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Abstract 

Lasers were introduced in dentistry with the hope that it can overcome the drawbacks of the conventional 

methods and its use has increased considerably since its introduction. The aim of this review is to describe 

lasers and its applications in the field of dentistry. 
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INTRODUCTION 

The word 'LASER' is an acronym for  Light 

Amplification by Stimulated Emission of 

Radiation. [1] 

Light 

Light is a form of electromagnetic energy that 

behaves both as a wave and a particle. The basic 

unit of this energy is called a photon. [2 ] 

Ordinary light,usually appearing white, is the sum 

of the many colors of the visible spectrum-

violet,blue,green,orange and red. Laser energy is 

one    specific     color,    a     property     called  

 

monochromacity. This energy also possesses a 

property known as coherency,meaning that the 

waves produced in the laser instrument are all in 

phase with one another and have identical shapes 

when plotted on a graph. 

The beam is collimated (the rays are parallel) 

within the laser instrument. However, a lens 

system in the aperture focuses the beam into a 

delivery system and the emitted energy can either 

continue as a constant diameter or will diverge at 

a specific angle. 
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The wave of photons moving at the speed of Light 

can be defined by two properties.  

The first is amplitude , which is the total height of 

the wave oscillation from the top of the peak to 

zero line on a vertical axis .  

Importance: This is an indication of the amount of 

intensity in the wave. The larger the amplitude, 

the greater the amount of useful work that can be 

performed. 

The second property is wavelength , which is the 

distance between any two corresponding points on 

the wave on the horizontal axis.  

Importance: This is the physical size of the wave 

which is important on how it interacts with tissue. 

Wavelength is generally measured in meters but 

dental lasers use a smaller unit either a micron  or 

nanometer  

Stimulated Emission 

Quantum theory was introduced by German 

physicist Max Planck in 1990 which was further 

conceptualized as relating to atomic architecture 

by Neils Bohr [3] ,a physicist from Denmark. 

When a quantum ,the smallest unit of energy is 

absorbed by the electrons of an atom or 

molecules, a brief excitation occurs. The quantum 

is soon released into a resting state, a process 

called spontaneous emission. The emitted energy 

packet was previously described as a photon. In 

1916, Albert Einstein [4 ]  theorized that an 

additional photon traveling in the field of the 

excited atom that has the same excitation energy 

level would result in a release of two quanta or 

coherent wave of two photons, a phenomenon he 

termed stimulated emission. 

Amplification 

If this process were to continue, more atoms 

would be energized, and more identical photons 

would be emitted and further propagation of this 

stimulators wave would result. At some point a 

population inverse occurs meaning that a majority 

of the atoms of the active medium are in the 

elevated rather than the resting state. A pumping 

mechanism offering a constant supply of energy is 

necessary to maintain the excitation. 

The photons are reflected back and forth within 

the active medium to further enhance stimulated 

emission and successive phases through the active 

medium increase the power and ultimately 

collimate the photon beam. This is called 

amplification . 

Radiation 

The laser energy produced by the laser are 

specific form of radiation or electromagnetic 

energy. The electromagnetic spectrum is the entire 

collection of wave energy ranging from gamma 

rays whose wavelength are about 10 meters, to 

radio waves whose wavelength can be thousands 

of meters. All available dental laser devices have 

emission wavelength of approximately 0.5 

microns or 500 nano meters to 10.6 microns or 

10,600 nano meters. That places them either in the 

visible or invisible portion of non-ionizing portion 

of the electromagnetic spectrum. The dividing line 

between the ionizing, cellular DNA mutagenic 

portion of the spectrum and the non- ionizing 

portion is on the junction of ultraviolet and visible 

violet light. Thus all dental lasers emit either a 

visible light wavelength or an invisible infrared 
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light wavelength in the portion of that non-

ionizing spectrum called thermal radiation. 

LASER TISSUE INTERACTION 

Lasers interact with the tissues in four ways 

1. Reflection-which is the beam redirecting itself 

off the surface having no effects on the target 

tissue. 

2. Transmission-the laser energy is directed 

through the tissue with no effect on target tissue.  

3. Scattering-results in weakening of the intended 

energy and possibly producing no useful 

biological effect. Scattering of laser beam can 

cause heat transfer to the adjacent tissue adjacent 

to surgical site. 

4. Absorption- can cause coagulation, protein 

denaturation, bacterial inactivation. [1] 

ACTION OF LASERS ON DENTAL 

TISSUES 

The action of lasers on dental hard and soft tissues 

depend on the absorption of laser by tissue 

 chromphore (water, apatite minerals and various 

pigmented substances) within the target tissue.  

Mechanism: 

1. Photothermal ablation: this occurs with high 

powered lasers when used to vaporize or 

coagulate tissue through absorption in a major 

tissue component. 

2. Photomechanical ablation: disruption of tissue 

due to a range of phenomena including shock 

wave formation, cavitations. 

3. Photochemical effects: using light sensitive 

substances to treat conditions such as cancer.  

 

 

SOFT TISSUE LASERS 

Soft tissue lasers enable safe and effective 

removal of short tissue and can be used for 

procedures that are done using a scalpel.  

The soft tissue lasers available are  

1. Carbon di oxide laser 

2. Nd:YAG lasers 

3. Argon lasers 

4. H:YAG lasers 

5. Er, Cr:YSGG lasers 

6. Diode lasers 

The diode lasers whose wavelength ranges from 

810-980 nm are mostly used. 

Applications 

1. Gingival contouring 

2. Leveling 

3. Troughing 

4. Gingivectomy  

5. Exposure of unerupted teeth 

6. Operculectomy 

7. Frenectomy 

8. Soft tissue incision 

9. Treatment of apthous ulcer [5] 

Advantages 

Soft tissue lasers result in minimum or no 

bleeding, effective wound healing, and do not 

affect the surrounding tissue. There is no vibration 

and kills bacteria in deep cavity.  

Disadvantages 

Although diode lasers with 810-980 nm is used in 

the sulcular debridement , it can only be used in 

shallow pockets as it causes charring effects in 

deep pockets. ([5], [6]) 
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A study by M.R.Dickson in 1991 [7] on the 

interaction of lasers in soft tissues of cadavers 

concluded that in cellular tissues the damage is 

approximately 20 micro meter. K.Gorharkhay  in 

1999  [8] investigated the incision characteristics 

of soft tissue damage by a diode laser(810 nm). 

Due to excellent coagulation ability the diode 

laser can be used instead of the scalpel and 

conventional electro surgical unit.  

Further studies on laser tissue interaction with a 

continuous wave 3 micro meter fibres by Mark 

C.Pierre in 2000 [9] demonstrated the acute and 

precise removal of soft tissues. In vitro study of 

soft tissue effects of microsecond pulsed carbon di 

oxide laser parameters during soft tissue incision 

and sulcular debridement by Vaderhobli RM in 

2010 [10]  achieved minimal lateral and deep 

coagulation in reasonable amount of time.  

HARD TISSUE LASERS 

The hard tissue laser provides a constantly sterile 

instrument that produces a minimal inflammatory 

response and hence minimal pain. They are safer 

than a scalpel or an air turbine as the zone of 

cutting is confined to the focal spot of 1-2mm. 

Erbium lasers are currently used.  

Advantages 

Ability to selectively ablate carious dental tissue 

Allows for minimally invasive restorative 

treatment in early caries 

Reduced pulpal temperature rise 

Cavity sterilization  

Pain reduction properties: laser light raises the 

point at which the C pain fibres trigger an impulse 

making it possible to do some procedure under 

topical anesthetic only. 

Healing properties: the light stimulates the 

mitochondria in the cells adjacent to the abated 

area to heal 50% faster with a minimum of scar 

tissue as the wound heals by primary intention  

Applications 

Paedodontics  

Hard tissue lasers can equal pain free, injection 

free, drill free dentistry for kids. Pulps can be 

cauterized and roots can be disinfected. 

Orthodontics  

It is used in crown lengthening where it can 

uncover a tooth by removing the gingiva with a 

bloodless field and minimal after pain. The laser 

can soften orthodontic bonding cement which can 

then be scraped away with a scaler reducing the  

damage to surface enamel. [11] 

Restorative dentistry and Endodontics 

a) Cavity preparation 

The Er:YAG laser was tested for preparing dental 

hard tissues for the first time in 1998. It was 

successfully used to prepare holes in enamel and 

dentin with low 'fluencies' [energy(mJ)/unit 

area(cm)]. 

Even without water cooling (Burkes et al 1992) 

[12] the prepared cavities showed no cracks and 

low or no charring while the mean temperature 

rise of the pulp cavity was about 4.3 C (Rechmann 

at al 1998) [13] . Clinically cavity preparation in 

enamel results in ablation craters with white 

chalky appearance on the surface of the crater 

(Tokonabe et al 1999). [14]  In dentin the cavity 
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margins are sharp and dentinal tubules open 

without a smear layer. 

b) Caries removal 

Carious material contains a higher water content 

compared with surrounding healthy dental hard 

tissues. Consequently, the ablation efficiency of 

caries is greater than for healthy tissues.  

It was found out that the Er:YAG laser abated 

carious dentin effectively with minimal thermal 

damage to the surrounding intact dentin (Aoki and 

Ishikawa at al 1998). [15] 

c) Restoration removal 

The Er:Yag lasers is capable of removing 

composite resin and glass ionomer (Dostalova et 

al 1998, Gimbel 2000) ([16], [17])Lasers should 

not be used to ablate amalgam restorations 

because of potential release of mercury vapor. 

Er:YAG laser is incapable of removing gold 

crowns, cast restorations and ceramic materials 

because of the low absorption of these materials 

and reflection of laser light (Keller et al 1998). 

[18] 

d) Etching 

Laser etching can be used as an alternative to acid 

etching of enamel and dentin. The Er:YAG laser 

produces micro explosions during hard tissue 

ablation that result in microscopic and 

macroscopic irregularities . These make the 

enamel surface micro retentive and provide 

adhesion without acid etching. However, adhesion 

to dental hard tissues after Er:YAG laser etching 

is inferior to conventional acid etching (Martinez-

Insua et al 2000, Ceballos et al 2001).( [19], [20]) 

 

e) Caries prevention 

The possibility of using lasers to prevent caries 

have been explored (Hossain et al 2000, Apel at al 

2003). ([21], [22]) 

It is suggested that laser irradiation of dental hard 

tissues modifies the calcium to phosphate ratio, 

reduces the carbonate to phosphorus ratio and 

leads to the formation of more stable and less acid 

soluble compounds. 

SAFETY  

Laser safety is regulated  according to American 

National Standard Institute (ANSI) Z136 safety 

standards. Diode lasers can cause retinal burns 

and cataracts. Erbium lasers risk corneal burns 

and infrared cataracts. A discernable danger zone 

should be created around the surgical bay. 

Immediately after the procedure , the patient 

should rinse and gently massage the area with a 

soft bristle tooth brush. [23] 

CONCLUSION 

Although lasers cannot replace all the 

conventional procedures in dentistry, it's use 

enables some procedures to be performed 

differently than the conventional procedure and its 

development in the field of dentistry continues to 

expand further enabling greater patient care.  
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