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ABSTRACT:  

The rapid evolution of laser technology and the better understanding of laser-tissue interaction, allowed the growth 

of possible laser treatments, including laser assisted endodontics. Diode laser was introduced in endodontic 

procedures in late 1980’s and today is used for decontamination of the root canals. Lasers are used in association 

with various endodontic techniques, either to irradiate directly the dentinal walls, or to irradiate/activate photoactive 

substances/irrigants, having an indirect clinical effect on the endodontic system. Side effects resulting from 

irradiation with laser light do not appear if the correct parameters are used. Further clinical studies are necessary in 

order to evaluate the healing of endodontic diseases from laser assisted therapy. 
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1. INTRODUCTION 

According to National Academy of 

Sciences, laser development is one of the 

greatest achievements after one century of 

innovations in engineering (1).The word 

“laser” stands for Light Amplification by 

Stimulated Emission of Radiation (2). 

When the first dental laser became 

available, at the end of the 1980’s, 

practitioners were thrilled. Unfortunately, 

the wave length chosen for this first device, 

was the only one available, not the best 

option in order to satisfy the purpose. The 

use of dental lasers has evolved greatly since 

then, following scientific research of the 

laser radiation interaction with soft and hard 

tissues (2). 

mailto:oana_amza@yahoo.com


Romanian Journal of Oral Rehabilitation 

Vol. 12, No. 3, July - September 2020 

 

197 

 

The laser light is different from the 

one emitted by the majority of luminous 

common sources, such as incandescent light 

bulbs, fluorescent lamps and high power arc 

lamps. Laser light has specific properties, 

useful especially in science and technology: 

monochromaticity, coherence and 

directionality (1, 3).  

Depending on the optical properties 

of the tissue, the energy of the laser light can 

have 4 different interactions with the target: 

reflection, absorption, transmission and 

scattering (1-3). 

2. LASER IN ENDODONTICS 

Studies regarding the use of laser in 

endodontics were first done in the 1970’s by 

Weichman, Johnson and Lenz (4-6), and 

were later developed, mainly in the early 

1990’s. 

The rapid evolution of laser technology 

along with the rise in the understanding of 

laser-tissue interaction, allowed the growth 

of possible laser treatments, including laser 

assisted endodontics. The first intent was to 

use the laser light in all the endodontic 

treatment procedures, but after research was 

done and the devices were used in clinical 

practice, the indication was limited to 

cleaning/debridement and decontamination 

of the endodontic system. In recent years, all 

the available wave lengths were studied, and 

in vivo and in vitro studies confirmed the 

efficiency of several laser wave lengths in 

reducing the bacterial population in infected 

canals (3). 

Diode laser was introduced in 

endodontic procedures in late 1980’s, first 

for treating dentin hypersensitivity (7, 8) and 

for bio-modulation of the inflammatory 

response during vital pulp therapy (pulp 

capping and pulpectomy) and other 

inflammatory conditions of the maxillary 

bone (9, 10). Today, diode lasers are an 

alternative for Nd:YAG lasers for incision, 

vaporization and coagulation of soft tissues 

(gingiva, mucosa, dental pulp), for treating 

periodontal pockets (curettage, 

decontamination) and for decontamination 

of the radicular canals (3). 

3. DENTAL LASERS FOR 

ENDODONTIC DECONTAMINATION 

Bacterial contamination of the 

endodontic system is considered to be the 

primary etiologic factor in the development 

of pulpal and periapical lesions (11-13). For 

the root canal treatment to be successful it is 

necessary the complete removal of 

intracanalicular bacterial population and its 

metabolism products (1). A more reasonable 

and easily achievable goal is to reduce the 

number of microorganisms to a level that 

permits the body to heal itself (3). 

In endodontics the golden standard is 

today considered to be the use of chemical 

irrigants, especially sodium hypochlorite 

(14). However, conventional manual 

irrigation technique showed a limited 

capacity of penetration in dentinal tubules, 

and Berutti et al (1997) reported that the use 

of sodium hypochlorite is effective for 

decontamination up to 130 microns in the 

dentinal wall (15), while bacterial colonies 

were found even at 1.15 mm from the main 

canal in dentinal tubules (16).  

Lasers are used in association with 

various endodontic techniques. These 

devices can be used to irradiate directly the 

dentinal walls or to irradiate/activate 

photoactive substances/irrigants, having an 

indirect clinical effect on the endodontic 

system. Laser irradiation produces a direct 

thermal effect on dentinal walls and 

bacteria, but also generates unwanted side 

effects, depending on the wave length and 

the interaction with the dentinal walls (3). 
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3.1. CONVENTIONAL LASER 

ENDODONTICS 

Since the beginning of laser assisted 

endodontics, the technique used involved 

end firing tips or fibers, placed inside the 

canal, usually at 1 mm away from the apex. 

This technique is appropriate for the 

majority of visible wave lengths (445 and 

532 nm), near-infrared (810 – 1,340 nm) and 

medium-infrared (2,780 and 2,940 nm) of 

the electromagnetic spectrum. The laser 

energy is transmitted through fibers or tips 

inserted at the end of the hand piece. 

Endodontic tips have a specific diameter of 

200-300 µm and a length appropriate for 

their clinical use, allowing their insertion 

inside the root canal. These tips are flexible 

and resistant for use in anatomical curvature 

(keeping or reducing them) of dental roots 

with a low risk of fracture.  When a thin 

fiber (200 µm) is used inside the root canal, 

the decontamination of the endodontic 

system is done up to 500-750 µm from the 

main canal. The laser activation begins 

when a movement of withdrawal is 

performed with the fiber/tips, in a circular or 

helical motion in a certain amount of time 

(usually 2 mm/s) (3).  

3.2. LASER-ACTIVATED IRRIGATION 

(LAI) 

One of the most recent techniques 

available for agitation or automatic 

activation of the irrigant in the root canal is 

the laser-activated irrigation. This technique 

involves the use of laser energy to agitate or 

activate the irrigant. For this specific 

technique the practitioner can use erbium 

lasers such as ErCrYSGG and ErYAG. 

These lasers have wavelengths in the 

medium-infrared region (2,780-2,940 nm) 

which is absorbed in water and NaOCl (17). 

In order to be effective on the whole 

working length of the root canal, LAI 

technique has had different protocols for 

applying the laser tips in different segments 

of the root canal. In one scenario, the tip was 

placed near the opening orifice of the root 

canal, in the pulp chamber filled with 

irrigant (18, 19). In doing so, the 

agitation/activation and flow of the irrigant 

in the whole radicular system was done. 

This specific LAI technique known as 

photon-induced photoacoustic streaming 

(PIPS)uses special laser tips, tapered and 

stripped, with low energy (20 m J) and short 

duration of pulsation (50 microseconds). 

These fibers allow for the lateral emission of 

light to occur (19).  

3.3. ANTIMICROBIAL 

PHOTODYNAMIC THERAPY (A PDT) 

This technique is also known as 

photodynamic inactivation (PDI), 

photoactivated disinfection (PAD)or 

photodynamic antimicrobial chemotherapy 

(PACT) and involves applying a photoactive 

or photosensitive dye (photosensitizer PS) 

which is capable of producing species of 

reactive oxygen when irradiated with light at 

the right wavelength for it to be absorbed by 

PS (1, 3).  

Photosensitive substances, such as 

methylene blue (MB), toluidine blue (TB), 

tolonium chloride (TC) and green 

indocyanine (IG), make the bacteria more 

sensible to laser light (3). In order to 

accomplish the aPDT, PS must be capable to 

absorb efficiently light and then to transform 

it in one of the species of reactive oxygen: 

“singlet oxygen”, anion superoxide and 

hydroxyl radical. Also, it has to present a 

certain degree of affinity for the 

microorganism membranes and to penetrate 

the microbian biofilm (20). Some bacteria 

produce their own PS and can be destroyed 

just by applying light. The PS produced is 

usually a porphyrin and can be excited 

efficiently with red or blue light.  
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Unfortunately, the majority of 

organisms responsible for endodontic 

infections do not produce PS and thus the 

technique requires using external PS (1). 

External factors can interfere with the 

photoreaction, such as the interaction 

between phenothiazine dyes and blood or 

saliva from the oral cavity can reduce the 

efficiency in spite of correct illumination 

and PS concentration (21). 

Studies regarding the use of PDT in 

treating oral and dental infections are 

becoming popular. Particularities of this 

noninvasive method and bacterial resistance 

to antibiotics transformed PDT in an 

alternative to the treatment with chemical 

agents for eliminating bacteria in oral 

infections such as periodontitis and peri-

implantitis (1). 

The use of PDT for treating 

endodontic infections caused by bacterial 

biofilm was analyzed in ex vivo- studies 

with extracted teeth. Enterococcus faecalis is 

the pathogen frequently associated with 

current endodontic infections (22) and some 

studies evaluated toluidine blue effect (23, 

24) and methylene blue (24-26) with PDT in 

endodontic treatment. Studies (27-32) 

showed that endodontic therapy done with 

PDT is effective in bacterial reduction from 

root canal, both in ex vivo samples and in 

patients, although the success rate varies and 

comparint them is difficult (different PS, 

light parameters, ways of applying the light) 

(1). 

4. BACTERICIDAL EFFECT 

Nowadays it is accepted that laser 

irradiation has the potential to kill 

mirorganisms. In most cases, this effect is 

linked to the energy level and the exposure 

(2). A precise and clear determination of the 

bactericidal effect of different laser systems 

has not been accomplished, many results 

were contradictory. Olivi reported that laser 

irradiation of root canals using conventional 

techniques (introducing a fiber/tip at the 

working length and activating while 

withdrawal), does not satisfy modern 

endodontics principles (3). 

The first mechanism proposed for 

explaining the bactericidal effect of laser 

irradiation was that the laser light is 

absorbed by bacteria and thus is responsible 

for direct destruction of the bacterial cell. It 

was considered that this phenomenon was 

due to the presence of black pigments in 

some bacteria (protoporphyrin IX), which 

can absorb a limited portion of wavelengths, 

especially those in the near infrared portion 

of the spectrum (33). Deterioration is 

produced at the membrane of the cell and 

induces osmotic alteration which translates 

into cell death (34, 35).  

The second mechanism proposed 

suggested that laser light is absorbed 

strongly in dentinal substrate on which 

bacteria adhere, the resulting heat causes a 

local rise of temperature, that leads to the 

death of the microorganisms attached (33, 

36). However, some studies reported the 

existence of insignificant relationship 

between the temperature rise and the 

bactericidal effect (37). In this case, the 

bactericidal effect was linked to an 

unidentified photodamage effect (38, 39), 

which contradicts with most studies that 

reported a bactericidal effect according to 

the power applied and the thermal effect of 

lasers. It is unclear the real mechanism that 

stands for the laser decontamination of root 

canals. Thermographic and morphologic 

studies represented a step forward to the 

identification of safe parameters for laser 

decontamination of root canals (3). 

Diode lasers 810 nm, 940 nm and 980 

nm, and Nd:YAG laser 1064 nm have been 

studied in association with various irrigants 
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as a final step in cleaning and 

decontaminating at the end of the 

endodontic therapy. Several studies (40-44) 

reported that when the root canal is 

irradiated after or at the same time with the 

irrigation procedure (distilled water, 

EDTAC, chlorhexidine, sodium 

hypochlorite) the morphologic pattern at the 

dentinal surface is better or similar to the 

one seen after irrigation.  

The ability of diode lasers with 2 

wavelengths (810 nm and 940 nm) has been 

compared by Beer (45) in vitro. Diode lasers 

have accomplished a bacterial reduction of 

E. coli of 76.06% (810 nm) and 68.15 % 

(940 nm). This study concluded that an 

additional irradiation in the access cavity 

produces a better result concerning the 

bactericidal effect: average reduction of E. 

coli of 97.84% (810 nm) and 98.83% (940 

nm) and average reduction of E. faecalis of 

98.8% (810 nm) and 98.66% (940 nm) (3). 

In 2018 Masilionyte conducted a study 

in which he gathered all the clinical cases of 

apical periodontitis from a private practice 

in order to evaluate results of endodontic 

(re)treatment assisted by diode laser 940 nm 

and EDTA versus endodontic conventional 

therapy. His study concluded that laser 

assisted endodontic therapy using diode 

laser 940 nm is an alternative to 

conventional endodontic therapy, allowing 

the reduction of chemical irrigants, 

intracanal medicamentation and systemic 

antibiotics. This treatment protocol allowed 

a quicker healing of periapical lesions, but 

the author emphasized the need of extensive 

clinical studies (46). 

Dai et al (47) conducted a study on 

temporary teeth inoculated with 

Enterococcus faecalis for the evaluation of 

the bactericidal effect of diode laser 

irradiation (810 nm) and of the association 

of laser irradiation with sodium hypochlorite 

5.25% irrigation. The bactericidal effect was 

superior when diode laser was used along 

with sodium hypochlorite 5.25% irrigation. 

The authors stress that this protocol could be 

an ideal one to ensure the treatment success. 

5. SMEAR LAYER REMOVAL FROM 

THE ROOT CANAL WALLS 

Cleaning the radicular system from 

pathogens is a major goal of the endodontic 

therapy, conventionally fulfilled by 

biomechanical instrumentation. Given the 

complexity of the radicular system, the 

complete removal of debris and the gain of a 

sterile radicular system if difficult to obtain 

(48, 49). Peters et al (50) showed that over 

35% of the root canal surface has no 

alteration after preparation using 4 different 

techniques. Pashely (51) reported that smear 

layer with its bacteria and bacterial products 

plays an important role as a reservoir for 

pathogens. Thus, its complete removal can 

signify the removal of pathogens from the 

radicular system (2, 52). 

Practitioners must consider the 

development of modern treatment strategies 

for the removal of microorganisms from the 

radicular system given the fact that most 

substances used inside the root canal have a 

limited bacterial spectrum and a limited 

ability to diffuse in dentinal tubules (2, 53). 

Many laser systems have been reported 

as being useful in the removal of the smear 

layer from root canal walls, including argon 

fluoride (ArF) laser and excimer laser, ion 

argon laser, KTP laser (532 nm), diode laser, 

Nd:YAG, HoYAG, Er:YAG, Er,Cr:YSGG 

lasers and CO2 laser (54). 

Near-infrared lasers kill bacteria, but do 

not remove smear layer. The heat stored by 

diffusing thermal energy determines partial 

closure of dentinal tubules in a process 

named fusion of organic and inorganic 

dental structure. Furthermore, when the 
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terminal portion of the tip or fiber contacts 

the dental wall during laser light emission, it 

can produce thermal alteration named hot 

spots”, bubles and fissures. When the near-

infrared laser is used in a wet root canal, 

filled with water or irrigants, water based 

fluids limit the direct interaction of the laser 

radiation on the dentinal walls, reducing the 

unwanted side effects, but also limiting the 

decontamination effect (3). 

In this case, near-infrared lasers activate 

the irrigants through heating and this rises 

the irrigation efficiency. Diode laser 

irradiation (2.5 W, gated mode) and 

Nd:YAG laser (1.5 W, pulsed mode at 15 

Hz), performed in a root canal filled with 

fluids, produces a dentinal pattern similar to 

the one obtained when the irradiation is 

performed in a dry environment. When the 

irradiation follows EDTA irrigation, cleaner 

surfaces are obtained, with less smear layer, 

open dentinal tubules and less thermal 

alteration, than when laser irradiation is 

performed in a dry environment (3)  

Wang (55) used a diode laser with 980 

nm wavelength at 5 W for 7 s for the 

removal of smear layer. However, there is 

concern regarding the heat transmission in 

the tooth surrounding tissues when high 

power is used (54, 56) 

Matsumoto (57) emphasized the possible 

limited use of laser in the radicular system, 

sugesting that “smear layer removal and 

debris with laser is possible, but it is 

difficult to clean all root canal walls, 

because the laser light is emitted in a straight 

direction, making it almost impossible to 

irradiate lateral canal walls”. The author 

recommends the improvement of endodontic 

tips as to allow irradiation of all the areas of 

the root canal walls (2). 

6. LIMITATIONS WHEN USING 

LASERS IN ROOT CANALS 

6.1. INSERTING AND ACTIVATION 

OF ENDODONTIC TIPS 

Despite the flexibility of modern 

endodontic fibers/tips, reaching the whole 

working length in curved or narrow root 

canals, or the entire contaminated areas, is 

still difficult to obtain given the complex 

anatomy of the radicular system (3). 

In order to facilitate the insertion and 

removal of the fiber/tip, the root canal must 

be enlarged and properly prepared, at a 

diameter bigger than of the fiber/tip (200-

300 microns) and up to ISO 30-35, .06. This 

manner of preparing the root canal leads to 

the reduction of radicular dentine which can 

be unsafe in difficult canals (3). 

Furthermore, laser energy emission 

through the tip of the optic fiber is directed 

along the root canal and not necessarily in 

its lateral areas, make it almost impossible to 

obtain a uniform coverage of 360 degrees of 

the internal aspect of the radicular system 

(58, 59).  

The helical movement proposed for the 

withdrawal of the fiber from the apical 

portion of the root canal does not produce an 

efficient rise of the lateral diffusion of 

energy. The increase of the angle of 

irradiation obtained is minimal and the 

movement can force the fiber/tip into a tight 

contact with the dentine, producing most 

probably a morphological alteration (hot 

spots) at the surface. Alterations can vary 

from a minimal superficial thermal effect, 

with a partial closure of the dentinal tubules, 

to producing areas of carbonization (near-

infrared lasers) of ablative effects (medium-

infrared lasers) that can lead to the 

perforation of the apical portion or ledges in 

dentinal walls (3). 

Anatomical and operative problems 

related to the insertion of the fiber in narrow 

and curved root canals remain unresolved, 
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with the impossibility or probable 

inefficiency of the procedure when being 

performed in teeth with complicated root 

canal anatomy (3). 

Stabholz et al (59, 60) described a new 

endodontic tip which can be used with 

erbium lasers. This new endodontic tip 

named “side-firing spiral” was designed to 

adapt to root canal walls through its spiral 

slots located along the tip. The tip is sealed 

at its end, preventing the transmission of 

radiation beyond the apical foramen of the 

tooth. 

6.2. THERMAL EFFECT  

The practitioner who uses dental laser 

systems must be aware of the thermal effects 

that appear in biological tissues when a 

device of such high power is being 

activated. The temperature rise in a tissue 

can lead to the development of structural 

changes, such as protein denaturation, water 

evaporation, coagulation etc. In hard dental 

tissues, the temperature rise can lead to the 

alteration of crystallographic characteristics 

of the mineral matrix, such as crystalline 

skeleton, hydroxyapatite crystals volume 

and formation of new compounds (61-64). 

When techniques of photothermal 

disinfection with dental lasers are used, it is 

important to apply pulsed modes and to 

respect the rest period to allow the cooling 

of the radicular structures, without collateral 

alteration of the periodontal ligament 

through thermal stress. Safety evaluation in 

laboratory environment showed that the 

accepted degree of temperature rise at the 

radicular surface is 5.5-7
o
C (54, 65, 66). 

The apical portion of the root canal is 

more predisposed to thermal alteration 

because the thickness of the dentine is the 

lowest at this level (67) and the end portion 

of the fiber will pass close to the root canal 

walls. To minimize the thermal effects 

during laser assisted endodontic treatment 

with plain fibers, the end of the tip must be 

constantly moved in a circular motion 

during activation and withdrawal (68). 

Parameters such as wavelength, energy 

density, power, peak power, average power, 

pulse length and rate of repetition are very 

important to determine the degree of heat 

generation from irradiating tissues. The 

amount of heat generated inside a tissue is 

highly dependent on the optical properties of 

that tissue (absorption coefficient and 

scattering coefficient). Also, the heat 

transfer is dependent on certain properties of 

the tissues (thermal diffusion and thermal 

conductivity) (1, 69). 

Direct emission of laser radiation 

through tips near the apical foramen of a 

tooth can result in the transmission of 

energy beyond that foramen. This 

phenomenon can affect supporting tissues 

and has great importance in the case of teeth 

located near the mental foramen or 

mandibular nerve (2, 59, 60). 

Many studies have evaluated the rise of 

temperature while using near-infrared lasers 

and the morphological alterations that 

appear on the dentinal walls. Diode laser 

980 nm action has been studied in vitro by 

Wang (2005) when irradiating 

monoradicular teeth for 7 s using fibers of 

various diameters (550 and 365 microns) at 

power of 5 W. The maximum rise in 

temperature was 8.1
o
C. Laser irradiation led 

to an improved removal of smear layer, with 

a superior cleaning than the one noticed in 

the control group which had no irradiation 

(55). 

De Moura-Netto (2005) compared in a in 

vitro study the effects of Nd:YAG laser (1.5 

W, 100 m J, 15 Hz) with the effects of diode 

laser 810 nm (2.5 W in continuous wave) 

using a speed while withdrawing the fiber of 
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2 mm/s for 20 s. Both lasers proved partial 

removal of debris and smear layer, with the 

presence of morphological alterations 

(recrystallization and liquefaction), more 

prominent in Nd:YAG laser (70). 

Da Costa Ribeiro (2007) studied the rise 

of temperature when irradiation is 

performed with diode laser 810 nm. At 2.5 

W, the thermal rise in the apical third varied 

from 1.6 to 8.6
o
C, while at 1.25 W, 10 Hz, 

the rise was from 1.2
o
C to 3.3

o
C(56). 

Parirokh (2007) concluded in an in vitro 

study that irradiation with diode laser 808 

nm led to closure of dentinal tubules in that 

area in all scenarios, especially in the apical 

third of the root canal (71). 

Alfredo (2008) evaluated temperature 

variations using thermocouples located at 

the radicular walls after irradiation with 

diode laser 980 nm at: 1.5, 3.0 and 5.0 W in 

continuous and gated wave mode at 100 and 

1000 Hz, in dry canals and in ones irrigated 

with distilled water. The cervical portion of 

the root canal showed the highest 

temperature rise (+9.68±5.80 
o
C), followed 

by the medium third (+7.66±4.87 
o
C) and 

the apical third (+6.70±4.23
o
C), seeing a 

statistically significant difference between 

them (72). 

Hmud (2010) conducted a study in 

which the temperature changes were 

evaluated inside the root canal and on its 

walls when irradiation was performed with 

diode laser 940 nm and 980 nm at 4 W/10 

Hz and 2.5 W/25 Hz with fibers/tips of 2000 

µm. Both diode lasers irradiation led to 

modest thermal changes at the external root 

surface (68). 

Da Fonseca Alvarez (2012) used 

thermocouples to register and analyze the 

temperature variation at the external root 

surface of lower incisors in order to evaluate 

possible periodontal damage. Samples were 

irradiated while the fiber/tip had a circular 

retrograde motion using various parameters 

(1.5, 2.0, 2.5, 3.0 and 3.5 W). Temperature 

was measured at the vestibular and lingual 

aspects of the roots, in the apical and middle 

third. The temperature variations recorded 

were considered to be acceptable and safe, 

lower than 7
o
C. When using 3.5 W the 

temperature rise was beyond 7
o
C (73). 

Haidary (2016) evaluated in a study the 

root surface temperature while irradiating 

the root canal with Er,Cr:YSGG laser 2780 

nm anddiode laser 940 nmin an alternating 

sequence. Authors concluded that the 

alternative irradiation with these lasers is a 

safe method for decontaminating the root 

canal (74).  

Similar studies were performed in 2015 

by Al-Karadaghi (75) and in 2017 byTrišić 

(76),which concluded that the use of diode 

lasers at the mentioned parameters does not 

lead to unwanted thermal effects. 

7.CONCLUSIONS 

1. The use of dental lasers for 

decontamination of the endodontic system is 

an alternative to conventional endodontic 

therapy. 

2. Side effects resulting from irradiation 

with laser light do not appear if the correct 

parameters are used. 

3. The mechanism for the bactericidal effect 

or laser irradiation is still unclear. 

4. Further clinical studies are necessary in 

order to evaluate the healing of endodontic 

diseases from laser assisted therapy. 

5. Researchers must build new endodontic 

tips with an improved design that makes 

them efficient in complex root canals. 
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