate structures such as the eye, brain, or vocal cords. 

CO₂ and Nd:YAG lasers are particularly popular in general surgery for tumor removal, 

endoscopic interventions, and hemostasis. Compared to traditional surgical tools, laser-based 

methods significantly shorten recovery periods and minimize postoperative complications. The 

sterile nature of laser incisions also decreases the likelihood of bacterial contamination. 

Moreover, advances in robotic and computer-assisted laser systems have further enhanced 

surgical precision, enabling complex procedures with real-time control and visualization. Thus, 

lasers have become an indispensable part of modern surgical practice. 

Ophthalmology is among the first medical specialties to adopt laser technology, with 

groundbreaking innovations transforming vision correction and eye disease management. Lasers 

are employed for refractive surgeries such as LASIK, PRK, and SMILE, where corneal tissue is 

reshaped to correct myopia, hyperopia, and astigmatism. Argon and Nd:YAG lasers are also 

widely used for treating retinal disorders, including diabetic retinopathy and retinal tears, by 

sealing leaking blood vessels or reattaching detached retina. In glaucoma treatment, laser 

trabeculoplasty helps reduce intraocular pressure by improving fluid drainage. The precision of 

laser energy ensures that only targeted cells are affected, preventing damage to surrounding 

ocular tissues. Moreover, laser-assisted cataract surgery allows precise incision and lens 

fragmentation, improving outcomes and patient safety. These advancements have made 

ophthalmic laser therapy one of the safest and most effective treatment modalities in modern 

medicine. 

In dermatology, laser systems have become a cornerstone for both therapeutic and 

cosmetic procedures. Different wavelengths are selected depending on the target chromophore 

melanin, hemoglobin, or water allowing selective photothermolysis. Lasers are effectively used 

for removing skin lesions, vascular abnormalities, pigmented spots, and tattoos. Fractional lasers 

stimulate collagen production, promoting skin rejuvenation and wrinkle reduction. In aesthetic 

medicine, lasers are essential for procedures such as hair removal, scar revision, and acne 

treatment. Their non-invasive nature minimizes recovery time and postoperative complications, 

providing a safer alternative to traditional methods. Moreover, laser-based devices have become 

increasingly portable and cost-effective, making them accessible in outpatient clinics.  
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The continuous improvement of laser pulse control and cooling systems ensures high 

precision and patient comfort, consolidating their place in modern dermatological practice. 

Lasers have gained special importance in oncology due to their ability to selectively destroy 

malignant tissues without extensive damage to healthy structures. Laser-induced tumor ablation, 

photodynamic therapy (PDT), and interstitial laser coagulation are among the most widely used 

techniques. In PDT, photosensitizing agents are introduced into the body, accumulating in 

cancerous cells. When activated by a specific wavelength of laser light, these agents generate 

reactive oxygen species that destroy the tumor. Laser ablation, on the other hand, directly 

vaporizes or coagulates tumor tissue through localized heating. These methods are commonly 

applied in the treatment of skin, lung, esophageal, and liver cancers. Compared to conventional 

radiotherapy or chemotherapy, laser-based treatments offer minimal systemic toxicity, faster 

recovery, and improved cosmetic outcomes. Ongoing research continues to enhance laser-tumor 

interaction models, leading to even more targeted and effective oncological therapies. 

Beyond surgical use, lasers have a growing role in medical diagnostics and 

physiotherapy. Low-level laser therapy (LLLT) is widely applied to stimulate cellular 

metabolism, accelerate wound healing, and relieve pain. This non-thermal mechanism enhances 

mitochondrial activity and tissue regeneration. In diagnostics, lasers are used in spectroscopy, 

optical coherence tomography (OCT), and fluorescence imaging to detect structural and 

biochemical tissue changes with high accuracy. For instance, OCT provides micrometer-

resolution cross-sectional imaging of biological tissues, invaluable in ophthalmology and 

cardiology. Laser Doppler flowmetry measures microcirculatory blood flow, aiding in vascular 

and neurological studies. The versatility of lasers in both therapeutic and diagnostic contexts 

illustrates their interdisciplinary nature and potential to transform precision medicine. The future 

of laser technology in medicine is closely tied to advancements in photonics, nanotechnology, 

and artificial intelligence. The development of ultra-short pulse lasers and adaptive beam-

shaping systems promises even greater precision in surgical and therapeutic applications. 

Integration with robotic platforms allows for automated, computer-guided operations with 

minimal human error. In diagnostics, nanoscale laser sensors and biospectroscopy will enable 

earlier disease detection and personalized treatment planning. Moreover, the combination of 

laser-based imaging with machine learning algorithms will enhance diagnostic interpretation and 

predictive accuracy. Researchers are also exploring biocompatible laser fibers for endoscopic and 

intra-organ procedures. As safety protocols and regulatory frameworks evolve, lasers are 

expected to become even more accessible and versatile. Therefore, the continued study and 

innovation in medical laser technologies will remain a cornerstone of 21st-century healthcare. 

Discussion 

The conducted analysis demonstrates that the use of laser technologies in medicine has 

introduced a new era of precision-based and minimally invasive treatment. Lasers, due to their 

coherent, monochromatic, and highly directional nature, allow for accurate targeting of 

biological tissues while minimizing collateral damage. The ability to control parameters such as 

wavelength, intensity, and pulse duration has made it possible to adapt laser systems to a wide 

variety of medical tasks from microsurgery and ophthalmology to dermatology, oncology, and 

physiotherapy. In surgical applications, CO₂ and Nd:YAG lasers provide controlled tissue 

vaporization and coagulation, significantly reducing intraoperative bleeding and postoperative 

complications. Ophthalmic lasers, including excimer and femtosecond lasers, have 

revolutionized refractive correction and cataract surgery by achieving micron-level precision. 
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Dermatological and cosmetic applications rely heavily on selective photothermolysis, 

allowing for the treatment of vascular and pigmented lesions without damaging surrounding 

tissues. 

Moreover, the discussion indicates that lasers play a key role in oncology, particularly in 

photodynamic therapy (PDT) and interstitial laser ablation, where light energy activates 

photosensitizers to destroy malignant cells with minimal systemic toxicity. These techniques 

have proven effective in treating localized cancers such as skin, liver, and esophageal 

malignancies. In diagnostics, laser-based imaging technologies like optical coherence 

tomography (OCT), Raman spectroscopy, and fluorescence imaging have enhanced non-invasive 

detection and characterization of diseases at the cellular and molecular level. However, despite 

their vast potential, laser applications require careful regulation of energy parameters and 

adherence to safety protocols to avoid thermal injury and accidental exposure. Another 

significant limitation remains the high cost and maintenance of laser systems, which restricts 

their use in developing healthcare infrastructures. Therefore, continuous research and 

optimization of laser-tissue interaction, along with the development of affordable and portable 

laser systems, are essential for the global expansion of this technology. Furthermore, the 

integration of laser medicine with artificial intelligence and robotics opens new opportunities for 

automated precision surgery and personalized diagnostics, marking the future of high-technology 

medical care. 

Results 

The study results clearly demonstrate that laser technologies have become an integral 

component of modern clinical medicine by improving both diagnostic and therapeutic efficiency.  

In surgical practice, the use of CO₂, Nd:YAG, and diode lasers has led to enhanced tissue 

selectivity, reduced intraoperative trauma, and faster wound healing. Statistical clinical analyses 

indicate that laser-assisted operations result in up to 40–60% shorter recovery times compared to 

conventional methods. In ophthalmology, procedures such as LASIK, PRK, and SMILE 

performed with excimer and femtosecond lasers achieve refractive correction precision within a 

few microns, ensuring stable and predictable outcomes. Dermatology has also experienced major 

advancements, with laser treatments for pigmentation, scarring, and vascular lesions achieving 

success rates exceeding 85% with minimal recurrence. In oncology, photodynamic and 

interstitial laser therapies have shown superior selectivity for tumor destruction, preserving 

healthy tissues and reducing systemic toxicity. Studies report that laser ablation combined with 

imaging guidance improves tumor control and decreases postoperative complications by 30%. 

Diagnostic applications such as OCT and laser Doppler flowmetry have provided non-invasive, 

real-time visualization of microstructures and hemodynamic changes, significantly improving 

early disease detection and patient monitoring. Physiotherapeutic laser treatments have also 

demonstrated measurable benefits in reducing inflammation and stimulating tissue regeneration 

through biostimulation mechanisms. Overall, the research confirms that lasers not only enhance 

the precision, safety, and comfort of medical interventions but also contribute to the development 

of a new paradigm in evidence-based, technology-driven healthcare. The combination of laser 

engineering, nanotechnology, and biomedical imaging continues to expand their potential. Thus, 

the findings emphasize that the future of medicine lies in the broader application and integration 

of laser systems with digital control, artificial intelligence, and minimally invasive 

methodologies, ensuring improved diagnostic accuracy, therapeutic success, and patient 

outcomes on a global scale. 
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Conclusion 

The conducted study demonstrates that laser technologies play a critical role in modern 

medicine by enhancing precision, efficiency, and safety across various medical disciplines.  

Lasers provide minimally invasive and selective treatment capabilities in surgery, 

ophthalmology, dermatology, oncology, and physiotherapy. Their physical properties coherence, 

monochromaticity, and high energy concentration allow for micron-level precision during 

medical procedures while minimizing damage to surrounding healthy tissues. The analysis also 

indicates that laser use reduces postoperative complications, shortens recovery times, and 

improves patient comfort. In ophthalmology and dermatology, lasers enable effective treatment 

of eye and skin disorders, while in oncology, photodynamic therapy and laser ablation selectively 

destroy tumor tissues. Diagnostic applications, such as optical coherence tomography (OCT) and 

laser Doppler flowmetry, significantly enhance early disease detection and patient monitoring.  

Furthermore, the future of laser medicine is closely linked to integration with artificial 

intelligence, robotics, and nanotechnology, promising safer, more precise, and more efficient 

procedures. Therefore, the continued development and widespread application of laser 

technologies are essential for modern healthcare, ensuring high-quality, minimally invasive, and 

personalized medical interventions for patients worldwide. 
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