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Abstract 

The knowledge regarding the mechanisms of the interaction between laser energy and the oral cavity tissues is a 

major factor in the proper selection of the wavelength, in the optimum setting of parameters as well as in the 

practical execution of the laser-assisted oral surgical procedures. In oral surgery, the laser energy can interact with 

the oral tissues in four ways: absorption, reflection, diffusion, transmission. The photobiological effects of laser 

energy on the oral tissues include the photochemical, photothermal and photomechanical effect, as well as the 

biostimulation effect. In oral surgery on soft tissues various categories of lasers can be used: diode, erbium 

(Er :YAG; Er,Cr :YSGG), Nd:YAG and CO2 lasers. The interaction of the laser beam with the oral soft tissues 

depends on variables such as the pigmentation degree, the water content and tissue thickness. In interventions at the 

level of the oral bone tissues, only erbium (Er :YAG; Er,Cr :YSGG) and CO2 lasers are recommended. These lasers 

can be used for resections at the level of the bone tissues due to the photoablation process achieved by photothermal 

reaction, which transforms the irradiated tissues into gas or plasma combined with a photochemical and 

photoacoustic effect. The proper use of safety rules during laser-assisted procedures avoid the adverse effects at the 

level of soft and hard oral tissues. 
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Introduction 

The laser-tissue interaction is a 

combined optical, thermodynamic, and 

biochemical process. The process depends 

on the laser parameters, as well as on the 

distribution and absorption of the laser 

energy in the environment, on the tissue  

geometry and tissue optical and thermal 

properties (1). 

The lasers used in oral surgery emit 

light at specific wavelengths which have  

direct effects on the tissue not only on the 

coagulation and vaporization but also on the 

natural healing process of the cells (2). The 

in-depth knowledge of the mechanisms of 

the interaction between laser energy and the 

oral cavity tissues is a major factor in the 

proper selection of the wavelength, in the 
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optimum setting of parameters as well as in 

the practical execution of the laser-assisted 

oral surgical procedures.  

In oral surgery lasers are used both 

in the pro-prosthetic and pro-implant stages 

as well as in the removal of mucosa lesions 

(3). 

The types of interactions between the 

laser energy and the oral cavity tissues 

(absorption, reflection, dispersion, 

transmission) are shown in Tables I 

(absorption) and Table II (reflection, 

dispersion, transmission) (4). 

Among the optical properties, the 

most important measure is the absorption 

coefficient and its dependency on the 

wavelength. The biological molecules 

absorb especially at wavelengths below 280 

nm. In the visible specter, laser radiation is 

less absorbed by biological tissues, except 

for the hemoglobin in the blood red cells and 

for the melanin, which is accumulated as 

pigment in the skin and retina. Both 

substances absorb powerfully in green. 

Water is the main absorbent in infrared. 

The photobiological effects of laser 

energy on the target tissues include the 

photochemical, photothermal and 

photomechanical effect, the fluorescence 

effect and the biostimulation effect (4, 5). 

The photobiological effect are described in 

Tables III (photothermal), IV 

(photochemical), V (photomechanical), VI 

(biostimulation). 

 

 

 

Table I. The interaction of the laser energy with the target tissue – absorption   

The characteristics of the absorption 

phenomenon  

Absorption media  

- the factors that influence the absorption of 

the laser energy in the target tissue are: 

- tissue pigmentation   

- water content   

- the wavelength used   

- the absorption phenomenon is responsible 

for the biomodulation effect of low-level 

lasers.  

- the absorption coefficients are different 

when in contact with the dental tissues, due 

to the different wavelengths. 

- the optimal therapeutic benefits are reached 

when the wavelength with the best 

- it is important to know the best 

absorption media for the type of laser and 

wavelength the practitioners can use.  

- the absorption of the laser beam is 

significantly influenced by the composition 

of the target tissues (water, apatite crystals, 

or blood components).  

- water is the best absorption environment 

for the laser beams emitted by Er:YAG and 

Er,Cr:YSGG, lasers, followed by CO2 

lasers. 

- water is a medium that allows the 

absorption of the wavelength characteristic 
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absorption level is used (6).  to the diode and Nd:YAG lasers.  

- bones and teeth (which contain apatite 

crystals in their structure) are the best 

absorption medium for laser beams emitted 

by CO2 lasers.   

- hemoglobin in the blood is an exceptional 

absorption medium for laser beams with 

short wavelengths emitted by diode and 

Nd:YAG lasers. 

 

Table II. The interaction between the laser energy and the target tissue  

(reflection, dispersion, transmission)  

Reflection Dispersion Transmission 

- it takes place by 

redirecting to the outside of 

the laser beam, with the 

absence of any effect on 

the target tissues;   

- it requires mandatory 

protection equipment for 

the medical staff, 

considering that the 

reflected beam can be 

redirected towards other 

areas and may have 

damaging effects at ocular 

level (7);  

- protective goggles are 

required in implant 

procedures since the laser 

beam can be reflected by 

the implant surface to the 

practitioner’s eyes. 

- it is responsible for the 

change of photons direction, 

following the dispersion 

phenomenon in the oral 

tissues;  

- it contributes to the increase 

of laser energy absorption by 

increasing the degree of 

interaction with the 

chromophores which are 

characteristic to the laser 

beam wavelength; 

- it triggers an increase of 

temperature in the tissues 

surrounding the target site, 

accounting for thermal 

necrosis phenomena in tissue 

areas that require no laser 

therapy (7). 

 

- it is characteristic to diode 

lasers;   

- it is characteristic to the 

interaction of tissue water 

with the Nd:YAG lasers, 

whose beams are not 

absorbed by water (7). 

- the laser energy is 

transmitted through the 

tissue mass;   

- it is responsible for the 

absence of effects at the 

level of target tissues. 
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Table III. Photothermal effect  

Characteristics  Laser-assisted procedures  

- The main effect at tissue level; 

- The photothermal effects occur when the 

laser energy is inferior to the energy of the 

tissues it is absorbed in. Under these 

conditions, photons are absorbed by 

chromophores, cause their excitation and 

collision with the neighboring molecules, 

followed by an increase of kinetic energy 

and thermal energy; 

- The laser energy is transformed into heat; 

- It characterizes lasers with infrared 

wavelength (Nd:YAG, CO2), with a power 

density above 100W/cm
2
, or with 

irradiation in pulse mode, with a pulse 

duration of microseconds  (8) 

- The laser-tissues interactions are 

influenced by the setting of the beam 

diameter, of the energy level and exposure 

time;   

- It is characterized by the power density; 

- Effects at tissue level: 

- vaporization; 

- carbonization; 

- coagulation; 

- Hyperthermia (reversible). 

- Incision/excision – the laser beam is 

focalized with a small diameter; 

- Ablation/vaporization – the laser beam is 

focalized with a large diameter;  

- Hemostasis/coagulation – the laser beam is 

defocused. 

- Ablation of granulomatous tissues, through 

the processes of protein denaturation that 

take place at temperatures in excess of 60°C; 

- Temperatures between 70°-80°C allow 

bonding of tissue margins without a need for 

suture (9) 

 

 

 

Table IV. Photochemical effect  

Characteristics  Laser-assisted procedures  

- Photochemical transformations occur 

through the absorption of light without a 

significant heating of the tissue. 

- It is characterized by the energy density  

- The laser energy produces effects at a 

cellular level  

- extremely long interaction times and low 

irradiance   

- photochemical effects appear at low 

energy levels associated with reduced times.   

- the laser is used to stimulate chemical 

reactions (photopolymerization of composite 

resins, argon laser) 

- PDT- Photodynamic Therapy; 

- LLLT - Low Level Laser Therapy. 

 

 



Romanian Journal of Medical and Dental Education 

Vol. 9, No. 4, July - August 2020 

22 
 

Table V. Photomechanical effect 

Characteristics Applications in dental medicine 

- it is based on the capacity of laser energy, 

emitted at power densities of minimum 

1000W/cm
2
, to produce an electric field that 

is capable to lead to plasma formation and a 

shockwave that leads to the removal of the 

target tissue (8). 

- Tissue photoablation; 

- Plasma induced ablation; 

- Tissue cavitation induced by 

laser energy. 

 

 

Table VI. The biostimulation effect 

Characteristics Applications in dental medicine 

- LLLT is based on the action of photons 

energy on the cellular metabolism when it is 

absorbed in the tissues and cells and its role 

is to stimulate the release of agents that act 

as cellular mediators (10). 

- it stimulates the increase of ATP 

production; 

- it modulates oxygen-reactive species; 

- it initiates the transmission of signals at a 

cellular level. 

- Non-surgical therapeutic mode; 

- it accelerates the tissue healing processes; 

- It reduces postoperative pain; 

- It stimulates the development of collagen; 

- Anti-inflammatory effect (11). 

 

Aspects regarding the interaction laser 

beam – oral mucosa  

The interaction of the laser beam 

with the soft tissues depends on variables 

such as the pigmentation degree, the water 

content and tissue thickness. In oral surgery, 

the laser energy can interact with the oral 

tissues in four ways (5): absorption, 

reflection, diffusion, transmission. 

 To avoid lesions at the level of the 

target tissue adjacent areas, it is required to 

properly set the following laser parameters 

(7):  

- energy; 

- irradiation time; 

- diameter of the laser beam.  

 The photothermal effect is different 

at the level of the oral mucosa in relation to 

the type of laser and wavelength used. The 

photothermal effects that appear during 

laser-assisted oral surgery interventions are 

the following (12): 

-photo-thermolysis – localized 

heating of tissues with pulse lasers; 

-photo-hyperthermia – absence of 

irreversible damage of the normal tissue if 

the temperature remains under 45 
0
C; after 

this threshold is exceeded, there occurs 
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membrane loss, tissue suture and enzyme 

denaturation; 

- photocoagulation at temperatures 

between 60-100 
0
C (associated with 

coagulation and necrosis); 

- photo-carbonization at 

temperatures between 100-300
0
C - drying of 

the tissue, water vaporization, carbonization; 

- photo-vaporization at temperatures 

above 300 
0
C – pyrolysis and vaporization 

of the solid matrix of the tissue. 

In case of lasers used in oral surgery 

maneuvers, the thermal effect depends on 

the level at which the temperature rises in 

the target tissue and is used in the ablation 

of granulomatous tissues, through protein 

denaturation processes that occur at 

temperatures in excess of 60°C. Diode, 

Nd:YAG and KTP lasers, with wavelengths 

between 532nm-1064nm) show wavelengths 

that are absorbed by hemoglobin and 

melanin, while   Er:YAG, Er,Cr:YSGG and 

CO2 lasers show wavelengths that are 

absorbed by hydroxyapatite and water  (13). 

Meleti M. et al. (2015) investigated 

the execution speed of surgical maneuvers 

and the increase of temperature during laser-

assisted surgical procedures. Optimum 

results regarding the efficiency of the 

incision performed (in decreasing order) 

were achieved by the  KTP laser (4W), the 

CO2 laser (super pulse mode), the CO2 laser 

(5W), the KTP laser (2W), the Er:YAG 

laser, the Nd:YAG laser, the CO2 laser 

(3W) and the diode laser (3W). The highest 

temperature rise (20-30 ֩C) was recorded for 

CO2 and diode lasers and the lowest 

temperature rise (5-15 ֩C) was recorded for 

KTP and Nd:YAG lasers. The weakest 

photothermal effects were recorded for the 

Er:YAG laser, in association with water/air 

spray, which recorded a drop in the surface 

temperature of 0.8 degrees Celsius. The 

highest rise of in-depth temperature (8-16 

degrees Celsius) was recorded for diode and 

Nd:YAG lasers, while the lowest rise (2-8 ֩C) 

was recorded for CO2, Er:YAG and KTP 

lasers. Regarding the interaction of the laser 

beam with the oral mucous tissues, the best 

performance was achieved by the Er:YAG 

and KTP lasers. Meleti et al. (2015) used a 

set of research criteria (incision morphology 

– regular, irregular; epithelial modifications 

in the vicinity of the resection edges – loss 

of intraepithelial or subepithelial attachment 

on a depth up to 1000цm; modifications of 

the conjunctive tissues – thermal necrosis, 

carbonization areas associated with the 

collagen denaturation; the presence or 

absence of vascular modifications – 

thrombosis, vascular stasis) and concluded 

that quality incisions were obtained by 
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means of the Er:YAG lasers, in pulse and 

non-contact mode. The Nd:YAG laser 

caused the most significant epithelial 

modifications, the CO2 lasers caused 

average epithelial modifications, the 

Er:YAG laser caused the least significant 

epithelial modifications, the Nd:YAG laser 

produces the most significant vascular 

modifications while in the case of the 

Er:YAG lasers there are no vascular 

modifications.   

Both this study and other researches 

(14, 15, 16) show that diode lasers should be 

used with caution in oral surgery procedures 

at the level of the soft tissues due to the 

potential damaging effects on adjacent tissue 

areas.   

With regard to the influence of the 

vascularization degree of the oral mucosa 

the absorption degree of the Nd:YAG and 

diode lasers energy is influenced by the 

hemoglobin levels, while the absorption 

degree of the CO2 laser energy is in direct 

proportion to the water content. In case of 

hyperemia at the level of the hyperplasic 

gingival tissue, the parameter settings need 

to be made taking into account the fact that 

the absorption degree of the laser beam 

increases, both in case of Nd:YAG and 

diode lasers as in the case of the CO2 laser. 

Regarding the influence of the oral 

mucosa thickness for tissues with the same 

pigmentation, vascularization degree and 

water content, the efficiency of the laser 

energy will depend directly on the thickness 

of the tissue to be excised. CO2 and erbium 

type lasers may be used without the risk of 

thermal necrosis, while Nd:YAG or diode 

lasers used in tissue excisions of low 

thickness may lead to the formation of a 

large area of thermal necrosis.  

Aspects regarding the interaction laser 

beam – bone tissue  

 In interventions at the level of the 

bone tissue, erbium (Er :YAG; 

Er,Cr :YSGG) and CO2 lasers can be used. 

These lasers can be used for resections at the 

level of the bone tissues due to the 

photoablation process achieved by 

photothermal reaction, which transforms the 

irradiated tissues into gas or plasma 

combined with a photochemical and 

photoacoustic effect (17). The application of 

the laser beam leads to the dissolution of the 

irradiated bone tissue area, while the air and 

water supplied by the spray maintain the 

temperature at low levels, to avoid the 

carbonization of the resected edges. The 

ablation of the bone tissues is performed 

through the absorption of the 

electromagnetic energy by the water 
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contained in these tissues, which leads to the 

transformation of energy into heat and the 

increase of the water temperature, which 

passes from a liquid state to a vapors state, 

triggering the increase of pressure and a 

series of micro-explosions that cause the 

destruction or removal of the target bone 

tissue (17).   

During the action of the laser at the 

level of the bone tissues can appear both the 

photothermal effect and two other types of 

effects, the photomechanical and the 

photoacoustic effect. The photomechanical 

effect is associated with an increase of 

pressure and its propagation to the surface 

and in the depth of the bone tissues. The 

photoacoustic effect is characterized by the 

creation of an acoustic wave that contributes 

to the increase of the inter-tissue pressure, 

with ablation effects that are independent 

from those due to the temperature increase 

(17). The use of Er:YAG lasers is associated 

with the process of cold ablation, which 

allows minimally invasive procedures at the 

level of the bone and a localized increase of 

the temperature compared to the traditional 

rotative tools (18, 19). The technique used is 

based on the progressive vaporization, 

which allows the regularization of the bone 

surfaces at the level of the ablation areas and 

the production of certain micro-perforations 

at the level of the bone base to allow re-

vascularization (20).  

Adverse effects of laser energy were 

identified during laser-assisted oral surgical 

procedures. Considering the effects of lasers 

on soft and hard oral tissues, dental 

practitioners should be aware of laser 

adverse effects during therapeutic 

procedures to minimize the potential risks 

for patients (21). 

Post-operatory, the biostimulation 

effect of diode and erbium type lasers can be 

used, leading to an acceleration of the bone 

healing processes and to the creation of 

surfaces that are more favorable to cellular 

adhesion at the level of the regenerated bone 

tissue. The biostimulation effect is based on 

the reaction of fibroblasts, the increase of 

the revascularization degree and the 

synthesis of neo-formed bone tissue (22).  

Conclusions 

The use of surgical lasers in oral 

surgery has many benefits such as lower 

discomfort and postoperative pain for 

patients as well as the acceleration of the 

healing time. The laser-assisted procedures 

on oral soft tissues creates more predictable 

aesthetics results. The use of lasers on oral 

bone tissues reduces the risk of bone 

necrosis and the rate of postoperative 

complications. The proper use of safety 
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rules during laser-assisted procedures avoid 

the adverse effects at the level of soft and 

hard oral tissues. 
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