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Resumo

O objetivo deste estudo foi realizar uma revisao integrativa sobre o efeito sinérgico da
terapia com laser Er:-YAG ou Nd:YAG associada a irrigacao com solugdes convencionais para
desinfecao de canais radiculares. Uma busca sistematica da literatura foi realizada na
plataforma eletrénica MEDLINE (PubMed), utilizando a combinagdo dos sequintes termos
cientificos: endodontic treatment, root canal, intracanal treatment, laser, Er-Yag, Nd-Yag,
disinfection, faecalis, decontamination. Os estudos selecionados reportaram um alto efeito
anti-bacteriano com eliminacao de aproximadamente 98-99% de £ faecalis em terapias
laser com Er: YAG ou Nd: YAG associada com irrigagao com NaOCI. Além disso, o laser Er:-YAG
promoveu uma desinfecao em profundidade de até 500 pm, através da smear /ayer e no
interior dos tubulos dentinarios. No entanto, a espessura da dentina e a anatomia dos
canais radiculares influenciam a acao da terapia a laser. Além disso, os parametros que
envolvem intensidade, tempo e modo de terapia laser devem ser ajustados, dependendo
das condicoes anatdmicas e da estrutura dos dentes remanescentes. De facto, o uso da
terapia laser em baixa intensidade em combinagao com métodos de irrigagao convencional

aumenta consideravelmente o efeito antibacteriano durante o tratamento endodontico.

PALAVRAS-CHAVE: tratamento endodontico, canal radicular, tratamento intracanal, laser,
Er:-YAG, Nd:YAG, desinfecao.
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Abstract

The aim of this study was to conduct a scoping review on the synergistic effect of Er:YAG
or Nd:YAG laser therapy and ordinary disinfection solutions for tooth root canal disinfection.
A systematic literature search was conducted on MEDLINE (PubMed) electronic database
using a combination of the following terms: endodontic treatment, root canal, intracanal
treatment, laser, Er:YAG, Nd:YAG, disinfection, faecalis, decontamination. The selected
studies reported that Er:-YAG or Nd:YAG laser treatment combined with NaOCl provide an
ultra-high bactericidal effect by 98-99% on the removal of £ 7aecalis biofilms. Additionally,
Er:YAG laser promoted a 500 pm depth disinfection though smear layer down into the
dentin tubules. Nevertheless, the dentin thickness and the anatomy of the teeth root canal
would influence the action of the laser therapy. Also, parameters involving intensity, time,
and mode of laser therapy should be adjusted depending on the anatomical conditions and
remnant teeth structures. Thus, the use of low laser therapy in combination with ordinary

teeth root treatment enhance considerably the antibacterial effect.

KEYWORDS: endodontic treatment, root canal, intracanal treatment, laser, Er:YAG, Nd:YAG,

disinfection.
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1. Introduction

The goal of endodontic treatment is to prevent and interrupt pulpal/periradicular diseases
leading to the preservation of teeth(1-3). Teeth root canal treatment deals with the removal
of bacteria and their toxins from intracanal canal dentin, detin tubules, and contaminated
smear layer with bacteria(4). Additionally, the intracanal space can be shaped for filling with
retentive post materials for further tooth crown restoration(2,5). The major concern
associated with endodontic failure is the persistence of bacteria and debris in the smear
layer and dentin tubules after ordinary physicochemical treatment of root canal systems by
using only endodontic files and irrigation solutions(2,4,6). On friction and reciprocating
wear, root canal instrumentation produces a layer of organic and inorganic material by
friction and wear that can cause accumulation of bacteria and their by-products(2,7). Even
well instrumented, approximately 35% of the teeth canals surfaces remain untouched(7-
10) which leads to potential re-treatment. In case of post-treatment infections, the
presence of persistent microorganisms is regularly reported such as Enterococcus faecalls,
Candida spp., and Actinomyces spp (1.11). Fusobacterium nucleatum has been commonly

isolated from root canals with periapical lesions(1).

During teeth root canal instrumentation, irrigation solutions are used in association to
remove debris from smear layer and microorganisms(12). Also, liquid solutions decrease the
friction forces between the endodontic files and intracanal walls(7). Currently, sodium
hypochlorite (NaOCl) is the most commonly used and effective irrigant for root canal
disinfection(12,13). NaOCI can dissolve organic matter in on the teeth root canal walls and
acts by direct contact with the bacteria (3,12). Concerning the anatomic complexities of the
teeth root canals , it is still a challenge to eliminate bacteria within the micro-scale regions
untouched by the endodontic files, such as in lateral canals (4,9,12). Also, NaOCl has
limitations such toxicity and high surface tension which decrease the removal of inorganic
components from the smear layer(4).Adverse effects can be clinically noticeable when
irrigation solutions are pressed into the periapical tissues (3). In this way, the eradication

of bacteria must be enhanced by using physical methods such as laser therapy(14).
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Nowadays, laser therapy has been used in many fields of medicine and dentistry due to its
safety and effectiveness(1,7). Laser-based procedures can be used at several steps of
endodontic treatment involving shaping the teeth root system, detaching broken
endodontic files, eradicating bacteria(10). There are different types of laser according to the
nature of the active system although Erbium (Er) and Neodymium (Nd) lasers have revealed
promising results for clinical applications in teeth root treatment(2,15,16). The Nd:YAG laser
emits light in the infrared with a wavelength of 1064 nm through fibers with diameters
ranging from 200 up to 600pm(17). In clinical procedures, the intensity has been assessed
between 1and 3 W over a period of 7sec with or without relaxation time(17,18). Nd:YAG light
absorption is higher in hemoglobin and melanin which allows light depths from 0.5 up to 4
mm in pigmented or richly vascularized tissues(19). The Er:YAG laser emits radiation with a
wavelength of 2940 nm and the intensity and time parameters are similar to those on
Nd:YAG procedures(20). Er:-YAG laser has very low light penetration and the light is entirely
absorbed at the surface of the target tissues resulting in minimum thermal
propagation(1,21). A low thermal propagation in association of energy absorption can
provide an effective anti-bacterial effect without tissue injuries that is of interest in teeth

root canal treatment(19).

Thus, the aim of this study was to conduct a scoping review on the synergistic effect of
Er.YAG or Nd:YAG laser therapy and ordinary disinfection solutions for root canal
disinfection. It was hypothesized that the combination of low-level laser therapy and
ordinary disinfection liquid solutions can enhance the elimination of bacteria species in

tooth root canal on endodontic treatment.
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2. Method

A literature search was performed on PUBMED (via National Library of Medicine) using the
following combination of search terms: “endodontic treatment “OR “root canal” OR
“intracanal treatment” AND “laser” OR “Er:-YAG" OR “Nd:YAG" AND “Disinfection” OR
“decontamination” OR “faecalis. The inclusion criteria involved articles published
from January 1995 up to January 2020 reporting decontamination of tooth root canals by a
synergistic effect of ordinary disinfection liquid solutions and Er.YAG or Nd:YAG laser

therapy.

The eligibility inclusion criteria used for article searches also involved: articles written in
English; meta-analyses; randomized controlled trials; and prospective cohort studies. The
total of articles was compiled for each combination of key terms and therefore the
duplicates were removed using Mendeley citation manager. Three of the authors (JCMS, AF,
SH) independently analyzed the titles and abstracts of potentially relevant articles. A
preliminary evaluation of the abstracts was carried out to establish whether the articles
met the purpose of the study. Selected articles were individually read and evaluated
concerning the purpose of this study. The following factors were retrieved for this review:
author names, journal, publication year, purpose, type of lasers, laser parameters such as
intensity, exposure time, laser type, wavelength, application mode, concentration of

irrigation solution and type of bacteria.
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3. Results

The literature search on PUBMED identified a total of 131 articles, as seen in Figure 1. A total
of 90 duplicates were removed while 6 articles were excluded considering they did not meet
the inclusion criteria. Once reading the titles and abstracts of the articles, 9 articles were
excluded concerning they did not provide comprehensive data regarding the purpose of the
present study. At last, 26 studies were included in this review.

Within the selected studies, 22 (68%) articles investigated the antibacterial effect of the
Er-YAG laser, while the other 14 articles (43%) evaluated the antibacterial effect of Nd-YAG
laser. Therefore, 21 studies (65%) evaluated the combined effect of lasers and disinfection
solutions while 8 articles (25%) assessed the use of laser without combination with any
irrigation solution. The retrieved data on the laser parameters, irrigation solutions, and

microbiological methods are given in Table 1.
The major findings are drawn as follow:

- Combinations of Er:-YAG or Er,Cr:YSGG and NaOCl revealed the strongest antibacterial
effect among the tested protocols. The removal proportion of colony forming unit
(CFU) varied from 36 up to 89% in the disinfected groups, whereas only 2—5%
bacteria were eradicated in the negative control group. The anti-bacterial effects of
laser-activated irrigation solutions were more effective than those of the laser-
irradiation groups (4). The proportion of bacterial reduction in the treatment groups
were reported in the following descending order: Er'YAG/ NaOCl (98.8%),
UltraSonique irrigation/ NaOCI (98.6%), NaOCl (94.0%), Er:-YAG / Normal Saline
(91.9%), UltraSonique/ Normal Saline (78.1%), and Normal Saline (51.1%) (p<0.05)
(22).

- ErYAG laser treatment combined with NaOCl irrigation solution showed an ultra-
high bactericidal effect on £ 7aecalis biofilms within a 500 mm depth disinfection
of dentin tubules (23). Er:YAG laser irradiation at 0.5 W for 30 s combined with
NaOCl irrigation was preferable due to the lower emission power and shorter
irradiation time. In addition, the use of NaOCl irrigation under Er:YAG laser

irradiation at 1.0 W for 20 s reached an effective bacterial reduction of 99.2% (20).
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A ultra-high bacterial eradication of 99.64% was recorded for Er:-YAG laser
irradiation at 1.5 W during five cycles of 5 s with 20 s breaks in-between, followed
by 99.16% bacteria eradication on Nd:YAG laser irradiation at 1.5W for the same
parameters (6). A decrease of 5-folds CFU of A. Oris/S.gordonii was recorded on
Er:YAG laser irradiation at 5W/cm? in combination with NaOCl irrigation for 20s
using a 600 pm tip(1). Besides the disinfection of canals by using Er:YAG at energy
ranging from 10 and 100 mJ, results showed that £ faecalis could survive and grow
even from small numbers (24).

Nd:YAG laser irradiation on 1.5 W, 15 Hz, at four sessions of 5 s each resulted in a
significant reduction of the £ /secalis bacterial, corresponding to a potential
eradication at 99.7% (25). Furthermore, an additional study showed that Nd:YAG at
1.5 W laser provided a higher eradication (~98%) when compared to that (77%) for
Er,Cr:YSGG for the same parameters. (26). Moreover, the use of the Nd :YAG laser on
1.5 W, 15 Hz, 100 mJ, and pulse fluency of 124 J/cm? during a single session of
treatments showed a decrease of endotoxins within the root canal. (17)

Regarding the morphological aspects of teeth root canals, Er:-YAG laser showed a
higher anti-bacterial effect by 6.4-10.8% on narrow canals and by 1.5-3.1% on
curved canals when compared to the Nd:YAG laser (27)

Laser-activated irrigation treatment utilizing photon-induced photoacoustic
streaming (PIPS) can also enhance the disinfection of the teeth root canals as
reported in a previous study when the colony forming unit (CFU) decreased from
336 down to 0.27 (14).The findings pointed out that laser-activated irrigation using
5% NaOCl and a modified PIPS protocol resulted in effective eradication of the

bacterial biofilm and removal of the contaminated smear layer (9).
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Table 1. Relevant data gathered from the retrieved studies.

Authors (YEAR) Purpose Study design/Bacteria Laser irradiation parameters Irrigation solutions Main Outcomes
growth conditions and
analyses
Henninger, et al Evaluation of the antimicrobial In vitro Laser-activated irrigation (LAI) 0.9% sodium chloride (NaCl) Er:YAG laser activated irrigation

(2019)

effect of activated irrigation with
different modes of Er:YAG laser
application on microorganisms
related to secondary endodontic
infection

Bacterial strains : E. faecalis
(ATCC 29212),
Streptococcus gordonii
(ATCC 10558), Actinomyces
oris (MG1), F. nucleatum
(ATCC 25586), and Candida
albicans (ATCC 76615).
Strains were grown on
trypticase soy agar (TSA)
plates (Oxoid, UK) with 5%
of sheep blood for 24 h at
37°C.

Microbial counts were
expressed as log10 CFU

with 300 mum tips

during 20sec, 70 mJ at 5 W/cm2
or 600 mum tips during 20 sec,
30 mJ at 0,5 W/cm2 were tested
with or without intermittent
irrigatio

solution

with 600 mum tip revealed
that when root canals were
infected with A.
Oris/S.gordonii, there is a CFU
reduction of 5log10.

Wang et al
(2018)

Comparison of the antibacterial
effect for several parameters of
laser irradiation against
Enterococcus faecalis biofilms in
dentinal tubules

In vitro.

70 single-rooted teeth
were rinsed with 5.25%
NaOCl and 17% ethylene
diamine tetraacetic acid
(EDTA) for 4 min in an
ultrasonic bath (Sankei
Giken Industry Co Ltd., MIE,

Diode laser emitted a wavelength
of 980nm, 100mJ, 15 Hz, and 1.5
W

ND:YAG, laser at wavelength of
1064 nm, 100 mJ, 15 Hz, and 1.5W.

ND : YAP ER, CR:YSGG or

-5.25% sodium hypochlorite
(NaOCl) irrigation,

Combinations of Er:YAG/ NaOCl
or Er,Cr:-YSGG/ NaOCl revealed
the highest antibacterial effect
among the tested protocols.
The proportion of dead cells
varied from 36% to 89% in the
disinfected groups, whereas
only 2—5% of the cells were
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Japan) to remove the smear
layer and then immersed in
sterile water for 10 min to
remove the remnants. Al
specimens were sterilized
by autoclaving (121°C, 15
min) in deionized water.
Groups of samples were
incubated in brain heart
infusion (BHI) at 37°C for 24
h. Then samples were
randomly selected and
examined by SEM to ensure
the presence of E. faecalis,
or using a LIVE/DEAD
bacterial viability stain and
examined by CLSM.

Er:YAG Iaser irradiation emitted a
wavelength of 1340 nm, 300 mJ,
10 Hz, 3 W, and a pulse duration
of 150 Is.

dead in the negative control
group

Korkut, et al
(2018)

Comparison of antibacterial effect
and smear layer removal on
diode, Er:YAG or Nd:YAG laser
irradiation by using photon-
induced photoacoustic streaming
(PIPS) and ordinary irrigation
agent.

In vitro. Inoculation
of 1*t molar root canals with
a pool of two field strains
and one certified strain

(ATCC 29212) of 108 cru

mL~! £ faecalisinto BHI
broth and incubated
overnight at 37°C. E.
faecalis counts and SEM
scores were analyzed by
one- way analysis of
variance using statistical
software SPSS

Nd:YAG (1064 nm),diode lasers
(940 nm) or Er:YAG laser (2940
nm).

5% NaOCl

Exposure to the Nd:YAG and
diode laser irradiations and
Er:YAG laser irradiation using
PIPS-activated irrigation
resulted reductions in the
viable counts ranging from 4.77
to 5.24 log
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De Meyer, et al
(2017)

Evaluation of the antimicrobial

effect of laser-activated irrigation

(LAI) on biofilms formed in
simulated root canals

In vitro.

The test species were
E.faecalis and S.mutans.
The bacteria were streaked
onto BHI agar plates and
cultivated for 24h at 37°C.
Prior to each experiment,
single colonies were
inoculated into BHI broth.
Each artificial root canal
was inoculated with 1:1
mixture of both cell
suspension.The number of
CFU was determined by
plate counting and
compared across groups
(ANOVA, P < 0.05).

LAl with a 2940 nm Er:YAG laser
(20 Hz, 50 mus, 20 or 40 mJ,
conical fibre tip at two positions)

Sterile saline and NaOCl (2.5%)

The use of NaOCl resulted in
greater biofilm reduction with
no significant differences
between treatment groups.

10
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Cheng, et al Evaluation of the potential of In vitro Er:YAG (0.3 W, 20 sec) or Er:-YAG NaoCl The Er:YAG + NaOCl reached an
(2017) Erbium:Yttrium Aluminum Garnet at 0.3 W for 40 and 60 sec, or at effective disinfection result.
laser-activated sodium Three hundred thirty-five 0.5 and 1.0 W for 20 sec. The 15#/Er:YAG + NaOCl with
hypochlorite irrigation (Er:YAG + permanent human teeth Er:YAG laser irradiation at 1.0 W
NaOCl) for minimally invasive with straight root canals for 20 sec reached an effective
endodontics and mature apical roots bacterial reduction of 99.2%
were inoculated with (ATCC and may be considered a
29212) 1.5 mL Enterococcus promising procedure for MIE.
faecalis suspension [*108
colony forming units
(CFUs)/mL] at 37°C for 4
weeks. The counting was
performed by SEM.
Cheng, et al Evaluation of the bactericidal In vitro. The Er:YAG laser-activated irrigations, | Normal saline (NS) or NaOCl, The Er:YAG + NaOCl showed an
(2017) effect of Er:YAG laser-activated 18 isolates and C,E.faecalis | Er:YAG + NS or ultrasonic activated irrigations US | effective bactericidal effect on
sodium hypochlorite irrigation were inoculated individually | Er:YAG + NaOCl . + NS and US + NaOCl biofilms of E. faecalis isolate

(Er:YAG + NaOCl) on biofilms of
Enterococcus faecalis clinical
isolate.

into 5mL BHI broth and
incubated under anaerobic
conditions at 37°C. The root
canals were examined
using scanning electron
microscopy (SEM). The
bacterial reductions were
evaluated using the cell
count method.

The Er:YAG laser was activated at
20 mJ, 25 Hz, 0.5 W at 15-sec
intervals every 15 sec.

(98.8%) which may be
considered an effective
protocol for root canal

treatment

11
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Golob et al, Determination of the In vitro. Er:YAG laser using a PIPS 600/9 NaOCl (1%, 3%, and 5%) activated | Laser-activated irrigation using
(2017) effectiveness of laser-activated 83 extracted single-rooted | tip at the following parameters: 10 | using the adjusted PIPS protocol) | 5% NaOCl and a modified PIPS
irrigation by photon-induced teeth were inoculated with | mJ or 20 mJ, 15 Hz, and a 50- protocol resulted in effective
photoacoustic streaming (PIPS) in | 10uL of vancomycin- microsecond pulse duration at eradication of the bacterial
the reduction of Enterococcus resistant E.Faecalis. 0.15 W or 0.3 W average power, biofilm and removal of the
faecalis in root canal disinfection, | The specimens were smear layer.
varying laser energy output, and incubated for 4 weeks at
sodium hypachlorite (NaOCl) 37° and fresh bacterial
concentration suspension was provided

every 24 hours. The
bacterial count was
performed using SEM.

Kasic, et al Comparison of the efficacy of In vitro. Er:YAG laser (0.3 W) with PIPS, Saline Er,Cr:YSGG laser was the most
(2017) three differents Iasers in Suspension for inoculation | Nd:YAG laser (1.5 W) or efficient tool in eradication of
disinfection of root canals was prepared by mixing Er,Cr:-YSGG (1.25 W ) laser E. faecalis and C. albicans
inoculated with Enterococcus pure cultures of E. faecalis biofilms.
faecalis and Candida albicans and C. albicans, which were
biofilms grown on blood agar for 24

h, with 2 mL of saline. Root
canals were filled with 10 IL
of suspension and
incubated at 37°C at 100%
humidity for 7 days. After
different disinfection
protocols, the number of E.
faecalis and C. albicans
CFUs was determined for
each root canal. Results
were statistically processed
in SPSS

12
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Liu et al Evaluation of the bactericidal In vitro. Nd:YAP laser (180 mJ) + NaOC|, In group 1: the roots were treated | Bacterial reductions in the
(2017) effect of three parameters of E. faecalis frozen bacteria Nd:YAP laser (280 mJ) + NaQOCl or | with syringe irrigation using treatment groups for dentinal
Nd:YAP laser-activated irrigation were transformed to BHI Nd:YAP laser (360 mJ). 5.25% NaOCl (5 mL, 60 s). tubules are presented in a
on biofilms of Enterococcus agar plate and incubated In group 2: the 5.25% NaOCl was descending order as follows:
faecalis in root canals. for24 hat37°C.A15 x activated by the Nd:YAP laser Nd:YAP laser (360 mJ) (53.7%),
108 CFU/mL which equaled (Lokki dt, Vienne, France) at 180 Nd:YAP laser (280 mJ) (51.5%)
0.5 McFarland was then mJ, 0.9W. In group 3: the 5.25% > Nd:YAP laser (180 mJ)
prepared. 100 pL of the NaOCl was activated by the (45.3%) > 5.25% NaOCl
suspension was injected Nd:YAP laser at 280 mJ, 1.4 W. (31.9%) > control (19.3%) (p <
into each canal. The In group 4: the 5.25% NaOCl was | 0.05).
suspension was carried to activated by the Nd:YAP laser at Nd:YAP laser of 280 mJ and
the entire root canal length 360 mJ, 1.8 W. 360 mJ showed effective
using a #15 K-file. The bactericidal effect in removing
roots were incubated at 37 E. faecalis biofilm from the root
°C for 2 weeks. Teeth were canal walls and dentinal
firstly spilt, and one half tubules
examined by scanning
electron microscopy (SEM).
The other half involved
examination of bacterial
colonization in dentinal
tubules using confocal laser
scanning microscopy
(CLSM).
Cheng, et al Evaluation of the bactericidal In vitro. The Er:YAG laser was activated, 52.5 g I (-1) NaOCl and normal The groups treated with 0.5W
(2016) effect of Er:YAG laser radiation E.Faecalis was streaked respectively, at 0.3,05and 1.0 W | saline. for 30s and 1.0 W for 30s

combined with sodium

into BHI agar plates and

for either 20 0r 30 s

showed no bacterial growth

13
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hypochlorite (NaOCl) irrigation in
the treatment of Enterococcus
faecalis deep inside dentinal
tubules.

cultured for 24h at 37°C.
Single colonies were
inoculated into BHI and
incubated at 37°C for 24H.
Root canals before and
after treatments were
examined using scanning
electron microscopy (SEM)

(100 % loss of bacteria) at 300,
400 and 500 mm inside
dentinal tubules. This setting
was confirmed to be optimal
and might be considered as a
new alternative to conventional
root canal disinfection.

Al Shahrani, et al
(2014)

Determination of the
effectiveness of laser-activated
irrigation by photon-induced
photoacoustic streaming (PIPS)
using Er:YAG laser energy in
decontaminating heavily
colonized root canal systems in
vitro.

In vitro.

Growth of E.Faecalis was
maintained by weekly
subculturing in trypticase
soy agar plates then
incubated at 37°C for 72h
then inoculated into BHI.
One milliliter of BHI
containing 1078 E.faecalis
was delivered into the
prepared root canal. The
entire tooth specimen was
submerged into the BHI
broth and all samples were
kept at 37° for 3 weeks. The
CFUs after 24h was
observed and counted.
Other samples were
analyzed by SEM, remaining
samples were analyzed by
CLM.

PIPS settings were all preset to 50
musec pulse, 20 mJ, 15 Hz, for an
average power of 0.3 W.

PIPS+6% NaOCl, PIPS+saline
and 6% NaOCl.

The use of the PIPS system
along with NaOCl showed the
most efficient eradication of
the bacterial biofilm. Indeed,
we can see a CFU counts of
0.27 CFU, whereas in the
control group there is a count
of 336 CFU. It appears that
laser-activated irrigation (LAI)
utilizing PIPS may enhance the
disinfection of the root canal
system.
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Sahar-Helft, et al
(2013)

Evaluation of the mineral content
and surface morphology of root
canals coated with Enterococcus
faecalis biofilm after treatment
with several endodontic irrigation
solutions, with and without
Er:YAG laser-activated irrigation
(LAY).

In vitro.

The split teeth were
sterilized in an autoclave
for 20 min at 121°C. They
were incubated in brain
heart infusion broth (BHIB)
for 48 h. After sterilization,
the split teeth were
exposed to E. faecalis for 3
weeks at 37°C. At the end
of the incubation period,
the two halves of each split
root were put back
together in the dental
impression material to
recreate the configuration
of the original root canal.
The samples were
examined by SEM.

Er-YAG laser 500 mJ at a
frequency of 12 Hz for four cycles
of 15 sec each, giving a total of 60
sec irradiation.

Solutions tested were 2%
chlorhexidine and 17%
ethylenediaminetetraacetic acid
(EDTA) and saline.

17% EDTA irrigant solution
combined with Er:YAG laser
showed the best results for
removing bacteria from the
root canal walls. In vitro
irrigation solutions, combined
with Er:YAG laser irradiation,
were effective in removing E.
faecalis biofilm from root canal
walls.

Meire et al
(2012)

Evaluation of different
wavelength and irradiation
intensity required for microbial
inactivation.

In vitro.

Cultures were maintained
on solid growth media at
4°C and subcultured
regularly. Prior to each
experiment, cultures were
grown in the respective
liquid medium and
incubated overnight at
37°C. P. acnes was cultured
under anaerobic conditions
using the Anaerocult A Mini
system (Merck). TITs (total
inhibition threshold) were

Er:YAG laser was operated in
single-pulse mode.

Pulse energies of 40-400 mJ and
pulse lengths of 100, 300, 600,
and 1,000 ps were tested.

- Nd:YAG laser was operated with
pulse trains because single pulses
were ineffective. Output power
was 15 W and frequency was 100
Hz.

None

For the Er:YAG laser, TITs (total
inhibition threshold) ranged
from 100 and 210 mJ, and
differed significantly between
species and pulse lengths. On
Nd:YAG irradiation, TITs were
around 5,300 J/cm2 for C
albicans and 7,100 J/cm2 for P,
acnes. No inhibition was
recorded for £ faecalis. Er:YAG
irradiation was more effective
than Nd:YAG in inactivating
microorganisms on agar
medium.
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determined for every
species and pulse length.
Archilla, et al Analyzing if a single session of In vitro. Nd:YAG laser (1.5 W, 15 Hz, 100 mJ | None The endotoxin concentration in
(2012) Nd :YAG laser irradiation would be | The upper chamber water and pulse fluency of 124 J/cm2) the negative control group was
able to neutralize endotoxin was aspired, and the root significantly lower than that of
within the human dental root canals were dried with the positive control group
canal. sterile paper point. Then (endotoxin content = 0,0070
500uL of a solution for the negative group vs
containing endotoxin from 0,0450 in the positive one). A
E. coli were placed in the single session of intracanal
upper chamber. The Nd:YAG laser irradiation is able
passage of the endotoxin to neutralize endotoxin in the
through the dental root dental root tissues.
dentin was observed for
72h.
Meire et al Comparison of the antimicrobial In vitro. Er:YAG laser irradiation (2940 nm, | NaOCl (2.5%). Complete eradication was seen
(2012) efficacy of two-high power lasers | E.Faecalis was inoculated 50 mJ or 100 mJ, 15 Hz, 40s), and with the 2.5% NaOC! (1 min)
(Nd:YAG and Er:YAG) and two into tryptic soy broth Nd:YAG laser irradiation (1064 nm, treatment for 4/9 samples
commercial antimicrobial (TSB)and grown overnight | 2W, 15 Hz, 40's) (44%) and with the Er:YAG (100
photodynamic therapy (aPDT) at 37°c. Surviving bacteria mJ) treat- ment for 1/13
systems with that of sodium were har- vested, and the samples (8%)
hypochlorite (NaOCl) action on number of CFU per disc was
Enterococcus faecalis biofilms determined by plate
grown on dentine discs. counting.
Rahimi, et al Evaluation of the bactericidal In vitro. 3-W laser beam for 10 sec. 1% sodium hypochlorite solution The bacterial counts in groups
(2012) effects of Nd:YAG laser on biofilm | Each tooth was placed ina | Afiber tip with a diameter of 200 | using 21 gauge 5mL syringes. 2 and 4 had decreased to 54%

of Enterococcus faecalis.

sterile microtube
containing 2 mL of a

Im was used to delivera 3 W
beam of Nd:YAG laser (LAMBDA

and 2.39% of the control
group, respectively. The effect
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standard suspension of E.
faecalis (ATCC 29212). To
prepare the standard
suspension, at first a pure
culture of the
microorganism was
provided by incubating the
bacteria at 37°C for 24 h in
the presence of 10% CO).

Then the young bacteria
were cultured in the BHI
broth and the microbial
concentration was adjusted
to the standard 0.5

MacFarland solution (108
cells/mL) using a UV
VISIBLE spectrophotometer
at an optical density (OD) of
1at 600 nm. The procedure
continued for 6 weeks,
during which the teeth
were incubated at 37°C.
The colony-forming unit
(CFU) counting technique
was used to determine
remaining bacterial counts.

S.P.A, Brendola, Italy) into the root
canals; the laser beam had a
wavelength of 1064 nm, an energy
of 120 mJ, and a frequency of
25Hz. The total irradiation time
was 10sec for each canal.

of Nd:YAG laser beam on E.
faecalis biofilm is less than that
of sodium hypochlorite
solution. A combination of laser
and sodium hypochlorite
results in complete elimination
of E. faecalis biofilm.

Dos Santos
Antonio, et al
(2012)

Assess bacterial reduction after
intracanal irradiation with the
Er:YAG laser.

In vitro.

The canals were inoculated
with 10 pl of a suspension
containing approximately

15 x 108 CFU/ml of E.
faecalis (ATCC 29212) using

The canals were irradiated with
the Er:YAG laser using two energy
settings: 60 mJ and 15 Hz, and
100 mJ and 10 Hz.

1% NaOCl, irrigated with 17%
EDTA, and then washed with
physiological solution activated by
ultrasound.

With 60 mJ and 15 Hz there
was an immediate reduction of
99.73% and the reduction was
77.02% after 48 h, and with
100 mJ and 10 Hz there was an
immediate reduction of 99.95%
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a micropipette. The roots and the reduction was 84.52%
were then incubated at after 48 h. Although the best
37°Cfor 72 h. The results were observed with 100
remaining bacterias were mJ of energy, the difference
counted using CFU. between the two settings was
not statistically significant. The
count performed 48 h after
irradiation showed that E.
faecalis were able to survive
and can grow even from small
numbers.
Cheng, et al Evaluation of the bactericidal In vitro. Nd:YAG, Er:YAG 5.25% NaCl0 + 0.9% normal All the laser radiation protocols

(2012)

effect of Nd:YAG, Er:YAG,
Er,Cr:YSGG laser radiation, and
antimicrobial photodynamic
therapy (aPDT) in experimentally
infected root canals compared
with standard endodontic
treatment of 5.25% NaCIO
irrigation.

E. faecalis (ATCC 4083)
taken from its frozen stock
was streaked onto brain
heart infusion agar plates
and cultured for 24 hours at
378C. Single colonies were
inoculated into BHI broth
and incubated at 378C for
24 hours. The cell
suspension was adjusted
spectrophotometrically to
ensure that the amount of
bacteria was approximately

108 cells/ml. The
morphology of bacterial
cells before and after treat-
ment was examined by
scanning electron
microscopy (SEM).

(Er:YAG/NaCIO/NS/DW),

(Er:-YAG/NS/DW),
Er,Cr:YSGG, and aPDT

saline + distilled water or

0.9% normal saline + distilled
water

tested, especially
Er:-YAG/NaClO/NS/DW, have
effective bactericidal effect in
experimentally infected root
canals. Er:-YAG/NaClO/NS/DW
seems to be an ideal protocol
for root canal disinfection
during endodontic therapy
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Franzen, et al Determination of the bactericidal | 90 dentine slices were cut | Nd :YAG laser with the following None The results of this in vitro study
(2011) effect of laser irradiation in from bovine incisors and parameters : 1.75 W, 0.7 Hz for 4s. showed that Nd:YAG laser
dentine of various depths at a divided into two groups (45 irradiation with a pulse
wavelength of 1,064 nm and pulse | slices each) of thickness duration of 15 ms eliminated an
durations of 15 and 25 ms. 500 and 1,000 pm. All were average of 49% and 29% of E.
inoculated with a faecalis at dentine depths of
suspension of Enterococcus 500 mum and 1,000 mum,
faecalis (5.07)(109 re.spectively, and ir.radiation
bacteria/ ml). After w!th.a pulse duration of 25 ms
irradiation, the colony- eliminated 70% (500 mum)
forming units (CFU) were and 50% (1,000 mum).
counted and evaluated.
Yasuda, et al Evaluation of the bactericidal In vitro. Laser irradiation at each of the None. In the straight root canals, the
(2010) efficacy of Nd:YAG and Er:YAG A pure bacterial culture of | two settings, 50 mJ, 10 pps (0.5 Er:YAG laser showed higher
laser in the experimentally gram+ E.faecalis was used. | W) or 100 mJ, 10 pps (1.0 W) bactericidal effects by 6.4-
infected curved root canals. The bacterial sample was 10.8% than did the Nd:YAG
thawed and incubated for laser. Conversely, the
24h on BHI agar plate at bactericidal effect of Er:-YAG
37°C under aerobic laser in the curved root canals
conditions. The E.Faecalis was higher by 1.5-3.1% than
culture was calibrated to was that with the Nd:YAG laser.
1.0x10" 8 CFU/mL The bactericidal effect of the
spectrophotometrically in Er:YAG laser in the curved root
BHI broth. canal is significantly lower than
that in the straight root canal
(p < 0.05)
Wang, et al Evaluation of the bactericidal In vitro. Er,Cr:YSGG laser at 1TWand 1.5W | None. The Er,Cr:YSGC laser gave a
(2007) effect of the Er,Cr:'YSGG laser and | E.Faecalis was cultured for | and reduction of 77% after
the Nd:YAG laser in 24 hours at 37°in BHI. Each | Nd:YAG1Wand at 1.5 W. irradiation at 1W and 96% at
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experimentally infected root
canals.

of the specimens was
incubated in anaerobic
conditions. After
incubation, the number of
the CFUs was counted.

1.5 W. The Nd:YAG laser gave a
reduction of 97% at TW and
98% at 1.5W. Compared with
the Er,Cr:YSGG laser, the
Nd:YAG laser is more effective.

Vezzani, et al
(2006)

Evaluation of the degree of
disinfection of the Er:YAG laser in
root canals.

In vitro.

46 permanent maxillary
canine single straight roots
were used for this study. 5
microorganisms were
evaluated; Bacillus subtillis,
E.faecalis, Pseudomonas
aeruginosa, S.Aureus e
C.Albicans. The strains were
inoculated in 5mL of BHI
and then incubated at 37°
for 24h. After 24 h of
incubation, the colony-
forming units (CFUs) were
counted

Er:YAG laser at 100 mJ, varying
the frequency (7, 10, and 16 Hz).

1.0% and 2.5% NaOCl solution.

There was a microbial
reduction of 85.33% for the
group irradiated with Er:YAG
laser at 100 mJ/7 Hz, 74.58%
at 100 mJ/10 Hz, and 89.50%
at 100 mJ/16 Hz. For the
groups irrigated with 1.0% and
2.5% NaOCl solution, 83.15%
and 84.46% values of microbial
reduction were obtained
respectively.

Bergmans, et al
(2006)

Define the role of Nd:YAG lasers
in root canal disinfection along
with a minimally invasive
treatment concept.

In vitro.

A bacterial suspension of
E.faecalis and standardized
(4x1078 CFU mL-1) in BHI
broth was inoculated into 6
of the prepared root canals
using sterile syringes. The
samples were incubated for
two days under anaerobic
conditions at 37°C.

Nd:YAG laser irradiation :
15 Hz, four times for 5s

15W,

None

The teeth that received no laser
treatment (positive control)

showed a number of CFU mL1
of 6.8 100 (3.0 -10°-69 -

106), whilst bacteria were
found in all cases.

Nd:YAG laser irradiation (1.5 W,
15 Hz, four times for 5 s)
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Resultant CFUs counts were
associated with
observations of bacterial
cell structural changes
using SEM.

resulted in a significant
reduction of the E. faecalis

bacterial of CFU mL) of 2.3 -

104 (12 - 104-3.0 - 10%),
meaning a potential

disinfection (99.7% kill) but no
sterilization .

Dostalova et al
(2002)

Examination of the ability of
Er:YAG laser radiation using a
movable waveguide.

In vitro.

Before treatment (as soon
as the teeth were opened)
and after treatment (before
canal filling), the CFU were
counted to determine 21
various microorganisms.
The content of the root
canal was removed via
irrigation with 0.2 mL of
sterile RTF transport
medium, which was
inserted into 3 mL of BHI
The samples were
incubated for 24 h at 37°C,
and the sterile brain—heart
infusion under the same
conditions was inoculated
as a control.

Er:YAG laser at the wavelength of
2.94 mm, maximum generated
energy 0.6 J, duration of the
generated pulses around 250
msec, and the maximum
repetition rate 6 Hz.

5.25% solution of sodium
hypochlorite.

Classical enlargement and
shaping of the root canal is
effective in 60%. Application of
calcium hydroxide prepares
sterile root canal in 80%.
Er:YAG laser irradiation via
movable waveguide (energy of
100 mJ, 30 pulses, repetition
rate 4 Hz) can ensure residual
disinfection of the root canal.

Moritz, et al
(1999)

Comparison of the antibacterial
effectiveness of the Nd:YAG, the
Ho:YAG, and the Er:YAG laser in
infected root canals

In vitro.

After sterilization by steam
autoclave for 10min at
134°C, each root canal was

Nd :YAG, Ho :YAH and Er :YAG
lasers at standardized power
settings 1.5W.

None

At 1.5 W, the best results were
obtained by the Er:YAG laser
achieving a mean bacterial
elimination of 99.64%,
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inoculated with a standard
volume of 10uL of E.Coli
and E.faecalis. The teeth
were incubated for 48
hours at 37°C and the count
were performed by CFU.

followed by the Nd:YAG laser
(99.16%), and the Ho:YAG laser
(99.05%).

Klinke at al
(1997)

Examination of the anti-bacterial
effects of Nd:YAG laser irradiation
in the depth of the root canal
dentin

In vitro.

The tests were carried out
on dentine slices (100 and
1000 pm) which were
sterilized and inoculated on
one side in a medium
containing 4uL
Streptococcus mutans.
After 40min incubation
under anaerobic conditions
the CFU were counted for
the entire plate.

Nd:YAG laser at a setting of 1.5 W,

15 pps with a 200 pm glass fiber
from an angle of about 5°.

The radiation was carried out
under constant movement and
irradiation

None

A high signification eradication
of bacteria was recorded for
both thickness of slices when
compared to the untreated
slices.
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4. Discussion

4.1. Ordinary teeth root canal treatment

Bacteria are the main etiological agents of infectious pulpal and periapical diseases. Even
though a low number of remnant bacteria into root intracanal surfaces can initiate a gradual
proliferation and bacteria accumulation over time(1,8,24). The prevalence of £ faecalis in
persistent infections ranges from 24% up to 77%(23) due to their bacteria capability to
withstand long periods of nutrient limitation in root canals as a single species. £ faecalis
penetrate into the smear layer and dentin tubules to depths between 160 and 1000 um
leading to a biofilm formation on the root apex surfaces(4,15). Bacteria biofilms are 1000
times more resistant to antibacterial agents than planktonic bacteria that justify the clinical
limitations for bacterial eradication. (11,15) Therefore, the ultimate goal of endodontic
treatment is to avoid microbial contamination in complex root canal anatomy, mainly in the
apical third(28).

Ordinary teeth root canal treatment combines instrument-based preparation with
antiseptic irrigating solutions(28) that comprises several procedures and types of irrigation
solutions.(7) The use of irrigation solutions is the only way to promote the disinfection of
those areas of the root canal which were not treated by physical instrumentation(12).In fact,
the physical instrumentation can remove bacteria, contaminated smear layer, and debris by
friction and wear pathways supported by the chemical and flowing effect of the irrigation
procedure(29). Irrigation also allows lubrication of the endodontic tools (files), that enables
cleaning and maintains their cutting efficiency(12).A effective chemical effect must
combine: good antibacterial efficacy, solvent action on organic debris, and biocompatibility
in the root canal apex. (12) However, the mechanical movement and chemical effect of the

irrigation solutions also promote the degradation of the endodontic files. (7)

The most common irrigation solution used is sodium hypochlorite (NaOCl) since it has been
known for its antibacterial action, proteolytic effect, dissolution capability of necrotic tissue
and debris, and low cost(3). Nevertheless, it is recommended to use low concentration are
recommended ranging between 2% and 5.5% to avoid toxicity. On the treatment, the
solution should be frequently refreshed and kept in motion by agitation or continuous

irrigation to enhance the effectiveness. Then, the speed of tissue dissolution can be
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increased with effective agitation and refreshment.(12) However, the major drawbacks
revealed by the use of NaOCl solutions are the potential toxicity into the periapical region
as well as the lack of entire eradiation of bacteria at micro-canals or thick smear layer
(7).(12).

The use of chelating agents in association with NaOCl, such as particular ethylenediamine
tetraacetic acid (EDTA), is common among practitioners aiming to remove the contaminated
smear layer.(30) (13) EDTA does not affect organic tissue, which becomes more
biocompatible although it has limited antibacterial effect due to the chelation of metal
cations from the outer bacteria membrane(3).EDTA activity deals directly with the
elimination of smear layer and dentin debris. Such effect is dependent on time,
concentration (at around 17%), and pH. (7) Thus, EDTA can improve the antibacterial effect
of disinfecting agents in thick smear layers due to its capability to increase the permeability
of dentine(12).

Conventional irrigation with syringes has been a widely endodontic procedure before the
advent of passive ultrasonic activation. That consists by dispensing of an irrigation solution
into a root canal through needles/cannulas of variable gauges, either passively or under
agitation. The latter is achieved by moving the needle up and down in the teeth root canal
space(31). However, it does not guarantee a complete renewal of the irrigation solution in
the apical zone. The persistence of a gas bubble (vapor lock) in the apical zone decrease
the penetration of the irrigation solution leading to an accumulation of bacteria and debris
(31)

4.2. Laser in teeth root intracanal treatment

In teeth root treatment, several types of lasers have been used as follow: Nd:YAG, Nd:YAP,
Er:YAG, Er, Cr:YSGG. (4,18,32) Neodymium: YAG laser emit light with wavelength at 1064 nm
in the near infrared range of the electromagnetic spectrum of light(19).The light from the
Nd:YAG laser penetrates deeper into the soft tissue (down to 5 mm)(33) and it is selectively

absorbed by hemoglobin, oxyhemoglobin, and melanin(19,34).

Therefore, Nd:YAG is often used in dentistry to vaporization and incision of the soft tissue
in surgical procedures. In endodontics, Nd:YAG laser currently represent one of the methods
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of root intracanal decontamination because of their ability to propagate through the dentin
tubules up to 1 mm, as seen in Figure (2). The photothermal effects from the Nd:YAG
parameters also showed high efficiency to disturbing the bacteria viability (Figure 2). The
Nd:YAG laser energy can be emitted in pulsed mode in which each pulse begins and ends
naturally at determined time points in a Gaussian progression(15,18). The interval between
each pulse allows a thermal relaxation time for the cooling down of the soft tissue and to
control the thermal effects(17). The Nd: YAG laser light can be absorbed by bacterial
pigments (£ co/), while non-pigmented bacteria (like £/7aecalis) were shown to be
translucent to near-infrared wavelength (1064 nm). Thus, the bactericidal effect of Nd:YAG
laser on non- pigmented bacteria occurs by heating of the environment surrounding
bacteria such as in the root intracanal regions(35) (32). In a previous study, Nd:YAG laser

was capable to eradicate £ faecalisand C albicansin the root canal space(35).

Regarding Nd:YAG laser parameters, cycles of 3 J/s for 15 s followed by a 15-s recovery
interval can be continued for prolonged periods without risk of thermal damage to
surrounding tissues(26,34,36). The anti-bacterial percentage of the Nd:YAG laser has been
reported in the range from 77 up to 86% at 10Hz, 1.5W for 15 s, 97% to 99% at 200 mJ for
20 s, and >99% at 1.5 W for 5 s(27,34). Pulsed Nd:YAG laser irradiation at 1.5 W over four
cycles of 5s cause a bacterial reduction of 98% (25,26). Other studies showed Nd:YAG laser
irradiation with a pulse duration of 15 ms eradicated 49% and 29% E£. faecalis in dentine
tubules’ depths of 500 pm and 1 mm, respectively. An increase in the pulse irradiation
duration to 25 ms eradicated 70% and 50% E£. faecalis in dentine tubules’ depths of 500
pum and 1 mm, respectively (15). However, laser irradiation only performs the desired

antibacterial effect in combination with the irrigation solution (11).

Erbium-based lasers provide a light in the medium infrared range that is mainly absorbed
by the outer layers of the soft tissue, from 100 to 300 pm. In endodontics, the wavelength
is at the absorption maximum range of hydroxyapatite and water, with minimal thermal

side effects and an anti-biofilm effect at low energy(1,8).

Additionally, light can propagate into the dentin tubules up to 400 pm depth (Figure
2)(19,23).Erbium lasers works with an integrated water sprayer with dual cleaning and

cooling functions(1).That supports the application in root intracanal treatment(1,37) . Er:-YAG
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laser irradiation using PIPS-activated irrigation has been shown to induce a series of rapid
and powerful photoacoustic shockwaves, capable of forcefully propelling the irrigating
solution throughout the entire root canal system(9,35,38). Also, such system can remove
the smear layer within the canals(18,20,26). Several studies showed an improvement of the
bacterial eradication by using ErYAG laser treatment in combination with irrigating
solutions(13,14,18). Er:YAG laser parameters at 1.5 W over five cycles of 5s with 20 s
relaxation time revealed an ultra-high bacterial eradication of 99.64%(6) £ faecalisin root

canal and also within dentin tubules with 500 mm depth (1,39).
4.3. Optimal conditions for bacteria eradication.

On the accomplishment of endodontic treatment with high effectiveness, several laser
protocols have been developed to remove the smear layer and to enhance the disinfection
in root canals(16,24,40). Laser systems are efficient methods of decontamination
considering the elimination of bacteria by the combination of parameters and photothermal
effects. The highest levels of bacteria eradication (~99.2%) were noticed for the Er:-YAG
laser at 1.0 W for 20 sec super-short pulse with 50usec interval that results in an energy at
20mJ/cm? (20). The Er: YAG can also be used at 0.5 W irradiation for 15s intervals to reach
98.8% bacterial elimination(23). Er:YAG laser irradiation (2940 nm wavelength) by using
PIPS cause a colony forming unit (CFU) reduction ranging from 4.77 up to 5.24 log(2).
Regarding the tips for disinfection, 600 pm tips showed higher levels of bacteria eradication
than the 300 pm tips since CFU decreased at 5log10(1). Concerning the Nd-YAG laser,
studies revealed a proper bacteria removal at 1.5W, 280 mJ, and 360 mJ (32). The
concentration of endotoxin decreased from 0.0450 down to 0.0070 after only one session
of Nd:YAG laser irradiation at 100 mJ(17). Results showed that Nd: YAG laser should be

operated with pulse mode instead of single one.

A mean removal rate of £ faecalis from 49% (500 pm dentin depths ) to 29% (1mm) was
recorded on pulse of 15 ms and at 1.75 W, 0.7 Hz over a period of 4s. Nd-YAG laser irradiation
with a pulse of 25 ms eliminated 70% (500 pm dentin depths) and 50% £. faecalis (500
pm dentin depths)(15). The different types of lasers used above can activate the irrigation
solution by a shock wave phenomenon leading cell lysis and mechanical breakup of smear

layer. That provide the penetration of the irrigation solution into the deeper dentin

26



< CESPU

INSTITUTO UNIVERSITARIO
DE CIENCIAS DA SAUDE

layers(9,38). The elimination of smear layer establishes the interface between the filling
material and the root canal surfaces(26). The use of Er :YAG lasers has been shown /n vitro
to be more effective than conventional (syringe-based) irrigation in terms of removal of
smear layer removal in the apical part of the canal(8). The Er:YAG laser in association with
a double irradiation of 17% EDTA and 25% NaOCl has been demonstrated to be the most
effective method in removing smear layer, and showed a reduction of more than half
bacteria present, even in the apical third which is described as the critical region during

endodontic treatment(41)(13).

The use of the laser in synergy with the irrigation solutions has showed a greater efficiency
than the use of the laser alone. A combination of 2.5% hypochlorite during Tmin in
association with the Er-YAG laser at 100 mJ results in complete elimination of £ faecalis
biofilm (18) (11). The use of NaOCI at a concentration of 5% shows a significant reduction
in bacteria when used with Nd: YAG or Er: YAG laser. The proportions of dead bacteria vary
between 36 and 89% in the treated groups and only from 2 to 5% in the untreated
groups(2,4,9). NaOCI activated by PIPS was the most effective method for removing E.
faecalis biofilm in the root canal system when compared with the other irrigation
techniques tested. This method both mechanically and chemically debrides and
decontaminates the root canal system using Er:YAG laser energy at subablative power levels

with a short 50Isec pulse duration at 15Hz and 0.3W of power(14).
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Figure 2. Schematics of teeth root canal treatment and removal of bacteria.

29



S
L

CESPU

INSTITUTO UNIVERSITARIO
DE CIENCIAS DA SAUDE

30



< CESPU

INSTITUTO UNIVERSITARIO

DE CIENCIAS DA SAUDE

5.Conclusions

In the present review, significant findings from selected articles supported the synergistic effect of

Er:.YAG or Nd:YAG therapy and ordinary disinfection solutions for tooth root canal treatment. The

main concluding remarks from the previous studies can be drawn as follow:

The use of irrigation solution is not effective for completely eradicate
bacteria inside the root canals. The morphological aspects of teeth root
canals play an important role in the bacteria eradication. Thus, a thick
contaminated smear layer can accumulate bacteria in micro-regions such
as dentin tubules, and canal ramifications;

The use of Er:YAG laser showed the highest percentage (99.6%) of bacteria
removal followed by Nd:YAG laser (98%). Additionally, Er:YAG laser
treatment combined with NaOCI showed an ultra-high antibacterial effect
on £ faecalis biofilms within a further 500 mm depth disinfection of dentin
tubules;

Taking into consideration a low emission power and shorter irradiation time,
the most effective synergistic procedure involved a Er:YAG laser irradiation
at 1.5 W during five cycles of 5 s and 20 s breaks in-between combined with
NaOCl irrigation;

Future studies should evaluate the combination of effective laser irradiation
protocols and alternative natural compounds since NaOCl can induce
inflammatory reactions at the teeth root apex. Also, solutions containing
bioactive compounds might enhance the tissue healing and increase the

long-term success of the endodontic treatment.
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