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Background: Periapical lesions are primarily caused by infections in the root canals. The objective of this study was to as-
sess the antibacterial effectiveness of diode laser during root canal treatment in artificial models of infected
periapical lesions.

Material/Methods: One hundred twenty-two extracted premolar single-rooted teeth were inserted into methyl methacrylate artifi-
cial models of periapical lesions, and bacterial solutions of Enterococcus faecalis (ATCC 29212) and Streptococcus
mitis (ATCC 49456) were then applied to the models. The respective diameters of lesions in the artificial mod-
els represented 3 different subgroups based on lesion size. The laser protocol used for endodontic disinfection
had a power output of 1.5 W and a wavelength of 810 nm. The impact on cell viability was evaluated by flow
cytometry.

Results: Disinfection with laser did not differ between microorganisms (P=0.137), and laser irradiation with a longer du-
ration had better disinfecting action for both microorganisms (P<0.001). Compared with larger lesions, smaller
lesions had a higher percentage of dead cells for both microorganisms (P<0.001). The percentage of dead cells
in the treatment groups was significantly higher than in the control group (P<0.001).

Conclusions: Laser treatment had a poor, almost negligible effect on elimination of bacterial cells in large periapical lesions.
Application of a laser might serve as an adjuvant method to standard irrigation with sodium hypochlorite.
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Background

Most cases of apical periodontitis are caused by dental intr-
aradicular infection, and endodontic treatment consists of re-
moving the infectious substances. Even with proper root ca-
nal cleansing and filling, periapical periodontitis can persist
in asymptomatic form, leading to postendodontic periapical
lesions. Chronic inflammatory periapical lesions are the most
common pathology found in relation to the alveolar bones of
the jaw. From a histological point of view, these lesions can be
classified as chronic periapical periodontitis (periapical granu-
loma), radicular cysts, scar tissue, or abscesses. The most com-
mon type is periapical granuloma, which consists of a mass of
chronically inflamed tissue in which isolated epithelial nests
are present. A radicular cyst is characterized by the presence
of a cavity that is partially or completely lined with epitheli-
um. It is generally accepted that periradicular lesions cannot
be differentially diagnosed as radicular or apical granulomas
based on X-ray images alone [1].

If the infection is not eliminated, the periapical lesion remains,
which is considered therapy failure. Persistent periapical peri-
odontitis presents an asymptomatic clinical picture due to the
complex root canal system, with smaller canals, canal branch-
ing, and anastomoses that cannot be accessed, cleaned, or
filled with conventional techniques [1]. Thus, apical lesions
such as granulomas, abscesses, or cysts, are major consequenc-
es of ongoing infection in the root canals. These cystic lesions
may undergo asymptomatic evolution and become large. They
may be discovered during a routine X-ray imaging or owing
to acute pain, but the diagnosis can only be confirmed with a
surgical biopsy of the lesion. Cysts can occur in 6% to 55% of
infections. As the size of a lesion increases, the size of a ra-
dicular cyst does as well [2-7]. Treatment is mainly based on
an endodontic approach or surgical excision of cyst walls by
apicoectomy. These 2 well-established procedures are the cri-
terion standards for management of these lesions. The opti-
mal treatment should eliminate not only periapical cysts, but
also the etiological factors from the canal system. Therefore,
a successful outcome of treatment comprises not only disin-
fection of the root canal but also the prevention of recurring
infections [8]. Traditionally, mechanical instrumentation is fol-
lowed by irrigation with disinfecting solutions and intracanal
medications. The disadvantage of mechanical instrumentation
is that some areas are left intact [9]. Despite disinfecting so-
lutions being applied to these areas, irrigation is inadequate
owing to the design of the application needle, which causes
the tip of the needle to have the highest flow rate [10]. Lasers
have shown greater effectiveness, but diode laser treatment
of periapical lesions has not yet been assessed [11].

Diode lasers are a modern approach to disinfection of the root
canal. Laser light can extend into areas that are unreachable
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by mechanical instrumentation or even irrigation. These la-
sers have high power and generate heat that destroys infect-
ing bacteria. Some studies showed that diode lasers have great
antimicrobial effectiveness [12,13], but others found them
to be less effective than irrigation with sodium hypochlorite
(NaOCl) [14,15]. Our objective was to assess the antibacterial
effectiveness of diode laser during root canal treatment in ar-
tificial models of periapical lesions and against Enterococcus
faecalis and Streptococcus mitis. To our knowledge, no pre-
vious study has effectively verified the power of diode laser
disinfection in periapical lesions in vitro rather than in vivo.

Material and Methods

Preparation of Teeth and Artificial Periapical Lesions

A total of 122 premolar single-rooted teeth were used in cre-
ating models of artificial periapical lesions made from methyl
methacrylate. The crown of each tooth was removed using a
cutting saw. A circular entrance into the 15-mm-long root ca-
nal was obtained, which was then enlarged using a Protaper
file (#35, Maillefer Instruments, Switzerland).

Plastic models of periapical lesions of 3 different spherical di-
mensions were created from methyl methacrylate. The larg-
est lesions were 14 mm in diameter (n=42), the medium-sized
lesions were 10 mm in diameter (n=40), and the smallest le-
sions were 6 mm in diameter (n=40). The surfaces of the le-
sion walls were debrided using 17% EDTA.

The models were sterilized and rinsed again with sterile 17%
EDTA. The rinse solution was incubated on blood agar plates
for 24 h at 37°C to confirm sterility. Sterilized teeth were then
inserted into the plastic models to create an artificial model
of periapical lesions under the apical part of teeth (Figure 1).

Bacterial Biofilm Growth

The 122 lesion models were divided into 2 groups of 61 spec-
imens each. One group was inoculated with E. faecalis (ATCC
29212) and the other group with S. mitis (ATCC 49456). The
models were inoculated with 30 pL of bacterial suspension
from thioglycolate broth with turbidity comparable to a 0.5
McFarland standard, and then incubated for 7 days at 37°C in
an aerobic environment. An additional 30 pL of a fresh bacte-
rial suspension was added each day.

For both models, the specimens were divided into 3 groups
based on the diameter of the periapical lesion: the smallest
lesion of 6 mm (n=20), medium size lesion of 10 mm (n=20),
and the largest lesion of 14 mm (n=21). These groups were
further separated into subgroups according to the duration of
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laser irradiation, including control samples without laser treat-
ment and those treated for 1 (n=6), 3 (n=6), or 5 min (n=6).

The remaining 14 specimens (7 each for the E. faecalis and S.
mitis models) were included as positive controls and were not
treated with diode laser irradiation. Each model included 3 le-
sions of 14 mm, 2 of 10 mm, and 2 of 6 mm. The experimen-
Root canal tal workflow is presented in Figure 2.

Diode Laser Application and Irradiation

Fotona XD-2 (Fotona, Ljubljana, Slovenia) diode laser with an
Periapical optical fiber of 200-um diameter was applied in our study. A
lesion defect power output of 1.5 W/cm? and wavelength of 810 nm were
used. The endodontic program was selected, and the optical
fiber probe was completely inserted into the root canal to ir-
radiate the apical site of the periapical lesion. Among treated

Figure 1. Schematic presentation of an in vitro artificial model of samples, irradiation lasted for 1, 3, or 5 min.
periapical lesion defect under a single root canal.

Teeth extraction,
sterilization and biofilm
preparation

Preparation of artificial
periapical lesions made
from methyl methacrylate

Lesion with 14 mm Lesion with 10 mm Lesion with 6 mm
diameter (n=42) diameter (n=40) diameter (n=40)
Diode laser 5 min Diode laser 5 min Diode laser 5 min
1 1.Enteroccocus faecalis — 1.Enteroccocus faecalis 1 1.Enteroccocus faecalis
2. Streptococcus mitis 2. Streptococcus mitis 2. Streptococcus mitis
Diode laser 3 min Diode laser 3 min Diode laser 3 min
—— 1.Enteroccocus faecalis —— 1. Enteroccocus faecalis ——1 1.Enteroccocus faecalis
2. Streptococcus mitis 2. Streptococcus mitis 2. Streptococcus mitis
Diode laser T min Diode laser T min Diode laser 1 min
—— 1. Enteroccocus faecalis — 1. Enteroccocus faecalis ——1 1. Enteroccocus faecalis
2. Streptococcus mitis 2. Streptococcus mitis 2. Streptococcus mitis

Rinsing cells out
from root canals with
2.5mL 1xPBS+1mM EDTA

Analysis of viability on
flow cytometer CFU count

Figure 2. Workflow of group distribution and experimental flow. CFU — colony-forming unit.
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Table 1. Antimicrobial effectiveness of diode laser irradiation with mean percentage of dead Enterococcus faecalis and Streptococcus
mitis cells.

% of dead bacteria

Periapical lesion defect Treatment

Laser 5 min®< 73.65+5.80 78.74+3.58 0.002
Laser 3 min®< 54.57+3.39 52.84+2.45 0.285

6 18] 10 s T
Laser 1 min®< 46.71+3.65 47.65+3.49 0.557
Positive control®< 26.47+1.42 29.01+3.92 0.413
Laser 5 min®< 60.97+1.12 59.58+2.34 0.387
Laser 3 min®¢ 47.39+2.09 47.88+3.05 0.763

TO MIM®C  ormm oo oooololooooooooooooooooooooooooooooooooo
Laser 1 min®¢ 40.34+1.56 40.18+1.33 0.923
Positive control®< 23.95+2.27 25.28+0.99 0.633
Laser 5 min®< 49.03+3.72 50.82+2.04 0.270
Laser 3 min®< 40.92+1.24 41.68+1.92 0.640

B 1
Laser 1 min®< 32.71+1.81 34.03+1.16 0.414
Positive control®< 25.44+0.77 25.07+0.11 0.895

Superscript letters denote statistically significant differences obtained with post hoc testing.  Lesion dimensions showed different
overall results. Laser had greater disinfecting effect in smaller lesions showing higher percent of dead E. faecalis and S. mitis cells
(P<0.001, respectively); ® Five-minute laser irradiation showed differences in disinfection effectiveness compared to 3-min or 1-min
laser irradiation in both microorganisms. Three-minute laser irradiation was more effective than 1-min irradiation. One-minute laser
irradiation was the least effective, but it showed a statistically significant difference compared with the control nontreatment group;

¢ Interaction between lesion dimensions and laser irradiation time were correlated. To obtain similar disinfecting efficacy as for smaller
lesions, a longer irradiation time should be applied for larger lesions.

Measurement of Bacterial Viability

Damaged bacterial cells were obtained by rinsing the speci-
mens with 2.5 mL of 1x phosphate-buffered saline (PBS) and
1 mM EDTA (pH 8.3). The viability of cells was assessed by
flow cytometer and BD Cell Viability Kit (Becton Dickinson
Biosciences, USA). Growth of bacterial biofilm was also con-
firmed for the samples that did not undergo laser irradiation.

A total of 500 pL of rinse solution was used to determine cell
viability. At the same time, an additional 100 pL was inoculated
on blood agar and incubated for 24 h at 37°C in aerobic con-
ditions. Colony-forming units (CFU) were counted. More than
300 CFUs indicated successful bacterial growth.

Statistical Analysis

SPSS Statistics 21 (IBM, New York, USA) software was used to
perform statistical analyses.

Two-way analysis of variance was conducted with the percent-
age of dead microbial cells as the dependent variable and the
microorganisms, laser treatment, and dimension of the peri-
apical lesions as independent variables. Post hoc Tukey test
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was used to detect differences based on the duration of la-
ser irradiations. In addition, the following interactions be-
tween factors were evaluated: organismxdimension of the
lesion, organismxduration of irradiation, dimension of the
lesionxduration of irradiation, and organismxdimension of
lesionxduration of irradiation. Statistical significance for all
tests was set at P<0.05. The study was conducted according
to the Declaration of Helsinki, and teeth were obtained with
the written consent of donors. The Departmental Scientific
Committee approved the in vitro study design and the exper-
imental part of the study.

Results

Table 1 presents the average values for each microorganism.
Overall statistical analysis showed no differences in the per-
centage of dead cells between E. faecalis and S. mitis (P=0.137),
between duration of laser irradiation (P=0.512), and between
lesion dimensions (P=0.543). However, analysis showed a statis-
tically significant higher percentage of dead S. mitis (78.74%) af-
ter 5 min of laser irradiation for 6-mm lesion models compared
with E. faecalis (73.65%) (P=0.002). Other lesion dimensions
and durations of irradiation showed no statistical differences.
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Comparisons of overall durations of laser irradiation showed
statistically significant differences for both E. faecalis and S.
mitis (P<0.001). Longer laser irradiation showed better disin-
fection. Five-minute irradiation was significantly more effective
than 3-min and 1-min irradiation (P<0.001, respectively) and
killed over 70% of the bacterial cells. Application of laser for
1 min showed the poorest disinfection efficacy, but it was still
statistically higher than that of the positive controls (P<0.001).

Lesions with a smaller diameter (6 mm) had a higher percent-
age of dead cells compared with the larger lesions for both E.
faecalis and S. mitis. Moreover, the 10-mm lesions showed a
higher number of dead bacterial cells compared with the 14-
mm lesions (P<0.001). As expected, positive control specimens
without laser treatment had the lowest percentage of dead cells.

The percentages of dead cells varied between lesions with
different dimensions, with irradiation having a greater ef-
fect in smaller lesions, which showed higher percentages of
dead cells (P<0.001). Furthermore, a longer duration of laser
irradiation obviously increased the percentage of destroyed
bacteria in lesions. The interaction of the 2 variables (lesion
dimensionxduration of laser irradiation) confirmed the dif-
ferences (P<0.001), and the larger the periapical lesion, the
lower the percentage of dead E. faecalis or S. mitis cells. We
found correlations between lesion size and the duration of ir-
radiation. Laser irradiation for 1 min in 6-mm lesions yield-
ed disinfection efficacy comparable to that of 3-min irradia-
tion in 10-mm lesions and 5-min irradiation in 14-mm lesions
(Table 1). To reach a similar disinfecting efficacy with diode
laser treatment in larger lesions as in smaller lesions, irradia-
tion should be applied for a longer time.

Discussion

Apical cysts are the product, not the cause of apical lesions,
and they can delay but not prevent the development of peri-
apical lesions after nonsurgical root canal therapy [5]. Their
treatment is mainly based on endodontic treatment or surgi-
cal excision of cysts by apicoectomy. The outcome of root ca-
nal treatment is based on an efficient disinfection of the root
canal system and prevention of reinfection. Traditionally, this
is accomplished by a combination of mechanical instruments,
using disinfecting solution for irrigation and placement of in-
tracanal medication between treatments. After using mechan-
ical instrumentation, large areas of the root canal are left in-
tact, regardless of the rotary or manual techniques. It has
generally been accepted that simple surgical treatment with
proper infection control can lead to healing. When this meth-
od of treatment is not successful in resolving periradicular pa-
thologies, additional treatment options should be considered.
Surgical treatment of persistent extensive periradicular lesions
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most commonly involves apical resection. New technologies
such as laser irradiation have increased the success of treat-
ments [16,17]. The mechanism of action of lasers is based on
generating heat that damages bacterial cells. Recently, laser
systems have been increasingly used as an alternative method
for antimicrobial therapy in treating infected dental canals, peri-
apical lesions, and cysts. They have very good effectiveness in
destroying bacteria and treating damaged tissue in very short
periods of time. Owing to these good results, we investigat-
ed whether diode laser radiation without any additional dis-
infectants is effective in disinfecting infected canals and peri-
apical lesions in which periapical cysts are located and thus
could be applied in clinics. In our study, a high-power diode la-
ser (810 nm, 1.5 W/cm?) was tested for antibacterial activity in
artificially prepared lesion defects under single-rooted teeth.

The laser heat that was generated impaired the majority of
bacterial cells in periapical lesions. Moreover, no difference in
efficacy was observed between microorganisms, which were
phenotypically and genotypically very similar. Irradiation of
5 min destroyed the majority of the bacteria (62.13%), while
3-min irradiation had an average of 47.55% and 1-min irradi-
ation impaired 40.27% of E. faecalis and S. mitis cells. In the
control group without treatment, we found that 25.98% of the
cells were dead. Five-minute irradiation of periapical lesions
was the most efficient in killing bacterial cells. However, the
percentage did not exceed 79%, and thus disinfection was not
completely successful. The inability to fully eliminate bacterial
cells could be a result of deeper penetration of bacteria into
tubules and the inability of the heat to reach into those re-
gions. However, compared with standard irrigations, laser light
can generally penetrate into deeper areas of dentin tubules.
Studies have shown that diode lasers can irradiate the dentin
to a depth of 500 um and are effective in reducing bacteria.
Furthermore, a combination of diode laser irradiation and ir-
rigation with NaOCl showed even better results [18].

Enterococcus faecalis and S. mitis are facultative anaerobes
and can live a long time without nutrients. They can pene-
trate deeper into dentin tubules, which protects them from
the heat generated by laser. For instance, the standard ir-
rigant chlorhexidine was shown to reduce bacterial viabili-
ty by 93% compared with 70% with a laser [19]. The biofilm
of E. faecalis enables the bacteria to withstand environmen-
tal impacts [17]. These observations align with previous re-
ports that noted difficulties in removing gram-positive bac-
teria by diode lasers [20,21]. Enterococcus faecalis appears to
be resistant to heat, likely owing to its cell wall structure [20].
Different studies with lasers have shown variable effective-
ness of disinfection. Gojkov-Vukelic et al [22] demonstrated
the benefits of nonsurgical treatment with low-power diode la-
ser in chronic periodontitis, as reflected by a significant reduc-
tion of tested periodontal pathogens. However, laser therapy
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did not completely reduce microbial cells and was presented
as an adjuvant to irrigation with NaOCl. To stimulate and im-
prove performance in such infections, photodynamic therapy
including photosensitizer has been introduced [23]. For exam-
ple, Ricatto et al [24] used methylene blue as a photosensitizer
and observed a significant reduction in bacterial cells follow-
ing irradiation with a laser. This study also showed that cas-
es without photosensitizer had a significantly lower bacterial
reduction. Asnaashari et al [18] reported that laser treatment
yielded 40.5% reduction in bacteria, while the photosensitizer
methylene blue alone showed a 19.5% reduction. Meanwhile,
a combination of methylene blue and diode laser irradiation
resulted in 77.5% reduction of bacteria.

A significant difference in effectiveness was observed be-
tween periapical lesions of different dimensions (P<0.001).
The laser heat had higher efficiency in smaller sized lesions.
Specifically, the 6-mm lesions averaged approximately 75%
dead cells, which was a much higher percentage compared
with that of larger lesions (P<0.001); the 10-mm and 14-mm
lesions showed approximately 53% and 50% dead cells, re-
spectively. For better efficacy in larger lesions, irradiation
should be applied for a prolonged time. The proposed irradi-
ation time according to the manufacturer’s instructions of 20
s requires several treatments, because a long sustained du-
ration may irritate the tissue. However, in lesions of the stud-
ied diameters, damaged tissue due to the laser power that is
used for clinical purposes may not be observed. Diode laser
light energy is subdued, so the expected damage to the sur-
rounding bone tissue should be minimal.

Most previous studies have evaluated the effectiveness of
different lasers on planktonic cells, so the effects on bacterial
biofilm are less known [25-29]. Bergmans et al [30] reported a
significant decline (99.7%) in E. faecalis, while Rahimi et al [17]
did not find a significant reduction. Our results showed 70% re-
duction of viability within the 6-mm lesions on average, which
suggests that the diode laser was not a strong disinfecting
agent. In the research of Rahimi et al [17], a combination of
laser and NaOCl was proven to be more efficient in removing
biofilm than either technique separately. In contrast, other stud-
ies reported that laser treatment reduced bacterial counts, but
better performance was observed for NaOCl [14,31]. Meire et
al [20] investigated the effects of different lasers, 2.5% NaOCl
solution, and photodynamic therapy on biofilms of E. faeca-
lis. Their results showed that NaOCl was the most effective in
the removal of biofilm, and diode laser was the least efficient.
Enterococcus faecalis seemed to be almost completely trans-
parent to 810-nm and 1064-nm wavelengths, as both wave-
lengths had negligible bactericidal effects [32].

Nevertheless, lasers might still be used in endodontic treat-
ment because their mechanism of action with heat showed
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bacterial destruction. Substrates (dentin) around bacteria ab-
sorb the light and heat from the environment around bac-
teria, which results in the death of bacterial cells. Another
possible mechanism of action is that the laser light direct-
ly damages bacterial cells [21]. According to Kouchi et al [33]
bacteria penetrate the periluminal dentin up to a depth of 1.1
mm. Meanwhile, chemical disinfectants have a limited abili-
ty to penetrate, going no deeper than 0.13 mm according to
Berutti et al [34]. Consequently, dentin with a thickness over
1 mm enables a safe zone for bacteria and may lead to fail-
ure of the treatment [20,29]. This possibility accords with our
results for lesions with a greater diameter having a lower per-
centage of damaged cells. Lesions of 10 and 14 mm were too
large for the heat produced to be effective. Enterococcus fae-
calis can survive at 60°C for 30 min, but prolonged heating
of the environment surrounding the bacteria results in a high
temperature and possible tissue damage. To avoid overheat-
ing of the tooth, pulsed heating could be used. Another pos-
sibility to achieve bactericidal activity is to introduce a pho-
tosensitizer into bacterial cells. Additional studies are needed
on lasers and the penetration of bacteria into tubules to con-
firm the role of laser treatment in endodontics. The results of
the current study indicate that the diode laser has a negligi-
ble effect on E. faecalis or S. mitis in large periapical lesions.
Owing to difficulties in total bacterial elimination and biofilm
removal with laser treatment alone, lasers could be used as
an ancillary technique in endodontics. Disinfection effective-
ness can be increased by combining laser irradiation and ir-
rigation with NaOC|, with the laser reaching areas that were
previously inaccessible.

Conclusions

In conclusion, our study indicated that diode laser irradiation
with the generation of heat is not the most optimal solution
for antibacterial effectiveness. Large periapical lesions should
be disinfected through a combination of adjuvant treatment
with diode laser irradiation and a standard method of irriga-
tion with NaOCLl. Nevertheless, for small periapical lesions, the
usability and accessibility of laser beam could be effective.
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