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Abstract 
Use of lasers in restorative dentistry fields brings many advantages both for dental practitioner and patients. Dental 

lasers can assist restorative procedures in treatment of dental caries, endodontic mechanical preparation and root 

canals decontamination, periodontal pockets decontamination, periodontal regenerative procedures, sulcus 

uncovering, and crown lenghtening. Features of laser-assisted procedures in restorative treatments of vital and non-

vital teeth are as follows: absence or a low level of pain; absence of vibrations; reduction of patient’s anxiety; 

selective removal of infected dentin; decontamination of root cement and periodontal sulcus; elimination of the pulp 

or periapical area damage risk; faster periodontal tissues regeneration; faster healing of gingival tissues following 

crown lengthening or sulcus uncovering. 
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Introduction 

The use of dental lasers in restorative 

dentistry field brings many advantages both 

for dental practitioners and patients. High 

power lasers can be used in the removal of 

carious enamel and dentine, treatment of 

non-cariogenic lesions, caries prevention, 

endodontic treatment procedures, or 

prosthetic procedures (crown lengthening, 

sulcus uncovering) [1]. Low power lasers 

are used for the reduction of post-operative 

sensitivity, maintenance of periodontal 

health or non-surgical treatment of 

periodontal disease, photodynamic therapy, 

for microbial endodontic and periodontal 

decontamination [1].  Table I describes 

laser-assisted procedures in restorative 

dentistry [2,3].  

Table I. Laser-assisted procedures in restorative dentistry  

 Field Dental procedures  

1. Dental therapy Treatment of dental cavities  

- Access creation (action in the enamel) 

- Removal of carious dentine  

- Preparation of the cavity  

Endodontic therapy 

- Access creation  

- Decontamination of radicular canals  

2. Periodontology  - removal of plaque and dental biofilm,  

- antibacterial and inflammatory therapy of periodontal pockets  
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- procedures of periodontal regeneration    

- periodontal surgery. 

3. Prosthetic therapy - crown lengthening 

- sulcus uncovering 

Therapy of dental caries 

Low-level lasers can be used at the 

level of the carious dental surface, for the 

antalgic effect, which eliminates the 

necessity of local anesthesia in the 

preparation of cavities using conventional 

tools [4].  

Diode lasers can be used pre-

operatively in the therapy of dental cavities 

to obtain an analgesic effect, during the 

carious dentine removal stage and cavity 

preparation stage [4].  

The advantages and limits in the 

treatment of dental cavities using erbium 

lasers are shows in Table II [5,6]. 

 

Table II. Therapy of dental caries with erbium lasers. Advantages and limits. 

 Advantages  Limits 

1. - absence or a low level of pain;  

- absence of vibrations; 

- a reduction in the patient’s anxiety; 

- selective removal of carious dentin; 

- absence of smear-layer; 

- elimination of the pulp damage risk 

(increase of temperature of maximum 5°C); 

- antibacterial action.  

- currently, Er,Cr :YSGG laser devices 

include germanium oxide fibers, with 

coaxial illumination and water spray, which 

allow a precise interaction with the dental 

tissues in the contact mode. 

- increased time for the cavity preparation (at the level 

of the enamel, the laser ablation rate may decrease to 

20% of that achieved using a turbine, at the level of 

strong fluoride occlusal surfaces; in class V cavities 

and at the level of temporary teeth, in areas of low 

prismatic density, the ablation rate is similar to that of 

rotating instruments used at conventional speeds); 

- increased risk of damaging the sapphire/quartz tip in 

case of contact with the enamel surface during the 

emission of the laser beam.  

 

Parameters recommended by Convissar 

(2016) in the therapy of dental cavities: 

- pulse, non-contact mode; 

- frequency: 5-10Hz (incipient 

cavities at the level of fissures 

and occlusal fossa), 30Hz 

(extended cavities); 

- enamel ablation threshold: 12-

20J/cm
2 

(in deep cavities: 350 

mJ/2-4 pps, mean power 0,7W-

1,4W; in superficial or medium 

deep cavities: 400-700mJ/10-

20pps, mean power 4-8W); 

- dentin ablation threshold: 8-14 

J/cm
2
. 

Features of erbium laser-assisted 

working techniques in dental cavities are 

described in Table III. 
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Table III. Literature data in the therapy of dental cavities with erbium lasers   

Authors  Stages in erbium-laser assisted procedures  

Brulat et al (2008) 

[5] 

- the choice of the optimum working distance. 

- maintaining the handpiece at the focal length;   

- the enamel and dentin volumes removed in relation to the parameters set for 

the laser device;   

- the maximum energy is obtained after a period equivalent to 10 pulses, this 

time being required to avoid the laser-tissue interaction;   

- dentin ablation is deeper and more regular for a working distance between 

12mm and 15mm; 

- the enamel or dentin removed volume is not influenced by a working distance 

held at 12mm-18mm. 

Parker et al (2016) 

[6] 

- the selection of the optimum wavelength (2780nm, 2940nm); 

- the supply of the laser energy for a limited time to avoid undesired thermal 

events;   

- continuous movement of the laser beam; 

- providing efficient water cooling; 

- evacuation of the ablation products; 

- progressive removal of carious dental tissues through the ablation of the 

target surfaces, positioning the tip of the handpiece right outside the dentin 

surface and with a to-and-fro tip movement until the moment cavitation sets in.  

- in deep dental cavities, it is recommended to remove the infected dentin with 

an excavator, to avoid the increase of temperature, because the laser beam may 

trigger the dehydration of dentin in deep layers. 

Igarashi et al. 

(2008), 

 Colluci et al. 

(2015),  

Chiniforush et al. 

(2016) 

[7,8,9]  

- after the finalization of the access creating stage, the procedure will be 

continued under water spray, moving the tip closer and farther from the cavity 

orifice, to remove tissue debris and to avoid the increase of inter-pulp 

temperature. 

- in incipient dental cavities, a minimally invasive preparation leads to the 

formation of a micro-cavity of rough surface.  

- prior to the tissue ablation, the sound has a low volume, which is accentuated 

as the depth of the cavity increases, due to the water accumulation. The laser 

ablation is signaled by a specific popping sound.  

- the contour of the cavity is irregular, with no sharp angles.  

- the preparation of dentin by means of laser avoids the formation of the 

smear-layer and leaves the dentinal canaliculi open.  

- the higher laser ablation thresholds for enamel in relation to the dentin may 

be explained by the mineral concentrations. 

Jorge et al. (2015) 

Al-Hadeethi Y. et  

al. (2016) 

Recommended parameters: frequency 20 Hz; power 4.0W; air 65%/water 55% 

flux. 

- erbium laser prepared enamel is more resistant to acid attack compared to the 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Hadeethi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27228169
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[10,11]  enamel prepared using rotating instruments, for any type of restoration 

material. 

- an exponential increase of the Ca/P ration is assessed with the increase of the 

laser energy density. 

Ayar et al. (2017) 

Ramos et al. (2014) 

[12,13]   

Orthophosphoric acid conditioning is required to obtain a dental microstructure 

that supports the adhesion of direct composite resins restorations.  

- the prepared surface requires orthophosphoric conditioning to support 

adhesion – laser preparation in view of removing the carious dentin is followed 

by the formation of a homogenous dentinal layer of 5μm thickness, which 

contains denatured collagen, which may prevent the adhesion of glass ionomer 

cements, so that it is necessary to remove it by means of sodium hypochlorite.  

- laser irradiation at power parameters of 3W, 50Hz frequency leads to an 

increase in the adhesion efficiency at the level of the enamel compared to 

conventionally beveled enamel.  

- dentin preparation using erbium lasers leads to an increase of the adhesion 

values.  

 

Endodontic therapy  

Diode lasers can be used, due to their 

biostimulation effects, in the therapy of 

reversible pulpitis (hyperemia) or in direct 

capping, to ameliorate the pulp 

inflammatory processes and to stimulate 

cellular regeneration and proliferation [2].  

Advantages of using diode lasers in 

the therapy of irreversible pulpitis [2]:  

- the possibility of removing the 

smear layer at the level of lateral walls of 

radicular canals;   

- decontamination of the endodontic 

space (bactericide effects); 

- there occurs no temperature 

increase in the apical area.  

Diode lasers can be used in the 

decontamination stage of the endodontic 

space of radicular canals by means of 

photodynamic therapy, which is considered 

an adjuvant of the mechanical treatment. 

Diode lasers are recommended in the 

decontamination of the endodontic space 

since the wavelengths ranging between 

800nm and 980nm, characteristic to these 

lasers, can penetrate the dentine in depth, 

with bactericide effects in areas that are 

inaccessible to conventional therapy [14]. 

Diode lasers show a bactericide effect on 

99.9% of E. faecalis, and the efficiency of 

diode lasers in the decontamination of 

infected radicular canals is similar to that 

obtained by irrigating them with a 5% 

NaOCl solution [15].   

Low-level lasers are used in 

endodontic treatments for the 

decontamination of the radicular canals by 

means of photodynamic therapy, which is 

considered an adjuvant of the mechanical 

treatment. The photodynamic therapy is 

performed with lasers of wavelengths 

between 630-700nm, which allow the 

penetration of light at depths of 0.5 – 1.5 cm 
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in the dentinal canaliculi. The photodynamic 

therapy uses light sensitive agents which, 

when exposed to luminous radiation, 

become toxic for the bacteria in the radicular 

canals. Photodynamic therapy with diode 

laser (650nm) is most efficient in the 

decontamination of the endodontic space 

compared to the irrigation with ultrasound 

activated NaOCl solutions [16].     

 Nd:YAG lasers can be used in the 

modification of the dentinal surface by 

reducing the diameter of dentinal tubules. 

The action of the laser beam leads to the 

obstruction of dentinal canaliculi in the 

cervical area.  

Er :YAG and Er,Cr :YSGG lasers 

have the following indications in endodontic 

therapy:  

- mechanical preparation 

- endodontic re-treatments 

(acceleration of healing 

processes); 

- endodontic surgery (tissue 

incision, removal of pathological 

tissues). 

 The treatment of cervical 

hypersensitivity assisted by erbium lasers is 

performed at low energy levels to 

superficially modify the dentinal structure 

and reduce the permeability and 

communication with the environment  

Er:YAG and Er,Cr:YSGG lasers are used 

for the evaporation effects of the 

intracellular fluid and for sealing the 

odontoblasts surrounding areas.   

 The advantages and limits in the use 

of Er :YAG and Er,Cr :YSGG lasers in the 

treatment of irreversible pulpitis (necrosis, 

pulp gangrene) are shown in Table IV. 

[17,18,19]   

 

 Table IV. Advantages and limits in the use of erbium lasers in the therapy of irreversible pulpitis   

 Authors  Procedure Advantages and limits  

1. Guidotti et al. 

(2015) 

[17]    

Mechanical 

preparation 

- the working time for creating the access cavity is longer than 

the time required in case of preparation using conventional 

instruments;   

- there is an increased risk of perforating the pulp chamber 

floor, especially with multi-radicular teeth;  

- difficulties in the preparation of divergent dentinal walls;   

- elimination of the smear-layer formed at the level of the 

lateral canal walls through the explosive vaporization 

phenomenon created after EDTA irrigation and laser 

irradiation at low intensities (30mJ-50mJ, 20Hz) in 

association with continuous 2.5% sodium hypochlorite 

solution. 

2. Kimura et al. 

(2010) 

[18]    

Mechanical 

preparation  

Impossibility of complete removal of debris and dentinal 

smear layer at the level of accessory canals  
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3. Merigo et al. 

(2021) 

[19]    

Endodontic space 

decontamination 

- Er,Cr:YSGG laser effectiveness in the decontamination of 

an endodontic biofilm. 

 

Periodontal therapy  

The periodontal laser therapy has the 

following advantages:  

- it directly affects bacteria that 

failed to develop resistance mechanisms to 

the laser energy;   

- it stimulates the body’s healing 

processes;   

- it shows no adverse reactions.  

Diode lasers can be used in the 

periodontal therapy for the following 

interventions: 

- curettage of deep periodontal 

pockets (removal of granulation tissue, 

bactericide effects); 

- biostimulation therapy (anti-

inflammatory effects, stimulation effects of 

the healing processes after non-surgical and 

surgical interventions). 

Diode lasers may be efficient in non-

surgical periodontal therapy of periodontal 

pockets of minimum 4 mm deep, as an 

adjuvant therapy performed in view of 

eliminating bacterial biofilm and of 

preventing the deposition of new bacterial 

film, when laser applications are executed in 

repeated sessions at short intervals [20]. The 

anti-inflammatory properties are 

demonstrated by a significant improvement 

of the bleeding index in case of periodontal 

therapy assisted by diode laser compared to 

conventional periodontal therapy. The most 

efficient wavelength in the decontamination 

of periodontal pockets is 980nm, due to the 

highest level of absorption in water [20]. 

The setting of the power levels will be 

adapted to the degree of periodontal 

inflammation. Because increased levels of 

inflammation are associated with high 

concentrations of chromophores, the mean 

power will be more reduced in case of an 

accentuated degree of inflammation of 

periodontal tissues [20]: 

- the calibration of the beam length by 

means of the periodontal probe at a working 

length of 1 mm shorter in relation to the 

depth of the periodontal pocket;  

- the laser beam will be placed inside the 

gingival margin, in apical progression or 

placed at 1 mm in anterior position to the 

wall of the periodontal pocket; the 

circumferential to-and-fro movement of the 

laser beam towards the apex, starting from 

the level of the intrasulcular coronary 

surface; the movement will be continued 

until the beam gets closer to the connective 

tissue or bone tissue in apical localization;  

- the orientation of the laser fiber in 

parallel to the radicular surface ensures the 

removal of bacteria and exotoxins from the 

level of the radicular cement; 

- the laser beam will be introduced in the 

periodontal pocket at maximum 1 mm from 

the probing depth; 

- it is mandatory to remove the 

granulation tissues deposited at the beam 

level;   
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- to avoid damaging the radicular cement 

structure, it is mandatory to avoid directing 

the laser beam towards the radicular surface. 

In periodontal surgical procedures, 

the use of diode lasers has the following 

advantages [22]: 

- Minimum collateral 

effects; 

- Acceleration of healing 

processes; 

- higher patients’ comfort; 

- hemostasis and rapid 

coagulation (useful for 

patients with systemic 

impairment); 

- certain procedures can be 

performed under topical 

anesthesia;   

- increased safety provided 

that the working protocol 

is observed.   

In periodontal surgery procedures, 

the use of diode lasers combines the 

bactericide effects with rapid hemostasis and 

the bonding of tissue margins, thus 

eliminating in many cases the need for 

suture. 

Stages in periodontal surgery 

assisted by diode laser [2, 22]: 

- Excision of pseudo-

pockets (similar to 

gingivectomy);   

- Modelling the incised 

surface to reduce the gum 

thickness;   

- Removal of the 

granulation tissue from 

inside the intrasulcular 

area;   

- Placing the laser beam in 

the sulcus in view of 

performing hemostasis 

and creating the blood 

clot (a barrier that will 

prevent the apical 

movement of the 

epithelial tissue);   

- Application of 

periodontal dressing.  

The use of diode lasers in 

periodontal surgery is favored by a better 

absorption of their wavelength in 

hemoglobin. New laser devices combine 

lower purchasing costs with the efficiency in 

periodontal surgery maneuvers [23]. 

Farista et al. (2016) compared the 

postoperative evolution in gingivectomies 

assisted by diode laser with gingivectomies 

carried out using conventional techniques 

and assessed that there are significant 

differences in favor of the laser lot with 

regard to the postoperative evolution of 

(VAS) pain scores, namely postoperative 

discomfort degree, on the 3
rd

, 7
th

 and 10
th

 

day after surgery [24].    

Low-level lasers can be used as an 

adjuvant of periodontal therapy for the 

amelioration of inflammatory phenomena, 

due to the following effects at the tissue 

level: 

- reduction of MMP8collagenase 

 synthesis [25]; 

- reduction of PGE2 prostaglandin 

 synthesis PGE2 [26]; 
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- reduction of IL-beta 1 interleukin 

 synthesis [27]; 

- activation of local circulation [28]; 

- stimulation of endothelial cells 

 proliferation [28]; 

- increase of the fibroblasts and 

 collagen fibers levels [29]; 

- stimulation of the immunity 

 system [30]; 

- stimulation of healing processes at 

 the level of gingival tissues and 

 periodontal ligaments [30]; 

- acceleration of the bone 

 regeneration processes in case of 

 association  with guided bone 

 regeneration  techniques [30]. 

Laser biostimulation supports the 

healing processes in non-surgical 

periodontal therapy and favors the 

postoperative evolution in periodontal 

surgery procedures in diabetics or smokers 

[30]. 

In periodontal therapy, erbium lasers 

are recommended for the following 

interventions:   

- removal of super and subgingival 

plaque deposits;   

- periodontal surgery (interventions 

at the level of the gingival tissue); 

- periodontal surgery 

(osteoplasty/osteotomy interventions);  

The plaque removal mechanism is 

explained by the vaporization of the water 

content and the increase of pre

In case of the therapy of deep 

periodontal pockets, the laser radiation will 

remove the epithelium of the pocket, both at 

the level of the internal surface and at the 

level of the external surfaces; during the 

healing period, the epithelium may be 

removed every 7-10 days (at the level of the 

external surface of the periodontal pocket) to 

control apical migration. This type of 

approach leads to a long-term stable 

attachment of the periodontal tissues, 

without the set in of gingival recession 

(“laser-assisted guided tissue regeneration”) 

[31]. 

Aspects related to the use of erbium 

lasers in the removal of plaque deposits 

[22]: 

- proper setting of the laser parameters 

(the parameter setting needs to be 

adapted for the optimization of the 

plaque deposits ablation and the 

conservation of the cement layer);   

- macroscopically, the surface 

prepared by means of the sonic 

equipment appears smoother and 

shinier compared to the surface 

prepared by means of laser; 

- microscopically, the surface prepared 

by means of laser appears more 

irregular compared to that prepared 

using ultrasonic equipment;  

- it may lead to the disappearance of 

cement in the irradiated area; 

- the working time in the laser session 

is similar to the time required for the 

removal of plaque using ultrasonic 

equipment; 
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- the rough microscopic structure of 

the cement surface may influence the 

adherence of fibroblasts; however, 

the literature cannot demonstrate the 

damage to the periodontal 

attachment after the use of erbium 

lasers in the removal of subgingival 

plaque. 

Recommendations in the plaque 

removal stage [20]:  

-acceleration of the laser beam 

movement to decrease exposure of gingival 

tissues to the laser energy; 

-the suction device should be brought 

closer to increase the cooling degree; 

-the use of a water spray. 

Colluzi & Convissar (2007) 

recommend Er:YAG lasers for the 

debridement and open field disinfection of 

the periodontal surgical site [21]. 

Nd:YAG lasers can be used in the 

curettage and decontamination of deep 

periodontal pockets. In case of Nd:YAG 

lasers, special attention must be paid given 

that the thermal effect caused by them may 

trigger the inhibition of enzymatic processes 

and coagulation, with negative effects of the 

irreversible necrosis type, by desiccation and 

tissue retraction [22]. 

Use of lasers in prosthetic therapy 

Diode lasers may be used in 

uncovering the sulcus to obtain a dry, clean, 

blood and saliva free field, which facilitates 

the exact impression of the future prosthetic 

restoration. They have the following 

advantages:  

-rapidity (several seconds);    

-significant reduction of 

intraoperative bleeding;  

-reduction of postoperative pain;  

-acceleration of the healing time in 

relation to the conventional surgical 

techniques.   

The working technique in laser-

assisted gingival sulcus uncovering [32]: 

 -the laser beam is placed in parallel 

position to the dental structure and in 

contact with the sulcular space; 

-the movement of the hand needs to 

be fast;  

-3-5 pendulations in each gingival 

groove; 

-carbonization marks need to be 

removed by contact with a water damp 

compression. 

 Nd :YAG lasers are ideal in 

uncovering the gingival sulcus, in case of 

fixed prosthetic works with support on 

natural teeth, since it fails to interact with 

the healthy hard dental tissues and causes 

the dehydration of the sulcus and gingival 

margin, creating space for the impression 

material [21]. 

In case the sulcus retraction for 

dental bridges with support on implants is 

desired, the use of Nd:YAG lasers is 

contraindicated due to the harmful effects on 

the implant surface [21].

 

Conclusions 

 Dental lasers (diode, erbium, 

Nd:YAG, CO2) can assist restorative 

procedures in treatment of carious 

lesions, pulp capping, endodontic 

therapy of non-vital teeth, non-
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surgical periodontal therapy, 

prosthetic procedures. 

 Benefits of the use of dental lasers 

include: absence or decrease of pain; 

increased patients’ comfort; more 

effective decontamination of infected 

dentine (dental caries, endodontic 

treatments), absence of bleeding and 

faster healing of periodontal tissues 

after periodontal therapy or 

prosthetic procedures.   
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