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Abstract

This literature review explores the evolution and
applications of laser technology in endodontic
therapy, emphasizing its role in improving
disinfection efficiency and treatment outcomes. The
objective was to analyze scientific evidence
regarding the
mechanisms,types,andclinicalbenefitsoflaserssuchas
Nd:YAG,Er:YAG,anddiode lasers. Databases
including PubMed and Elsevier were consulted to
identify relevant studies published between 2005
and 2025. Findings demonstrate that laser
technology enhances microbialelimination, smear
layer removal, and promotes dentin disinfection
when used as an adjunct to conventional irrigation
systems. The integration of photothermal and
photochemical effects contributes to greater efficacy
in root canal decontamination while minimizing
postoperative discomfort. Advances in laser-based
biotechnology continue to expand endodontic
therapeutic potential, although careful evaluation of
wavelength, power, and clinical protocols remains
essential to ensure predictable and safe outcomes.
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I.  Introduction
Technologicaladvancementshaverevolutionizedboth
medicalanddentalprocedures. Laser technology,
based on Albert Einstein’s theoryof stimulated light
emission, has played a pivotal role in enhancing
dental treatments over the last three decades
(Mohammadi,2009).Initiallyintroducedinthe
1980s,CO.andNd: Y AGlaserswere primarily used for
soft tissue applications (Sadony et al., 2024). Later,
Er:YAG lasers demonstrated efficacy in hard tissue
procedures, including caries removal and dentin

ablation (Huang et al., 2023). Most medical lasers
emit infrared and visible wavelengths from the
electromagnetic  spectrum, generating thermal
effects in tissues due to selective absorption by
water, hemoglobin, and melanin (Anagnostaki et al.,
2020). Currently,
lasersarewidelyappliedacrossdentistry,includingresto
rative,surgical,periodontal,and endodontic
treatments, enhancing clinical efficiency and
reducing patient discomfort (Fiegler-Rudol et al.,
2025).

Experimental Section /Material and Methods
Thisliteraturereviewwasconductedusingmajorscienti
ficdatabases,includingPubMed and Elsevier,
between June 1 and October 31, 2023. The search
strategy employed keywords such as
'Endodontics,"Laser in Endodontics,' and
'Disinfection in Endodontics.' Articles were included
if they were published in English or Spanish and
focused on laser applications in endodontic therapy.
Relevant studies, reviews, and experimental papers
were analyzed from journals such as the Journal of
Endodontics, International Journal of Endodontics,
and Lasers in Dental Science. All sources were
evaluated for methodological quality and clinical
relevance.

Results and Discussion

Enterococcusfaecalis
Enterococcusfaecalisisoneofthemostresistantmicroor
ganismsfoundinpersistentroot canal infections and
plays a crucial role in endodontic failures
(Asnaashari et al., 2016).

Itsvirulencefactors—
biofilmformation,resistancetocalciumhydroxide,and
capacityto invade dentinal tubules—make it difficult
to eliminate completely. Studies have shown that
laser irradiation, particularly using diode and
Er:YAG lasers, enhances bacterial reduction and
disrupts biofilm architecture (Walia et al., 2019;
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Pandit, 2024).

Irrigationin Endodontics

The success of root canal therapy depends largely
on microbial control, yet the anatomical complexity
of root canal systems prevents complete mechanical
cleaning (Vertucci, 2005). Rotary instrumentation
may leave 35-40% of canal walls untouched,
allowing bacterial residues to persist. Intracanal
irrigants such as sodium hypochloriteand EDTA aid
in tissue dissolution and smear layer removal but
remain insufficient to eliminate bacteria within
dentinal tubules (Sadony et al., 2024). Laser
activation of irrigantssignificantlyimproves
theirpenetrationandantibacterialefficacy(Fiegler-
Rudol et al., 2025).

Laser Principles and Types

The term LASER stands for Light Amplification by
Stimulated Emission of Radiation.
Laserlightadherestothebasicprinciplesofoptics—
transmission,reflection,refraction,and absorption. Its
biological effects depend on the degree of
absorption; non-absorbed light produces no effect,
whereas highly absorbed light transforms into
thermal or mechanical energy (Huang et al., 2023).
Two categories of lasers are mainly used in
dentistry:  low-power  lasers, which  have
biostimulatory and antimicrobial effects, and high-
power lasers, which perform cutting, ablation, and
coagulation functions (Anagnostaki et al., 2020).
Common dental lasers include Nd:YAG (1064 nm),
Er:YAG
(2940nm),Er,Cr:YSGG(2780nm),diode(800—
980nm),argon(488—-514nm),andCO-
(10,600nm)(Sadonyetal.,2024).

Table 1.Typesoflasersused indentistryandtheirclinical applications:

Type of Laser 'Wavelength(nm)

EmissionMode

Clinical Applications

CO: Laser 10,600

Continuous/Repetitive

Softtissueincision and ablation;
gingival depigmentation.

INd:YAG 1,064 Pulsed

Softandhardtissue procedures;
root canal disinfection;
eriodontaltherapy.

Er:-YAG 2,940 Pulsed

Caries removal; smear layer
elimination;dentin and canal
disinfection.

Er,Cr:YSGG 2,780 Pulsed

Softtissueablation; caries
removal; endodontic and
eriodontal use.

IArgonLaser 457-502

IPulsed/Continuous

Composite polymerization;
bleaching;gingival contouring.

II.  Conclusion

Laser technology has  significantly
transformed endodontic therapy, offering enhanced
bacterial reduction, smear layer removal, and
improved irrigation dynamics. The integration of
Er:-YAG and Nd:YAG lasers demonstrates superior
decontamination
effectscomparedtotraditionalchemicalirrigants.
Aslasersystemsevolve,theycontinue  to  improve
treatment precision and patient comfort. Future
research should aim to standardize energy
parameters and explore combined photodynamic
applications for predictable clinical outcomes.
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