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Dental Laser 

Dr. Mohammed Ayad 

Lecture (14) 

 

Laser: is an acronym standing for light amplification by stimulated 

emission of radiation. A laser is a device that emits light through a 

process of optical amplification based on the stimulated emission of 

electromagnetic radiation. 

Laser apparatus: 

All lasers apparatus have similar fundamental elements which are: 

A. Lasing media (active media). 

B. An optical resonators. 

C. An energy source. 

A-Lasing media (active media): 

The active media may be in the form of a gas, sold, atoms or ions. 

Most Lasers are named with regard to the substance of active 

media that is used to create the actual laser light. (Ex. CO2 laser 

has lasing media containing CO2 gas ). 

B. Optical resonators: 

The optical resonator is essentially an arrangement of two mirrors. 

Basically it is consist of fully reflective mirror at one end of lasing 

media and partially reflective mirror at the  other end of lasing 

media. 

C. Energy source. 

The atoms or molecules of the lasing media need to be excited so 

that photons of laser light are emitted. The energy for this excitation 

may be provided by electric discharge, high power xenon flash 

lamps or even another laser. 
 

 

 

 

 

 

 

 

 

ليس هنالك من هو اكثر بؤساً من المرء الذي اصبح اللا قرار هو عادته الوحيدة 
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Properties of laser light: 

There are several important properties of laser light that distinguish it 

from white( ordinary ) light. These singular properties of laser light 

that make it useful in medicine and dental uses are : 

1- Monochromaticity: 

The laser light produced by particular laser device will be of 

characteristic wavelength, if the light produced is in the visible 

spectrum (0.385-0.760 μm) it will be seen as a beam of intense color. 

However, dental lasers can produce light from the ultraviolet (0.193 

μm) to the infrared (10.6μm) depending on lasing media. 

   

A. ordinary light B. Laser light 

 

2. Directionally: 

The laser light is perfectly parallel when leaving the laser aperture 

(figure B), however there is little divergence of laser beam as it exits 

the laser device, this explains ability of laser beam to trained to long 

distance with laser light maintains brightness. In practice the beam is 
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often optically focused to a point at convenient working distance from 

the tissue being irradiated by means of lens. 

 

 

3. Coherence: 

Is a property of laser light that occurs when there is same fixed - 

phase relationship between two waves of laser light, thus each wave is 

in phase with the other waves both longitudinally and transversely. 

However, laser light unlike ordinary light source, their waves all in 

phase and the waves reinforce each other while in an ordinary light, 

the waves cancel each other to a greater or a lesser extent. 

 
 

4. Brightness: 

Another property of laser light that distinguishes it from ordinary 

light sources is brightness. This property arises as a result of the 

parallelism or collimation of the laser light when it moves through 
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space maintaining its concentration and thus, the characteristic high 

brightness occurs. 

 
Mechanisms of laser-tissue interactions: The light when attacks the 

tissues interact with tissue, the light energy when attacks the tissues 

absorbed by tissue ,transmitted and scattered thought tissue and some 

energy reflected away from the tissue, the results of this interactions is 

different modes of interaction ( different affects).There are many modes 

of interaction between lasers and tissues: 

l. Coagulation: is the mode appropriate for working with soft tissues. 

If the laser beam incident to tissue with a normal body temperature of 

37
°
C heats the tissues over 60

°
C. The tissues undergo coagulation 

phenomenon. 

2. Photovaporization: Photovaporization takes place when layers of 

tissue are heated to high temperatures and liberated as for example 

when using carbon dioxide laser with intense, highly focused laser 

radiation produces surface temperatures exceeding 100 
°
C which cause 

tissue vaporization. 

3. Photoablation :This mode of action occurs when the energy of the 

laser is used under well controlled to selectively remove thin layers of 

material causing relatively little thermal damage in the adjacent areas. 

4.Photo-disruption: The photo-disruption occurs when the extremely 

localized high power pulse tends to generate very high instaneous 

electric field values, which causes electrical breakdown at the tissue 

interface resulting in ionization, plasma production. 

 

Types of lasers in dentistry: 

1-Carbon dioxide laser (C021aser): The carbon dioxide lasers have a 

gas lasing media and fall into far infrared range of the spectrum. This 

laser has affinity to wet tissues regardless of tissue color. These lasers 

have wavelengths of 9.3μm and 10.6 μm. 

2. Neodymium: yttrium aluminum garnet (Nd:YAG) laser: This 

laser has lasing media of a crystal of yttrium-aluminum garnet 

dropped with neodymium, the laser is in the near infrared range of 

 

فانك لا تتقدم ابداً ... اذا لم تحاول ان تفعل شيء ابعد مما قد اتقنته   
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electromagnetic spectrum with wavelength of 1.06 μm. This laser is 

not well absorbed by water but is absorbed well by pigmented tissue 

like hemoglobin and melanin. The Nd: YAG laser delivered by optical 

fibers. 

3. Diode laser 

The diode laser with wavelengths of 790 nm to 830 nm. It is within 

the infrared range and can be delivered with thin, flexible light 

conductor fibers. The diode laser is effective bactericidal in the 

sterilization of canals of teeth under endodontic treatment. 

4. Argon lasers: 

Argon laser light has two primary wavelengths; 488 nm and 514 nm, 

these wavelengths manifest as blue and green visible light 

respectively, the lasing media is the argon gas. 

The argon laser light is absorbed well by oral soft tissue and provides 

excellent homeostasis, it has affinity for darker colored tissue and also 

has high affinity for hemoglobin making excellent coagulations. It is 

not absorbed well by hard tissues and no particular care is needed to 

protect the teeth during laser surgery. The argon lasers delivered by 

optical fibers. 

The argon lasers with wavelength of 488 nm has ability to cure 

composite resins. However, the argon laser when used to cure photo 

activated dental resin materials can reduce curing time, polymerization 

shrinkage and increase the physical properties and curing depth. While 

argon laser with wavelength of 514 nm can be used mainly for soft 

tissue procedures and coagulation. 

5. Erbium: yttrium aluminum garnet (Er: YAG) laser: 

The wavelength of this type of laser is 2.94 μm, it has ability to ablate 

or cut dental hard tissue effectively and efficiently. The Er: YAG is 

well absorbed by water and hydroxylapatite which responsible for it's 

efficiency in cutting enamel and dentine, with this type of laser the 

pulpal temperature remained well below the critical temperature 

(below 5.5 
o
C more than body temperature) so the pulpal response to 

cavity preparation with Er: YAG laser was minimal,   comparable   or 

less than the pulpal response created by a high speed turbine hand 

piece, the cavity prepare by Er: YAG laser has walls are not as smooth 
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as that achieved with high speed hand piece but appear similar to acid- 

etched surface and if it is used with acid etch procedure produce more 

bond strength between composite restoration and tooth surface. This 

laser usually delivered by optical fibers with water spray that serves as 

cooling system during tooth cutting, also the water increases the 

efficiency of the cutting. 

6. Excimer lasers: 

These lasers combine halogen and a noble gas such as argon 

fluoride, with 193 nm wavelength or xenon chloride with 308 nm 

wavelength and krypton -fluoride with 248nm as the active medium. 

Eximer lasers operating in the ultraviolet region. The argon fluoride 

laser is well suited or show selective removal of necrotic debris from 

the root canal during endodontic treatment and produce clean very 

smooth, crack and fissure free dentine walls. 

7. Holmium: yttrium aluminum garnet (Ho:YAG ) lasers: These 

lasers used for soft tissues have wavelength of 2120 nm and for hard 

tissue with wavelength of 2090 nm can be delivered through a fiber 

optic carrier. These lasers are invisible, it has ability to pass through 

water, these lasers have affinity to white tissue and cause coagulation 

can be used for ablation of bone, dentine, cementum, and carious 

enamel. 

8. Erbium chromium : Yttrium scandium gallium garnet 

(Er.Cr. :YSGG) laser: 

This laser has a crystal media with wavelength of 2.78 μm. The laser 

delivered through a flexible fiber optic cable and focused through a 

contra-angled hand piece bearing a sapphire tip This laser absorbed 

by water molecules and also by hydroxyl group in enamel or dentine, 

thus the Erbium chromium : yttrium scandium gallium garnet. This 

laser is effective for caries removal and cavity preparation with less 

discomfort to the patient and better surface treatment enhance 

bonding of composite resin to the cavity walls. 

 

 

 

.ثمن ليس له قيمة  ان ما تحصل عليه من دون جهد او  
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Application of dental laser in conservative dentistry : 

1- cavity preparation. 2-caries detection. 3-composite curing. 

4-dental bleaching. 5-enamel bleaching and dentine conditioning.     

6-endodontic instrumentation and sterilization of root canal or canals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.ان الاجابة الوحيدة على الهزيمة هي الانتصار   
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Application of Laser in Conservative Dentistry. 

1 - Cavity Preparation 

Recently, the use of laser technology has been introduced as 

an alternative to traditional mechanical rotating instruments for 

cavity preparation. Bonding of composite resin to Er :YAG and 

Er.Cr. : YSGG irradiated enamel and dentin surfaces, more than 

bonding composite resin to diamond-bur prepared surfaces. 

Dental lasers in cavity preparation free from noise, vibration and 

no need for local anesthesia would therefore, seem to have an 

assured future. 

Er,Cr:YSGG laser system used in conjugation with air-water 

spray is effective for preparation of Class I, III and V cavities 

more conservative cavity preparation because the laser can 

remove the caries without removal sound enamel below the 

lesion. The composite resin restorations have more retention and 

less microleakage 

2- Caries detection 

The argon laser energy will offer diagnostic capabilities when 

used to illuminate teeth. When illuminated with argon laser light, 

carious tissue has a clinical appearance of a dark, fiery, orange- 

red color and is easily differentiated from sound tooth structure. 

Decalcified areas appear as a dull, opaque, orange color. 

A diode laser (DIAGNOdent, 655 nm, modulated, 1 mW peak 

power) depend on laser/light fluorescence appears to show the 

greatest promise for the detection of dental caries. White-spot 

lesions without the involvement of bacteria, do not produce a 

significant increase in fluorescence compared with sound surfaces 

Distinct increase in fluorescence when the caries process in more 

advanced stages. bacteria or their metabolites could contribute to 

the fluorescence of carious lesions 
 

 

ولا يفكرون ابدا   ملونوهؤلاء الذين يع, ون ملهؤلاء الذين يفكرون ولا يع: ين الفاشلون الى نصفقسم ني
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3- Polymerization (curing) of composite resin. 

The argon laser with 488nm wavelength is used to catalyze 

dental resin polymerization. This use of the argon laser allows for 

faster curing of dental resins, and causes the dental resin to have a 

strong bond to the tooth and less polymerization shrinkage as 

compared with composite resin cured by the conventional visible 

light. The optimal curing time for conventional visible light is 44 

seconds while for argon laser is 8 seconds. 

 

4- dental bleaching 

dental bleaching is whiting of discolored teeth can be done for 

vital teeth or for root canal treated teeth. 

The 35 % of hydrogen peroxide is chemical agent widely used 

for dental bleaching (tooth whitening) and recently the Argon, 

diode and CO2 lasers was used for dental bleaching either alone 

or in combination with chemical bleaching agent. 

The Argon laser is safer and more efficient than diode laser for 

tooth whitening procedure, and the best results in dental 

bleaching were achieved with the combination of Argon laser 

irradiation and the bleaching agents (35% hydrogen peroxide). 

The Argon laser is used to enhance the activation of bleaching 

agent. 

Some dentist use both Argon and CO2 lasers in combination 

with peroxide solution to promote penetration of bleaching 

agent into the tooth to provide bleaching below tooth surface 

giving better and faster bleaching 

5- Enamel etching and Dentin conditioning. 

The Er :YAG and Er.Cr. : YSGG and CO2 lasers energy is 

absorbed strongly by enamel and dentine and can produce both 

chemical and physical changes on the enamel surface which can 

be of therapeutic value. Roughening of the enamel surface 

through the creation of bubble-like inclusions because laser 

treatment induces melting and recrystalization of hydroxylapatite 

resulting the formation of bubbles-like inclusions. 
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Etching enamel and dentine using pulsed carbon dioxide (CO2) 

laser radiation has been shown to give acceptable bond strengths 

when hydrophobic enamel bonding resins are used between the 

lased surface and composite resin. 

The effects of laser on dentine have many beneficial like 

desensitization of hypersensitive exposed dentine by melting and 

recrystalization of dentine causing closure of open dental tubules. 

 

6- Uses of Laser in endodontic treatment: 

A - Root canal preparation by laser 

The hand instrumentation left some of the walls untouched and 

left smear layer containing bacteria covering the instrumented 

walls. The laser preparation on the other hand gives clean and 

smear layer free root canal walls with dentine has crusty, wavy 

aspect with open dentinal tubules. 

Usually combination of hand instrumentation and laser 

preparation gives better results, in this technique the apical 

region of the canal is hand instrumented to the size 15 K file 

then the laser energy will applied to the canal by optic 

fiber(200μm in diameter which equal to size 20 K-file) inserted 

to the working length and enlargement was performed 

circumferentially starting in apical third, then the middle third 

and finally the cervical third. 

B-Sealing of the apex and dentinal tubules and repair crack 

in the tooth by laser: 

The laser with optic fiber made from hydroxyapatite can seal 

the root apex and plug open dentinal tubules and repair a cracks 

in the tooth by melting and deposition of the hydroxyapatite 

fiber optic during laser application inside the root canal. 

C- PIPS (Photon induced photoacoustic streaming) 

Irrigation of root canal system before three dimensional 

obturaion is very important step in elimination of smear layer 

and remnant debris in an inaccessible areas of root canal system. 

PIPS is a technique recently develop to assist in this process. 

Recent studies have reported how the use of an Er:YAG laser, 

equipped with the newly designed radial and stripped tip, in 



4  

combination with 17% EDTA solution, using a very low pulse 

duration (50 microseconds) and low energy (20 mJ) resulted in 

effective debris and smear layer removal with minimal or no 

thermal damage to the organic dentinal structure through a 

photoacoustic technique called Photon Induced Photoacoustic 

Streaming or “PIPS™”. Also, the same PIPS™ protocol in 

combination with 6% sodium hypochlorite solution has been 

investigated and shown to reduce the bacterial load and its 

associated biofilm in the root canal system three dimensionally. 

D-Obturation of root canal by laser: 

The laser (Argon or CO2 or Nd:YAG laser) used to obturat the 

root canal through softening the gutta percha filling material by 

heat generated from laser application. 

Power density and energy density: 

The power density: is simply the number of photons per unit 

area, power   density is the most important factor in detection 

the effectiveness of any laser device. When using continuous 

laser systems power/ area functions are extremely important. To 

enhance the effectiveness of laser beam and to provide an 

increase in power, a focusing lens can reduce the diameter of the 

sport to produce greater power densities at focal spot area thus 

enhancing tissue effects of the laser, the power density will 

determine the ability of the laser to vaporize, excise and 

coagulate biologic tissue. 

To calculate power density expressed in watt per square 

centimeter it can be shown that the power density is directly 

proportional to the wattage employed and inversely proportional 

to the area of the spot therefore: 

Power density (watt/cm
2
) = power(watt) / area(cm

2
) 

Energy density (energy flounce): It is the energy perceived per 

unit area. It can be calculated from the product of power density 

and exposure time. Energy density is measured by (Joule/cm
2
). It 

determines the extent of tissue vaporization or coagulation or 

ablation. When using pulsed laser systems power/ time functions 

are extremely important. The energy density is directly proportional 

to the power and exposure time and inversely proportional to the 

exposed surface area of the target tissue. 
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Energy density (Joule/cm
2
)=(power (watt) x exposure time 

(second))/area (cm
2
) 

Laser hazard (adverse effects): 

The lasers have many adverse effects when used with 

inappropriate handling, these effects may affect on patient or 

dental staff. 

A-Retinal adverse effects: 

The effect of laser radiation upon retinal tissue may be a 

temporary change without pathological reactions, or it may be 

more sever, varying from small indistinguishable lesions to 

gross damage of the retina. The mildest observable effect may 

be simple reddening. With increasing energy, lesion may occur, 

progressing from edema to charring with hemorrhaging and 

secondary effects about the lesion. With very high energy, gases 

from which can disrupt the retina and may create small 

explosions in the eye. 

B-Corneal and skin effects 

Ultraviolet radiation (200-400nm) is absorbed at the cornea and 

can cause painful damage. It can cause conjunctivitis and 

erythema to the face and other exposed tissue. The severity 

depending on the wavelength of the ultraviolet radiation. The 

general effect of ultraviolet radiation is that of sever sun burn. 

Infrared radiation is also absorbed by the cornea and by the skin 

and is converted to heat, with the overall effect being a heating 

of the tissue on a localized basis. Many tissues are quite 

sensitive to thermal changes and can be damaged when even 

slight temperature change occur. Infrared radiation has been 

shown to cause eye lens opacities. 

C-Air borne contaminations : 

The laser smocks (plume) or vapor emitted from the site of 

application during exposures to laser energy, is regarded as 

potentially hazardous both in term of particulate and infectivity. 

The CO2 smocks have harmful effect on the respiratory system, 

thus evacuation and ventilation to the outside and adequate 

suction in the lasing site must be maintained at all time. 
 

بدون هدف كسفينة بدون دفه كلاهما سوف ينتهي به الامر على الصخورانسان 
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Laser safety: 

Precaution for dental staff and patients are essential during laser 

procedures to protect non-target tissue particularly the eyes from 

stray beams. Reflective surfaces such as instruments, mirrors 

and even polished restorations have potential to redirect laser 

energy. Matte instruments are advisable, also protective 

eyeglasses for patient and staff. Usually green safety glasses are 

required for use with Nd : YAG lasers and amber colored 

glasses for use with Argon laser, while for CO2 laser clear 

glasses are indicated. In addition, the patient eyes should be 

covered with moist gauze pads. 

The non-target oral tissues should be shielded with wet gauze 

packs. The laser plume created when tissue vaporizes should 

be considered infectious thus an appropriate evacuation system 

to draw off and filter the plume is essential. As with any 

procedure involving potential contamination by blood or other 

body fluids, the operator and assistant should wear glasses and 

surgical masks. Extreme caution must be used when operating a 

laser in the area with explosive gasses such as anesthetics. 

 

 

 

 

 

 

 

 

 

 

 

.السعادة تكمن في متعة الانجاز ونشوة المجهود المبدع ان   
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