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Medical physics Dr. Fatima Abbas

Lecl: LASER

A laser is a device that emits light through a process called stimulated

emission. In stimulated emission, an incoming photon stimulates an atom to
emit another photon with the same energy and direction. This process
results in the amplification of light, creating a beam of light that is intense,

monochromatic, coherent, and directional.

BASER:! is defined as light amplification stimulated emission of radiation.

Laser properties:

1.Coherence:
All photons move in phase and at the same frequency.
2. High Intensity:

The laser beam can be focused to a very small point to increase the
energy density.

3. Collimation:
The laser beam does not spread with distance as does ordinary light.
4. Monochromaticity:

The laser beam consists of a single wavelength or a very narrow range of
wavelengths

In (1917) ,Einstein postulated that: The incident photons of energies
equal exactly to the energy that an excited atom must eject if it falls to its
lower energy state. These incident photons stimulate the excited atom to
fall to the lower state and the photon ejected by the atom is in phase with
the incident photon that stimulates it to make the transition.
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Before Aﬂer

aAbsorption

The incident photon and the photon of the atom that it stimulated have the same
frequency direction ,and phase i.c. they are coherent

6

Active Medium:

Can be a solid, gas, liquid, or semiconductor.
Energy Source:

Provides energy to stimulate electrons (such as a flashlight or
electric current).
Optical Cavity:

Contains two mirrors to reflect light into the device so it can be
amplified.

Laser types

1. Solid-State Lasers
Use a solid crystalline or glass medium doped with ions.
Examples:

o Ruby Laser: Used in tattoo removal and cosmetic treatments.
N d: Y AG (Neodymium-doped Yttrium Aluminum Garnet)Laser:
Widely used in eye surgeries and industrial applications.
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2. Gas Lasers

Use gases as the lasing medium.

Examples:

o Helium-Neon (He-Ne) Laser: Used in scientific research and alignment

systems.
o Carbon Dioxide (CO:) Laser: Common in surgery, material cutting,

and engraving.
o Argon Laser: Used for retinal treatments in ophthalmology.
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3. Dye Lasers

Use organic dye solutions as the active medium.

Features:
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o Tunable wavelengths.
o Applications: Vascular skin treatments and spectroscopy.
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4. Semiconductor Lasers (Diode Lasers)
Made from semiconductor materials like gallium arsenide.
Applications:

o Used in barcode scanners, fiber optic communications, laser pointers,
and DVD players.
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5. Chemical Lasers
Energy is generated through chemical reactions.
Examples:

o Hydrogen Fluoride (HF) Laser: Used in military applications.
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6. Fiber Lasers
Use optical fibers doped with rare earth elements like erbium or ytterbium.
Applications:

o Metal cutting, welding, and high-precision marking.

DDoped Core
Inner Cladding

Bragg Gratings

Pump Light
Outer Cladding Pump Source

7. Free-Electron Lasers (FEL)
Use a beam of free electrons moving through magnetic fields.

Applications:

o Advanced research in material science and medicine.
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INTRODUCTION

v' The word laser is actually an acronym for “Light Amplification by
Stimulated Emission of Radiation.

v' Laser light is the brightest monochromatic (single color) light.

v’ A laser is an electro optical device that emits organized light
(rather than the random pattern light emitted from a light bulb) in
a very narrow, intense beam by a process of optical feedback and
amplification. Because the explanation for this organization
involves stimulated emission.

v in 1917 by Albert Einstein. No one realized the incredible potential
of this concept until the 1950's, when practical research was first
performed on applying the theory of stimulated emission to
making lasers.

v’ 1960 that the first true laser was made by Theodore Maimam, out
of synthetic ruby. Many ideas for laser applications quickly
Sollowed.



Properties of laser

“* Mon chromaticity (Single Wavelength)The radiant
energy emitted from the optical

“* Coherence (Phase Alignment)

% Collimation (Parallel Beam)

<* High Intensity (Concentrated Energy)

“* Directional Nature

*** Polarization
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Mechanism of Action of Lasers in Medicine

The interaction of laser light with biological tissues depends
on the wavelength, energy, and duration of exposure. The
primary mechanisms by which lasers exert their effects are
outlined below:

1. Photo thermal Effect (Heat Production)

Description: Laser energy is absorbed by tissue, converting
light into heat.

Outcome: Depending on the temperature reached, this can
lead to coagulation, vaporization, or tissue cutting.
Applications:

Skin resurfacing (wrinkle removal)

Tumor ablation

Vascular lesion treatments



otomechanical (Photo acoustic) Effect
Description: High-intensity, short-duration laser pulses create
shockwaves, causing mechanical disruption of tissues.
Outcome: Tissue fragmentation without thermal damage.
Applications:

Tattoo removal

Lithotripsy (kidney stone fragmentation)

Breaking down pigmented skin lesions

3. Photochemical Effect

Description: Laser light induces chemical reactions in target tissues.
Outcome: Formation or breakdown of chemical compounds within
cells.

Applications:

Photodynamic therapy (PDT) for cancer treatment

Light-sensitive drug activation



. Photo ablation (Molecular Bond Breaking)
Description: Breaking molecular bonds and removing fine layers of
tissue directly using a short wavelength laser (such as an ultraviolet
laser).Results: Highly precise tissue removal.
Applications: Refractive surgery (LASIK)Skin scar removal
5. Bio stimulation (Low-Level Laser Therapy - LLLT)
Description: Low-intensity laser light stimulates cellular
functions without causing damage.
Outcome: Enhanced tissue repair, reduced inflammation, and
pain relief.
Applications:
Wound healing
Pain management
Tissue regeneration






Components ol the first ruby laser
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T/\/

ypes of Lasers Used in Medicine

Carbon Dioxide (CO2) Lasers:
Wavelength: 10,600 nm (infrared)
Applications: Cutting and vaporizing tissues during surgery

(dermatology, gynecology, ENT surgeries).
N d:Y AG (Neodymium-doped Yttrium Aluminum Garnet) Lasers:

Wavelength: 1,064 nm
Applications: Deep tissue procedures, removal of
pigmented lesions, vascular surgeries.
Erbium Lasers:
Wavelength: 2,940 nm
Applications: Skin resurfacing, dental procedures.



/\/

Diode Lasers:
Wavelength: Varies (810 nm - 980 nm)
Applications: Hair removal, dental soft tissue
treatments.
Pulsed Dye Lasers (PDL):
Wavelength: 585 - 505 nm
Applications: Treatment of vascular lesions, port-wine
stains, and redness from rosacea.
Excimer Lasers:
Wavelength: 193 nm
Applications: Vision correction surgeries (e.g., LASIK).



pplications of Lasers in Medicine

1. Dermatology

Hair removal

Skin resurfacing

Scar and acne treatment

Removal of tattoos and pigmented lesions

2. Ophthalmology

Vision correction (LASIK, PRK)

Treatment of glaucoma and diabetic retinopathy
3. Oncology

Precise tumor ablation

Photodynamic therapy (PDT) for certain cancers



W\/

Minimally invasive cutting and coagulation
ENT, gynecological, and laparoscopic
procedures

5. Dentistry

Soft tissue procedures

Caries removal and teeth whitening

6. Vascular Treatments

Treatment of varicose veins

Hemangiomas and vascular malformations
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Lasers are widely used in medicine for diagnostic and therapeutic
applications. The interaction of laser light with biological tissue depends on
various factors such as wavelength, power, pulse duration, and tissue
properties. Understanding these interactions is crucial for optimizing

medical laser applications.

1. Basic Principles of Laser-Tissue Interaction

The behavior of laser light in tissue is governed by key optical properties:

« Absorption: Determines how much energy is taken up by the tissue.
« Scattering: Causes light to spread and diffuse within the tissue.

« Reflection: Some light is reflected at tissue interfaces.

« Transmission: Light can pass through certain tissues depending on

wavelength.

| aser /Tissue Interactions

1 Absorption i \

1 Transmission

1 Reflection

1 Scattering i PRy \




2. Mechanisms of Laser-Tissue Interaction
a. Photo thermal Effects

« Conversion of laser energy into heat.

« Used in procedures like laser coagulation, ablation, and
hyperthermia.

« Examples: CO: lasers for cutting tissue, Nd:YAG lasers for
coagulation.

b. Photochemical Effects

« Interaction of laser light with chemical substances in tissues.
« Basis for photodynamic therapy (PDT), which uses photosensitizers
activated by light to treat tumors.

c. Photo ablation

« Direct breaking of molecular bonds without significant heat transfer.
« Used in excimer laser procedures, such as corneal reshaping in
LASIK surgery.

d. Plasma-Induced Effects

« High-intensity laser pulses create plasma, leading to mechanical
effects like shock waves.
« Used in laser lithotripsy for breaking kidney stones.
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3.Factors Influencing Laser-Tissue Interaction

Several factors determine the outcome of laser exposure on biological
tissues:

« Wavelength: Different wavelengths penetrate tissues to varying
depths and interact with specific chromophores (e.g., hemoglobin,
water, melanin).

Ultraviolet (UV) (100-400 nm)
Strongly absorbed by DNA, proteins, and melanin.

Does not penetrate tissue deeply, so is used in surface sterilization and
treatment of skin diseases (such as psoriasis using UVB).

Visible light (400-700 nm)

Penetrates tissue moderately deeply, depending on the wavelength.




Melanin and hemoglobin selectively absorb light, allowing these
wavelengths to be used in depigmentation or treatment of superficial blood
vessels.

Near infrared (NIR) (700-1400 nm)

Penetrates tissue more deeply due to low absorption by melanin and
hemoglobin.

Used in stimulating vital tissue, treating pain, and improving blood flow.
Mid and far infrared (>1400 nm)
Strongly absorbed by water in tissue, resulting in a strong thermal effect.

Used in laser surgery, tissue vaporization, and tumor treatment.

Laser /Tissue Interactions
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el_aser Intensity and Energy Density
The higher the energy or radiation density, the greater the effect on the
tissue.
High-energy lasers cause tissue coagulation or vaporization.
Low-intensity lasers are used in biotherapy (LLLT) to stimulate healing.
ePulse Duration
Very short pulses (femtoseconds, nanoseconds) create mechanical effects
such as shock waves and plasma, and are used in eye surgery and stone
fragmentation.




Long pulses cause thermal effects such as coagulation and vaporization,
and are used in surgery and cosmetics.

e Beam Diameter (Spot Size) and Angle of Incidence
The smaller the beam diameter, the more precise the effect and the less
heat spread to the surrounding tissue.
The angle of incidence affects the amount of light reflected versus
absorbed.

4. Medical Applications of Lasers

« Ophthalmology: LASIK surgery, photocoagulation for retinal
diseases.

« Dermatology: Tattoo removal, hair removal, and skin resurfacing.

« Oncology: Photodynamic therapy for cancer treatment.

« Surgery: Laser scalpels for precise cutting with minimal bleeding.

o Dentistry: Laser-assisted cavity preparation and soft tissue
procedures.

« Cardiology: Laser angioplasty for clearing arterial blockages.

« Neurology: Potential applications in treating brain tumors and nerve
regeneration.

« Orthopedics: Laser treatments for cartilage repair and bone
remodeling.

« Gastroenterology: Endoscopic laser therapy for tumor ablation and
hemostasis.

« Urology: Laser lithotripsy for kidney stone fragmentation.

5. Safety and Risks
1. Thermal Damage:

o Burns:

o This is the most common laser hazard. High-power lasers can
rapidly heat tissue, causing burns ranging from superficial to
deep and severe.

o The severity depends on factors like laser power, wavelength,
exposure time, and tissue type.

« Tissue Coagulation and Carbonization:

o [Excessive heat can cause proteins to denature (coagulation) or

tissue to char (carbonization), leading to irreversible damage.




o This is a concern in surgical settings if laser parameters are not
precisely controlled.

2. Ocular Hazards:

« Retinal Damage:

o The eye is particularly vulnerable to laser light. The retina can
be severely damaged by even low-power lasers, especially
those in the visible and near-infrared spectrum.

o This can lead to vision loss or blindness.

« Corneal Damage:

o Ultraviolet and far-infrared lasers can damage the cornea,

causing burns or opacities.

3. Photochemical Damage:

« Cellular Mutations:
o Ultraviolet lasers can damage DNA, potentially leading to
cellular mutations and increasing the risk of cancer.
« Phototoxic Reactions:
o Certain chemicals can become toxic when exposed to laser
light, causing damage to surrounding tissues.

4. Mechanical Damage:

« Acoustic Shockwaves:
o High-intensity, short-pulsed lasers can generate shockwaves
that can disrupt tissue, causing mechanical damage.
o This is a factor in internal tissue damage, when lasers are used
to break up things like kidney stones.
« Tissue Disruption:
o The rapid expansion of vaporized tissue can cause explosive
like damage in surrounding areas.

5. Indirect Hazards:

« Laser-Generated Airborne Contaminants (LGACS):
o Laser ablation can produce smoke and fumes containing
harmful particles and gases.
o These LGACs can cause respiratory problems.
o Fire Hazards:
o High-power lasers can ignite flammable materials, posing a
fire risk.




6. Ways to prevent laser

L)

D)

* Wear specialized protective glasses that are suitable for the
wavelength of the laser used.
Do not look directly at the laser beam or its reflections.

R/ R/
0’0 0’0

Wear gloves and protective clothing when using high-powered
lasers.

*

L)

* Avoid exposing the skin directly to radiation, especially in medical

)

and cosmetic lasers.

+* Place warning signs in areas where the laser is used ( == Warning:
Active laser area).

+*» Operate the laser only by trained personnel.

+* Set the power to the minimum required to avoid risks.
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Lec4: Laser Treatment Eye( Tissues and Diseases)

Introduction

Laser eye treatment encompasses a range of procedures that utilize lasers to correct
vision problems and treat various eye conditions.

1. Laser-Tissue Interaction in the Eye

1.1. Ocular Tissues Affected by Laser

Cornea: The transparent, outermost layer that helps focus light.

Iris: The colored part of the eye that controls pupil size.

Lens: The transparent structure that focuses light on the retina.

Retina: The light-sensitive layer that converts light into neural signals.
Trabecular Meshwork: The drainage pathway for aqueous humor in the
anterior chamber.

1.2. Mechanisms of Laser-Tissue Interaction

Lasers interact with eye tissue in different ways depending on the
properties of the laser (wavelength, power, pulse duration) and the
properties of the tissue (absorption, scattering, thermal conductivity).
Here are some of the main mechanisms:

« Photocoagulation: Coagulates proteins and seals blood vessels
(e.g., diabetic retinopathy).

« Photo ablation: Removes thin layers of tissue (e.g., LASIK
surgery).

« Photo disruption: In this procedure, laser beams are focused on a
specific point to make a precise cut in the tissue. (This effect is
used in cataract and corneal surgeries).

« Photo thermal Effects: Induces controlled heat to stimulate tissue
healing (e.g., glaucoma treatment).

2. Laser Applications in Treating Eye Diseases

2.1. Refractive Surgery

e LASIK (Laser-Assisted in Situ Keratomileusis): Reshapes the cornea to
correct myopia, hyperopia, and astigmatism.
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e PRK (Photorefractive Keratectomy): Similar to LASIK but without corneal
flap creation.

e SMILE (Small Incision Lenticular Extraction): Uses femtosecond laser to
remove a corneal lenticular.

2.2. Retinal Disorders
Diabetic Retinopathy: Diabetic retinopathy is a complication of diabetes that
affects the blood vessels in the retina. It can lead to vision loss if left
untreated.

Diabetic retinopathy laser treatment:

o Pan retinal photocoagulation (PRP) reduces abnormal blood vessel growth.
e Macular Edema: Focal laser therapy to seal leaking vessels.

conjunctiva —\ -
y }-ciliary body

pupil /

cornea ) _ anterior'cﬁ:“a"méf;iﬂ

optic nerve

optic disc

2.3. Glaucoma Management

o Selective Laser Trabeculoplasty (SLT): Enhances fluid drainage to reduce
intraocular pressure.

e Laser Peripheral Iridotomy (LPI): Creates a small opening in the iris to treat
angle-closure glaucoma.

3. Types of Lasers Used:

o Excimer Lasers: Used in refractive surgery to reshape the cornea.

e Argon Lasers: Used in treating retinal diseases and glaucoma.

e Nd:YAG Lasers: Used in treating glaucoma and posterior capsular
opacification (after cataract surgery).

o Femtosecond Lasers: Used in creating corneal flaps for LASIK and in
cataract surgery.
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4. Advantages and Risks of Laser Eye Treatment

3.1. Advantages

&/ Minimally invasive procedures

7 Short recovery time

</ High precision with minimal collateral damage
7 Improve vision

</ Effective for a wide range of eye conditions

3.2. Risks and Complications

1 Transient visual disturbances (glare, halos)

1 Corneal dryness (common in refractive surgeries)
1 Potential retinal damage with excessive energy

1 Secondary intraocular pressure spikes (glaucoma treatments)

5.Eye Care and Protection

To maintain healthy vision, follow these tips:

Have regular eye exams.

Protect eyes from excessive screen exposure and blue light.

Wear sunglasses to shield against UV rays.

Eat a diet rich in vitamins A, C, and E, which support eye health.
Avoid touching your eyes with unclean hands to prevent infections.

»
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Introduction

Lasers, or Light Amplification by Stimulated Emission of Radiation, have
become integral to modern medical diagnostics, offering significant
advantages over traditional methods. Their unique properties—such as
mono chromaticity, coherence, and directionality—enable precise
imaging and analysis of biological tissues.

The application of lasers in diagnosis has transformed various medical
fields by providing high-resolution, non-invasive techniques that enhance
the accuracy and speed of disease detection. From ophthalmology to
oncology, lasers facilitate detailed imaging and real-time data collection,
allowing healthcare professionals to make informed decisions quickly.

Laser technology has revolutionized the field of medical diagnostics by
offering non-invasive, highly precise, and efficient methods for detecting
various diseases. The use of lasers in medical diagnostics allows for early
disease detection, improved imaging, and real-time monitoring of
biological changes in tissues.

1. Basics of Laser Technology

e LASER stands for Light Amplification by Stimulated Emission of
Radiation.
e Key properties of lasers:
o Mon chromaticity — Single wavelength emission.
o Coherence — Phase-aligned waves for high precision.
o Collimation — Minimal beam divergence.
e Common medical lasers:
o Helium-Neon (He-Ne) laser (visible red, used in ophthalmology).
o Diode lasers (infrared, used in imaging and diagnostics).
o N d:YAG laser (infrared, deep tissue penetration).
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2. Laser-Based Diagnostic Techniques
A. Optical Coherence Tomography (OCT)

e OCT uses light waves to capture micrometer-resolution, three-
dimensional images from within optical scattering media.

e [t operates on the principle of low-coherence interferometry, where the
interference pattern of light reflects off the tissues.

«Uses near-infrared laser light to generate high-resolution cross-sectional
images of tissues.

«Widely used in ophthalmology for diagnosing glaucoma, retinal
disorders, and macular degeneration.

B. Laser Doppler Flowery (LDF)

e Laser Doppler Fluorimetry (LDF) is based on the Doppler effect principle.
Low-power laser light is shone onto biological tissue, scattering when it
encounters moving red blood cells. The frequency of the reflected light shifts
as a result of the movement of these cells, and this shift can be analyzed to
determine the rate of blood flow in microscopic tissues.

e Measures blood flow by detecting Doppler shifts in laser light scattered by
moving red blood cells.

e Applications:

o Monitoring microcirculation in skin and organs.
o Assessing wound healing and diabetic foot ulcers.

C. Raman Spectroscopy

o Laser-induced molecular vibration analysis for identifying chemical
compositions.
e Applications:
o Early cancer detection (distinguishes malignant vs. healthy tissue).
o Non-invasive blood glucose monitoring for diabetics.

Raman Instrument

Excitation
Optical Fiber

Laser Filtered Detector

Probe

Computer
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D. Fluorescence Imaging and Spectroscopy

o Certain molecules (fluorophores) emit light when excited by a laser.
e Applications:
o Detecting cancerous tissues (fluorescence-guided surgery).
o Bacterial infection detection in dental and wound care.

E. Laser-Induced Breakdown Spectroscopy (LIBS)

e Uses high-energy laser pulses to vaporize a small sample, analyzing the
emitted plasma spectrum.
e Applications:
o Identifying toxic metals in the body.
o Rapid biochemical analysis of blood and tissues.

F. Laser Confocal Microscopy

o Uses a laser to scan a specimen point-by-point for 3D imaging of cells and
tissues.
e Applications:
o Examining skin disorders and biopsies.
o Studying cellular structures in real-time.

G. Laser in Dentistry

e Diode lasers detect early dental caries by measuring fluorescence from tooth
enamel.
e Can also be used for gingival disease detection.

Optical Coherence Tomography (OCT)

1S a non-invasive imaging technique that utilizes laser
technology to capture high-resolution, cross-sectional images
of biological tissues. It has become a vital tool in various
medical fields, particularly in ophthalmology. Here’s an
overview of its applications, principles, and benefits:

How It Works

1. Low-coherence laser light (usually near-infrared, 800—
1300 nm) is directed at the tissue.
2. The light splits into two beams:
o One beam travels to the sample (biological tissue).
o The other beam travels to a reference mirror.
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3. The reflected light from the sample and reference mirror
interferes when they travel similar optical paths.

4. The interference pattern is analyzed to create a depth-
resolved image of the tissue.

Types of OCT

OCT techniques differ based on speed, resolution, depth of imaging, and
functionality. Below is a comparison of the major types of OCT:

Time-Domain OCT (TD-OCT): Older method, slower image
acquisition.

Spectral-Domain OCT (SD-OCT)

< Uses a stationary reference mirror and a spectrometer to analyze interference
patterns.

<& Captures all depth information at once, eliminating the need for mechanical
movement.

<& Offers higher speed and better resolution than TD-OCT.

Swept-Source OCT (SS-OCT): Uses tunable laser sources for
deeper penetration.

Doppler OCT (DOCT)

< Combines OCT with Doppler techniques to measure blood flow within tissues.
<& Helps assess vascular health and blood circulation.

Photo acoustic OCT (PAOCT)

< Combines OCT with photo acoustic imaging, where laser pulses generate
ultrasound signals based on tissue absorption.

< Provides both optical and acoustic contrast..

Comparison Table of OCT Types

Type Speed Resolution Depth of Key Applications
Imaging
TD-OCT Slow Low Shallow Early retinal imaging, skin
analysis
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SD-OCT Fast High (~5 Moderate Retinal imaging, cardiology,
um) dermatology
SS-OCT | Very Fast | High (~3-5 Deep Choroid imaging,
um) cardiology, dentistry
DOCT | Moderate High Moderate Blood flow analysis,
oncology, neurology
PAOCT Fast High Deep Cancer detection, vascular
imaging

‘/TD-OCT is outdated but cost-effective.

+/ SD-OCT is widely used due to its balance between speed and resolution.
+/ SS-OCT is the best for deep imaging and has higher sensitivity.

+/ DOCT adds functional imaging for blood flow analysis.

«/ PAOCT enhances imaging by combining optical and acoustic signals.

Components of an OCT System

< Broadband light source — Near-infrared laser for deep
tissue penetration.

< Interferometer — Splits light into sample and reference
beams.

<& Detector & Computer — Captures interference signals and
reconstructs images.

< Scanning system — Moves the laser beam to create cross-
sectional images.

Applications of OCT in Medical Diagnosis
1. Ophthalmology (Eye Diseases)

e Glaucoma — Measures optic nerve damage and retinal nerve fiber thickness.

o Age-Related Macular Degeneration (AMD) — Detects changes in the
macula.

» Diabetic Retinopathy — Identifies retinal swelling and fluid leakage.

e Retinal Detachment and Tears — Assesses the extent of retinal separation.

e Macular Edema and Macular Holes — Evaluates fluid buildup in the retina.

e Optic Neuritis — Helps detect inflammation of the optic nerve.

2. Cardiology (Heart and Blood Vessels)

e Coronary Artery Disease (CAD) — Identifies plaque buildup in arteries.
o Atherosclerosis — Assesses arterial blockages and risk of heart attacks.
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e Stent Placement Monitoring — Ensures proper positioning and healing of
stents.

3. Dermatology (Skin Conditions)

e Melanoma and Skin Cancer — Identifies cancerous and precancerous skin
lesions.
e Psoriasis and Eczema — Assesses skin thickness and inflammation levels.

4. Oncology (Cancer Detection)

e Oral Cancer — Detects early-stage tumors in the mouth and throat.

o Esophageal and Gastrointestinal Cancer — Assesses abnormal tissue
growth.

e Breast and Cervical Cancer — Helps in early detection through tissue
imaging.

5. Neurology (Brain and Nervous System)

o Multiple Sclerosis (MS) — Measures retinal nerve fiber layer thinning, which
correlates with brain damage.

e Alzheimer’s Disease — Helps detect early neurodegenerative changes in the
retina.

e Parkinson’s Disease — Assists in identifying retinal changes linked to the
disease.

6. Dentistry (Teeth and Gums)
e Gum Disease (Periodontitis) — Evaluates gum and bone health.

e Tooth Decay (Cavities) — Detects early enamel and dentin damage.
e Root Canal and Pulp Infections — Assesses internal tooth structures.

7. Gastroenterology (Digestive System)

o Barrett’s Esophagus — Identifies precancerous changes in esophageal tissue.
e Colon Polyps and Cancer — Aids in detecting abnormal tissue growth.

8. Orthopedics (Bones and Joints)

o Cartilage Damage (Osteoarthritis) — Assesses joint and cartilage
degeneration.

e Tendon and Ligament Injuries — Evaluates structural integrity of soft
tissues.

Summary of OCT Applications in Medicine
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Medical Field Applications

Ophthalmology | Retina imaging, glaucoma diagnosis, corneal thickness
measurement

Cardiology Coronary artery disease, stent placement guidance, blood flow
analysis

Oncology Skin, oral, breast cancer detection

Neurology Multiple sclerosis, Alzheimer’s disease, stroke risk assessment

Gastroenterolog | Barrett’s esophagus, colorectal cancer, inflammatory bowel

y disease

Pulmonology COPD, lung cancer, asthma

Dentistry Cavity detection, gum disease analysis, oral cancer screening

Advantages of OCT

+/ Non-invasive & real-time imaging — No need for tissue biopsies.
+/ High-resolution (1-10 pm) — Better than ultrasound (~100 pm).

«/ Safe (no ionizing radiation) — Unlike X-ray or CT scans.

« Deep tissue penetration (1-3 mm) — Ideal for eye, skin, and arteries.

Questions

1. How does laser-based diagnosis compare to traditional imaging techniques?
What are the limitations of using laser in deep tissue analysis?
3. What potential advancements could further improve laser diagnostics in the

future?

4. Why Use Lasers in Diagnosis?




1.Difference Between Excimer Laser and Femtosecond Laser:
Mechanism and Applications

EXCIMErMINaser} The excimer laser operates in the ultraviolet (UV)

spectrum, typically at a wavelength of 193 nm (argon-fluoride gas). Its
mechanism is photo ablation, whereby it breaks molecular bonds in
corneal tissue with minimal thermal damage to surrounding areas. This
precision makes it ideal for reshaping the cornea in refractive surgeries
such as LASIK and Photorefractive Keratectomy (PRK).

FEMEOSECONCMNAsEr: In contrast, the femtosecond laser emits ultra-short

pulses (107'* seconds) in the infrared spectrum, utilizing a mechanism of
photo disruption. It produces microscopic cavitation bubbles within the
tissue, allowing for precise incisions without significant thermal injury. It
iIs commonly used for corneal flap creation in femto -LASIK, femto-
SMILE, and increasingly in cataract surgery for lens fragmentation and
capsulotomy.

2. What is the importance of using special lenses during laser eye
treatment?

Specialized lenses, such as contact diagnostic lenses or focusing lenses,
are essential during laser eye procedures for several reasons:

. Focusing the Laser Beam: They help concentrate and direct the
laser beam precisely onto the target area, enhancing treatment accuracy.

. Stabilizing the Eye: These lenses immobilize the globe, reducing
the risk of misalignment during treatment.

. Minimizing Refraction Errors: Lenses compensate for the
natural curvature of the eye, ensuring that the laser's path remains
predictable and effective.

Such lenses are especially critical in procedures like pan retinal
photocoagulation and YAG capsulotomy, where accurate targeting is
paramount.

3. Why is the YAG laser used in the treatment of secondary cataracts?

Neodymium-doped Yttrium Aluminum Garnet (N d :YAG) lasers are
the treatment of choice for posterior capsular opacification (PCO), a




common postoperative complication following cataract surgery. The YAG
laser delivers high-energy pulses to perform a non-invasive capsulotomy,
creating a central opening in the opacified posterior capsule. This restores
the visual axis without the need for additional intraocular surgery. The
laser operates in the infrared range (1064 nm), using photo disruption to
achieve tissue cleavage without incisions.

4. Why Are Patients Required to Wear Protective Eyewear After
Some Laser Treatments

Following laser treatment, patients are often advised to wear protective
eyewear due to:

. Photophobia and Light Sensitivity: The treated cornea or retina
becomes temporarily hypersensitive to light.

. UV and Blue Light Protection: Some treatments may increase
retinal vulnerability to phototoxic damage.

. Infection Prevention and Healing Support: In surface
procedures like PRK, glasses protect the eye from environmental irritants
and physical contact, aiding the healing process.

5. Difference Between PRK and LASIK: Mechanism and Indications
PRK (Photorefractive Keratectomy):

. Surface-based ablation where the corneal epithelium is removed
before laser reshaping.

. Healing is slower, with more discomfort.

. Ideal for patients with thin corneas, dry eyes, or high-risk
professions (e.g., military, contact sports).

LASIK (Laser-Assisted In Situ Keratomileusis):

. Involves creating a corneal flap (using microkeratome or
femtosecond laser), followed by excimer laser ablation beneath.

. Offers faster visual recovery and less discomfort.

. Preferred for patients with sufficient corneal thickness and mild
to moderate refractive errors.




6. For a patient suffering from diabetic retinopathy, what type of laser
Is used to treat them? And why?

The argon laser or diode laser is primarily used in the treatment of
diabetic retinopathy, especially in pan retinal photocoagulation (PRP)
and focal/grid laser photocoagulation. The laser’s thermal effect seals
leaking blood vessels, reduces neovascularization, and prevents further
retinal damage. The rationale lies in its ability to:

. Decrease hypoxia-induced VEGF production.

. Prevent complications such as vitreous hemorrhage and retinal
detachment.

. Preserve central vision in cases of diabetic macular edema.

7. What are the types of vision correction surgeries??
Vision correction surgeries include:

PRK (Photorefractive Keratectomy)

LASIK (Laser-Assisted In Situ Keratomileusis)
LASEK (Laser Sub-Epithelial Keratomileusis)

SMILE (Small Incision Lenticular Extraction)

Phakic Intraocular Lenses (ICL)

Refractive Lens Exchange (RLE)

8. Difference Between Femto-LASIK and Femto-SMILE
Femto-LASIK:

Uses femtosecond laser for flap creation.
Excimer laser reshapes the underlying stroma.
. Two-step process with more manipulation of the corneal structure.

Femto-SMILE (Small Incision Lenticular Extraction):

. A single-step procedure using femtosecond laser to create and
extract a lenticular through a micro-incision.

. No flap, resulting in better biomechanical stability and reduced
dry eye symptoms.




. Ideal for moderate to high myopia and patients seeking a flapless
option.

9. Does Vision Reach 6/6 After LASIK?

While many patients achieve 6/6 (20/20) vision or better after LASIK,
several factors influence the final visual outcome:

Initial refractive error magnitude
Corneal healing response

Age and ocular surface health
Presence of higher-order aberrations

Statistically, over 90% of patients achieve 6/6 or better, but perfection is
not guaranteed. Some patients may still require minor corrections,
especially for night vision or in cases of residual astigmatism. Thus,
while LASIK is highly effective, outcomes must be evaluated with realistic
expectations.




1.Comparison of Laser-Based Diagnostics with Traditional Imaging
Techniques

Laser-based diagnostic techniques offer distinct advantages over
traditional imaging modalities such as X-ray radiography, magnetic
resonance imaging (MRI), and ultrasound. These advantages stem
primarily from the unique properties of laser light, including coherence,
mono chromaticity, and directionality, which enable high-resolution, real-
time imaging at the microscopic and even molecular level.

For example, Optical Coherence Tomography (OCT)— a widely used
laser-based technique—provides cross-sectional images of tissues with
micrometer-scale resolution, making it particularly valuable in
ophthalmology, dermatology, and cardiology. In contrast, MRI and CT
scans provide macroscopic anatomical details but lack the ability to detect
fine structural changes at the cellular level.

Additionally, laser-based techniques such as Raman spectroscopy,
fluorescence spectroscopy, and Laser-Induced Breakdown Spectroscopy
(LIBS) offer biochemical insights into tissue composition, enabling early
detection of pathologies without the need for contrast agents or
radioactive tracers.

However, traditional imaging techniques still hold advantages in depth
penetration, whole-body imaging, and functional imaging (e.g., fMRI),
which currently remain limitations for most laser-based modalities.

2.Limitations of Laser Use in Deep Tissue Analysis

Despite their precision and non-invasive nature, laser-based diagnostic
techniques face several significant limitations in the context of deep
tissue analysis:

Limited Penetration Depth: Biological tissues scatter and absorb light,
particularly in the visible spectrum. This restricts laser imaging to
superficial layers (typically <2-3 mm depth), which limits its application
to internal organs or deep-seated tumors.




Signal Degradation: As light travels through tissue, it undergoes
multiple scattering events, leading to a degradation of spatial resolution
and signal-to-noise ratio. This can obscure diagnostic features and
complicate data interpretation.

Thermal and Photochemical Risks: At high intensities or prolonged
exposure, laser light can induce localized heating or photo damage, which
may compromise tissue integrity or patient safety.

Instrumentation Complexity: Some laser systems require highly
controlled environments, precise alignment, and expensive components,
which may limit their accessibility and portability in clinical settings.

3. Potential Future Advancements in Laser Diagnostics

Several promising avenues are under investigation to overcome current
limitations and enhance the utility of laser diagnostics:

Near-Infrared (NIR) and Short-Wave Infrared (SWIR) Imaging:
Utilizing longer wavelengths (700-1700 nm) enhances penetration depth
while reducing scattering, thereby extending the reach of optical imaging
into deeper tissues.

Photo acoustic Imaging: This hybrid technique combines laser
excitation with ultrasound detection to enable high-resolution imaging at
greater depths than pure optical methods.

Multi photon Excitation and Adaptive Optics: These technologies
allow selective excitation of deeper layers while minimizing damage to
overlying tissue, thus improving resolution in 3D imaging.

Nanoparticle-Based Contrast Agents: Functionalized nanoparticles can
be designed to target specific tissues or biomarkers, increasing the
specificity and sensitivity of laser-based detection.

4. Rationale for Using Lasers in Medical Diagnosis
The use of lasers in diagnosis is driven by several intrinsic advantages:

Precision and Resolution: The coherence and narrow spectral bandwidth
of laser light enable highly detailed imaging and spectral analysis.




Non-Invasiveness: Most laser-based diagnostic tools are non-contact and
do not require incisions, making them ideal for sensitive or repetitive
assessments.

Real-Time Monitoring: Laser systems can provide immediate feedback,
which is essential for intraoperative imaging or real-time monitoring of
disease progression.

Functional and Molecular Insights: Unlike traditional imaging, many
laser-based methods provide information about the biochemical
composition or metabolic state of tissues, offering early indicators of
pathology.

Versatility Across Modalities: From imaging (OCT, confocal
microscopy) to spectroscopy (Raman, LIBS), lasers support a broad
spectrum of diagnostic applications, often in a portable or point-of-care
format.
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