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Abstract

Introduction: During endodontic treatment, the smear layer can reduce disinfectant efficacy. The aim

of this study was to evaluate the antimicrobial efficacy of Er:-YAG laser radiation and its combination

Received: February 27, 2023
Accepted: August 5, 2023
Published online October 11, 2023

with NaOCI and QMix against Enterococcus faecalis and Candida albicans and their comparison
with conventional irrigation with only NaOCI| and QMix.

Methods: Two hundred extracted single-rooted teeth after root canal preparation were divided into
two groups and inoculated with E. faecalis and C. albicans. According to the treatment method, all
samples were divided into five treatment groups: (1) Er:YAG laser, (2) NaOCI, (3) QMix, (4) Er:YAG
laser plus NaOCI, and (5) Er:-YAG laser plus QMix. After 24 hours of agar plate cultivation, cell
viability was recorded with a flow cytometer.

Results: All treatment modalities showed efficiency in the reduction of microbial cells. For laser
treatment alone after exposure for 90 seconds, significantly fewer non-death cells were seen,
compared to 30-second treatment. For both timings (30 and 90 seconds), irrigation with NaOCI or
QMix after laser application resulted in significantly fewer vital cells of E. faecalis and C. albicans,
compared with laser treatment alone (P<0.001). The samples treated with only NaOCI showed
a significantly higher percentage of vital E. faecalis and Candida albicans cells, compared to the
samples treated with only QMix (P<0.001).

Conclusion: Higher Er: YAG laser exposure time (90 seconds) after its combination with QMix
and NaOCI improves the efficacy in the reduction of E. faecalis and C. albicans from the root
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Introduction

Complete mechanical-chemical irrigation and shaping
of the root canal, together with three-dimensional
hermetic root canal system obturation and coronal seal,
are the key factors that ensure successful endodontic
therapy.! However, after mechanical preparation, a smear
layer is formed, and it consists of organic and inorganic
substances that can reduce disinfectant efficacy.” This can
then lead to root canal infection even after irrigation with
chlorhexidine and sodium hypochlorite (NaOCl).>*

The microorganisms that are commonly isolated in
infected root canals from failed endodontic therapy and
those with persistent infections are Enterococcus faecalis
and Candida albicans.>® These microorganisms are often
hidden in anatomical regions that cannot be reached by
mechanical procedures, such as accessory and lateral root
canals or isthmuses.” Furthermore, these microorganisms
may be resistant to antimicrobial agents.?

The other reason is that during mechanical cleaning,
a smear layer can cover root canal walls that were
prepared with endodontic instruments.” This inorganic

NaOCI and QMix.

canal, compared to 30-second laser exposure time and conventional irrigation methods with
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and organic layer may contain microorganisms and
by-products,’® which presents a potential reservoir of
irritants. Chelators are intended to eliminate the smear
layer and improve disinfectant activity.'>'? In addition to
removing the smear layer and debris, EDTA and QMix
play a role in improving root canal sealer permeability.'*!*
However, such procedures are not sufficient to eradicate
all microorganisms because of the difficulty of accessing
root canals and dentin tubules.”

Newer treatment strategies are designed to enable agent
penetration of the entire endodontic space together with
lateral and accessory canals, isthmuses, and dentin tubules.
For example, laser irradiation can be effective in cleaning
the root canal system after mechanical preparation
because of its potential antimicrobial effects.'® Although
various laser systems have been used in endodontic
therapy, Er:YAG laser treatment in combination with
sodium hypochlorite has been reported to be particularly
useful in disinfecting the dentin tubules, according to the
time and dose.'”!®

However, this in vitro study aimed to determine the
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antimicrobial efficacy of Er:YAG laser radiation alone and
in combination with NaOCl and QMix against E. faecalis
and C. albicans, and to compare it with conventional
irrigation with NaOCl and QMix.

Materials and Methods

Sample Preparation

We used 200 extracted single-rooted human teeth that
were extracted for periodontal reasons. The crowns of the
tested teeth were cut at the cement enamel junction using
a water-cooled diamond blade in a low-speed saw (Isomet
1000; Buehler GmbH, Germany) to obtain 15-mm root
specimens (Figure 1).

A manual #10 Kerr file (Maillefer, Dentsply,
Switzerland) was used to determine the working length
of the specimen. Apical enlargement of the root canal
to #35 was obtained using a ProTaper F3 rotary file
(Maillefer, Dentsply, Switzerland). Between each file,
a 2.5% NaOCIl (Chloraxid, Cerkamed, Stalowa Wola,
Poland) solution was used for root canal irrigation.
After root canal preparation, the teeth were irrigated for
one minute with 17% EDTA (Calasept EDTA, Nordiska
Dental, Angelholm, Sweden) and then sterilized. After
drying the root canals with paper points, root apexes
were closed with composite materials. Sterilization was
confirmed microbiologically on blood agar plates for
24 hours at 37 °C. The teeth were then divided into two
experimental groups, depending on which microbial
strain was inoculated: E. faecalis or C. albicans.

The samples were then divided into five treatment
groups: (1) Er:-YAGlaser, (2) NaOCl, (3) QMix, (4) Er:YAG
laser plus NaOCl, and (5) Er:YAG laser plus QMix.

Microorganism Preparation

Enterococcus faecalis (ATCC 29212, Thermo Fisher
Scientific) and C. albicans (ATCC 10231, Liofilchem,
Roseto degli Abruzzi, Italy) microbial strains were
prepared by inoculation from frozen vials on blood agar
plates, which were incubated for 24 hours in an aerobic
atmosphere at 37 °C. The microbial strains were then
inoculated at a density of 5 McFarland (1.5 x 10° cells/mL)
in thioglycolate broth measured by a spectrophotometer
and subsequently incubated for seven days at 37 °C in an
anerobic atmosphere generated by an Anoxomat Mark IT
Jar system (Mart Microbiology B. V, the Netherlands). We
added 30 pL of fresh bacterial or yeast suspension every
two days. After seven days, the samples were rinsed with
3 mL of 5.2% NaOCl for 20 seconds, flushed with NaOCl,
and then washed with 2 mL of 10 x phosphate buffer.
Finally, the microorganisms were suspended in 5 mL of
suspension and 500 uL was taken to measure cell viability
by flow cytometry.

Treatment
Er:YAG laser: The samples in the first group were

treated with Er:YAG laser (Fotona, TwinLight, Ljubljana.
Slovenia) pulse irradiation (2940 nm, power output 15
W, 20 Hz, pulsing rate 50 ps, 1500 m], conical fiber tip)
(Figure 2). The laser was transmitted into the root canal
with a 200-pm optical fiber for 30 or 90 seconds. After
laser treatment, the root canals were flushed with 5 mL
of phosphate buffer (pH=8.3). After washing, the cell
suspensions were inoculated on blood agar plates and
incubated for 24 hours at 37 °C. The next day, the growth
of bacteria/yeasts was recorded if more than 300 bacterial/
yeast colonies were obtained.

Figure 1. Preparation of Samples for Further Procedures

Figure 2. Er:-YAG laser TwinLight® Endodontic Treatment (TET) (Fotona,
Ljubljana, Slovenia)
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NaOCI: The samples from the second group were
first irrigated with 3 mL of 5.2% of NaOCI and washed
with 2 mL of 10xphosphate buffer with fetal bovine
serum (FBS) to neutralize the toxic effects of persistent
microbes. After washing, 500 pL from the suspension was
taken to measure cell viability with a flow cytometer (BD
FACSCCanto II) (Figure 3).

QMix: Root canals from the third group were irrigated
with 3 mL of QMix (Dentsply Tulsa, Tulsa, OK, USA)
and then washed with 2 mL of 10 x phosphate buffer with
FBS. Afterwards, 500 uL of the suspension was used to
determine cell viability as described above.

Er:YAG laser plus NaOCI: The samples from the fourth
group were treated with an Er: YAG laser in combination
with NaOCl After a photoacoustic streaming method
using an Er:YAG laser for 10 seconds to create non-
thermal photo acoustic shockwaves, the root canals were
disinfected with 3 mL of 5.2% NaOCI. After irrigation,
the samples were washed with 2 mL of 10 x phosphate
buffer with FBS to neutralize the toxic effects of persistent
microbes. After washing, 500 uL from the suspension was
taken to measure cell viability with a flow cytometer.

Er:YAG laser plus QMix: The samples of the fifth
treatment group were treated similarly to those of the
fourth group, but irrigation was performed with 3 mL of
QMix rather than NaOCL

Cell Viability

After 24 hours of agar plate cultivation, we determined
cell viability by flow cytometry using thiazole orange
and propidium iodide (Figures 4 and 5). A cell viability
kit with liquid containing beads (BD, Becton Dickinson,
Biosciences, USA) was used to assess cell viability.

Statistical Analysis

Statistical analysis was performed with SPSS 20 (IBM;
New York, USA). A two-way ANOVA with a Tukey post
hoc test was used to evaluate any significant variance in
vital microbial cells among groups, as well as between
the types of microorganisms and disinfecting methods.
Statistical significance was set at P<0.05.

Results

Table 1 reveals the percentage of vital E. faecalis cells after
treatment with an Er:YAG laser for 30 or 90 seconds and
after the combination of the Er:YAG laser with either
NaOCI or QMIX. For laser treatment alone, 90 seconds
resulted in significantly fewer non-death cells compared
with those seen after a 30-second treatment (19.6%
vs. 25.5%; P<0.001). In groups treated with NaOCl or
QMix after laser application, significantly fewer vital
cells were observed, compared with those seen with laser
treatment alone (Er:YAG: 25.52% and 19.6%, respectively;
Er:YAG+NaOCl: 18.84% and 9.64%; ER:YAG + QMix:
9.5% and 4.79%; P<0.001).
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Figure 3. BD FACSCanto Il Flow Cytometer
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Figure 4. Example of Flow Cytometry Analysis of Dead Candida albicans
Cells After Combined Er:YAG Laser Radiation and Qmix Irrigation
Methodology
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Figure 5. Example of Candida albicans Positive Control on Flow Cytometry
Analysis
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Table 1. Percent of Vital Microbial Cells Measured by Flow Cytometry

Enterococcus Candida albicans

faecalis (n=100) (n=100) P Value
Er:YAG
30s 25.52 20.98 0,049*
90 s 19.53 10.91 0,034*
5.2% NaOCl 40.46 33.43 0,022*
Qmix 24.49 20.55 0,052
Er:-YAG + NaOCl
30s 18.84 15.37 0.041*
90 s 9.64 7.58 0.152
Er:YAG + Qmix
30s 9.5 9.12 0.112
90 s 4.79 3.51 0.687
P value <0,001* <0,001*
CFU/mL
Positive control >300 >300 0.741
Negative control 0 0 0.001

In the group treated with only NaOClI, the percentage
of vital E. faecalis cells significantly resulted in more
cells (40.76%), compared to treatment with only QMix
(24.49%) (P<0.001).

Also, in the table are shown the percentages of vital C.
albicans cells after treatment with only the Er:YAG laser
for 30 or 90 seconds and after its combination with either
NaOCl or QMix irrigation. Similar to what was seen with
E. faecalis, irrigating the root canals with NaOCI or QMix
resulted in significantly fewer vital cells than Er:YAG laser
treatment alone for both time intervals (Er:YAG: 20.98%
and 10.96%, respectively; Er:YAG +NaOCI: 15.37% and
7.58%; ER:YAG + QMix: 9.12% and 3.51%; P<0.001).

In the group treated with only NaOCI, the percentage of
vital C. Albicans cells significantly resulted in more cells
(33.43%), compared to the group treated with only QMix
(20.55%) (P<0.001).

Discussion

The strains used in this study were chosen because they
are most commonly present in root canal persistent
infections. The complex root canal system anatomy and
the penetration of microorganisms into dentine tubules
can affect the occurrence of persistent infections."”
Additionally, both strains are often found to be resistant
to pharmacological treatment.?

One of the current endodontic irrigants is QMix which
contains EDTA, chlorhexidine and detergent. Although
its pH is slightly alkaline, we used it in our study because
it has the antimicrobial properties of chlorhexidine along
with the smear-layer removal properties of EDTA.?"
Importantly for our study, Al-Sheik Abidal et al* showed
that QMix had bactericidal properties toward E. faecalis.
Furthermore, Kalyoncuoglu et al** found that QMix was

shown to be effective against C. albicans when used as
final irrigation. Regarding smear layer removal, Eliot et
al' in their study proved that irrigation with QMix was
more effective than EDTA in the removal of the smear
layer and dentinal tubules exposure. Smear layer removal
helps to prevent the reduction of the root canal and
pharmacological penetration into dentinal tubules and to
improve root canal filling adaptation.?> 2

In recent years, root canal irrigation activated with a
laser (LAI) has presented a powerful method as a treatment
technique.” The mechanism action of the Er:YAG laser
is based on the highest absorption in water and a high
affinity for hydroxyapatite and thus ensures the effective
removal of the debris and smear layer from the root canal
system.?® This property is a result of the collapsed bubbles
produced by the laser, leading to a secondary cavitation
by the pulsed energy transferred to the solution.”” Kogak
et al,*® after diode laser treatment with solutions, reported
decreased amount of smear layer.

In our study, we compared the effectiveness of root
canal disinfection with NaOCl and QMix activated by
the Er:YAG laser with conventional irrigation using
NaOCI and QMix alone. We found that combinatorial
treatment with either NaOCI or QMix was more effective
than any treatment alone. Perin et al*' also reported a
stronger antimicrobial effect of the Er:YAG laser when
used in combination with 1% NaOCI against five types
of microorganisms, including E. faecalis and C. albicans.
However, they noted that if the laser treatment and
irrigation solution were used 3 mm below the apex,
70% of the strains remained. This demonstrates the
importance of treatment positioning to maximize the
antimicrobial effect.

In our study, laser irradiation combined with QMix
was more effective in eliminating microorganisms than
that observed when combined with NaOCL This can
be attributed to the fact that the combination of laser
irradiation and QMix irrigation ensures the closest total
microorganism elimination.

In order to emit laser irradiation laterally to the root
canal wall, we used the laser tip with the side-firing
spiral tip in our study. For the prevention of irradiation
transmission beyond the apical foramen, the tip was
sealed at the end.

Comparing the individual treatments, we reported
that Er:-YAG was superior to either NaOCl or QMix
in promoting microbial death. This is consistent with
previous studies illustrating that treatment with the
Er:YAG laser showed a better effect on E. faecalis biofilm
removal than conventional syringe irrigation with NaOCl
or EDTA.? This is likely because of the fact that the
energy of the Er:YAG laser can be absorbed and removed
in dental hard structures biofilms very quickly due to the
water content of biofilms and high laser light absorption
by water.*!
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Exposure time also influenced the effectiveness of the
combinatorial treatments in our study as a 90-second
treatment showed greater microorganism eradication
than 30-second exposure. Previous studies have also
demonstrated a time-dependent effect of Er:YAG laser
irradiation on microbial elimination.*>** Longer exposure
may have greater efficacy because laser energy Kkills
bacteria directly and also activates the disinfection agents
to enhance its bactericidal action.*

For irrigation techniques, we also showed that QMix
yielded better results than NaOCI, similar to Griindling
et al.*® This is likely because QMix not only penetrates
through and removes debris that forms on the root canal
walls after instrumentation but also kills microorganisms
within the dentine tubules."”

However, because these effects were seen only in vitro,
we recommend evaluating these treatments in patients
in future studies to demonstrate their effectiveness in a
clinically relevant population to improve dental health.

Conclusion
We demonstrate that combinatorial treatment with the
Er:-YAG laser and conventional irrigation techniques
with NaOCl and QMix are more effective than individual
treatments in removing microorganisms from root canals.
We showed that increasing the laser exposure time (90
seconds) improves the efficacy of the treatment.

The combination of the Er:YAG laser with QMix was
more effective in E. faecalis and C. albicans elimination
from the root canal than its combination with NaOCL
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