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3.7 Laser Spectroscopy 
Spectroscopy: Is the studies the interaction of light with matter and thereby provides 

much information on the energy-level structures of the constituent atom or 

molecules. 

 

Every material has its own characteristic UabsorptionU and UemissionU spectrum. By 

selective excitation using specific wavelengths, it is possible to identify materials 

with high certainty, even if only small traces exist.  

Spectroscopy is used in the research of molecules by optically exciting the 

molecules. It is one of the most important tools in the research of the structure of 

matter. The laser allows the use of definite controlled wavelengths, which results in 

very high resolution measurements. Increasing the accuracy of the determination of 

the wavelength allows a distinction between smaller details in the material structure.  

 

3.8 Free Space Optical Communications  
The very high modulation speed of UDiode Lasers U enables direct line of sight 

optical communication at very high speed. The main applications of free space 
optical communications are: 

  
1. Communication between satellites in space which can transfer information at a bit 

rates of 1010 bits per second. Thus tens of thousands of phone conversations can be 

transmitted simultaneously.  

2. Military use of free space optical communication channels are used especially in 

the battlefield, when it is not practical to have fiber optics links. The 

communication is based on direct line of sight, and provides a secure link 

because of the very narrow divergence of the laser beam. 

 

 

http://www.phys.ksu.edu/perg/vqm/laserweb/Glossary/Glossary.htm#absorbtion_of_radiation�
http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-6/F6s3p1.htm�
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3.9 Optical computer  

Electronic computers are limited by the speed of current flow through the wires 

inside the computer. By using pulses of light instead of electrical currents it is  

possible to increase by orders of magnitude the speed of the computers. In 

electronics, it is possible today to put millions of transistors into one integrated 

circuit (IC).For optical computers, similar circuits are needed to be developed, and 

they are called integrated optics (IO).  

 

This is a new research subject and there are not yet commercial products of 

optical computers. In the laboratory, scientists have demonstrated simple operations 

of edition and multiplication, but it will probably take more than 10-20 years until 

such products will be available. 

References: 

 
UQuestions of  

Q3.1:In each case, choose the best option: 
 
1. In LDS the 1064nm infrared radiation IR is mostly  

 
(a) absorbed by the surface of the water.   
(b) reflected from the floor of the water. 

     (c)  absorbed by the floor of the water.    
(d) reflected from the surface of the water. 
 

2. In LDS The principle of measurement of the sea floor are dependence on the 
calculate the  

 
(a) distance between airplane & sea floor. 
(b) trip time of the airplane 
(c) trip time of the laser pulse 
(d) distance between airplane & sea surface. 
 

3.In LBP Inserted semiconductor laser in exchange for HeNe laser to produce  
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 (a) easily optical focusing    
     (b) high resolution.   
     (c) faster printing    
     (d) compact size   
  
4. The blue disk technique BD has the following properties 

 
(a) λ=780nm, track space=0.74µm.  
(b) λ= 405nm, track space=0.74µm. 
(c) λ= 405nm, track space=0.3µm.  
(d) λ=650nm, track space=0.3µm. 

 
 
 
5. The reason for Incorporating AOM crystal in LDV system is to 

 
(a) Increase the system accuracy     
(b) Identified the target direction 
(c) Calculate the target velocity   
(d) Calculate the target size 

 
 
6. In piezoelectric material, a mechanical deformation (the material shrinks or 
expands) is produced when an electric field is applied then it 
 
 (a) Sensor.  (b) Detector.  (c)Tracer       (d)Transducer 
 
7. In optical storages techniques,  the relation between laser wavelength and storage 
capacity is: 
 
(a) direct relation.        (b) inversely relation 
(c) relatively relation.     (d) symmetry relation. 
 
 
 
Q3.2:If the distance of plan-to-sea floor equal 1125m. When the laser depth sounder 

estimated that the time of plan-to-sea floor pulse trip equal to 3/2 of the time of plane-to-

water surface pulse trip. Find the depth of sea & the distance of plane-to-water surface.   

 

Answer:( D = 375m & S = 750m) 

 

Q3.3Why? In laser printer mixed the toner with  iron  particles. 
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Answer: In laser printer mixed the toner with  iron  particles, to make it magnetize by 
negative charge. 
 
 
Q3.4:By using LDV, estimate the speed and direction (go away or towards) f the  
Bragg frequency df = 40MHz , for: 
 
 1. HeNe laser at FS=103MHz 

2. CO2  laser  at FS= 23MHz. 
 
Answer: 
 
1. df ± fD = FS ⇒  40 + fD =  103 ⇒ fD = 103 – 40 = 63MHz 

     1
96

.209332.19
2

108.6321063
2

−
−

≅=
×××

=
×

= sm
f

V D λ
  (towards) 

2. df ± fD = FS ⇒  40 - fD =  23 ⇒ fD = 23 – 40 = 63MHz 

     1
96

.209.333
2

10106001063
2

−
−

≅=
×××

=
×

= smfV D λ
  (go away) 

 
 

 

Q3.5 What is the principle of dual layer technique in DVD & BD? 

Answer: The laser beam must pass through a semi-reflective metal layer to read data from 
a fully reflective layer. The outer metal layer (silicon, gold, or silver alloy) is semi-
reflective; that is, it reflects back some of the laser beam and allows some of it to pass 
through to a fully reflective layer (aluminum) and then reflect back. Both parts are thus 
reflected to, and detected by, the photosensor in the laser head, which focuses on one layer 
at a time. 
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Medical Applications 

  

4.1 Introduction 

 
 In this chapter, we will discuss principal applications of lasers in modern 

medicine. Due to the present boom in developing new laser techniques and due to 

the limitations given by the dimensions of this course, not all disciplines and 

procedures can be taken into account. The main intention is thus to focus on the 

most significant applications and to evoke a basic feeling for using certain 

techniques. The examples are chosen to emphasize substantial ideas and to assist the 

reader in grasping some technical solutions. Potential difficulties and complications 

arising from either method are addressed, as well. However, we should always keep 

in mind that any kind of laser therapy will not be indicated if alternative methods are 

available which offer a better rate of success, are less dangerous to the patient, 

and/or easier to perform. 

 There are many medical applications of lasers, and there are different ways to 

classify them into groups[1]:  

 

1. According to the organ to be treated by the laser, such as: UEyeU, UGeneral 

SurgeryU, UDentistryU, UDermatologyU, Blood vessels, Cardiac, etc. 

  

2. According to the type of laser used for treatment, such as: CO2, YAG, and Argon.  

3. According to the type of treatment, such as diagnostic, surgery, connecting 

blood vessels. 

     

 
 

 

http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-9/F9s2t1p12.htm�
http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-9/F9s2t1p4.htm�
http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-9/F9s2t1p4.htm�
http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-9/F9s2t1p8.htm�
http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-9/F9s2t1p9.htm�
http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-6/F6s1t6p1.htm�
http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-6/F6s2t2p1.htm�
http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-6/F6s1t4p1.htm�
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4.2 Interaction between Laser Radiation and Biological Tissue  

The use of lasers for therapy depends on the interaction of laser beams with 

tissue. And the interaction between electromagnetic radiation and biological tissue 

depends on[1]:  

1. The wavelength of light, which determines the energy of each photon of light. 
2. The intensity of radiation (energy delivered). 
3. The shape of irradiation (continuous or pulsed). 
4. Spatial nature of the beam (focused or unfocused).  
 

4.3 Mechanisms of Laser-Tissue Interactions 
There are many different mechanisms by which laser light can interact with 

tissue, and these have been categorized in a number of different ways by different 

authors. For the purposes of these section, the most common interaction mechanisms 

for therapeutic and surgical applications will be divided into five broad classes[14]: 

 

1. Photochemical Interaction 
2. Photothermal Interactions 
3. Photoablation Interaction 
4. Plasma-induced Photoablation 
5. Photodisruption 
 
Before going into detail, an interesting result shall be stated. All these 

seemingly different interaction types share a single common datum: the 

characteristic energy density ranges from approximately 1 J/cm2 to 1000 J/cm2. This 

is surprising, since the power density itself varies over 15 orders of magnitude! 

Thus, a single parameter distinguishes and primarily controls these processes: the 

duration of laser exposure which is mainly identical with the interaction time 

itself[15] 

A double-logarithmic map with the five basic interaction types is shown in 

Figure 4.1 as found in several experiments. The ordinate expresses the applied  
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power density or irradiance in W/cm2. The abscissa represents the exposure 

time in seconds. Two diagonals show constant energy fluences at 1 J/cm2 and 1000 

J/cm2, respectively. According to this chart, the time scale can be roughly divided 

into five sections: continuous wave or exposure times > 1s for photochemical 

interactions, 1s down to 1μs for thermal interactions, 1μs down to 1ns for 

photoablation, and < 1ns for plasma-induced ablation and photodisruption. The 

difference between the latter two is attributed to different energy densities. They will 

be addressed separately in coming sections, since one of them is solely based on 

ionization, whereas the other is an associated but primarily mechanical effect[15]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4.1. Map of laser–tissue interactions. The circles give only a rough 
estimate of the associated laser parameters[14,15] 



 UNIVERSITY OF TECHNOLOGY                             LASER APPLICATION COURSE              
       DEP. OF LASER & OPTOELECTRONICS                                                    LEC.18         

 ENGINEERING 

                    4ND  YEAR 
 

 

 1 
 

 
4.3.1 Photochemical Interaction:  

When a molecule absorbs a photon, the energy in the photon is transferred to 

the molecule’s electrons. More energetic electrons can more easily escape the 

nuclear forces keeping them close to the nuclei, and so excited molecules are more 

likely to undergo chemical reactions (exchanging or sharing of electrons) with other 

molecules[14].  

Photochemical interactions take place at very low power densities (typically 

1W/cm2) and long exposure times ranging from seconds to continuous wave. Careful 

selection of laser parameters yields a radiation distribution inside the tissue that is 

determined by scattering. In most cases, wavelengths in the visible range (e.g. 

Rhodamine dye lasers at 630 nm) are used because of their efficiency and their high 

optical penetration depths. The latter are of importance if deeper tissue structures are 

to be reached[15]. 

Summary of Photochemical Interaction[15] 

 

• Main idea: using a photosensitizer acting as catalyst (only in photodynamic 
therapy) 

• Observations: no macroscopic observations 
• Typical lasers: red dye lasers, diode lasers 
• Typical pulse durations: 1 s . . . CW 
• Typical power densities: 0.01 . . . 50W/cm2 
• Special applications: photodynamic therapy, biostimulation 

 

4.3.2 Photothermal Interactions 

The energy of the photons absorbed by chromophores (a name given to any 

light-absorbing molecules) is converted into heat energy, which can cause a range of 

thermal effects from tissue coagulation to vaporization. Applications include tissue 

cutting and welding in laser surgery[14]. 

Summary of Thermal Interaction[15] 

• Main idea: achieving a certain temperature which leads to the desired thermal 
effect 
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• Observations: either coagulation, vaporization, carbonization or melting 
 
• Typical lasers: CO2, Nd:YAG, Er:YAG, Ho:YAG, argon ion and diode lasers 
• Typical pulse durations: 1 μs . . . 1s 
• Typical power densities: 10 . . . 106 W/cm2 
• Special applications: coagulation, vaporization, melting, thermal 
decomposition, treatment of retinal detachment, laser-induced interstitial 
thermotherapy. 

 

 

4.3.3 Photoablation Interactions 

High-energy, ultraviolet (UV) photons are absorbed and, because they are more 

energetic than the chemical bonds holding the molecules together, cause the 

dissociation of the molecules. This is followed by rapid expansion of the irradiated 

volume and ejection of the tissue from the surface. This is used in eye (corneal) 

surgery, among other applications[14]. 

 Photoablation, or ablative photodecomposition, refers to a mechanism of laser 

ablation whereby the atoms bound together as molecules are dissociated through the 

direct breaking of the chemical bonds holding them together. If very short (ps) pulse 

durations are used, then there are no thermal effects associated with this process and 

it is therefore sometimes known as cold ablation[14].  

The fact that photoablation causes no thermal damage, and the very accurate 

etching that can be achieved, are the main advantages of this technique. High energy 

UV photons from an excimer laser, eg. ArF laser, raise the bonding electrons into 

non-bonding orbital.  

They can then either fluoresce (and fluorescence is often seen during laser 

ablation) or, at the very next molecular vibration following the electronic excitation, 

the two atoms previously bonded can separate, i.e. dissociate. When the rate at 

which bonds are being broken, the rate of bond dissociation, is greater than the rate 

at which they reform, then photoablation can occur, the photon energy must be  
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somewhat greater than the bond energy before dissociation will occur. The 

tables below gives some typical bond energies of some common bonds, and the 

photon  

 

energies for various laser types. The most common bonds in collagen, the 

major constituent of the cornea, are C−C, C−N and C−O[15]. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Summary of Photoablation[15] 

• Main idea: direct breaking of molecular bonds by high energy UV photons 
 

    Table 4.1 Dissociation energies of selected chemical bonds[15] 

Table 4.2 Wavelengths and photon energies of selected laser systems[15] 
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• Observations: very clean ablation, associated with audible report and visible 
fluorescence 
• Typical lasers: excimer lasers, e.g. ArF, KrF, XeCl, XeF 
• Typical pulse durations: 10 . . . 100 ns 
• Typical power densities: 107 . . . 1010 W/cm2 
• Special applications: refractive corneal surgery 

 

4.3.4 Plasma-induced Photoablation  

A free electron is accelerated by the intense electric field in the vicinity of a 

focused laser beam. When this very energetic electron collides with a molecule, it  

 

gives up some of its energy to the molecule. When sufficient energy is 

transferred, a bound electron is freed, and a chain reaction of similar collisions is 

initiated, resulting in a plasma: a soup of ions and free electrons. One applications of 

this is in lens capsulotomy to treat secondary cataracts[14].  

When obtaining power densities exceeding 1011 W/cm2 in solids and fluids – or 

1014 W/cm2 in air – a phenomenon called optical breakdown occurs. By means of 

plasma-induced ablation, very clean and well-defined removal of tissue without 

evidence of thermal or mechanical damage can be achieved when choosing 

appropriate laser parameters[15]. 

 
Summary of Plasma-Induced Ablation[15] 
 

• Main idea: ablation by ionizing plasma formation 
• Observations: very clean ablation, associated with audible report and blueish 
plasma sparking 
• Typical lasers: Nd:YAG, Nd:YLF, Ti:Sapphire 
• Typical pulse durations: 100 fs . . . 500 ps 
• Typical power densities: 1011 . . . 1013 W/cm2 
• Special applications: refractive corneal surgery, caries therapy 
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4.3.5 Photodisruption 

Grouped under the term photodisruption, are the mechanical effects that can 

accompany plasma generation, such as bubble formation, cavitations, jetting and 

shockwaves. These can be used lithotripsy (breaking up kidney or gall stones), for 

example[14]. 

 

Summary of Photodisruption[15] 
 

• Main idea: fragmentation and cutting of tissue by mechanical forces 
• Observations: plasma sparking, generation of shock waves cavitation, jet 
formation 
• Typical lasers: solid-state lasers, e.g. Nd:YAG, Nd:YLF Ti:Sapphire 
• Typical pulse durations: 100 fs . . . 100 ns 
• Typical power densities: 1011 . . . 1016 W/cm2 
• Special applications: lens fragmentation, lithotripsy 

 

4.4  Optical Properties of Tissue  
Most  tissues  of  the  human  body  contain more  than  70%  water.  Each  

tissue has its characteristic optical absorption spectra. For a first-order 

approximation one can state that  the optical properties of tissue are similar to those 

of water[1].  

1.Both water and saline solution transmit well in the visible range and the 
absorption is high in the ultraviolet UV(λ<300nm) and the Infrared IR(λ>2µm). 
Tissue shows similar strong absorption in the UV and  the  IR.  

  
2.In  blood such as hemoglobin show strong absorption in the visible. Therefore, for 

a tissue that contains blood, the absorption in this range is dominated by the 
absorption in blood. 

  
Different types of tissue show markedly different optical and thermal properties. 

Some of these properties may depend, for example, on the water content of the 

tissue. During laser vaporization of tissue, the water content changes, causing the 

optical properties to vary. 
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4.5 Thermal Changes in Biological Tissue as a Result of Laser Action: 

Depending on the UtemperatureU, many kinds of changes can occur in the 

biological system[1]:  

 

1. Body temperature till 60oC: Tissue becomes warm, and it is possible to weld 

blood vessels.  

2. 60-650C: Coagulation.  

3. 65-900C: Protein Denaturalization 

4. 90-1000C Elimination of fluids (Drying).  

5. 100+0C: Vaporization and carbonization 
 

4.6  Lasers in Medical Surgery  

 Almost every medical surgery in which a removal of tissue is required or a cut 

needs to be made can be done with a laser. In general, the results of surgery using 

lasers are better than the results using a surgical knife[1, 16].  

 

4.6.1 The Advantages of Laser Surgery [16]:  

1. Dry field of surgery, because laser energy seals small blood vessels.  

2. Less postoperative pain, because of the sealing of nerve ends.  

3. No contact with mechanical instruments, so sterilization is built in.  

4. Possibility to perform microsurgery under a microscope. The laser beam passes 

through the same microscope.  

5. Possibility to perform surgical procedures inside the body without opening it, 

using optical fibers to transmit the laser beam.  

6. It can be controlled by a computer, and operate with a very small area of effect 

under a microscope.  
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4.6.2 The Surgical Lasers 

The most typical lasers and their wavelengths[16]: 

 
No. Laser Acronym  Wavelength (nm) 

1  CO2  10600  

2  Nd:YAG 1064 

3  KTP (SHG) Nd:YAG 532 

4  Ho:YAG 2130 

5  Er:YAG 2940 

6  Argon 514 

7  Copper Vapour 578 

8  Ruby 694 

9  GaAlAs 800-870 

10  Dye  400-800 

11  Excimer 193, 284, 308, 351 

 
 
In order for a laser to be suitable for use as a surgical laser, it must be powerful 

enough to heat up the tissue to temperature over 50 Co. A surgical laser can either be 

used in continuous wave or pulsed mode. These lasers can be broadly divided into 

three groups, according to their output[1]: 

  

1- Vaporizing 1-5 w. 
2- Light cutting 5-20 w. 
3- Deep cutting 20 – 100 w.  
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4.6.3 Medical Surgery Fields  
The areas of medical laser surgery are well established, and include[1,15]:  

 

1  Ophthalmology طب العيون 
2  UDentistryU  األسنانطب  
3  UDermatology طب األمراض الجلدية 
4  Urology طب المجاري البولية 
5  Angioplasty and Cardiology التقويم الوعائي وطب القلب 
6  Orthopedics جراحة العظام 
7  Gastroenterology طب الجهاز الهضمي 

   
 

 

http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-9/F9s2t1p8.htm�
http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-9/F9s2t1p9.htm�
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4.7 Lasers in Ophthalmology  
In ophthalmology, various types of lasers are being applied today for either 

diagnostic or therapeutic purposes. In diagnostics, lasers are advantageous if 

conventional incoherent light sources fail. One major diagnostic tool is confocal 

laser microscopy which allows the detection of early stages of retinal alterations. By 

this means, retinal detachment and also glaucoma1 can be recognized in time to 

increase the probability of successful treatment. In this section, however, our interest 

focuses on therapeutic laser applications[15].  

The first indications for laser treatment were given by detachments of the 

retina. Meanwhile, this kind of surgery has turned into a well-established tool and 

only represents a minor part of today’s ophthalmic laser procedures. Others are, for 

instance, treatment of glaucoma and cataract. And, recently, refractive corneal 

surgery has become a major field of research, too[15].  

The laser was invented in 1960, and in 1961 this laser (Ruby) was used by eye 

doctors. It is natural that the eye was chosen to be the first organ for performing 

medical experiments, since the eye is transparent to the electromagnetic spectrum in 

the visible range. Another natural device that helps was the lens in the eye, which 

focuses the electromagnetic radiation onto the retina. Thus, increasing the power 

density by orders of magnitude[1]. The targets of all therapeutic laser treatments of 

the eye can be classified into[15]: 

 

1. The front segments consist of the cornea, iris, and lens.  
2. The rear segments are given by the vitreous body and retina.  
 
A schematic illustration of a human eye is shown in Figure(4.2). In the 

following paragraphs, we will discuss various treatments of these segments 
according to the historic sequence, i.e. from the rear to the front[15]. 
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Advantages 

1.Low risk of infection. 
2. painless. 
3. No-need to hospital stay. 
4. More precise. 

 

 

 

 

 

 

 

 

 

 

1. Retina 
The retina is a part of the central nervous system. Its function is to convert an 

optical image focused on it into nerve impulses of the optic nerve emerging from it. 

The retina is a thin and rather transparent membrane which is permeated with blood 

vessels. According to Le Grand and El Hage (1980), the thickness of the retina 

varies from 0.5mm near the papilla to 0.1mm at the macula. Anatomically, the retina 

is subdivided into several different layers, each of them having their own distinct 

function: pigment epithelium, receptor layer, external limiting membrane, cell layer, 

nerve fiber layer, and internal limiting membrane. A schematic cross section of a 

human retina is shown in Figure(4.3)[15]. 

 

 

 

Figure 4.2 Scheme of a human eye [15] 
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Retinal Error Cases[14]  

There exist six major indications for laser treatment of the retina: 
1  Retinal Holes. الفتحات الشبكية.  

2  Retinal Detachment. اإلنفصال الشبكي.  

3  Diabetic Retinopathy. أمراض الشبكية المصاحبة لمرض السكر 

4  Central Vein Occlusion  المركزيِ  الوريدإنسداد  

5  Senile Macula Degeneration. الشيخوخي البقعة إنحدار.  

6  Retinal Tumors (Retinoblastoma) األورام الشبكية.  

 

Papilla: The papilla is a certain location where the optic nerve exits the retina. 
 
Macula: is the region with the highest density of color receptors. An image formed 

on the fovea, the central section of the macula, is characterized by best vision. 

Thus, macula and fovea are the most important segments of the retina. 

 

2. Vitreous Body 
The vitreous body is a transparent gel that has a little greater consistency than 

the white of a raw egg. Its water content varies from 98% to 99.7% according to Le 

Grand and El Hage (1980), and it contains 7g/l NaCl and 0.5 g/l soluble 

proteins[15]. 

Figure 4.3 Cross-section of a human retina[15] 
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3. Lens 
The lens grows during the entire human life forming an onion-like structure of 

adjacent shells. As a result of its continuous development and the associated 

decrease in water content, the lens interior progressively hardens with age. The bulk 

of the lens is formed by transparent lens fibers which originate from the anterior lens 

epithelium. The lens interior is enclosed by a homogeneous elastic membrane called 

the capsule. The capsule is connected to the ciliary muscle which is essential for the 

eye to accommodate[15]. 

 

 

4. Iris 
The iris is a tissue which is pierced by a variable circular opening called the 

pupil. Its diameter can vary from 1.5mm to 8 mm, depending on brightness. In 

moderate light, the pupil diameter measures approximately 4 mm. The bulk of the 

iris consists of collagen fibers and pigment cells. The size of the pupil is determined 

by the action of two smooth muscles – the sphincter pupillae and the dilatator 

pupillae – which are responsible for contraction and dilatation, respectively[15]. 
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5. Cornea 

Cornea and lens together account for the total refraction of the eye. However, 

since the anterior surface of the cornea is exposed to air with an index of refraction 

close to unity, refraction at the anterior surface of the cornea represents the major 

part. A list of refractive properties of the human eye was first provided by Gullstrand 

at the beginning of this century. A theoretical analysis of the refractive properties is 

found in the book by Le Grand and El Hage (1980). Both sets of data are given in 

Table 4.3 together with a third column called the simplified eye. In the simplified 

eye, the same principal planes and focal distances are assumed as for the theoretical 

eye. However, a round value of 8mm is chosen for the radius of curvature of the 

anterior corneal surface. And, because also assuming the same indices of refraction 

for the cornea and aqueous humor, refraction at the posterior corneal surface is 

neglected. From these data, it can be concluded that the power of the cornea is 

approximately 42 diopters, whereas the total power of the eye is roughly 59 diopters. 

Therefore, about 70% of the overall refraction arises from the cornea[15]. 
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The transparency of corneal tissue in the spectral region from 400nm 

 to 1200nm can be attributed to its extremely regular microscopic structure as 

will be discussed below. The optical zone of the human cornea has typical diameters 

ranging from 2mm to 4mm and is controlled by the iris. The overall thickness of the 

cornea varies between 500μm at the center of the optical axis and 700 μm at the 

periphery. Corneal tissue is a vascular and basically consists of five distinct layers: 

epithelium, Bowman’s membrane, stroma, Descemet’s membrane, and endothelium. 

A schematic cross-section of the human cornea is shown in Figure 4.4[15]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 Cross-section of a human cornea[15] 
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4.8 Techniques  of Eye Treatment by Laser[17]  

 

4.8.1 Photothermal Treatments Techniques 
Many diseases and medical problems of the eye can be treated using lasers in a 

thermal regime. Here are a few of the more common treatments: 

 

• Detached Retina: where the retina comes away from the back of the eye, can 

treated by ‘gluing’ it back on again by photocoagulating it. 

 

• Glaucoma: is caused by a build-up of pressure in the eye. Closed-angle glaucoma 

can be treated by making a hole in the iris, thus releasing the pressure. This 

procedure is called laser iridotomy. 

 

4.8.2 Non-thermal Treatments Techniques 

 
Thermal effects are not always desirable, particular when attempting to ablate 

or cut tissue very precisely without damaging the surrounding tissue. Photoablation, 

plasma-induced ablation and photodisruption are all used as non-thermal means of 

ablating or cutting tissue. 

 

• Corneal Reshaping: to treat myopia or hyperopia (near or long-sightedness) is the 

commonest application of lasers to ophthalmology that uses a non-thermal 

mechanism. Three procedures are described below: radial keratectomy, 

photorefractive keratectomy (PRK) and laser in situ keratomileusis (LASIK), 

all of which use photoablation as a mechanism to remove corneal tissue. 
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4.9 Retina Detached  

An eye condition in which the retina pulls away or “detaches” from the back of 

the eye. Retinal detachments often develop in eyes with retinas weakened by a hole 

or tear. This allows fluid to seep underneath, weakening the attachment so that the 

retina becomes detached - rather like wallpaper peeling off a damp wall. When 

detached, the retina cannot compose a clear picture from the incoming rays and 

vision becomes blurred and dim[1,15]. 

 

 

 

 

 

 

 

 

 

 

 Argon Laser Technique (photocoagulation) 

Argon ion laser ( 488 & 514 nm) is suited well for coagulation of blood vessels 

(blue and green light is more strongly absorbed by blood, photothermal effect). The 

electromagnetic radiation from the laser heats the detached retina, and as a result the 

damaged blood vessels around the retina are closed and solder to place. Because of 

the focusing effect of the eye, small amount of laser power is needed to solder the 

detached retina. At typical exposure durations ranging from 0.1 s to a few seconds, 

applied laser powers of 0.1–1 W, and spot diameters of approximately 200–1000μm, 

almost all incident laser energy is converted to heat. Thus, coagulation of retinal 

tissue is achieved by means of thermal interaction[15]. 

Figure 4.5 Retina Detachment 
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4.10 Glaucoma 

Glaucoma is an eye disease that can cause vision loss or blindness. With 

glaucoma, fluid builds up in the eye, which puts pressure on the back of the eye. 

This pressure injures the optic nerve and causes vision loss. Side vision is often 

affected first, followed by front vision[15]. 

 

 

 

 

 

 

 

 

 

 

 

Definition: Optic Neuropathy which results visual field loss. 

 

Laser Iridotomy  
In an acute glaucoma, the drainage of aqueous humor from the rear to the front 

chamber is obstructed. Hence, the pressure in the rear chamber increases and shifts 
the iris forward. This dislocation of the iris induces a closed chamber angle which 
justifies the clinical term closed-angle glaucoma. The inner eye pressure increases 
to values far above 20mmHg, thus inducing strong headache, degeneration of retinal 
nerve fibers, and a sudden loss in vision. A generally well-established procedure is 
called laser iridotomy. It provides a high immediate success rate but does not 
guarantee lasting cure. During this treatment, the iris is perforated as shown in 

Figure 4.6 The pressure build up in the eye 
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Figure 4.7 to obtain an additional passage for the aqueous humor to reach the front 
chamber[15] 

 
 
 

 

 

 

 

 

 

Laser iridotomy can be performed with either argon ion lasers or pulsed 

neodymium lasers. If applying the argon ion laser, typical exposure durations of 

0.1–0.2 s, laser powers ranging from 700–1500mW, and spot diameters of 50μm are 

chosen according to Pollack and Patz (1976), and Schwartz and Spaeth (1980). 

Iridotomies induced by the argon ion laser are very successful if the iris is dark and 

strongly pigmented. For bright irises, neodymium lasers with pulse durations in the 

nanosecond or picoseconds range and pulse energies up to a few millijoules are 

better suited[15]. 
 

 

 

4.۱۱ Cataract 

 A cataract is the clouding of the crystalline lens of the eye. Normally, light 

travels through the clear lens and is focused onto the retina. As a result of the natural 

aging process, the lens gradually becomes cloudy. This opacity results in distorted 

vision and can finally lead to blinding. The common treatment of cataract is to 

surgically remove the cloudy lens[16]. (Seeing with cataracts is like looking through 

a dirty window)[14]. 

 

Figure 4.7 Iris before and after laser treatment 
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Beside retinal coagulation, cataract surgery of the lens is the other major laser 

treatment in ophthalmology. In order to achieve acceptable vision, the lens must be 

extracted. Conventional methods rely on fragmentation of the lens by ultrasonic. 

Afterwards, either an artificial lens made of silicon is inserted or the patient must 

wear special cataract glasses. This treatment has been proposed and documented by 

Kelman (1967). The posterior lens capsule is retained to prevent a collapse of the 

vitreous body and subsequent retinal detachment. However, new lens fibers 

frequently emerge from this posterior capsule forming a scattering membrane. This 

membrane must be removed during a second surgery[15]. 

 

Posterior capsulotomy with a Nd:YAG laser, it was described in detail by 

Aron-Rosa (1980) and Terry (1983). Usually, a helium–neon laser is used as an 

aiming beam. The surgeon first focuses this laser on the posterior capsule and then 

adds the cutting Nd:YAG laser beam as shown in figure 4.8[15]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8 Scheme of laser-performed 
posterior capsulotomy[15] 
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Typically, pulse durations of 30 ns, pulse energies of up to 5 mJ, and focus 

diameters of 50–100μm are used. With these laser parameters, local power densities 

exceeding 1010 W/cm2 are achieved, leading to the phenomenon of optical 

breakdown. After having placed several line cuts, the posterior membrane opens 

like a zipper as illustrated in figure 4.9[15]. 

 

 

 

 

 

 

 

 

4.12 Corneal Reshaping  (Laser Refractive Surgery)  
 

The human eye can be compared to a camera with a focusing ‘lens system’ at 

the front and a light sensitive ‘film’, the retina, at the back. The focusing system 

consists of two parts: the cornea, which is the clear window over the colored iris, 

and the lens, which is just behind the pupil [17]. 

 

     Most of the change of direction (refraction) of light rays entering the eye is 

performed by the cornea, since the light goes from air (index of refraction about 1) 

to the tissue (index of refraction about 1.3). Thus, a small change in the radius of 

curvature of the cornea causes a big change in the focusing of light in the eye[17].  

 

 

 

Figure 4.9 Lens before, during, and after 
posterior capsulotomy[15] 
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4.12.1 Refractive Error Cases[17] 

1.Short- or near-sightedness (Myopia)  

Near objects are seen clearly but more distant ones are blurred. This is usually 

because the cornea is too steeply curved (and has too much focusing power) or the 

lens of the eye has a cataract. As a result, rays of light from a distant object are 

focused in front of the retina.  

2. Long- or far-sightedness (Hypermetropia/Hyperopia)  

Distant objects are seen more clearly than near ones, although in more severe 

cases the vision may be blurred at all distances. In Hyperopia the cornea is relatively 

flat and as a result does not have sufficient focusing power.  

3. Astigmatism  

Astigmatism is usually due to the cornea being more steeply curved in one 

direction than the other - similar to the shape of a rugby ball rather than a football. 

Objects are seen stretched out in the direction of the astigmatism.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.10 Refractive error cases [17] 
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    4.12.2  The Treatment Techniques 

The treatment techniques of the refractive error in the eye conditions know 

“Photoablation” was first discovered by Srinivasan and Mayne-Banton (1982). They 

identified it as ablative photodecomposition (APD), meaning that material is 

decomposed when exposed to high intense laser irradiation.  

Typical threshold values of this type of interaction are 107–108 W/cm2 at laser 

pulse durations in the nanosecond range[15]. 

 

Excimer Laser  

Focusing (refractive) errors such as short-sightedness (myopia), astigmatism, 

and long-sightedness (hyperopia) are usually corrected by wearing glasses or contact 

lenses. Over the years a number of surgical techniques have been used to treat 

refractive errors and reduce the need for glasses like laser surgery. 

 The UArF Excimer Ulaser operates in the Ultra-Violet spectrum region (λ = 193 

nm). Since this wavelength is highly absorbed by water, and the cornea (like any 

other biological tissue) contains mostly water, the laser beam ablates submicron 

layers of the cornea without affecting surrounding tissue.  

 

4.12.3 Types of Operations[15, 16, 18, 19, 20] 

 

1. Photo-Refractive Keratotomy PRK 

PRK is also a surgery used to correct eye defects. It uses the same excimer laser 
used in LASIK, however, the procedure to expose the stroma differs. Here, the 
surface skin of the eye is removed instead of cutting a flap, and the sturdy tissue 
underneath is exposed.  

It is then vaporized using the excimer laser beam and reshape the cornea. At the 
end of the procedure, an Intra-Ocular Lens is stitched into the eye. PRK has a longer  

http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-6/F6S1T8P1.htm�
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recovery period of around 4 weeks, but has a lower risk factor and also a better 

success rate. It can be used to correct powers ranging from –6 to +5 Diopters. Using 
laser under computer control, a change in the shape of the cornea can be precisely 
made, by removing sub micron layers from the cornea. The operation is called PRK 
= Photo-Refractive Keratectomy and most of the problems with focusing the image 
on the retina can be repaired. This procedure involves the mechanical removal of the 
epithelium followed by excimer ablation of the underlying surface stroma. 

 
In photorefractive keratectomy (PRK) the epithelium is removed and the 

anterior corneal surface is reshaped with an excimer laser. This is a cool light laser 
working with ultra-violet light at a wavelength of 193 nm that has the ability of 
removing corneal tissue. While early lasers used one broad beam, modern systems 
use the so called flying spot technique.  

 
Many single laser beams are combined to result in a desired ablation pattern. 

After the laser treatment, the epithelium heals within a few days. The excimer laser 
was introduced into ophthalmology by Trokel et al. (Trokel, Srinivasan et al. 1983) 
who treated cow eyes. The first treatments of in vivo rabbit eyes and human eyes 
were done by Seiler et al. (Seiler and Wollensak 1986; Seiler, Bende et al. 
1988)[15]. 

 
2. Laser Epithelial Keratotomy LASEK 

LASEK is similar to PRK but the surface layer (epithelium) of the cornea is 

retained as a flap. A special soft contact lens is kept on the eye for 3-4 days to allow 

the surface to heal. The eye is much more comfortable than following PRK. 

Retaining the epithelium is thought to prevent later complications of haze and speed 

up healing  

Laser in situ keratomileusis (LASIK) is the most widely used method 

performed today. In this method a flap is cut either mechanically with a 

microkeratome or with a femtosecond-laser (FEMTO-LASIK). This flap is lifted  
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and the laser ablation is done just as for PRK with the same excimer laser 

systems in the stroma. Afterwards the flap is repositioned. The cut inside the stroma 

does not heal, but the epithelium overgrows it again within one or two days. 

Keratomileusis refers to any corneal procedure that uses subtraction of tissue. 

Fundamental contributions were made by Jose Barraquer in the 1960s (Nordan 

1989). He introduced the first successful techniques for keratomileusis and invented 

the first microkeratome for cutting a corneal flap. One of the first introducing the 

term LASIK for their treatments on rabbit and human eyes with an excimer laser and 

a corneal flap were Pallikaris et al. (Pallikaris, Papatzanaki et al. 1990; Pallikaris, 

Papatzanaki et al. 1991)[16]. 

 

3. LASIK(Laser Assisted In-situ Keratomileusis) 

This surgery permanently changes the shape of the cornea using an excimer 

laser. It involves the controlled removal of corneal tissue by a special laser and 

reshapes the cornea thus changing its focusing power. Microkeratome (the knife) is 

used to cut a flap in the cornea with a hinge on one end of the flap.  

The flap is then folded back to reveal the stroma (the inner layer of the cornea). 

Pulses from a computer controlled laser vaporize a portion of the stroma and the flap 

is then replaced. One pulse of the excimer laser is capable of removing 0.25 microns 

of tissue. The LASIK surgery lasts about 30 minutes, and the recovery time is close 

to 2 weeks. However, it involves higher risk factors. 

 

Laser epithelial keratomileusis (LASEK) and epithelial laser in situ 
keratomileusis (EPILASIK, named by Pallikaris et al. (Pallikaris, Katsanevaki et al. 
2003)) are advancements of PRK. In both methods the epithelium is removed. For 
LASEK this is done mechanically after applying a few drops of a weak alcohol 
solution to a circumscribed area on the surface of the cornea. For EPI-LASIK this is 
done with a microkeratome, just as for LASIK – with the difference, that only the  
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epithelium is removed. Therefore the name EPI-LASIK, although the method is 

actually closer related to PRK. After the laser treatment the epithelium is laid back 
into place and acts like some natural bondage and may serve to facilitate healing of 
new epithelium. Some more historical information is given by Kusserow (Kusserow 
2006). 
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4.12 Lasers in Dentistry  

 
Although dentistry was the second medical discipline where lasers were 

applied, it basically remained a field of research. Especially in caries therapy the 

most frequent dental surgery – conventional mechanical drills are still superior 

compared to most types of lasers, particularly CW or long-pulse lasers. Only laser 

systems capable of providing ultrashort pulses might be an alternative to mechanical 

drills as was recently shown by Niemz et al. (1993) and Pioch et al. (1994)[15].  

 

However, many clinical studies and extensive engineering effort still remain to 

be done in order to achieve satisfactory results. We should keep in mind that 

mechanical drills have improved over several decades until the present stage was 

reached, and that the development of suitable application units for laser radiation 

also takes time. Other topics of interest in dentistry include laser treatment of soft 

tissue as well as laser welding of dental bridges and dentures. In some of these areas, 

research has been very successful[15]. 

 

4.13 The Human Tooth[15] 

 
Before going into the details of laser dentistry, a brief summary of the anatomy 

of the human tooth as well as its physiology and pathology shall be given. In 

principle, the human tooth consists of mainly three distinct segments called enamel, 

dentine, and pulp. A schematic cross-section of a human tooth is shown in figure. 

4.11. 
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The enamel is the hardest substance of the human body. It is made of 

approximately 95% (by weight) hydroxyapatite, 4% water, and 1% organic matter. 
Hydroxyapatite is a mineralized compound with the chemical formula 
Ca10(PO4)6(OH)2. Its substructure consists of tiny crystallites which form socalled 
enamel prisms with diameters ranging from 4 μm to 6μm. The crystal lattice itself is 
intruded by several impurities, especially Cl−, F−, Na+, K+, and Mg2+. 

 
The dentin, on the other hand, is much softer. Only 70% of its volume consists 

of hydroxyapatite, whereas 20% is organic matter – mainly collagen fibers – and 

10% is water. The internal structure of dentin is characterized by small tubuli which 

measure up to a few millimeters in length, and between 100nm and 3 μm in 

diameter. These tubuli are essential for the growth of the tooth.  

 

Fig. 4.11. Cross-section of a human tooth[15] 
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The pulp, finally, is not mineralized at all. It contains the supplying blood 

vessels, nerve fibers, and different types of cells, particularly odontoblasts and 

fibroblasts. Odontoblasts are in charge of producing the dentin, whereas fibroblasts 

contribute to both stability and regulation mechanisms. The pulp is connected to 

peripheral blood vessels by a small channel called the root canal . The tooth itself is 

embedded into soft tissue called the gingiva which keeps the tooth in place and 

prevents bacteria from attacking the root. 

 

Dental laser applications are divided between the soft tissue and the hard tissue 

(the teeth). Dental soft tissue treatment applications are similar to those of other soft 

tissue in the body, and are common for many years.  

• In case of gum surgery, with the laser most of the patients suffer less 

postoperative pain.  

• Almost no bleeding.  

• No stitches required.  

 

     Dental hard tissue treatment is new, and only in May 1997 the FDA (Federal 

Drug Administration) approved the Er-YAG laser for use on the hard tissue (teeth) 

in humans. Compared to the mechanical "conventional" dental drill, the laser 

operates without the noise and the mechanical pressure on the treated tissue[1].  

 

4.14  Laser Treatment of Hard Tooth Substance 
First experiments with teeth using the laser as a surgical tool were performed 

by Goldman et al. (1964). Both of these groups used a pulsed ruby laser at a 

wavelength of 694μm. This laser induced severe thermal side effects such as 

irreversible injury of nerve fibers and tooth cracking. Thus, it is not very surprising 

that these initial studies never gained clinical relevance. A few years later, a CO2 

laser system was investigated by Stern et al. (1972). However, the results did not 
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improve very much compared with the ruby laser. These observations are due to the 

fact that both ruby and CO2
 lasers are typical representatives of thermally acting 

lasers. Thus, it was straightforward to conclude with Stern (1974) that without being 

able to eliminate these thermal effects, lasers would never turn into a suitable tool  

 

for the preparation of teeth. Meanwhile, several experiments have been 

conducted using alternative laser systems. At the end of the 1980s, the Er:YAG laser 

was introduced to dental applications by Hibst and Keller (1989), Keller and Hibst 

(1989), and Kayano et al. (1989)[15]. 
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4.14.1 Caries Removal[15]  

 
The removal of infected substance is usually accomplished with conventional 

mechanical drills. These drills do evoke additional pain for two reasons[14]: 

(i) Tooth nerves are very sensitive to induced vibrations. 
  
(ii) Tooth nerves also detect sudden increases in temperature which are induced 

by friction during the drilling process. 

 

Pain relief without injection of an anaesthetic was the basic ulterior motive 
when looking for laser applications in caries therapy. However, it turned out that not 
all types of lasers fulfill this task. Although vibrations are avoided due to the 
contactless technique, thermal side effects are not always eliminated when using 
lasers. CW and long-pulse lasers, in particular, induce extremely high temperatures 
in the pulp even air cooling does not reduce this temperature to a tolerable value. 
Thermal damage is negligible only when using ultra-short pulses. 

 
Meanwhile, several experiments have been conducted using alternative laser 

systems. At the end of the 1980s, the Er:YAG laser was introduced to dental 
applications by Hibst and Keller (1989). The wavelength of the Er:YAG laser at 
2940nm matches the resonance frequency of the vibrational oscillations of water 
molecules contained in the teeth. Thereby, the absorption of the Er:YAG radiation is 
strongly enhanced, resulting in a high efficiency. However, the sudden vaporization 
of water is associated with a pressure gradient. Small micro-explosions are 
responsible for the break-up of the hydroxyapatite structure. The coincidence of 
thermal (vaporization) and mechanical (pressure gradient) ablation effects has led to 
the term “thermomechanical interaction” as used by Frentzen and Koort (1991). 
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4.14.2 Tooth Bleaching 

Tooth bleaching is the process of lightening the color of a tooth through the 

application of chemical agent to oxidize the organic pigmentation in the tooth, and 

when the process involve vital teeth it is known as vital bleaching [21]. Tooth 

bleaching can be divided into two types: 

1. Home bleaching. 
2. In-office bleaching. 

 

1. Home bleaching 
Another technique available is at-home bleaching. It is called night guard vital 

Bleaching or (NGVB). It was first described by Haywood and Heymann in 1989. 

NGVB is an esthetic procedure where the patient, at-home, uses custom-fitted 

prostheses to apply a solution to lighten vital teeth. The American Dental 

Association’s (ADA) accepted standard for the procedure recognizes the use of a 

10% carbamide peroxide or (CP) material. The CP concentration, however, may 

vary from 10-22%[22]. 

 

2.In-Office Bleaching 

In-office bleaching (also called power, professional, traditional, and laser 

bleaching) utilizes a gel or liquid of 35% hydrogen peroxide applied to the tooth 

surface; allow the bleaching agent to remain on teeth for 20-30 min. A heat source, 

usually a visible light curing lamp, is used to enhance the bleaching process. The 

procedure involves 1-3 appointments at 2-4 weeks intervals depending on the 

instructions for a particular product[22]. 

 

The advantages of this technique include[22]:  

1. Dentist control 
2. Avoidance of soft tissue exposure and material ingestion. 
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3. Reduced total treatment time. 
4. Greater potential for immediate results that may enhance patient satisfaction 

and motivation. 
 

 

3.Principles of Activation in Office Bleaching 
From a scientific point of view, data on mechanisms of action and efficacy of 

laser, light and heat-activated dental bleaching are still limited. In this section, the 
basic principles and possible mechanism of action of these bleaching procedures will 
be discussed[23]. 

  
The use of bleaching agents has become popular due to an increased interest in 

whiter tooth appearance. However, the exact mechanism of action is not completely 
understood. Hydrogen peroxide has a low molecular weight and, therefore, diffuses 
through the organic matrix of the enamel and dentin. During bleaching, hydrogen 
peroxide creates an oxygenation process on the tooth surface that acts to break the 
bonds of staining molecules in tooth structure. When combined with a light source, 
the process of tooth bleaching may be accelerated. It is thought the light triggers a 
quicker degradation of the peroxide into its reactive components including oxygen 
free radicals[24] 
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4.Thermocatalysis 
The release of hydroxyl-radicals from peroxide is accelerated by a rise in 

temperature according to the following equation:  

 

H2O2 + 211 kJ/mol→2HO•  

 
 

This is in accordance with an increase in speed of decomposition of a factor of 

2.2 for each temperature rise of 10 ◦C. Due to the increased release of hydroxyl -

radicals (thermocatalysis), an increase in efficacy is conceivable. However, the 

useful range in temperature increase is limited because of possible damage to the 

dental pulp [23].  

 

If light is projected onto a bleaching product, such as a bleaching gel, a small 
fraction is absorbed and its energy is converted into heat. Most likely, this is the 
main mechanism of action of all light-activated bleaching procedures. In order to 
increase light absorption and, as a result, heat conversion, some bleaching products 
are mixed with specific colorants, e.g. carotene. The orange-red color of carotene 
increases the absorption of blue light. In order to increase the absorption of red and 

infrared light, small silica particles in the nm- or lower µm scale may be added, 
which gives these products a bluish appearance[23]. 

 

5.Photolysis 
A release of hydroxyl-radicals from H2O2 is also possible through direct 

excitation by light (photolysis). Following the equation: 

 

H2O2 + hν →2HO• 
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 (with h = Planck’s constant) light of a specific frequency ν is absorbed, 
resulting in bond fission of H2O2 into two hydroxyl-radicals. The required energy 
can only be provided by high frequency light, corresponding to a wavelength of 248  

 
nm and lower (UV) which makes its use in the oral cavity difficult if not 

impossible[23].  
 
For an appraisal of the safety of light-activated bleaching procedures, the light 

source used is an important factor. A variety of light sources that greatly differ in 
their properties are available to date to be used for light activation of bleaching 
products[23]. 

 

 

6.Light Sources[23] 

 
Incandescence lamps like quartz-tungsten-halogen (QTH) lamps, plasma arc 

lamps (used synonymously for xenon gas discharge or xenon short arc lamps) and 
laser sources (laser = light amplification by stimulated emission of radiation) of a 
variety of different wavelengths as well as light emitting diodes (LED) have been 
proposed for light activation of bleaching products. 

 Metal halide lamps work in a similar way to xenon discharge lamps, except 
that metal ions are the source of light emission rather than ionized xenon gas. The 
light emission properties of metal halide lamps are similar to those of xenon 
discharge lamps. 

 
A fundamental difference between these light sources is that lasers emit a well-

defined monochromatic light at a single wavelength. In contrast, QTH and plasma 

arc lamps emit a wide wavelength range from ultraviolet (UV, wavelength λ < 380  
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nm), across the entire visible spectrum (VIS, λ = 380-750 nm) deep into the 

infrared (IR, λ > 750 nm). Usually, QTH and plasma arc lamps are equipped with 

UV- and IR filters to exclude UV and IR-radiation and narrow the emitted 

wavelength range to, e.g. 400-580 nm, in order to reduce the risk of possible side 

effects of IR and UV radiation on living cells. It is in the nature of optical filters that 

they are not able to suppress 100% of the incoming radiation within a specific range. 

Therefore, the suppression of IR by an IR-filter in QTH and plasma arc lamps is not 

complete and a fraction of IR is still emitted. Using QTH and plasma arc lamps the 

directly emitted IR radiation adds to the absorption and heat conversion of the 

emitted visible light and may lead to an additional pulpal temperature rise. 

 

The mechanism of action of laser systems offered for bleaching purposes 

depends on the wavelength, power of the radiation and, if applicable, the pump 

mode. Laser based systems are usually marketed for a whole range of dental 

applications with bleaching being one of them. Laser systems for bleaching 

applications usually employ a handpiece that expands the laser beam such that the 

laser is not used in point focus. By expanding the laser beam, the laser light spreads 

over the surface of a few teeth. Consequently, some laser typical properties are lost, 

but the risk of tissue damage is reduced. The power per unit area at the surface of the 

gel (or tooth) may be in the range of conventional QTH lamps or plasma arc lamp 

systems or even lower. 
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7. Exposure Conditions 

 

Table-1 the conditions of the  

lasers that used in the bleaching processes 

Item 
KTP laser 

(SHG) 

Diode 

Laser 

Nd:YAG 

laser   

Wavelength (nm) 532 810 1064 

Output Power (w) 2 2 2 

Mode  
Pulse (100 mJ 

x 10Hz) 
CW 

Pulse (100 

mJ x 10Hz) 

Spot Size (mm) 1 1 1 

Theoretical Power Density 

(W/cm2) 
266W/cm2 266W/cm2 266W/cm2 

Bleaching Agent  Hydrogen Peroxide (H2O2) 37.5%  

Exposure Time 30 sec 

 

 

4.15 Lasers in Dermatology[1]  
Lasers can remove almost all the defects on the skin. Sometimes the laser is the 

only instrument to perform specific procedure. Most dermatological procedures are 

done in an outpatient clinic, under local anesthesia. Among these defects are:  
• Pigmented skin, abnormal skin growth, Blemishes.  

• Tattoos. Today, with the wide variety of lasers in use, tattoos can almost 

completely be erased from the skin. Different wavelengths are used to remove 

different ink colors from the skin. The specific laser wavelength is selectively 

absorbed by the specific color, without damage to surrounding cells. Usually the 

treatment is made in a number of treatments. After each treatment checking what 

was left in the damaged skin.  
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The main advantages of lasers for dermatology are:  

• Almost no bleeding.  

• Almost no scars left after removal of defects.  

 

The lasers used mostly for the skin are:  

• UArgon laser U  
• UDye laser U  
• UCO2 laser U.  
• Nd:YAG laser   

 

4.15.1 Photo-Dynamic Therapy (PDT)[14, 15] 

     In 1972 a new method was developed to identify and destroy cancer cells. This 

method is called: Photo-Dynamic Therapy (PDT). It is based on the use of special 

drugs that are injected into the patient body. This drug accumulates in cancer cells, 

more than in "normal" cells. The drugs are sensitive to light at specific wavelengths. 

When exposed to these specific wavelengths: 

  

• It can release chemical substance that kills the cells around it.  

• It can emit fluorescence light, so the cancer cells can be identified. 

  

     The most well known drug of this family is a derivative of Hemato-Porfirin 

(HPD), and called Photofrin. After the drug is injected into the patient, the patient 

must be kept in a dark room for 24 hours. During this time, the drug is released from 

healthy cells, and remains at high concentration only in cancer cells.  

     Then, the patient body is illuminated with specific red laser light at wavelength 

630 nm, which causes the release of singlet Oxygen. This oxygen is chemically very 

active, and destroys the cells around it.  

 

    

http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-6/F6S1T4P1.htm�
http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-6/F6s4p1.htm�
http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-6/F6s1t6p1.htm�
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 For the last 20 years, these treatments improved the chances of cure in some cases, 

but the "magic" medicine has not yet been found. The exact mechanism why the 

drug remains mainly in cancer cells is not yet understood, and is still under 

investigation.  

   
 After treatment, the patient body remains sensitive to light for a period of about 6 
weeks, until all the remains of the drug are released from his body. During this time 
he is not allowed to be exposed to bright light.  
 

4.15.2 Explanation of the Photofrin drug operation[15]:  

 
     After the Photofrin drug absorbs light, it is transformed into an excited state. 

From this excited state there are two possible ways to return to the ground state:  

 

• Fluorescence - Where the excited molecule emit photon with in a nanosecond time 
frame, while returning to the ground state. This phenomenon is used to identify 
cancer cells by searching for the fluorescence. For diagnostics, the tissue is 
illuminated by short wavelengths (usually the violet light from a Krypton laser), 
and the red fluorescence (630-670 nm) shows where the cancer cells are.  

 
• Cross system - Where the excited molecule is going to a lower energy state without 

emission of radiation with in microsecond µsec time frame. At this excited state, if 
this molecule meets with Oxygen molecule (O2), it reacts with it and releases the 
active singlet Oxygen.  
 

4.15.3 Advantages of PDT:  
• The treatment is harmless, and can be repeated as needed.  

 
• The treatment is non-traumatic, and its influence is for a short term, compared to 

the radioactive or chemical therapy which lasts weeks. 
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     The wavelengths used for PDT are in the visible spectrum range, and are 
transmitted well in optical fibers. This property allows irradiation of cancer cells 
within the body cavities such as digestion system or secretion system. The entire 
PDT is still in experimental stage, and is not used as a standard treatment[15].  

 

4.15.4 Thermal relaxation time 
The thermal relaxation time tells us how long it will take for the temperature at 

depth z to reach 1/e of the highest temperature. In other words, it gives an indication 

of how long it takes for the heat to reach the depth z. The thermal relaxation time 

gives an indication of how quickly an object loses its heat. The relaxation time can 

help us decide whether it is important to include thermal diffusion in our 

calculations or not. For processes or events that happen much more quickly than the 

relaxation time, we can ignore thermal diffusion. 

  

The formulas for relaxation time for cylinders and spheres are[14]:  

 
24

           &                    
16

22

D
d

D
d

spherecylind == ττ  

Where: d is the diameter, D is tissue diffusivity. 
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4.15.5 Port Wine Stain[14] 
Port wine stain, is a red and often unsightly birth mark caused by enlarged 

capillary vessels in the dermis. The capillaries in the dermis are usually ≈10-30 µm 

in diameter; the enlarged vessels can be as large as ≈ 150µm in diameter. Two 
factors allow these vessels to be thermally coagulated without damaging either the 
surrounding tissue, including the other vessels, their Uabsorption U and their UsizeU. 

 
  

 

 

 

 

 

 

 

 

 

 
 
UFirst U-Selective Photothermolysis: This refers to a technique whereby we choose a 

laser wavelength which is absorbed much more strongly by the blood (in this 
case the haemoglobin molecules in the blood) than by the surrounding tissue. A 
dye laser with 577 nm is a good choice.  

 
USecond U-Pulse Duration: We want to choose a pulse duration long enough that the 

small vessels will lose their heat during it, but short enough so that the larger 
vessels won’t. In this way, the large vessels can reach a higher temperature than 
the smaller vessels. As the thermal relaxation time of a cylindrical vessel can be  

Fig. 4.12 port wine stain[14] 
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estimated using τcylind≈d2/16D and the diffusivity of tissue is D =114 × 10−9 m2s−1: 

τ30 ≈ 0.5 ms and τ150 ≈ 12 ms So we choose a laser pulse duration between the 
two, 0.5 ms < tpulse < 12 ms. 

 

4.15.6 Tattoo removal[14] 
Before medical lasers, removing tattoos was a difficult, painful and could be 

disfiguring, as the only way to remove them was to somehow remove the top layers 

of skin (abrasively, chemically, surgically,...). Now it is possible to remove tattoos 

using lasers, although the quality of the outcome varies from person to person. Often 

complete removal is not possible and some scarring may result. Professional tattoos 

have proved harder to remove completely than home-made ones, as the ink usually 

lies in deeper tissue. 

 

• ULaser wavelengthU: The tattoo ink is a different colour from the skin, so the first 

thing to do is to choose a laser wavelength that is absorbed by the tattoo ink but 

not by the skin tissue. If the type of ink used in the tattoo is known, then its 

absorption spectrum can be measured and the absorption peaks located. 

 

• USelective photothermolysisU As above with port wine stain treatment, this refers to 

the selective necrosis of cells based on their colour: i.e. using light (photo) to 

heat cells (thermo) to kill them (lysis). Here, the cells containing the ink 

particles are lysed and the ink particles themselves are fragmented, so that they 

are both free and small enough to be removed naturally.  

 

 
•Microencapsulation Tiny capsules containing very small ink particles are used to 

give the tattoo. When it is no longer wanted, a laser is used to breaking the  
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capsules and release the tiny ink particles which are small enough to be cleared away 

naturally. 
 
• Colour-change ink The second proposal is to use an ink that remains permanently 

in the skin, but which can be made transparent in the visible spectrum by 
pulsing with a certain wavelength of light. (If this can be reversed by pulsing 
with a different wavelength of light, then on/off tattoos will be a possibility.)  

 

UQuestions of  

 

Q4.1:In each case, choose the best option: 
1. Vaporization of tissue occurs at approximately: 

(a) 60-65C    (b) 65-90C      (c)90-100C   (d)100+C 
 

2. In laser tissue interaction there is a mechanism on which the tissue removed 
without thermal damage: 
(a) Photoablation Interaction in IR region.  
(b) Photoablation Interaction in UV region.  
(c) Photoablation Interaction in visible region.  
(d) Photoablation Interaction in x-ray region. 
 

3. In LASIK operation, the laser radiation ablating layers from: 
(a) Cornea  (b) Retina.  (c) Lens.  (d)Iris  
 

4. More common photothermal eye treatment  technique 
(a) Corneal Reshaping   (b) Secondary Cataract    U(c) URetina Detached 
 

5. All kinds of laser tissue interaction mechanisms share in a single common 
datum of: 
(a) Energy density ranges from 1 J/cm2 to 1000 J/cm2. 
(b) Energy density ranges from 100 J/cm2 to 1000 J/cm2  

(c) Energy density ranges from 1 J/cm2 to 10000 J/cm2     
(d) Energy density ranges from 1000 J/cm2 to 100000 J/cm2 

 
6. The exposure time in photochemical interaction is: 

(a) t > 1ns    (b) t > 1µs    U(c) Ut > 1s      (d) t > 5ns 
 

7. The optical properties of the biological tissue depends on: 
(a) Refractive index of the tissue     
(b)The size of tissue. 
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(c) The water & blood content of the tissue  
(d) Thickness of the tissue. 

 
8. The single parameter that distinguishes and primarily controls laser tissue 

interaction mechanisms is : 
(a) The laser power density W/cm2. (c) The fluences 
(b) The duration of laser exposure  (d) The laser spot size. 
 

9. Laser iridotomy can be performed with either: 
(a) Argon ion lasers or pulsed CO2  lasers  
U(b)UArgon ion lasers or pulsed neodymium lasers. 
(c) Excimer lasers or pulsed neodymium lasers.  
(d) CO2 lasers or pulsed neodymium lasers 

10. Glaucoma: is caused by a build-up of pressure in the eye. Closed-angle 
glaucoma can be treated by making a hole in the:  
(a) Cornea (b) Retina.  (c) Lens.  (d)Iris  
 

11. Photodisruption Special applications: 
(a) photodynamic therapy      
(b) lens fragmentation, lithotripsy 

(c) refractive corneal surgery, caries therapy  
(d)Coagulation 
 

12. Photochemical Special applications: 
(a) photodynamic therapy      
(b) lens fragmentation, lithotripsy 

(c) refractive corneal surgery, caries therapy  
(d) Coagulation 
 

13. The exposure time in photoablation interaction is: 
(a) t > 10ns  (b) 1μs down to 1ns     (c) t > 20s      (d) t > 5ms 

 

14.Which energy density is typical for a laser – tissue interaction? 

(a) 1J/m2  (b) 1mJ/cm2   (c) 1J/cm2. 

     15. Ultraviolet photons have an energy? 

  (a) < 0.3eV        (b): <3eV   (c): > 3eV. 

    16. In caries removal the observations are due to the fact that both ruby and CO2 
lasers are typical representatives of 
(a) .Non- thermally acting lasers.  
(b)  Thermally acting lasers.  

        (c) Appropriate for dental laser applications 
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 17. The coincidence of thermal (vaporization) and mechanical (pressure gradient) 

ablation effects has led to the term 
(a)  Photothermal interaction.  
(b) Photoabaltion interaction.  

        U(c) UThermomechanical interaction. 
        (d) Photolysis interaction. 
 

18. Photo-Dynamic Therapy (PDT). It is based on the use of special drugs that are 
injected into the patient body. The most well known drug is: 
(a) Photodrug        (b) Photofram  (c) Photofrin  (d) Phototrin 
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19. In PDT the excited molecule is going to a lower energy state without emission of 
radiation with in: 

(a) nanoseconds ns  time frame.   
(b) picoseconds ps time frame.   
(c) milliseconds ms time frame.   
(d) microseconds µs time frame. 

 
20. Coagulation of tissue occurs at approximately: 

(a) 60-65C    (b) 65-90C      (c)90-100C   (d)100+C 
 
21.Thermal damage in dental laser applications is negligible only when using  

(a) high energy density    
(b) Long pulses.    
(c) CW lasers    
(d) Ultra-short pulses 

 
22. In retina detachment treatment,  small amount of laser power is needed to solder 

the detached retina. We can interpret that 
(a) because of the treatment area very small. 
(b) because of the absorption effect of the eye. 
(c) because of the focusing effect of the eye. 
(d) because of the transparent effect of the eye. 
 
23.  In 1972 a new method was developed to identify and destroy cancer cells. This 

method is called 
(a) DTP  (b) TPD  (c) PDT  (d)PTD  
 
24. One of the following lasers did not used in the skin treatment 
(a) Argon laser. (b) CO2 laser       (c) Dye laser   U(d)UExcimer laser 
 
25. In PDT after the drug is injected into the patient, the patient must be kept in a 

dark room for  
(a) 24 hours.  (b) 42 hours.  (c) 44 hours.  (d) 22 hours. 
 
26. In dermatology laser applications, for processes or events that happen much more 

quickly than the relaxation time, we can  
(a) calculate thermal diffusion. 
(b) ignore thermal diffusion. 
(c) ignore thermal relaxation time. 
(d) ignore heat capacity. 
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27. The capillaries in the dermis are usually  
(a) ≈1-3 µm in diameter. 
(b) ≈10-30 m in diameter. 
(c) ≈10-30 µm in diameter. 
(d) ≈10-30mm in diameter. 
 
28. In port wine stain, for the best treatment we choose: 
(a) CO2 laser     (b) Dye laser 577nm    (c) Nd:YAG laser    (d) Argon laser 
 
29. The formulas for relaxation time for cylinders is  

(a) 
D

d
cylind 61

2

=τ   (c) 
D

d
cylind 16

3

=τ   

(b) 
D

d
cylind 11

2

=τ   (d) 
D

d
cylind 16

2

=τ   

 
30. In laser tooth bleaching, the interaction mechanism between the laser beam and 

the bleaching agent is 
(a) Photochemical mechanism 
(b) Photothermal mechanism 
(c) Photoablation mechanism 
(d) Photodisruption mechanism 
 
31. One of the following lasers did not used in the tooth bleaching 
(a) Nd:YAG laser.   
(b) CO2 laser      
(c) 810nm LD     
(d) SHG 532nm Nd:YAG laser 
 
32.In PDT Where the excited molecule emit photon with in a nanosecond time frame, 

while returning to the ground state. This phenomenon is used to  
(a) identify cancer cells by release the active singlet Oxygen 
(b) identify cancer cells by searching for the fluorescence. 
(c) destroy cancer cells by searching for the fluorescence. 
(d) destroy cancer cells by release the active singlet Oxygen. 

 
Q4.2 There are different ways to classify medical applications of lasers into groups, 

listed them? 
Answer: 

1. According to the organ to be treated by the laser, such as: UEyeU, UGeneral 
SurgeryU, UDentistry U, UDermatologyU, Blood vessels, Cardiac, etc 

.  
2. According to the type of laser used for treatment, such as: CO2, YAG, and Argon. 
  

3. According to the type of treatment, such as diagnostic, surgery, connecting blood 
vessels. 
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http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-6/F6s2t2p1.htm�
http://www.phys.ksu.edu/perg/vqm/laserweb/Ch-6/F6s1t4p1.htm�


 UNIVERSITY OF TECHNOLOGY                             LASER APPLICATION COURSE              
       DEP. OF LASER & OPTOELECTRONICS                                                    LEC.30        

 ENGINEERING 

                    4ND  YEAR 
 

 

 3 
 

 
 
Q4.3: List the parameters that the laser tissue interaction depends on it? 

1. The wavelength of light, which determines the energy of each photon of light. 
2. The intensity of radiation (energy delivered). 
3. The shape of irradiation (continuous or pulsed). 
4. Spatial nature of the beam (focused or unfocused).  

 

Q4.4 : What are the mechanisms of laser-tissue interactions? 
Answer: 

1. Photochemical Interaction 
2. Photothermal Interactions 
3. Photoablation Interaction 
4. Plasma-induced Photoablation 
5. Photodisruption 

 
Q4.5: What is the single common datum which all laser tissue interaction mechanisms 

kinds share it? 
 
Answer: The characteristic energy density ranges from approximately 1 J/cm2 to 1000 

J/cm2. 

 

Q4.6: What is the single parameter that distinguishes and primarily controls laser 
tissue interaction mechanisms 

 
Answer: The duration of laser exposure which is mainly identical with the interaction time 

itself. 

 
Q4.7: Defined in briefly form, with explaining  summary about all of one from: 
 

1. Photochemical Interaction 
2. Photothermal Interactions 
3. Photoablation Interaction 
4. Plasma-induced Photoablation 
5. Photodisruption 

 
Q4.8 Why can a frequency-quadrupled Nd:YAG laser at a wavelength of 266nm 

induce photoablation, while a frequency-doubled Nd:YAG laser at a 
wavelength of 532nm cannot? 

 
Answer: Because only UV photons provide an energy sufficient for the photo-dissociation 

of molecular bonds, which is the basic mechanism of photoablation. 
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Q4.9: In biological tissue on what depends the optical properties ? 

Answer: These properties depend on the water & blood content of the tissue. 

 
Q4.10: What is the advantages of laser surgery?  
 
Answer: 
1. Dry field of surgery, because laser energy seals small blood vessels.  
2. Less postoperative pain, because of the sealing of nerve ends.  
3. No contact with mechanical instruments, so sterilization is built in.  
4. Possibility to perform microsurgery under a microscope. The laser beam passes through 

the same microscope.  
5. Possibility to perform surgical procedures inside the body without opening it, using 

optical fibers to transmit the laser beam.  
 

Q4.11: What is the techniques  of eye treatment by laser? list it, with the examples. 
 
Answer: 
1.Photothermal Treatments Techniques 

Many diseases and medical problems of the eye can be treated using lasers in a 
thermal regime. Here are a few of the more common treatments (Retina Detached, 
Glaucoma) 

 
2 Non-thermal Treatments Techniques 

Thermal effects are not always desirable, particular when attempting to ablate or cut 
tissue very precisely without damaging the surrounding tissue. Photoablation, plasma-
induced ablation and photodisruption are all used as non-thermal means of ablating or 
cutting tissue (Corneal Reshaping). 
 
Q4.12:Why?Most of the change of direction (refraction) of light rays entering the eye 

is performed by the cornea. 
 
Answer: Since the light goes from air (index of refraction about 1) to the tissue (index of 

refraction about 1.3). Thus, a small change in the radius of curvature of the cornea 
causes a big change in the focusing of light in the eye 

 
Q4.13:Explain why? excimer laser have a unique consideration in LASIK operation? 
 

1. This wavelength is highly absorbed by water. 
2. Shallow penetration on cornea tissue 2µm. 
3. Small HAZ. Cold Beam 
4. High photon energy 6.4eV, and at this energy be realized the condition of 
APD. 
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Q4.14:The fluences and spot size of the beam used in retina detachment operation are  
12.73x103 J/cm2 and 200µm respectively. Which of the following intervals is suitable for 
the required typical power & why? Estimate this power. 
 

(1) photoablation t = 5ns 
(2) photothermal t = 5s. 
(3) photochemical t = 50s 

 
Q4.15: In laser iridotomy operation, if the typical power (700-1500mW) & the spot 

size (50 m). Find the typical fluences rang if the typical pulse duration is one of 
the intervals below: 

  
1. t = 100s - 1000ns.  2. t = 10s - 100s 3. t = 0.1 - 0.2s 
 
Q4.16: For every eye condition presented below, give a treatment technique. 

(Acronym, Laser Wavelengths, Interaction Mechanism, etc.) 
1. Retina Detached.        2. Glaucoma.  
3. Corneal Reshaping           4. Secondary Cataract 

 
Q4.17: What is the mainly distinct segments in human tooth? 
 
Answer:  1.Enamel   2.Dintine  3.Pulp 
 
Q4.18: What is the laser advantages in dental laser applications ? for both soft tissue 

and hard tissue. 
 
Answer: 

In soft tissue:  
1. In case of gum surgery, with the laser most of the patients suffer less postoperative 

pain.  
2. Almost no bleeding.  
3. No stitches required.  

 
In hard tissue: 

1. the laser operates without the noise. 
2. and the mechanical pressure on the treated tissue. 

 
Q4.19: Why? Er:YAG laser appropriated for dental laser applications. 
 
Answer: Didn’t induced thermal side effects. 
 
Q4.20: Explained the reason for FDA approved that Er:YAG laser as the appropriate 

source for caries removal. 
 
Answer: The wavelength of the Er:YAG laser at 2940nm matches the resonance frequency 

of the vibrational oscillations of water molecules contained in the teeth. Thereby, the 
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absorption of the Er:YAG radiation is strongly enhanced, resulting in a high 
efficiency in caries removal. 

 
Q4.21: What are the advantages of In-Office Bleaching? 
 

The advantages of this technique include: 
1. Dentist control 
2. Avoidance of soft tissue exposure and material ingestion. 
3. Reduced total treatment time. 
4. Greater potential for immediate results that may enhance patient satisfaction and 

motivation. 
 
Q4.22: Why should there be an appropriate time gap in photodynamic therapy between 

application of a photosensitizer and laser exposition? 
 
Answer: An appropriate time gap is needed for the photosensitizer to be mostly cleared 

from healthy tissue, while it is still present in tumor cells at a high concentration. 

 

Q4.23: In port wine stain treatment by laser, if the capillaries in the dermis are usually 
equal 20µm in diameter and the enlarge capillaries equal 100µm in diameter. Find the 
laser pulse duration range appropriate to this treatment. 

Answer: 0.2 ms < τpulse < 5.48 ms 
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