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1. Introduction to Laser and Optoelectronics in Medicine

Optoelectronics has now matured into a technology encompassing touch-sensitive screens,
laptop displays, large high-definition TVs, automotives, white goods, street lighting, various
healthcare devices and diagnostic instruments, indoor/outdoor lighting, and provides a light
source for compact disc players and DVD players. Lasers have opened up many new
applications that have turned out to be variations of disk drives, and those expansion concomitant
with the ever-increasing data handling capacity, and improvements in the resolution of imaging
systems, largely due to development of photocopying, direct imaging, and computer mass
storage [1]. Smaller, cheaper and more efficient light sources will have far-reaching implications
in many fields. In the realm of healthcare, lasers hold immense potential as a non-invasive
diagnostic tool for the detection of diseases as well as in the treatment of conditions previously
inaccessible due to the absence of suitable non-invasive techniques. There is a great demand for
inexpensive but accurate medical diagnostics systems; such devices will reduce the prerequisite
for subsequent invasive diagnostic tests cutting down the risk to the patient and reducing the cost
to the healthcare provider. Sophisticated diagnostic systems developed in partnership with the
NHS and clinicians utilising a wide range of fluorescence based techniques from simple
widefield fluorescence through fibre optics, to endoscopic-based systems for non-invasive
examination of internal cavities [2].

2. Fundamentals of Laser Technology

In recent years, the application of laser technology in Economics, Aesthetics, Dental, and
Medical fields increased remarkably. Within the field of medicine, the use of lasers ranges from
simple surface measurements, through therapeutic and cell biology applications, to the nuclear
fusion hoped for in cancer therapy. Indeed, radiative techniques and in particular lasers enable
intervention without dissection and they seem very promising in the development of the new
microsurgery techniques. As a result, advances in optical technology should be of considerable
benefit to medicine. The laser wave lengths most frequently used for medical applications cover
the range of the near-visible. Innovative laser techniques are already used in prophylactic
medicine and surgery, notably profiling of corneal surfaces and diagnostic procedures in
ophthalmology. However, medical applications have been limited by societal, ideologic, and
political factors [1]. Meanwhile, advances in diode manufacturing have led to an exponential
increase in commercial applications because of their reliability, economic production cost and
minimal space requirement. Likewise, in this sense, recent interest has surged in incorporating
diode lasers into inexpensive excitation/detection means [3]. Lasers used in medical applications,
despite the wide variety of their technology and mode of operation, generally have in common
the exploitation of a specialized target chromophore for the specific absorption of energy,
transferred from a broadband source. The only lasers having obtained significant success in a
wide variety of medical applications are the broadband dye and pulsed CO2 pulsed systems,
those materials have proven nonefficient and difficult to manufacture in miniaturized versions.
To that aim, a reliable, robust, durable and cheap excitation-detection system based on blue
and/or near-UV LEDs and photodiodes was developed, adopting a multi-chromatic approach for
faster acquisition of useful data. On the other hand, due to its wide spectral absorption, some
metabolic by-products and anti-microbial agents may be measured indeterminately in the 400 mn
spectral region.

2.1. Basic Principles of Lasers

Medical and many other applications need new compact, efficient and reliable laser devices that
are used as sources of coherent and directional light radiation in the ultraviolet, visible and
infrared spectral regions [2]. In such laser sources the radiation spectrum can be continuous, or
on the contrary, narrow spectral bands without a pronounced central frequency. These sources of
coherent light radiation are used to work at different differential conditions. All laser sources
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unite the following general classical notion and features dictated from the laser physical essence,
concerning the generation and properties of their operation: 1. Laser—Ilight Amplification by
Stimulated Emission of Radiation. 2. According to the mechanism of the laser operation all
lasers divide into the four main groups, as indicated by their operation principle and the laser
type active substance: solid-state (crystal), liquid (solution), gas and electron (plasma). 3.
Essential laser properties are the following: monochromaticity (narrow spectral width),
coherence (temporal coherence, the possibility to create radiation with the identical phase),
directionality (radiation in the form of a narrow directional beam), high spatial degree of spatial
coherence (almost diffraction limited beam divergence), and radiation intensity (brightness).

2.2. Types of Lasers in Medical Applications

For over half a century, technologies of coherent radiation generators, collectively termed
"lasers" after light amplification by stimulated emission of radiation, have undergone a
technological revolution. In the area of materials processing, the use of lasers to cut, drill, weld,
ablate and otherwise modify bulk materials is well known. Lasers offer unique features for
materials processing including sealed-off operation, high mobility of the radiation and a wide
choice of operating wavelengths. The laser is particularly useful on the microscopic level where
precision focusing is possible. In the future, elements of these features could be integrated into
robotic systems ability to move in three dimensions and feature parts exchange. [1] With the
increasing demand for smaller, more precise machines and other devices, the laser promises to
provide many new micromachining technologies. Laser trimming is a well-known application of
the laser to micro-electronics where precise, non-contact removal of metals, ceramics, and even
diamonds can be performed. However, there are some trends in micromachining that use
femtosecond pulses with GW pulses' power. Thanks to these short pulses, we can avoid ablation
and heating of flank material very close to the structure, so that we can create some incredible
structures just because we can remove material in a very controlled manner. LIGA is one of the
most known fabrication technologies involving combined use of synchrotron radiation, deep-UV
excimer lasers, and high energy X-ray sources to create unique micron and sub-micron
structures. Nanofabrication is a buzzword describing a concept where macroscopic devices
consisting of a set of nano-parts will be constructed. These nano-parts - applied in electronics,
mechanics, biotechnology and other areas - will be fabricated by the laser controlled process. A
trend in this field will be like Moore's law - every two years the size-scale of new fabricated
objects will decrease by the factor of two. In some areas the laser will be used in conjunction
with higher resolution masks, nonlinear processes, laser control of atomic motion, and laser-
based microscopies to fabricate devices on the nanometer scale. Chemically assisted processing
is a new process control technology that will allow the use of lasers in ways not previously
possible. Designed additives called chemically assisted solutions will be used to etch, deposit,
remove particles, weld and improve on physical fabrication techniques. These additives are
designed to interact with material surfaces only when exposed to laser radiation and are
environmentally friendly both for worker safety and waste disposal. The approaches are expected
to significantly broaden laser material processing applications. Another fascinating area of
chemical and physical interests is the use of laser photons for direct excitation or ionization of
reactants. Photolized molecules could rapidly transfer the energy to other species, or react with
them with a substantially increased rate. In the 70’s and 80’s, the use of laser photons for
synthetic chemistry was studied extensively. Now due to recent advancements in high power
CW and nanosecond tunable sources, this area will become theme of a renaissance.

3. Optoelectronics in Medical Devices

The last few decades have seen many global populations aging rapidly. Demand for inexpensive,
portable, and capable medical devices has since increased dramatically. Laser and
optoelectronics engineering research and production will play a significant role in meeting future
needs. Various laser systems have been employed as medical optical sources for diagnostic
imaging and treatment purposes. Laser systems were designed in partial response to commercial
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demand for portable therapeutic and surgical tools. Lasers designed for medicine introduced new
features making them more medical user friendly. Optoelectronic components have recently
been developed for specialized and advanced medical practice applications. As these
components have become more affordable, they are now being commercialized in new medical
products. Current investigations in these special and emerging disciplines are reviewed.
Research, development, and future sharing of advanced field innovations are encouraged [4].

3.1. Optical Sensors and Detectors

Laser and optoelectronics engineering have significantly evolved in recent decades, in virtually
all areas of life, including medicine and healthcare. Apart from photonic therapeutic and
diagnostic devices, high-power lasers have found their industrial applications in surgery. They
cut, excise, ablate, and heat tissue and thus provoke a coagulation wound. Ablation of the tissue
can also be induced using UV lasers, which do not require any thermal interaction. For
modifying cell structure, therapies have appeared in ultrashort pulses from pico- to femtoseconds
[5]. It allows for modifying only sub-micron cell parts, while the neighboring tissue remains
intact. The most promising applications in which the use of laser light is rapidly increasing are
PDT (Photodynamic Therapy) and nano-therapies. One of the non-ablating methods for reducing
temperature and scaling method with lower energy laser light, for example using fiber lasers, are
hyperthermia applications. They are based on heating pathological cells using selective radiation.
The dosimetric aspect of interaction between laser light, its parameters, and biological tissues has
been a big area of research for years. Optical sensors are, in principle, detectors that capture the
physical amount of light or its variations. As a wide-band physical quantity, the number of
possible measured parameters is limitless. This technology is related to several different areas
like the choice of materials, size radiation employed, wavelengths, polarization, and detection
method. Despite decades of sensor research, the number of possible combinations has not yet
been fully tested. In the past decade, the area of optical sensors for the medical industry has had
a significant breakthrough. Due to decades of research, some critical components (light sources,
photodetectors, and fibers) are currently mass-produced cheaply and have improved properties
sufficient for commercial measurement products. Additionally, intensive research in engineering
and optical communication has resulted in mature photonics technologies and education among
the workforce. This maturity of technologies has led to a transfer of specialization to another
area, including medicine. Until now, optical sensors were mainly laboratory tools and used in
research and invasive diagnostics. Nowadays, integrated, portable light sensors can detect
parameters about our health continuously and unobtrusively. Light sensors are integrated into
smartphones or wear until materials. For medical diagnostics and physiological health
assessment, light sensors are woven in clothing, mattresses, wristwatches, and glasses. At the
beginning of their widespread use in industry, in general, and in the field of medicine, in
particular, ultra-sensitive, selective, and progressive sensors have begun to be created for specific
applications.

3.2. Optical Imaging Techniques

It is well documented that early diagnosis of cancer as well as heart disease is associated with
improved prognosis. It predicts further network applications and related bioinformatics needs,
architectures, privacy and security assurance, recommendations and conclusions. The newest
optical technologies are well suited to fill this need, largely based on collecting scattered or
fluorescent light from tissue and measuring changes that result from the onset and progression of
disease. Examples include early detection of rheumatoid arthritis, cancerous processes, and
vulnerable atherosclerotic plaques. This document reviews the recent status of such technology
when applied in biomedicine. Interest in this topic has been motivated in part by uncertainty
associated with the onset of the second optical revolution. Recent reports describing significant
advances in laser and solid state technology have stimulated great interest in a new generation of
compact and portable optical systems not originally envisioned for consumer applications. The
present state of the art approaches to small, inexpensive, efficient photonics is reviewed and,
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based on this, a number of lucrative research directions in biomedical optics are predicted.
Techniques enable reception of both fluorescence and weak signals for imaging, but their use in
an integrated microscopy system for photodynamic therapy and imprint nodule multi-color
nodule investigation is unique and original due to good collocation of fiber channels for
excitation and collection of examined tissue. Methods and results of phantom and liver
experiments which testify to the high potential of these techniques for optimization are
described. In the phantom experiments, the interstitial cancer was exposed to the irradiation at
bone-tissue interface, because the illumination usually streaks the cancer, and moreover, the
effection depends on the multiple factors (e.g. tumor size, optical properties and tissue
geometry). Co-localization of the experimental channels can suppress high signal losses due to
multiple light reflections/scattering in fibers, thus providing acceptable safety limits for healthy
tissues. The results of phantom measurements showed an intensive increase fluorescence signal
power detected by weak signal and increase the power detected by fluorescence signal, which
corresponds to a significant. In this case the laser was used for interstitial illumination. [6][7][8]

4. Applications of Laser and Optoelectronics in Medical Diagnosis

For over half a century, laser technology has undergone a technological revolution. It took only
13 years from the first gas discharge demonstration of a laser for the first compact model to be
designed. Since then, the problem of generating high-intensity directional radiation has found
countless solutions to develop lasers over a wide spectrum range: from the terahertz to the X-ray
region. Optical medical diagnostics, one of the emerging areas of laser application, are on the
forefront of application around the world. Among the alternative areas, it should be noted that
optical methods for non- or minimally invasive bio-tissue investigation offer significant
advantages over alternative methods, including rapid real-time measurement, non-invasiveness,
and high resolution. In recent years, a significant number of innovative developments have been
implemented in the field of apparatus engineering, such as the construction of flexible and
optically compatible optical fiber probes, the creation of methods for rapid data processing, and
the improvement of measurement stability. The result of these developments, together with
advances in laser and fiber technology is the rapid growth of the number and diversity of highly
effective commercial systems, markers, and diagnostic algorithms. But despite almost 20 years
of development, optical medical diagnostic techniques remain relatively poorly implemented in
clinical practice.

In this review, the recent status of laser technology applied in the biomedical field is outlined,
focusing on the various available approaches, particularly utilising compact semiconductor
lasers. The simultaneous collection of physiological data with the aid of a multifunctional
diagnostics system is also covered. Such data is invaluable for developing algorithms capable of
delivering consistent, reliable, and meaningful diagnostic information which can ultimately be
employed for the early diagnosis of disease conditions. Laser-based diagnostics methods and
markers for cardiovascular and oncological diseases have considerable potential for the
optimization of the detection and treatment of such diseases leading to a decrease of the
associated mortality. [9][10][11]

4.1. Endoscopic Imaging and Surgery

A variety of medical and surgical procedures are performed with traditional viewing systems
using a surgical microscope. These procedures might be performed more effectively and safely
for patients if illuminated, magnified, 3D stereoscopic imaging could be accomplished at close
working distances. Robotic surgical arms provide stereoscopic (3D) digital imaging and can
position endoscopic instruments at 1080 pixels x 1080 pixels (1.2 mega-pixel) spatial resolution
within the abdominal and thoracic cavities of patients. Despite the great success of robotic
surgery for open procedures with direct observation, overlapping robotic endoscopic surgery
hasn’t progressed beyond experimental and prototype stages during the previous 2 decades [12].
Most procedures were performed under direct viewing. Still, vital functions decrease, such as the
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introduction of catheter-based coronary interventions, aneurysm endovascular therapies and
insertion of bladder shunts or cardiac pacemakers. Minimally invasive paradigms can be applied
to some procedures. In the past 2 decades Endoscopic surgery widely expanded in different
surgical fields. Most important advantages include better identification, light trauma, increased
discomfort and improved cosmesis. Robotics is on the edge of parallel advances in position
systems, better sensors and intelligent control systems. Industrial robots were used for the first
successful urological prostatectomy in 2000. Since then, they have found wider adoption in
Urology, Gynecology, General Surgery and Cardiac surgery.

4.2. Optical Coherence Tomography

Optical coherence tomography (OCT) is a non-invasive, non-contact imaging technique
providing high resolution, cross-sectional tomographic information of biological tissue such as
eye fundus, skin, and teeth. Light from a broadband source is used to simultaneously illuminate a
sample and reference mirror. The echoes returning from the tissue are registered in terms of light
interference-like patterns by a detector, typically a spectrometer. To obtain a A-scan, the time-
frequency Fourier transformation is operated on the acquired signals. Further A-scans are
gathered by either transversal scanning of the probe head or by sweeping the mirror(s) in the
Michelson interferometer to form two-dimensional images. Considering the reduced amount of
water and deformability of reflected signal at 1310 nm, swept source OCT might be applied for
more comprehensive diagnosis of breast cancer in comparison to K-edge X-ray imaging. On the
other hand, considering the axially contrast difference of scattered light at 1310 nm, laser speckle
contrast optical coherence tomography might be combined with wide-field polarization-sensitive
imaging for high-resolution melanoma diagnosis [13]. In the contemporary arena, medical
imaging has reshaped the modern medicine in a substantial dimension. Various modalities such
as MRI, CT, PET and SPECT have ameliorated diagnostic prowess in a sundry of medical
conditions. Among the other biomedical imaging methodologies, optical coherence tomography
(OCT) has gained immense popularity and has impelled palliation and limelight in the arena of
non-invasive diagnostics and invasive surgical procedures. Optical coherence tomography
(OCT) is a novel non-invasive imaging technique that uses light and light interference to capture
high resolution, cross-sectional, and time resolved tomographic structure of biological tissue
with several mm penetration and sub-mm resolution. Because of its high resolution, non-
invasive, and non-contact imaging modality, OCT has had a wide variety of applications for
imaging human eye, where it is used to visualize and monitor macular holes, diabetic
retinopathy, age related macular degeneration, and retinopathy of prematurity among other
ophthalmic conditions. However, another potential application where OCT has yet to be
explored is in imaging brain during neurosurgical procedures. Developing such use of OCT
requires high-resolution, high-speed, and minimally-invasive instrumentation given the
requirements for real-time imaging of delicate brain anatomical structures at superior surgeons’
perspective during surgery. Multi-contrast high-definition endoscopic OCT (MCHD-OCT)
imaging system for longitudinal assessment of glioblastoma in a genetically-engineered mouse
model, directly interfaced with a neuronavigation system for multi-modality data coregistration
[14].

5. Therapeutic Applications of Laser Technology

Laser technology has undergone a technological revolution over the past 50 years. Among the
great variety of lasers developed, a special place belongs to semiconductor lasers. Optical
medical diagnostics using the methods of laser, spectroscopy, and analysis of laser-induced
tissue fluorescence presents one of the most perspective and emerging areas of application of
laser technology. Optical methods of non- or minimally invasive bio-tissue investigation possess
a number of significant advantages compared to other methods including high resolution, high
speed real-time measurements, invasiveness, and other features. In addition, optical methods
permit combined (multimodal) laser-assisted techniques for bio-tissue investigation. The status
of modern compact laser technologies and sources that are currently transforming many laser-
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based methods from laboratory subjects to the real world apparatus of practical use leading to the
conditions where screening tests or non-invasive monitoring approaches are deployed in various
medical or environmental domain.

Biophotonics is one of the most promising technologies in 21st-century laboratory and applied
researches and finds a wide range of bio-medical, scientific, and environmental field
applications. For the practical needs of clinical applications and/or natural or artificial
environment, a development of technology of the real-time miniaturized portable instrument is
needed. This technology should be broadly tunable in spectral or frequency range, low cost,
efficient, and reliable. Not so long ago, design and technological problems have been solved in
the semiconductor laser industry and diode lasers are nowadays the most widespread sources.
Due to technical reasons, some media are opaque for continuous light, but can be transparent for
a laser pulse.

5.1. Laser Ablation and Photocoagulation

Lasers have various practical applications in the treatment of a variety of afflictions. Such
conditions consist of tumours surrounding the skin. For instance, laser photodynamic therapy
using delivery-diffusion predictive models was used in order to boost the effectiveness of the
treatment of early-stage dermatological tumours. Moreover, a 532 nm wavelength laser
employed in conjunction with alexandrite and Nd:YAP sources demonstrates superior
effectiveness for these tumours due to a lowered absorption coefficient and lighter penetration in
comparison to other wavelengths [15]. Diode laser systems have been shown to be optimal for
treatments such as healing venous leg ulcers, since they demonstrate quicker treatment times and
improved healing rates after only a few sessions.

Since the invention of the first laser, numerous practical applications have been found which
have led to technological, scientific, and medical advancements. Lasers and their
implementations are of constant interest or are the focus of current research in the fields of
medicine and optoelectronics. Laser light in the visible spectrum with a few-hundred-nanometers
wavelength can be absorbed by yellow pigments in tattoos, causing their removal. Other
applications of lasers in medicine regard advanced diagnosis of tumours in the internal organs,
where fluorescence imaging is utilized. In these cases, previous accumulation of dyes is
necessary, designed to remain inside the tumour. In the event of multiple operations on internal
organs—e.g. in the operating theatre—Ilasers can assist in the accurate and safe dissection of
tissue due to the high absorption of mid-IR lasers in water. Applications of lasers such as argon
laser ablation are also used in dermatology, where they are employed in the treatment of
abnormalities located in the epidermis, at the subcutaneous level [16].

5.2. Photodynamic Therapy

Photodynamic therapy (PDT) is a minimally no invasive therapeutic option for the eradication of
diseases like cancer, as well as in dermatology and ophthalmology. PDT is based on the
activation of photosensitisers molecules that have been selectively accumulated in tumour tissues
using a well-defined protocol. Irradiation with light of a specific wavelength activates the
sensitsers, which generate reactive oxygen species ( [17] ). The short lifetime of every ROS
causes local cytotoxic damage in the biological tissues where they have been generated. Multiple
factors have been studied to optimise the application of PDT. The timing between the
administrations of the photosensitisers and the irradiation plays the key role in the efficiency of
PDT. Two different protocols are defined depending on which of the two initial steps are carried
out in consecutive times: the PDD drug-light intervals. A theoretical model is proposed to
understand the effect of the time separation between both steps of the protocol on the efficiency
of PDT by taking into account the kinetics of drug and ROS formations and the survival
probability of the damaged cells. The obtained results are supported by numerical simulations
and show good agreement. Aiming for reaching the full knowledge of the effect of the PDT
parameters (photosensitiser and light sources characteristics) on the effectiveness of the therapy
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and favouring the translational studies to the clinic, clinical trials, and the potential development
of new single-wavelength dosimeters, a theoretical model based on radiative transport equation
is proposed to estimate the local damage in terms of clinically relevant parameters, tumour, and
PS. With the aim of accurately predict the tumour control probability, TCP, models are proposed
taking into account the population of the initially undamaged and damaged cells in terms of the
Lethal Dose (LD) concept.

6. Emerging Technologies and Innovations in Laser and Optoelectronics for Medicine

Lasers first became broadly available in the 1960s giving rise to a considerable number of new
technologies and new fields, with an evident impact on applied optics, laser engineering and
medical practice — used for diagnostics, surgery, therapy, sterilisation, etc. Although some
problems in the optimization of such laser-aided systems remain unsolved, laser technology itself
aims towards more compact and integrateable devices. At the same time, the range of processes
capable of being controlled by accurately tuned light will increase, many of which have potential
medical applications. A new class of nitride semiconductors and LED devices has been
developed. Optical data storage technology will make a major impact on the world of data
handling in the near future. Over the next 20 years, these may in large part displace magnetic and
extant optical and magneto-optic techniques. Additional changes in consumer electronics and
materials processing will result in more widespread uses of lasers, while coherent light
technology will also impact mass communication. Advances in near-field optics may create
microscopes that can probe organized materials on shorter length scales than those currently
probed by electron microscopes. Antibiotics resistance of bacteria is growing with an alarming
rate. Therefore, a new approach may be to investigate the effect of low-level monochromatic
radiation on cell production of infective agents, or even bacterial chemosensivity. Moreover, stop
the leaking effects of blood vessels by means of light can be envisaged. It is suggested to
investigate the use of light for system phototherapy to restore bodies’ homeostatic fugues, by
sublethal radiation. This may also affect the cellular cycle and immune responses of cancer cells,
disfretial skin cells, infective agents or pathogens. As it is known helps the body to cope better
with viral attack. An alternative approach to UV phototherapy, the light box treatment, has been
permanised with a narrower spectral window in the UV light. There is new evidence of the
efficacy of lasers in bio-contaminated dentine. Lasers are used in dental surgery, due to the
ability of tightly focused beams to vaporize unwanted tissues very precisely, enabling incisions
to be made without much bleeding. This precision also makes the cutting of very hard materials,
as bones or teeth, easier than by more physical means. On the other hand, it seems that
irradiation with narrow-band green and yellow light can enhance wound healing and pain
mitigation, pointing to a possible application of lasers in os-surgery. [18][19][20]

6.1. Nanotechnology in Biomedical Optics

Laser technology has experienced significant evolution during the last 30 years, with the
development of lasers across the full light spectrum from x-rays to radio-waves. The laser
technology has been matured from a research instrument to a practical device. Compact
arrangements of cutting-edge semiconductor diode lasers have turned up to be very reasonably
priced, dependable and user-friendly tools [2]. These devices are meeting the requirements
specific to individual markets or applications, reducing the risk of damage to the sample and
providing a deeper level of diagnostic information due to such flexibility in spectral scanning
and detection. Since the emergence of the first laser in 1960, laser technology has undergone an
impressive development, with the continuous rapid increase in output power and improvement in
beam quality and power stability. In the treatment of surface and internal body tissues, both pure
and fibre-coupled variants of compact semiconductor lasers are successfully applied in such
fields as dermatology and gynecology surgery. The various significant fields of modern scientific
and technological interest owe much of their current prominence to the use of coherent and
incoherent sources of optical and UV light aerodynamic engineering, semiconductor technology,
biomedicine, information and communication technology, and others. Therapy and cosmetic
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medicine such as laser-epilation, mineral implants, skin rejuvenation or ablative procedures are
also popular means of laser application in medical centres. Asymmetrical illumination of the
target surface combined with portability of the device confirms significant reduction of collateral
damage, high precision of the operation, easy control of the applied power threshold and
avoidance of complications caused by overheating. Highly efficient conversion of electric into
optical energy seems to be a definitive advantage of laser technology in comparison to the
traditional sources of physical radiation. High-quality concentrated light beam meeting the
demands of degree of monochromaticity, focusability and spectral width surrounds the recent
progress in laser medicine. With a strong desire for treatment of various diseases very sensitive
to external factors as soon as possible and at their earliest detection. Subsequently, only time is a
thing that has to clapse before such methods permitting non-invasive, highly sensitive diagnostic
measurements can be admitted into operational theatre or general clinical practice.

6.2. Fiber Optic Sensors for Biomedical Applications

Sensors instead of actuators have become a major topic of research over the past few years,
offering a wide range of applications in monitoring, diagnostics, and process control. Currently,
researchers’ special interest in sensors is because of their use in the real world as a convenient
way to provide information on medical diagnostics for healthcare and in everyday life, for
instance, in smart cities, improving people’s safety and quality of life significantly. Optical fiber
sensors, because of their unique properties—small dimensions, long inhomogeneity area, and
transparency to electromagnetic fields and hostile environments—have found a wide range of
applications from structural health and environmental monitoring, telecommunication, and
power industry to medical point-of-care and biomedical instrumentation. Moreover, in
comparison to many other types of sensors, optical fiber sensors (OFSs) usually exhibit good
linearity, have rapid response for real-time monitoring and a high sensitivity to temperature,
strain, bioprocess, or other external perturbations. OFSs occur in various types; the most
common are based on the intensity, polarization state, interference of the light, refraction index
of the layer, and wavelength or frequency of the light. Fiber optic technology employs a light
beam as a data carrier. Reflected, refracted or emitted light is modulated by the outer parameter;
after proper conditioning, the light conveys the information about the applied pressure,
temperature, deformation, or the kind of chemical sample. Used in technology and research since
the 19th century, fiber optic technology was fully used in the mid 20th century in communication
[21]. Generally, with the rapid development of electronic processors, companies have developed
ultra-sensitive system architectures that enable remote measurements or the placement of OFSs
in vivo, further encouraging their use in medical applications. Regarding temperature
monitoring, quartz fibers are preferred because they have high resistance to temperature and are
used in numerous instead of standard temperature sensors [22]. Temperature pervades almost all
of the physical world and plays a fundamental role in science and engineering. Many systems
will, to a large extent, respond by changing their temperature to a defined impulse because the
temperature is proportional to the average kinetic energy of the ensemble’s constituent particles.
Temperature sensors are fundamentally important devices enabling the monitoring, control, and
protection of industrial, domestic, and automotive processes. There is a current progress in
development of sensors suitable for harsh or spatially confined environments such as the
biomedical human body.

7. Challenges and Limitations in the Field

There are, however, barriers to this potential, not least due to the integration challenges
healthcare systems are about to face. These barriers pertain to technological limits, unknown
biological effects of light exposure, lack of understanding and standards, classification and
regulatory issues [2]. Since the demonstration of the first laser, the steady development of novel
laser technologies has paved the way to ever-increasing areas of applications, from recorders and
displays, to new tools for medical surgery and diagnostics. The present amplitude of laser
applications, ranging from the study of ultrafast phenomena to materials processing, eye surgery
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and space communications, relies on the capacity to directionally couple light into a thin active
medium.

The development of lasers providing an output power high enough to allow for industrial
applications followed the seminal invention. It occurred first in 1962 with the demonstration of
the first large scale laser, a gas discharge operated CO2 system driven by a nuclear explosion.
Such industrial lasers comprised a gas discharge active medium, pressurized up to several bar
and excited by a multi-kiloampere high-voltage electrical discharge. These early lasers were
highly inefficient, thus requiring water cooling and sizable electrical generators. Several years
later, when the first commercial systems became available, a dramatic impulse of industrial
interest in the new tool took place. Over the years, the advent of scientific micromachining
techniques played a crucial role in enhancing the potentialities of conventional laser systems [1].
Early masking methods have been recently replaced by LIGA, a three-dimensional X-ray
lithography process which allowed the development of non-symmetrical mechanical filters able
to select different output modes from high-power laser beams.

7.1. Safety and Regulatory Issues

The field of laser and optoelectronics in biomedicine has developed rapidly in recent years.
Some new medical devices and equipment that integrate laser and optoelectronic technology
have been put to practical use. Laser and optoelectronics have been applied to the development
of a variety of medical and health devices, for example, in monitoring the depth of anesthesia, in
clinical blood analysis, in ventilator equipment, and so forth. Medical and health, laser and
optoelectronic engineering technologies are playing critical roles in this area, and various
medical applications have been developed. Exciting new security applications are expected to
emerge. For example, the combination of biometrics plus unreproducible functional evaluation
results in a robust personal identifier. A key issue and main research concern concerning these
new technologies is that of safety. Lasers, which demonstrate reliable performance to output
energies of 1 J, are considered "high-power lasers™ in both the civil and medical literatures, and
their applications are subject to strict regulation [2]. Several kinds of laser are actually in use in
dermatology and surgery. A study of the safety and regulatory issues associated with such
medical laser applications is therefore required. In this study, the recently widely employed
surgical split-beam laser is chosen for examination. Sandpaper type contact tissue has been used
in dermatology as it remains an effective neutral medium, has a reliable surface demography that
does not change with the mopping action over large areas, and is readily available. It is a target
for the laser, with treatment generally carried out hassle aiming at complete removal. These and
other parameters and procedures of potential hazards, such as burnt tissue "fly" and fluid
splattering, support the choice of this as a case study. Influences of absorbed fluence, irradiance,
spot size, exposure time, and distance on the above hazards are evaluated. Inserted a-lambda
measurements are undertaken at the typical treatment region to ascertain levels of radient
exposure. The instrumentation, calibration and measurement process are also reviewed. It is
intended that the study will engender improved knowledge which may be extrapolated to other
types of laser surgical systems. [23][24][25]

7.2. Integration of Optoelectronics in Clinical Practice

Optoelectronics technologies have experienced substantial progress over the past decade, asking
global medical systems to reevaluate their capabilities and limits. On one hand, requirements for
non-diagnostic and therapeutic treatment during therapy are evidenced by urgent needs of
capabilities for accurate diagnosis; meanwhile, the rapidly increasing incidents of chronic illness,
especially among the elderly, in economically grown societies is demanding novel optoelectronic
medical devices that can be facilely and closely used for health monitoring. On the other hand,
the advent of fibre-free light source applications in optogenetics has been waiting for compact,
compliant and cost-effective laser sources for their working that could make it possible to utilize
this technology in non-laboratory environments and ultimately long-term tracking in awake
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research topics. At the same time, difficulties in the successful commercial implementation of
optogenetics may need collaboration between neuroscientists, engineers, and clinicians [4].

The integration of optoelectronics in clinical practice is an emergent field combining a variety of
technologies related to optics, electronics, and medical disciplines. Light sources, fibre optics,
waveguides, polaroids and optoelectronic components, including detectors or emitters, are
facilitated in this field to form light-based modalities for diverse applications. The
multidisciplinary properties of optical technologies require precise knowledge of light
characteristicization, waveguide action, physical interactions, and material science. This text
focuses on different aspects, such as integrated optical materials, devices, system architecture,
and clinical implementation, intended to provide a comprehensive introductory role for the
emergent field of optoelectronics in healthcare applications.

8. Future Directions and Opportunities for Research

There is no limit to the potential for further developments and applications of the various kinds
of lasers and devices in the hands of the myriad communities worldwide. The compass for the
future, though, is surely pointed towards further exploitation of the power and other advantages
of lasers and improved understanding of the nature of light and its interactions with materials.
Applications will range very widely across the entire spectrum of human activities in industry,
commerce, education and recreation. There will be close connections with Information Science
and Technology and with Materials Science and Engineering. And medical applications will
grow immensely as our understanding of the human body and its afflictions is enhanced [1].

8.1. Personalized Medicine and Precision Therapy

Biomedical research and its practical applications to fight diseases have been revolutionized by
the advent of innovative lasers and optoelectronics systems optimized for such applications.
Current trends and future prospects of laser and optoelectronics development are considered with
respect to their most significant biomedical applications. Advantages of compact semiconductor
lasers are considered and summarized. There is a growing interest in compact laser systems,
increasingly employed in biomedical research and its practical application, such as low-cost
analytical techniques, or the diagnosis and therapy of major diseases. Thin-film technology
allows the integration of VCSEL devices with silicon chips, providing a platform for the
fabrication of innovative and low-cost analytical BD devices [2].

8.2. Artificial Intelligence in Laser Medicine

Laser medicine is an impressive chapter in the vast landscape of medical engineering. Just a few
decades ago, lasers were passive, and the applications of the laser were experimental in
medicine, biology, and other fields. High progress in laser engineering is developing is covering
with medicine, biology, pharmaceutics, and other humanitarian sciences. The current volume is a
continuation of the earlier published volume. Together with the principles of laser operation and
some aspects of laser-tissue interaction, some original ideas devoted to developments in various
fields of photonic bioengineering are considered, and it is essential to note that prescriptions for
some treatments were confirmed on the basis of the fundamentally new approach to
computational bio-optics, laser measurements, and local heating of living tissues. Special
attention is focused on the artificial intelligence (Al) and optoelectronics trends in bio-
applications [26].

9. Conclusion and Summary of Key Findings

During the past few decades, there has been tremendous advancement in laser and optoelectronic
engineering in various innovative medical devices and systems. These have the potential to
deliver more accurate, fast and largely non-invasive/incisive methods for the diagnosis and
treatment of various diseases. Moreover, these advanced technologies can also improve living
standards and provide better understanding of physiological processes of patients. Hence, the
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generation and delivery of highly advances in laser and optoelectronic based medical systems are
one of the most rapid growing areas in engineering and technology. These could be used in a
variety of therapeutic applications like surgery, dermatology, ophthalmology, wound healing,
non-invasive procedure for concretion removal, and lab-on-fiber for improving diabetic patient
conditions. Furthermore, conventional methods are being replaced with laser-based medical
devices. In addition to therapeutic application, techniques such as optical investigation including
photo-acoustic, sonophotonic imaging, and imaging diagnosis with hyperspectral and
fluorescence spectroscopy with UV lights for the non-invasive detection of various diseases
including cancer, psoriasis and diabetes, are also described. Based on address to innovations in
laser technology, current approaches, the next generation in this field and its outstanding key
requirements were explored. Medical laser systems have been used intensively as a surgical
instrument since their invention more than fifty years ago. They exhibit various advantages
during surgery are cutting with a minimized peripheral damage, localized coagulation,
sterilization and pain reduction. Considering that, it could be expected that medical laser systems
are strategically placed in various clinical departments of hospitals. Generally, over fifty
applications are possible with medical laser systems, thus having a broad base of different
clinical procedures. Over time, it has been assumed that new laser types, like diode lasers could
have gained importance in medicine and, because of certain advantages, existing laser types
could be increasingly included in specific treatments in the future. For further evaluation of the
importance of medical laser systems in the clinical routine, the case numbers of hospitals
between 2010 and 2015 were analyzed quantitatively.
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