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ABSTRACT

Many applications have been previously reported that laser is used in the field of endodontics. It is used in pulp
diagnosis, shaping and disinfection of the root canal, endodontic surgeries, modifying the dentin structures,
pulpotomy and pulp capping. Our present study aims to review some applications of laser used in the field of
endodontics. According to the evidence from current studies in the literature, vital pulp therapeutic approaches for
pulpotomy can significantly lead to efficacious and bloodless outcomes by using laser for the following processes:
Coagulation, vaporization, and sealing of the blood vessels with potentially sterile minute wounds with no
complications. Many advantages have been previously reported for using laser within endodontic surgical procedures,
such as coagulation, sterilization, selective absorption, precision, lower rates of complications as inflammation and
edema, getting clean, well-sealed surgical wounds, enhanced disinfection characteristics, reduced painful sensations,
decreased required sutures due to better hemostasis, and reduced bleeding. On the other hand, applying some laser
modalities might not be adequately efficacious according to previous studies in the literature. We recommend that
further human prospective to conduct investigations for further validation of the current evidence.
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INTRODUCTION debris behind the apical foramen.* Many complications
and adverse events have been related to endodontic

Endodontic procedures are mainly directed to reduce the therapeutic approaches. Among these complications such

rates of infections and to remove the potentially present
pulp tissue from the root canal to prevent the growth of
the microorganisms. Moreover, such procedures are also
meant to reduce the potentiality and severity of
inflammation by eliminating any accumulation of forcing

as anatomical complexity, morphologies of the lateral
canals and apical ramifications made it difficult to
penetrate through these structures by commonly reported
irrigation modalities.*
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According to the increasing challenges within the
endodontic field, approaches have been made to innovate
better techniques and to enhance the underlying
technological applications that aim to improve the
disinfection strategies and to clean characteristics of these
hard-to-reach sites. Laser techniques were successfully
introduced in the field of dentistry in 1965 by Leon
Goldman who applied the modality in vivo. However, no
success could be obtained because of the increased
thermal energy.>® Consequently,Weichman and Johnson
introduced the modality in the field of endodontics in
1971 by using CO, laser modalities. However, no
successful outcomes were also reported by the authors in
vitro study.® Other laser modalities as Nd: YAG, and Er:
YAG wase also introduced in the following years by
other investigations. Finally, Er: YAG was approved by
the United States federation of drug and food in 1997,
which was the spark that allowed laser modalities and
endodontics to be used in the field of dentistry.®

Using laser techniques in endodontics mainly aims to
improve cleaning and disinfection abilities more than the
previously reported modalities to enhance the outcomes
and to reach the areas that were previously reported to be
difficult to clean through using light energy. Moreover,
removal of debris, eliminating the microorganisms, and
prevention of adverse events have been previously
reported in applying laser in endodontics. Many
applications have been previously reported for laser is
used in the endodontic field, such as pulp diagnosis,
shaping and disinfection of the root canal, endodontic
surgeries, modifying the dentin structures, pulpotomy and
pulp capping.’® Our present study aims to review some
applications of laser that are used in the field of
endodontics related to evidence from current studies in
the literature.

METHODS

A systematic search was conducted to identify relevant
studies in the following databases: PubMed, Medline,
Web of Science, Embase, Google Scholar, and Scopus.
The following search terms were used (“endodontics™)
and (“laser”) and (“treatment”). The reference lists were
manually searched to identify additional relevant studies
meeting inclusion criteria. We included any study that
reports iatrogenic tooth discoloration by obturating
material. No restrictions were applied.

DISCUSSION
Pulpotomy and pulp capping

Vital pulp therapeutic approaches for pulpotomy can
significantly lead to outcomes that are efficacious and
bloodless using the laser in any of the following
processes, including coagulation, vaporization, and
sealing of the blood vessels with potentially sterile minute
wounds with no complications. A previous animal study
on monkeys and dogs that was previously done by Melcer

et al reported that hemostasis was successfully obtained
in the study sample using CO, laser for pulpotomy
procedures.** Another previous comparative investigation
also compared the efficacy of CO, laser and calcium
hydroxide for performing successful pulp capping
procedures. Furthermore, the authors reported that the
CO; laser approach was more significantly successful
than the calcium hydroxide because the CO; laser obtains
successful pulp capping procedures with success rates of
89% and 68% respectively over a 12-month follow-up
period.*? Nair et al has also conducted a follow-up study
to examine the effect of using CO; laser on performing
successful pulpotomy procedures in five teeth over seven
days and three months.'® The authors reported that they
did not notice any potential complications related to the
teeth at the pulp-dentin complex over the seven days
following the application of CO; laser. On the other hand,
at the three months of follow-up, they reported that the
teeth were subtle, but distinct dentin at the same position
the laser was performed was observed in two of the
included teeth. Besides, they also observed that post-
operative results following CO, laser applications also
showed that one tooth developed an inflammatory status,
and the authors were able to detect some chronic
inflammatory cells, however, they reported that such
events were not related to performing the CO; laser
procedures, but these events were related to the
development of antigen-antibody complexes and potential
immune responses or they were due to a potential leakage
at the same location. Another 12-month comparative
investigation also compares the efficacy and safety of
using formocresol one and Nd: YAG laser according to
radiographical, clinical, and histopathological outcomes.
The authors reported that after the end of the follow-up
period, the formocresol groups showed higher success
rates than the laser group with an estimated 90.47% for
the clinical and radiographical assessments, compared to
85.71% and 71.42% for the laser group, respectively.' It
is worth mentioning that previous investigations
recommended that clinicians should approach capping
when patients are young and having minimal exposure
while pulpotomy should be performed when the roots are
not completely formed and whenever caries exposure is
present.516

As calcium hydroxide, which has been the traditionally
applied material for capping was associated with the
secondary development of a necrotic layer, investigations
reported that mineral trioxide aggregate can significantly
replace this material with better-obtained outcomes
although it might need a longer operative period,%17-19-21
Previous investigations reported that using a 9,600 nm
CO; laser can significantly induce melting ablation and
solidification of the targeted tissues with no significantly
apparent adverse events.?>% Besides, for the Nd: YAG
laser, White et al reported that to obtain safer outcomes
with fewer adverse events, the repetition and energy
values of the modality should not exceed 10-Hz and 1 W,
in addition to having an exposure period that is less than
10 seconds, however, it should be noted that the findings
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were obtained from vivo experiments and that clinicians
should consider lower safety limits when operating in
humans.?* It is worth mentioning that using CO> laser can
be time-consuming and can be frequently repeated
leading to chance the exposure and cause frequent
complications.?®> Moreover, the previous study by White
et al also reported that pulsed ND: YAG laser modalities
are probably associated with more adverse events with
lower success rates.?* Therefore, The use should be
limited to fixing the pulp inflammation, sedation,
hemostasis, and induction of the other adjacent cells.

Irrigation and disinfection of the root canal

Many studies in the literature have been previously
published reporting the potential use of laser modalities
including the yellow tube (by Er: YAG and CO,), and the
thin fibers (by argon, chromium, iodide, ND: YAG, and
erbium) in delivering the omitted power from these laser
modalities into the targeted root canal, which can be
significantly used as disinfecting agents. Studies have
shown that the emitted energy from the laser modalities
can eliminate the potential present microorganisms, and
the efficacy of such modalities is greatly dependent on the
amount and frequency of the emitted energy from the
used modalities. Removal of debris and disinfection
following the process of biochemical instrumentation has
been previously reported among several studies in the
literature with the aforementioned laser modalities.?>%" A
previous investigation reported that eliminating E.
faecalis was successfully obtained using the diode lasers
980 nm.3® Another investigation reported that ND: YAG
laser modality could disinfect the dental surfaces that
were priorly infected with different Candida species.*
Recently, after antimicrobial photodynamic therapy
(APDT) was introduced and successfully validated, it has
been recommended to be potentially used within the
regular protocols for the routine disinfection procedures,
in addition to applying other chemical antimicrobials and
mechanical cleaning protocols.”® A previous comparative
study by Garcez et al previously compared the use of
APDT versus the regular antimicrobial modalities and the
combined administration of both modalities in their
efficacy to reduce the infections.*! They reported that the
combined application of both modalities was 98%
efficacious while using the regular root canal therapy and
the APDT alone were efficacious by 90% and 95%,
respectively. The authors also previously reported that as
the regular mechanical disinfection root canal procedures
were able to reduce and eliminate the disinfections,
applying APDT was furtherly able to eliminate the
antimicrobial-resistant organisms.*> Another investigation
by Garcez et al also reported that to eliminate E. faecalis,
APDT with optical fibers should be used rather than any
other modalities with proven high success rates.*

Photo-activated disinfection has also been reported
among studies in the literature as an efficacious modality
that is majorly based on obtaining a specific wavelength
and using a photosensitizing dye. Studies have proven

that the technique can kill bacteria by inducing membrane
rupture through activation of reactive oxygen species and
releasing more free radicals that are toxic to the
bacteria.*4*> Moreover, a previous investigation also
reported that PAD and sonic activated irrigation were
both highly efficacious in obtaining better disinfection
outcomes as compared to the other modalities.*
However, it is worth mentioning that the direct
application of laser to the root canals might lead to the
development of some adverse events, however, using
PAD might probably lower the risk of developing such
complications. Photodynamic therapy by low-energy
light-emitting diode and toluidine blue O was also
previously reported in the literature to be applied as an
adjuvant disinfecting modality.*

Periapical curettage, apicoectomy, and endodontic-
related cavity preparation

According to an investigation in the literature, the
application of laser in endodontic procedures and
surgeries is similar to other oral surgeries. For instance, to
better-enhanced access to the periradicular region, laser
techniques that are used for soft tissues as Diode, COp,
and ND: YAG to significantly get enhanced clean and
sound incisions with no secondary complications that can
affect the procedure. Moreover, previous studies have
also demonstrated that using laser techniques in such
operations can significantly lower the risk of developing
complications such as blood-borne contaminations from
the surrounding surgical practices and such as compared
to the related aerosol-producing materials used for
periapical procedures.*’

Many advantages have been previously reported for using
laser within endodontic surgical procedures. For instance,
coagulation, sterilization, selective absorption, precision,
lower rates of complications as inflammation and edema,
getting clean and well-sealed surgical wounds, enhanced
disinfection characteristics, reduced painful sensations,
decreased required sutures due to better hemostasis, and
reduced bleeding. Evidence also shows that CO; laser and
pulsed Nd: YAG modalities can also be effectively used
in the management of sinus tract periapical disorders.*"8
On the other hand, a previous animal study that was
conducted on dogs investigated the efficacy of CO, laser
techniques in enhancing the success rates of apical
procedures. The authors reported that the technique was
potentially able to reduce the permeability of the related
dentin, but the overall success rates of the procedures
were not significantly enhanced after applying CO, laser
techniques.*

The same findings were also reported by a previous
comparative prospective investigation that compared 320
cases with two different apical preparations. The authors
reported that no significant enhancement in the healing
processes of the included patients was noticed when using
CO, laser modalities.>® On the other hand, previous in
vitro investigations were conducted to assess the efficacy
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of the Nd: YAG modality and found that reduced dye and
bacterial penetrations were obtainable by the modality
that was mainly used for root resection. This can be
explained by the potentially significant changes that were
made to the dentin structures by the applied laser
modality, leading to reduced permeability in the operated
specimens. Moreover, previous investigations that
applying the laser modality was furtherly useful in
reducing the permeability but not preventing it, and
therefore, the rates of complications and enhanced
healing might additionally favor the application of the
modality.

Previous studies have demonstrated the potential benefits
from using low laser levels, as previous investigations
reported that significant discomforting sensations were
reported by many patients following periodontal surgical
practices with Er: YAG modalities. It is worth noting that
applying Er: YAG can significantly increase the chances
of getting clean surfaces and less frequent complications
while investigations also reported that significant thermal
damage might be associated with using the Ho: YAG
modality.

CONCLUSION

In the present literature review, we have discussed the
roles that laser modalities play in endodontic treatment
practices. Many advantages have been previously
reported for using laser within endodontic surgical
procedures. For instance, coagulation, sterilization,
selective  absorption, precision, lower rates of
complications as inflammation and edema, getting clean
and well-sealed surgical wounds, enhanced disinfection
characteristics, reduced painful sensations, decreased
required sutures due to better hemostasis, and reduced
bleeding. On the other hand, applying some laser
modalities might not be adequately efficacious according
to previous studies in the literature. We recommend that
further human prospective to conduct investigations for
further validation of the current evidence.
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