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Summary
Introducing new devices and technologies for endodontic procedures has always been a chal-

lenge. Since the discovery of the Mayman red laser in 1960 and the use of the Weichman endodontic 
laser in 1971, a variety of potential uses for endodontic lasers have been proposed. During the 
last two decades, a lot of experience and knowledge has been accumulated, with different types of 
lasers - CO2, Er: YAG, Er, Cr: YAG, Nd: YAG, KTP-Nd: YAG, Er: YSGG, argon and diodes, used 
in a number of endodontic procedures. Such procedures include pulp diagnostics (laser Doppler 
fluometry), biological treatment, pulpotomy, cleaning, disinfection and obturation of the root canal 
system, treatment of endodontically treated teeth and apical surgery.

Despite the wide range of applications in endodontics, lasers cannot replace conventional tech-
niques and are still relatively expensive and have limited accessibility.  Diode lasers are econom-
ically viable with reasonable price and long lifetime. They have the ability to combine different 
resonant frequencies and wavelengths, which encourages new studies in the field.
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Резюме 
Търсенето на нови устройства и технологии за ендодонтски процедури винаги е било 

предизвикателство. От откриването на червения лазер от Майман през 1960 г. и използването 
на лазера в ендодонтията от Weichman през 1971 г., са предложени разнообразие от 
потенциални възможности за употреба на лазерите в ендодонтията. През последните 
две десетилетия са натрупани много опит и знания, като различни видове лазери - CO2, 
Er: YAG, Er, Cr: YAG, Nd: YAG, KTP-Nd: YAG, Er: YSGG, аргонов и диодни, се използват 
при редица ендодонтски процедури. Извършват се пулпна диагностика (лазерна доплерова 
флуометрия), биологично лечение, пулпотомия, почистване, дезинфекция и обтуриране на 
кореноканалната система, прелекуване на ендодонтски лекувани зъби и апикална хирургия. 

Въпреки широкия спектър на приложение в ендодонтията, лазерите не могат да 
заместят конвенционалните техники, а и все още са сравнително скъпи и достъпът до 
тях е ограничен. Икономически изгодни – с достъпна цена и дълъг живот, възможност за 
комбиниране на различни резонансни честоти и дължини на вълната, са диодните лазери, 
което насърчава много нови изследвания.
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Introducing new devices and technologies 
for endodontic procedures has always been a 
challenge. Since the discovery of the Mayman 
red laser in 1960 and the introduction of the en-
dodontic laser by Weichman in 1971, a variety 
of potential applications have been proposed for 
endodontic lasers [1, 2, 3, 4]. With the creation 
of thinner, more flexible and durable optical 
fibers, and increased knowledge of the biolog-
ical effects of laser radiation, the use of lasers 
in endodontics has increased [5, 6, 7]. For the 
past two decades, a great deal of experience and 
knowledge has been gained in the use of lasers 
in endodontics [7].

In 2010 the American Dental Association de-
scribed the numerous applications of endodontic 
lasers in pulpotomy, blood flow measurements, 
apicoectomy, opening of landmarks, and soften-
ing the gutta-percha. Lasers used as an adjunct 
have been shown to aid root canal dissection. In 
vitro studies have shown that lasers are equiva-
lent to conventional rotary instruments for the 
coronary and middle thirds of the root canal sys-
tem , but worse for the apical third  [8].

Laser Doppler Fluometry. Laser blood flow 
measurement in the dental pulp is an accurate 
and non-invasive method that is an important 
diagnostic test for the condition of the micro-
vascular system in the pulp.  Infrared (780-820 
nm) or near-infrared (632,8 nm) emission la-
sers, aimed at optical fiber fabric, are used. In 
contrast to electrododontodiagnosis, the subjec-
tive response of the patients is excluded here - it 
can be used in the treatment of adults as well as 
children, even in the first days after trauma [5, 6, 
9, 10]. Laser Doppler fluometry has not yet been 
widely used in dental practice as it requires spe-
cial equipment, licensed data processing soft-
ware, and presents complexity and performance 
constraints [9, 11].

Biological treatment. The most recent litera-
ture reports indicate more predictable and better 
results with the use of lasers for biological treat-
ment. Higher success rates (about 90%) have 
been reported using a laser with different wave-
lengths than traditional procedures (about 60%). 

Reducing the dentin permeability, achieved by 
restricting the dentin ducts, is crucial. A CO2, 
Er: YAG and Er, Cr: YSGG laser can be used for 
this purpose, the latter showing the best results 
[5, 6, 12, 13]. The effect of the Nd: YAG laser 
is still being investigated due to conflicting data 
on the thermal effect on the dental pulp under 
different modes of operation [5, 6].

Pulpotomy.  Recent advances in laser tech-
nology have made lasers more attractive in en-
dodontic applications, where they can be used as 
an additional or alternative method to traditional 
pulpotomy. Laser treatment has advantages with 
respect to control of hemorrhage, sterilization, 
and stimulation effects on the dental pulp cells. 
Since the effects of ruby laser irradiation on 
dental pulp tissue were reported, other studies 
using CO2,  Nd:YAG, Er:YAG, Er,Cr:YSGG, 
diode laser, and argon laser  pulpotomies have 
been published. Diode lasers have been applied 
widely in oral surgery procedures involving soft 
tissue. Soft tissue surgery can be performed 
safely in close proximity to enamel, dentin, and 
cementum   because these lasers are relatively 
poorly absorbed by the tooth structure. Diode 
lasers can be used for ablation, incision, and ex-
cision (cutting, vaporization, curettage, coagu-
lation, and hemostasis). Furthermore, the laser 
has the advantages of being portable and com-
pact with a minimum setup time. Based on these 
characteristics and previous studies, the lasers 
could be an alternative to pulpotomy therapy 
[15, 16, 17, 18].

Nd: YAG, CO2 and diode lasers are used in 
laser pulpotomy and show better results than 
conventional methods. As in electrosurgery, Nd: 
YAG, CO2 and diode lasers have a 100% suc-
cess rate in controlling tooth pulp bleeding [15, 
16, 17]. Laser emission properties include depth 
of penetration, power and impact time which 
make these lasers sufficient for photocoagula-
tion of the blood vessels in the pulp [18]. 

In a clinical study of the impact of a Nd: YAG 
laser with a power of 20 W and a pulpotomy 
frequency of over 90%, the success rate of the 
control group with Formocresol was 69% [17]. 
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Durmus et al. use high energy diode laser for 
coagulation of pupltomy  with flexible optic fi-
bre  with diameter 400 μm at frequency - 30 Hz, 
energy - 50mJ, power - 0W to 1.5W for 10 sec-
onds with air cooling. They conclude that laser 
pulptomy has high clinical success and 1.5W is 
an effective final power [18]. There are also pos-
itive clinical results using CO2 laser in  pulsed 
mode that stand a power of 3 W irradiating the 
pulp- the pulp is irradiated for 2.5 s with 0.8 mm 
ceramic nozzle [19].

The laser pulpotomy is more time-efficient 
allowing better cooperation with the patient and 
easier use [18].

Cleaning and disinfection of the root canal 
system. The task of cleaning and disinfecting 
the root canal system becomes more difficult 
with the increase in the virulence of the bacteria. 
This results from their increased pathogenic po-
tential and the increased resistance of a biofilm 
to antimicrobial agents. Numerous studies have 
been conducted on the bactericidal effective-
ness of laser irradiation with different types of 
laser systems - CO2, Nd: YAG, Er, Cr: YAG, Er: 
YAG, argon and diode laser [2, 3, 5, 6, 7, 20]. 
Bergman et al. conclude that the application of 
Nd: YAG lasers is not an alternative but rath-
er a possible addition to existing channel dis-
infection protocols, with laser light properties 
expressing a bactericidal effect at a dentin depth 
of more than 1 mm [21, 22, 23].

Laser irradiation with the correct parame-
ters evaporates the smear layer and the organ-
ic structure of dentin (collagen fibers), which 
is characterized by a superficial fusion of the 
dentin tubules. Partial or approximately com-
plete closure of the dentin tubules and melting 
of the intertubular dentin renders the dentin sur-
face smooth with an excellent removal of the 
smear layer. In this way, dentin permeability is 
reduced [24], which in turn results in a signifi-
cant reduction of the number of the bacteria in 
the root canal system. Similar results have been 
described by other authors who report the melt-
ing and recrystallization of restricted portions of 
root canal dentin [25, 26, 27].

The use of erbium lasers in root canal irri-

gation, in combination with different irrigators, 
has better self-irrigation results [28, 29, 30]. 
There is a consensus in the literature that laser 
radiation used in endodontics has the ability to 
destroy microorganisms and its effect is directly 
related to the amount of radiation and its energy 
level [5, 6].

The radiated energy can be transmitted to the 
root canal through thin optical fibers (Nd: YAG, 
KTP-Nd: YAG, Er: YSGG, argon and diode la-
ser) or from a hollow tube (CO2 and Er: YAG 
laser). Despite the optimization of laser tips, 
there are some limitations associated with their 
intracanal use. The laser emission is directed 
vertically along the optical fiber and it is almost 
impossible to obtain a uniform coverage of the 
root surface. In addition, the depth of propaga-
tion of the laser light is important as it can lead 
to its passage beyond the apical aperture and 
impact the periapical tissues. Thermal damage 
to the root and surrounding tissues is possible 
[31, 32, 33].

Laser tips with lateral radiation have been de-
veloped to improve the directions of fluid flow 
in the root canal during laser assisted irrigation. 
A conical end may be formed of a glass (quartz) 
basis, including one doped with fluoride, germa-
nium or gallium, using a tubular etching process 
to produce increased lateral emissions. Such tips 
provide more laser energy to the root canal walls 
than to the tip of the tooth. The cone-shaped tips 
turn out to be better than conventional tips for 
removing thick layers of debris [34].

Trying to develop uniform irradiation of the 
walls of the root canal, changes are made in the 
design of the tip of the conical optical fiber. Sur-
face micro modeling is achieved by applying a 
specific etching method (with hydrofluoric acid 
after removal of the protective polyamide coat-
ing), followed by abrasion with aluminum parti-
cles and further additional etching. This creates 
a series of circular veneers that resemble a hon-
eycomb. The honeycomb tip emits a spherical 
emission of laser light, improving the healing 
effect and preventing localized thermal damage 
to the root dentin and periodontal tissues [35, 
36, 37].
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Filling the root canal system. Laser radiation 
as a heat source is used to soften the gutta-per-
cha when rooting the root canal. Argon, Nd: YAG 
and Er: YAG lasers are particularly used for this 
procedure. Different studies have compared the 
quality of apical sealing with laser-assisted root 
obturation, lateral and vertical condensation, 
with no evidence of statistically significant dif-
ferences [38, 39]. In some cases, the temperature 
changes on the outer root surface are disturbing 
- the temperature varies from 12.9°C (argon la-
ser) to 14.4oC (Nd: YAG laser) [40]. Gekelman 
et al. reported a significant increase in adhesion 
of the material to the dentin in the root canal and 
reduction of its apical leakage using Nd: YAG la-
ser (100 MJ / pulse mode, 1 W, 10 Hz) [41]. The 
capabilities of an Er-YAG laser (200 MJ, 4 Hz for 
60 seconds) for epoxy resin silencing have also 
been demonstrated [42].

There is insufficient clinical evidence of the 
benefits of using root canal obturation lasers. 
Their thermal safety for the surrounding dental 
structures has not been clearly demonstrated. 
It is also not clear whether the softening of the 
gutta-percha is even in all parts of the filling nei-
ther, what are the most suitable wavelength and 
adequate parameters [5, 6].

Treatment of endodontically treated teeth. 
The use of lasers to remove root canal has some 
clinical advantages - as no toxic solvents of the 
canal are used, the risk of lateral perforations of 
the root wall in curved root canals is reduced [5, 
6]. Anjo et al. reported that the root canals fill-
ing time was significantly shorter than conven-
tional methods. However, in laser ablation with 
Nd: YAG lasers, some of the dentin channel 
openings are blocked with molten dentin [43]. 
The effectiveness of Er-YAG lasers in removing 
zinc oxide pastes and resins in straight root ca-
nals with pulsed irradiation of 250 MJ and fre-
quency 10 Hz has also been demonstrated [44]. 
Cases of more effective removal of broken en-
dodontic instruments from the root canal using 
an Nd: YAG laser have been reported [45]. The 
decisive advantage of lasers in the treatment 
of endodontically treated teeth remains uncon-

firmed [5, 6, 46, 47, 48].
Apical surgery. Hemostasis and concomi-

tant visualization of the operative field and the 
potential sterilizing effect on the contaminated 
root surface make the laser resection of the root 
an area of interest for the study. Following a la-
ser apicotomy with a CO2 laser, a better healing 
process was observed compared to the standard 
surgical procedure [49]. Nd: YAG lasers show a 
decrease in bacterial penetration in the cutting 
area. The reduced permeability is the result of 
structural changes in the dentin during irradia-
tion. The melting, hardening, and re-crystalliza-
tion of hard dental tissues results in a relatively 
smooth surface with significantly reduced (but 
not completely eliminated) permeability of the 
dentin. Adhesion with the trimming material is 
improved and so is the prognosis for the tooth 
[50]. The cutting speed of an Er: YAG laser is 
less than conventional high-speed handpieces.
Nevertheless, this is compensated by the lack 
of discomfort and vibration, as well as a low-
er chance of contamination at the operation site 
and a lower risk of injury in adjacent tissues 
[51]. However, setting the appropriate laser 
wavelength is still required [7, 52].

Various types of lasers are used in a number 
of endodontic procedures, such as pulp diagno-
sis, biological treatment, pulpotomy, root canal 
cleansing and disinfection, root canal obstruc-
tion, cure and apical surgery [2, 3, 5, 6, 7, 53]. 
Despite its wide range of applications, there is 
still no definitive evidence that lasers provide 
better treatment or greater clinical success than 
conventional instruments [8].

Laser devices are still relatively expensive 
with limited accessibility [2]. Diode lasers are 
cost-effective - with affordable cost and long 
lifetime, and also have the ability to combine 
different resonance frequencies and wave-
lengths. Despite their good technical character-
istics and rapid development, they are relatively 
new in endodontics. Their ergonomics and  ease 
of use in the oral cavity gives them an advan-
tage in clinical practice and encourages new re-
searchs [27, 54].
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