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ABSTRACT

Comparison of Er:YAG Modalities (PIPS-SWEEPS) on
Eliminating of Enterococcus Faecalis Populations

Background: To determine the effectiveness of novel two Er:YAG
lasers modalities, photon-initiated photoacoustic  streaming
(PIPS\SSP) and shock wave-enhanced emission photoacoustic
streaming (SWEEPS\AutoSWEEPS) in terms of removal
Enterococcus faecalis (E. faecalis) with or without antimicrobial
agents [Sodium hypochlorite (NaOCI) and chlorhexidine gluconate
(CHX)].

Methods: Forty-two extracted single-rooted mandibular premolars
were prepared, sterilized, and then inoculated with E. faecalis for 4
weeks, and randomly divided into to two main and three subgroups
(n= 7). Group la ( PIPS + distilled water), Group Ib (PIPS + 5%
NaOCl), Group Ic (PIPS + CHX), and Group lla (SWEEPS + distilled
water), Group llb (SWEEPS + 5% NaOCI), and Group lic (SWEEPS
+ CHX). Following incubation for 48 hours at 37°C, the colony
forming units (CFU) were counted.

Results: NaOCl and CHX activated with PIPS\SSP or
SWEEPS\AutoSWEEPS modalities showed significantly higher
reduction rates than distilled water activated with both laser-
activated methods (p<0.05), but no significant differences were
detected between the NaOCI| and CHX groups. Besides, in all
groups, no significant difference was detected between PIPS\SSP
and SWEEPS\AutoSWEEPS performances in the reduction of CFU
counts (p>0.05).

Conclusion: Even novel laser activation methods or modalities are
not sufficient alone to adequately reduce bacterial load and using
antimicrobial agents with laser activation is necessary for the best
reduction for microbial elimination. Novel SWEEPS\AutoSWEEPS
modality with the conical 600um tip showed no increased efficacy
compared with PIPS\SSP mode. Besides, smaller fiber tip may
increase the success of applications for minimally invasive access
cavities and preparation.
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0z
Enterococcus Faecalis Biyofilmlerinin Ortadan

Kaldinimasinda Er: YAG Yéntemlerinin (PIPS-SWEEPS)
Karsilastiriimasi

Amag: iki yeni Er: YAG lazer modalitesi olan foton-indikli
fotoakustik dalgalanma (PIPS \ SSP) ve sok dalgasi ile
gelistirimis  emisyon fotoakustik akiminin (SWEEPS \
AutoSWEEP) antimikrobiyal ajanlar (NaOCI ve klorheksidin
glukonat) kullanilarak veya kullanimadan E. faecalis
uzaklastirmadaki etkinliginin belirlenmesidir.

Gerec ve Yontemler: Kirk iki ekstrakte tek kokli mandibular
premolar hazirlandi, sterilize edildi ve daha sonra 4 hafta
boyunca E. faecalis ekimi yapildi ve rastgele iki ana ve Gg alt
gruba (n = 7) aynldi. Grup la (PIPS + distile su), Grup Ib (PIPS
+% 5 NaOCl), Grup Ic (PIPS + CHX) ve Grup lla (SWEEPS
+distile su), Grup llb (SWEEPS +% 5 NaOCI) ve Grup llc
(SWEEPS + CHX). 37 ° C'de 48 saat slreyle inkiibasyonun
ardindan, olusan koloniler (CFU) sayild.

Bulgular: PIPS \ SSP veya SWEEPS \ AutoSWEEPS yontemleri
ile aktive edilen NaOCI ve CHX, her iki lazer aktivasyon metodu
ile aktive edilen distile sudan anlaml sekilde daha ylksek
indirgeme oranlan gdsterdi (p <0.05), ancak NaOCI ve CHX
gruplan arasinda anlamh bir fark bulunmadi. Ayrica, tim
gruplarda, CFU sayilarinin azaltimasinda PIPS \ SSP ve
SWEEPS \ AutoSWEEPS performanslan arasinda anlamli bir
fark saptanmamistir (p> 0.05).

Sonug: Yeni lazer aktivasyon metod veya modiuilleri bile bakteri
yukunU yeterince azaltmak icin tek basina yeterli degildir. En
etkili mikrobiyal eliminasyon icin lazer aktivasyonun
antimikrobiyal ajanlar ile birlikte kullanilmasi gerekmektedir.
Konik 600pm ugla uygulanan yeni SWEEPS \ AutoSWEEPS
modalitesi, PIPS \ SSP’e kiyasla artan bir etkinlik géstermedi.
Daha kuguk fiber ug kullanimi, minimal invaziv giris kavitesi ve
preperasyonlarda uygulamalarin basarisini artirabilir.

ANAHTAR KELIMELER
Dezenfeksiyon, Endodonti, Er: YAG lazer, PIPS, SWEEPS

The reduction of bacteria and toxins from the root canal is
a key factor in achieving long-term success in
endodontics." Due to the complex morphology of the root
canal, it is almost impossible to eliminate the organization
of intracanal bacteria with only mechanical preparation.?
Enterococcus faecalis (E. faecalis) among other bacterial
species is being considered as a bacterium that is
frequently involved in the etiology of disease after

endodontic treatment.® It can adhere to dentin and
invade many antimicrobial agents and conditions.*

Sodium hypochlorite (NaOCI) is the most preferred
chemical agent during root canal treatment owing to
its ability to kill bacteria, destroy biofilms, and
dissolve vital and necrotic tissue.>® However, owing
to high surface tension, NaOCI penetration is limited
to about 130 micrometers into dentin tubules,
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whereas bacteria can colonize dentin tubules as
deeply as 1100 um from the canal Ilumen.”
Chlorhexidine gluconate is an alternative to NaOCI that
has antibacterial effects, broad-spectrum substantivity,
and less toxicity.®

It was shown that conventional chemo-mechanical
techniques have a limited ability to effectively reach all
regions of root canal architecture.® To overcome these
limitations, different agitation techniques have been
proposed.’® Laser energy is one of the best irrigation
agitation techniques for the disinfection of root canals.
It allows for penetration of dentinal tissues and access
to unreachable areas in the root canal system. Photon-
induced photoacoustic streaming (PIPS) in SSP
(Super Short Pulse; 50 us) mode is a popular Er:YAG
laser technology that uses a very low power to rapidly
pulse laser light energy using a specially designed
radial tip."" However, especially in narrow root canals
or ramifications, it is very difficult because the friction
on the canal walls decelerates the cavitation and the
solution cannot move fast enough.'? Thereby, to
overcome this difficulty, an innovative Er:YAG laser
called shock wave-enhanced emission photoacoustic
streaming (SWEEPS) method has been introduced. It
is applied with an Er:YAG laser, using a new tip design
and unique mode for higher irrigation activation
efficacy. Unlike PIPS, it uses ultra short laser pulse
pairs (25 ps) for irrigant activation. The second pulse
creates a bubble that causes pressure on the first
bubble and accelerates its collapse. Thus, a large
number of shock waves occurs that can reach to the
irregularities of the root canal and consequently
increase the cleaning efficiency of laser agitation. It is
claimed that this mechanism leads to a large number
of shock waves that reach the irregularities of the root
canal and consequently increase the cleaning
efficiency of laser agitation compared to SSP
modality.’”? The oscillation time of the vapor bubble
depends on the same parameters such as laser pulse
energy, root canal geometries, and access cavity
design. In the SWEEPS modality, the optimal time
delay of the pulse pair cannot be determined by the
clinician. So, to overcome this limitation, a recent
AutoSWEEPS modalty has been developed that
automatically created a time delay between 300 and
600 ps. Thus, It has been aimed to provide providing
optimum time delay during each sweep, providing
supreme irrigation efficacy.

To the best of our knowledge, there have been limited
studies about SWEEPS modality in simulated root
canals. But this cannot imitate the real dentine wall
resistance and root canal conditions. However there
has been no study investigating the antibacterial
efficacy. So, current study aimed to research the
effectiveness of two popular Er.YAG laser
methods\modalities, = PIPS-SSP and  SWEEPS-
AutoSWEEPS, in the elimination of E. faecalis with or

without antimicrobial agents (NaOCl and of
chlorhexidine gluconate) in real human root canal. The
null hypothesis was that the irrigation activated with
SWEEPS-AutoSWEEPS modality would not result in
better disinfection than the PIPS-SSP groups.

MATERIALS AND METHOD
Sample collection

The procedures used in this study conformed to the
protocols approved by the Ethical Review Committee
under the Research Foundation at the Medical Faculty
of Recep Tayyip Erdogan University. (No: 2019\116). G
Power 3.0.10 (University Kiel, Germany) software was
used to calculate the effect size. Effect size was
determined based on the results of a previous study
13, an effect size of 0.55 d cohen was found as
sufficient for significance. With 80% power, 0.05 type 1
error, at least 42 samples were for required. Fifty- five
freshly extracted intact single-rooted mandibular
premolars were collected for this study. The samples
were stored in 0.1% thymol solution at 4°C until
required for use. The external root surfaces were
debrided using a hand scaler. The teeth were
decoronated to obtain a standard length of 19 mm for
each root. A deep of 4 mm reservoir and an access
cavity with 3mm of diameter was created with a
diamond bur under copious irrigation. Working length
was established by subtracting 1 mm from this length.
All samples were prepared by the same operator using
the crown-down method with ProTaper Ni-Ti rotary
files (Dentsply Maillefer, Ballaigues, Switzerland) up to
F4 (40 size, 06 taper). During instrumentation, 1 mL
5% NaOCI (Imlcryl, Karatay, Konya) was used as a
lubricant. After preparations, the roots were flushed
using 1 mL 17% EDTA for 1 min to remove the smear
layer, which was followed by needle irrigation with 1
mL 5% NaOCI for 1 min.' Before the NaOCI irrigation,
the canals were flushed with 2 mL of distilled water.
Finally, the canals were flushed with 1 mL of distilled
water and dried with paper points. The root ends of the
teeth were covered with cyanoacrylate, and embedded
in a silicone mold. Then, samples were placed in
autoclavable plastic carrier containers and sterilized in
an autoclave at 121°C under 1 atm pressure for 15
minutes.®

E. faecalis culture and inoculation

An E. faecalis ATCC 29212 vial was removed from
stock at -80°C, thawed at room temperature, and
seeded into Mueller-Hinton agar (MHA). When the
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reproduction occurred, the colony appearance and
staining characteristics were evaluated, and one
colony that was determined to represent the bacteria
in stock was transferred to 2 mL trypticase soy broth
(TSB). The turbidity was incubated until McFarland
0.5. One milliliter from each turbidity suspension was
transferred to a labeled sterile vial and stored at -
80°C.

One day after the quality control of the bacterial
stocks, one of the stock vials was removed and
dissolved at room temperature. 0.9 mL of sterile
phosphate-buffered saline was transferred to 8 sterile
1.5 mL centrifuge tubes. The stock was vortexed by
placing 100 pL of the vial into the first tube and
pipetting 100 pL to the next to reconstitute the
bacterial stock solutions. Of these E. faecalis
dilutions, 10 pL of common cultivation was conducted
to MHA, and Petri dishes were incubated. After
growth, the amount and purity of the bacteria in stock
in CFU/mL were evaluated.

Just before the experiment, one of the stock bacterial
vials at -80°C was removed and dissolved at room
temperature. After vortexing, 1 mL of this solution was
pipetted into 2 mL of TSB and incubated until the
turbidity was McFarland 0.5.

To infect root canals with E. faecalis, freshly prepared
bacterial suspension with turbidity McFarland 0.5 was
transferred into the root canals using a 10 pL
automated pipette and allowed to reach the apical
region via a sterile 30-gauge irrigation needle (Kerr;
USA). To prevent the teeth from drying out,
moistened cotton was placed in carrier containers
and incubated for 48 hours in an oven at 37°C with
their lids closed. This procedure was continued every
other day for 4 weeks.

After four weeks of planting, in ten samples
proliferation was not observed. Therefore, these
samples were excluded and totally the sample size
was standardized at forty-two. Enough sample the
specimens were selected for each group by a blinded
examiner and randomly divided two main
experimental groups (with three subgroups in each).

Group |: PIPS\SSP

In this group, to activated irrigation, Er:YAG laser
device (Fotona LightWalker DT Ljubljana, Slovenia)
with a wavelength of 2940 nm was used via H14-N
handpiece with a 14-mm long and 300-um specially
designed tapered and stripped fiber tip (PIPS 300\14,
Fotona ). The power was set to 0.3W, 15 Hz, and 20
mJ at single laser pulse duration mode (SSP) (50 ps)
without air or water. A 27-gauge open-ended needle
was positioned 1 mm short from the WL and the 2
mm of the fiber tip was positioned in the center of the
reservoir and fixed in that position. The root canals
were irrigated continuously with the irrigation agents

mentioned below for 3 X 20 s with a resting time of
30 s between each cycle. During laser activation,
the tip was submerged in irrigant that was
continuously applied with the needle. To prevent the
microorganism transfer between the samples, the
tip was kept in 5.25 % NaOCI for 1 min before each
use.8 The total activation time was 60 s for each
irrigation solution. And the total volume of irrigation
solution each was 6 mL (2mLx3) . After irrigation
procedures were completed, the canals were
washed using 5 mL 2 mL sodium thiosulfate for 30 s
to neutralize the irrigants.

la: 2 mL of Distilled Water (DW)
Ib: 2 mL of 5% NaOCI

Ic: 2 mL of 2% CHX

Group Il: SWEEPS\AutoSWEEPS

In this experimental group, for laser-activated
procedure, the same Er:YAG laser device and
handpiece were used with an 8.5-mm long and
conical fiber tip with a 600-um diameter (SWEEPS
600, Fotona). For standardization, the laser device
was set at the same parameters as in the PIPS
groups (0.3 W, 20 mJ, 15 Hz) and in AutoSWEEPS
mode which has two-ultrashort micro pulses (25 ps
pulse duration), separated by a continuously varied
delay from 300 to 600 ps sec with 10 us step 16 was
chosen. A 27-gauge open-ended needle was
positioned 1 mm short of the WL and the 2 mm of
the fiber tip was positioned in the center of the
reservoir and fixed in that position. The root canals
were irrigated continuously as mentioned in the
previous experimental group.

lla: 2 mL of DW
lIb: 2 mL of 5% NaOCI
llc: 2 mL of 2% CHX

After irrigation procedures were completed, the
canals were washed using 5 mL 2M sodium
thiosulfate for 30 s to neutralize the irrigants.

Microbial counts

After the irrigation procedure, the root canals were
filled with sterile PBS to collect S2 microbial
samples. Sterile H type files 15 were used to allow
the possible surviving bacteria in the channel walls
to pass into the solution. Three consecutive paper
points were placed in the root canal and allowed to
wait for 60 s. Then the paper samples were
transferred to a sterile 1.5 mL Eppendorf tube filled
with PBS.

The Eppendorf tubes with paper points were
vortexed and the bacteria were transferred to the
liquid medium. One hundred microliters of these
tubes were pipetted into sterile 1.5 mL centrifuge
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tubes containing 0.9 mL PBS (10:1 dilution tube), and
the sample group and number of interest was
recorded. Ten microliters from the stock sample tube
and 10-1 dilution tube were pipetted onto MHA media
and spread. After incubation for 48 hours at 37°C, the
colonies formed were counted and the number
obtained was multiplied by 100 to determine the
number of bacteria collected from the root canal.

Statistical analysis

The Jamovi (Version 1.0.4) [ComputerSoftware]
(accessed by https://www.jamovi.org) program was
used for statistical analysis. The normality of data
distribution was checked using the Shapiro-Wilk test.
Repeated measures analysis of variance (ANOVA) was
used to compare the disinfection rates of each group.
Statistical significance was considered as p=0.05.

RESULTS

The initial CFU counts (T1) were significantly higher in
all groups than the final CFU counts (T2) (p<0.001)
(Table 1).

Table 1.

Presentation of time factor dependent Post Hoc
comparisons

T T2 123005 17.7 < 0.001*
* indicated statistical significance (p <0.05)

No significant differences were found between NaOCI
and CHX, however, both of them was significantly more
effective than DW (p<0.001) (Table 2).

Table 2.

Presentation of Irrigation agents dependent Post
Hoc comparisons

NaOCI CHX 2793 0.195 0.979
NaOCI DW -69839 -4872 <0.001*
CHX DW -72632 -5067 <0.001*

* indicated statistical significance (p <0.05)

In addition, in all groups, no significant difference was
detected between PIPS\SSP and
SWEEPS\AutoSWEEPS performances in the reduction
of CFU counts (p>0.05) (Table 3).

Table 3.

Presentation of Techniques dependent Post Hoc
comparisons

PIPS SWEEPS 7581 0.648 0.521
* indlicated statistical significance (p <0.05)

Among the groups, significantly fewer CFU counts
were detected in the samples irrigated with NaOCI and
CHX activated with PIPS\SSP or

SWEEPS\AutoSWEEPS than in DW-activated
PIPS\SSP or SWEEPS\AutoSWEEPS (p<0.05)
(Table 4).
Table 4.

Presentation of Irrigation agents * Techniques
dependent Post Hoc comparisons

NaOCl - PIPS NaOCI - SWEEPS 12293 0.6064 0.990
NaOCl - PIPS CHX - PIPS 4607 0.2273 0.999
NaOCl - PIPS CHX - SWEEPS 13271 0.6547 0.986
NaOClI - PIPS DW - PIPS -64586 -0.1861 0.033*
NaOCl - PIPS DW - SWEEPS -62800 -0.0980 0.040*
NaOCI - SWEEPS CHX - PIPS -7686 -0.3791 0.999
NaOCI - SWEEPS CHX - SWEEPS 979 0.0483 0.999
NaOCI - SWEEPS DW - PIPS 76879 -0.7925 0.007*
NaOCI - SWEEPS DW - SWEEPS 75093 -37044 0.009*
CHX - PIPS CHX - SWEEPS 8664 0.4274 0.998
CHX - PIPS DW - PIPS -69193 -34133 0.018*
CHX - PIPS DW - SWEEPS -67407 -33252 0.023
CHX - SWEEPS DW - PIPS -77857 -38408 0.006*
CHX - SWEEPS DW - SWEEPS -76071 -37527 0.008*
DW - PIPS DW - SWEEPS 1786 0.0881 0.999

* indicated statistical significance (p <0.05)

DISCUSSION

E. faecalis is a microorganism commonly used in
antimicrobial efficacy studies in endodontics. It can
survive in a hard environment and is frequently
isolated from root canals after treatment because of
its virulence factors and high resistance to many
antimicrobial agents.'” NaOCI is the most preferred
irrigant because of its high alkalinity and powerful
antimicrobial action. Also, it exerts its antibacterial
effect by inducing the irreversible oxidation of the
sulfhydryl groups of essential bacterial enzymes,
resulting in disulfide linkages, with the consequent
disruption of the metabolic functions of bacterial
cells.”® It also has deleterious effects on bacterial
DNA, which involve the formation of chlorinated
derivatives of nucleotide bases.' CHX is another
antimicrobial agent that has been recommended for
clinical use because of its good antibacterial action
and substantivity, as well as its biocompatibility. It
has proven bacteriostatic or bactericidal effects
owing to the precipitation and/or coagulation of the
cytoplasm.®

Lasers have been introduced as a powerful activator
for root canal irrigation to increase debridement and
disinfection. It has been shown that Er:YAG laser-
activated irrigations were effective in removing E.
faecalis population in an in vitro root canal model.?!
The mechanism is based on the evaporation effect
of cellular water during the laser pulse and leads to
the disruption of the cell walls of microorganisms.2?
Previously, it was reported Er:YAG laser combined
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with NaOCl showed a superior bactericidal effect to
NaOCI alone.?® Er:YAG laser kills bacteria by heating
the environment to above lethal values and local
heating inside bacteria.?* When the NaOCI is agitated
using laser, vapor bubble expansion and implosion
occurs and this creates a large stress on the dentin
wall, resulting in it being pushed deeper into the dentin
tubules to perform its antimicrobial effect.?

PIPS used with Er:YAG aims to activate the irrigation
solutions at lower energy levels without thermal
damage on the root canal walls. The innovative Er:-YAG
modality, SWEEPS, was developed to improve the
cleaning efficacy of PIPS and to overcome the
difficulties in narrow root canals.?® In both modalities,
there is no need to negotiate the tip close to the apex.

In the literature, there are same laboratory study about
SWEEPS\AutoSWEEPS modalities, but there no study
has been published about the antimicrobial efficacy of
nowel modalities in the real root canal conditions. As
known, the laboratory set-up, cannot reflect the
complexity of a natural root canal anatomy and clinical
reality. So, the purpose of this in vitro study was to
evaluate two recent Er:-YAG laser technologies
(SWEEPS\AutoSWEEPS) and (PIPS\SSP) on the
effectiveness of E. Fecalis populations with different
antimicrobial agents. Thus, it was aimed to determine
the best irrigation procedure that destroys the E.
faecalis and to increase endodontic treatment success.
According to the results of the study, SWEEPS-
AutoSWEEPS modality did not show better
performance than PIPS\SSP mode, and even these
novel laser modalities were not sufficient alone without
antimicrobial solutions.

In a study, researchers compared the penetration
depths of endodontic irrigants into dentinal tubules
using several activation methods including SWEEPS
and PIPS. The authors concluded that although PIPS
showed deeper penetration, SWEEPS did not increase
the penetration depths.?” Also, they argued that the
change in pulse and formation of secondary bubbles
could trigger counter-currents that inhibit irrigant flow.
However, there are as yet insufficient studies and no
consensus regarding SWEEPS. In another study, the
cleaning efficacy and pressure measurements of SSP
and SWEEPS modalities were evaluated using different
tips and geometries in a laboratory setup. They
reported that pressure generated and penetration of
methylene blue is much larger when using a smaller
diameter fiber tip (such as used in the PIPS group)
compared to a larger diameter fiber tip (such as used
in the SWEEPS group).2®

A methodological disadvantage in this study is that
there is a significant difference between pulse
modalities (SSP\Automatic SWEEPS) and fiber tip
design. SWEEPS has an 8.5-mm-long and conical tip
with a 600-um diameter. Therefore, the insufficient
effect of SWEEPS in this study may be due to both a

different laser pulse modality and thick conical fiber
end geometries used. And this can demonstrate
the inferiority of the conical 600um tip. Besides this,
during the procedure, a large amount of lateral
transmission to the outside was observed. This may
be the reason that the laser pulse cannot reach into
the root canal totally and decreases the efficacy. It
may be beneficial to use modified thin and resistant
fiber tips for SWEEPS applications.

Regarding the results of this study, the significant
difference between DW and NaOCl and CHX
confirms the additive importance of antimicrobial
agents including chlorine in achieving better
disinfection. The use of antimicrobial agents was
required for microbial elimination; even novel laser
activation methods are not sufficient alone to
adequately reduce bacterial load.

The similar efficacy between NaOCI and CHX may
be based on the chlorine contents. Chlorine is a
strong oxidant that promotes the irreversible
oxidation of sulfhydryl groups on bacterial essential
enzymes.?® With laser irradiation, a strong
modulation occurs, resulting in a significant
increase in the amount of free chlorine and contact
with  microorganisms.®® Consistent with these
findings, some studies have reported high
bactericidal effects when sodium hypochlorite or
chlorhexidine were activated by an Er:YAG laser.®
By contrastt some researchers  reported
questionable findings. DiVito et al.* reported laser-
activated irrigation (LAl) using saline improved
smear layer removal. Pedulla et al.®® and Seet et al.®*
reported the antibacterial effect of saline activated
with LAI. They attributed this improved performance
to the intense streaming and flushing action created
within the irrigant. However, the authors impressed
that the laser-activated saline had a lower
antibacterial effect compared with conventional
needle irrigation with NaOCI.

Microbial reduction also depends on the test strains
and biofilm model, initial inoculation levels, and
subsequent biofilm formation conditions. Also, the
difficulty of detecting differences in an infection
model might have been related to the insufficient
sensitivity of the methodology used for detecting
possible viable bacterial cells at lower
concentrations; there may be need for a larger
sample size to increase confidence.®®

Numerous methods have been proposed for the
collection of microbial samples. Previously, it has
been reported that the culture method is sensitive
enough to detect E. faecalis in root canals.®*® Paper
cone cultures are used more widely compared with
the removal of dentin shavings with files or
reamers.> However, with paper cones, as used in
this study, only the microorganisms located on the
root canal wall can be removed, microorganisms
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that have penetrated dentin tubules cannot be taken.38
To overcome this situation, to ensure that the
microorganisms in the tubules fall into the solution, we
first tried slight circumferential filing using a sterile No.
15 H-type file on the walls. Then, microbial samples
were collected using paper cones in the root canals for
one minute. In this study, to ensure sufficient microbial
layer, E. faecalis (ATCC 29212) -cultivation was
performed in root canals for 4 weeks.

On the other hand, one of the limitations of this study
is, the culture techniques do not fully reflect clinical
conditions, and only show the number of specimens in
which no bacteria were recovered; quantification of the
surviving bacteria is not possible. The differences in
reporting bacterial viability may play a crucial role in the
evaluation and comparison of studies. Therefore, the
findings should be interpreted with caution. It is
required to identify microorganisms that survive after
irrigation procedures using advanced technology.
Another lack of study is the lasers wavelengths impact
on the root walls were not monitored using scanning
electron microscopy images (SEM or, even better,
ESEM). And the conduction of the thermal
measurements on the root surface in the apical region
to estimate the thermal impacts on the periapical
tissues are not evaluated.

CONCLUSION

The null hypothesis was accepted, irrigation activated
with SWEEPS-AutoSWEEPS modality did not result in
better disinfection than the PIPS-SSP groups. Within
the limitations of the present in vitro study, it can be
concluded that the use of antimicrobial agents is
required for microbial elimination; even novel laser
activation methods or modalities are not sufficient
alone to adequately reduce bacterial load. Besides,
novel SWEEPS\AutoSWEEPS modality with the conical
600 um tip showed no increased efficacy compared
with PIPS\SSP mode. So, it was supported by this
study that the conical 600um tip is not appropriate for
effective debridement and smaller SWEEPS fiber tip
may increase the success of applications for minimally
invasive access cavities and preparation. Further
research is needed to focus on the
SWEEPS\AutoSweeps modality and equipment’s role
in irrigation, disinfection, and other endodontics
applications under clinical conditions.

Acknowledgments

This study was supported by the Scientific Research
Fund of Recep Tayyip Erdogan University in
Rize/Turkey. (No: TSA-2018-954).

755



Comparison of Er:YAG Modalities (PIPS-SWEEPS) on Eliminating of Enterococcus Faecalis Populations

Cilt 8 » Say1 3

REFERENCES

1. Siqueira Jr JF. Aetiology of root canal treatment
failure:  why well-treated teeth can fail
International endodontic journal. 2001; 34: 1-10.

2. George S, Kishen A and Song P. The role of
environmental changes on monospecies biofilm
formation on root canal wall by Enterococcus
faecalis. Journal of endodontics. 2005; 31: 867-72.

3. Distel JW, Hatton JF and Gillespie MJ. Biofiim
formation in medicated root canals. Journal of
endodontics. 2002; 28: 689-93.

4. Sundqvist G, Figdor D, Persson S and Sjogren U.

Microbiologic analysis of teeth with failed
endodontic treatment and the outcome of
conservative re-treatment. Oral Surgery, Oral

Medicine, Oral Pathology, Oral Radiology, and
Endodontology. 1998; 85: 86-93.

5. Gordon W, Atabakhsh VA, Meza F, et al. The
antimicrobial efficacy of the erbium, chromium:
yttrium-scandium-gallium-garnet laser with radial
emitting tips on root canal dentin walls infected
with Enterococcus faecalis. The Journal of the
American Dental Association. 2007; 138: 992-
1002.

6. Hatipoglu FP, Hatipoglu © and ARICIOGLU B.
Turk Dishekimlerinin Endodontik Tedavi
Prosedirlerindeki  Yaklasimlarinin  incelenmesi.
Sileyman Demirel Universitesi Saglik Bilimleri
Dergisi. 2020; 11: 54-64.

7. Blanken J, De Moor RJG, Meire M and
Verdaasdonk R. Laser induced explosive vapor
and cavitation resulting in effective irrigation of the
root canal. Part 1: a visualization study. Lasers in
Surgery and Medicine: The Official Journal of the
American Society for Laser Medicine and Surgery.
2009; 41: 514-9.

8. Gomes B, Ferraz C, Berber V, Teixeira F and
Souza-Filho F. In vitro antimicrobial activity of
several concentrations of sodium hypochlorite
and chlorhexidine gluconate in the elimination of
Enterococcus faecalis. International endodontic
journal. 2001; 34: 424-8.

9. Gu L-s, Kim JR, Ling J, Choi KK, Pashley DH and
Tay FR. Review of contemporary irrigant agitation
techniques and devices. Journal of endodontics.
2009; 35: 791-804.

10.Yasuda Y, Kawamorita T, Yamaguchi H and Saito
T. Bactericidal effect of Nd: YAG and Er: YAG
lasers in experimentally infected curved root
canals. Photomedicine and laser surgery. 2010;
28: S-75-S-8.

11.DiVito E and Lloyd A. ER: YAG laser for 3-
dimensional debridement of canal systems: use of
photon-induced photoacoustic streaming.
Dentistry today. 2012; 31: 122, 4-7.

12.Lukac N, Muc BT, Jezersek M and Lukac M.
Photoacoustic endodontics using the novel
SWEEPS Er: YAG laser modality. J Laser Health
Acad. 2017; 1: 1-7.

13.Aydin SA, Tasdemir T, Buruk CK and Celik D. Efficacy
of Erbium, Chromium-doped Yttrium, Scandium,
Gallium and Garnet Laser-activated Irrigation
Compared with Passive Ultrasonic Irrigation,
Conventional Irrigation, and Photodynamic Therapy
against Enterococcus faecalis. The Journal of
Contemporary Dental Practice. 2020; 21: 12.

14.Bali¢ M, Luci¢ R, Mehadzi¢ K, et al. The efficacy of
photon-initiated photoacoustic streaming and sonic-
activated irrigation combined with QMiX solution or
sodium hypochlorite against intracanal E. faecalis
biofilm. 2016; 31: 335-42.

15.Rédig T, ZimmermannF KF, Sydow H and Wiegand
AJQI. Comparison of the antibacterial efficacy of
sonic-and  two ultrasonic-activated irrigation
techniques in reducing intracanal Enterococcus
faecalis populations. 2018; 49: 689-97.

16.JezerSek M, Jereb T, Lukaé N, Tenyi A, Luka¢ M and
Fidler A. Evaluation of Apical Extrusion During Novel
Er:  YAG Laser-Activated Irrigation  Modality.
Photobiomodulation, photomedicine, and laser
surgery. 2019; 37: 544-50.

17.Sood S, Malhotra M, Das B and Kapil A. Enterococcal
infections & antimicrobial resistance. Indian Journal
of Medical Research. 2008; 128: 111.

18.Sirtes G, Waltimo T, Schaetzle M and Zehnder M. The
effects of temperature on sodium hypochlorite short-
term stability, pulp dissolution capacity, and
antimicrobial efficacy. Journal of Endodontics. 2005;
31: 669-71.

19.Siqueira Jr JF, Rogas IN, Paiva SS, Guimaraes-Pinto
T, Magalhdes KM and Lima KC. Bacteriologic
investigation of the effects of sodium hypochlorite
and chlorhexidine during the endodontic treatment of
teeth with apical periodontitis. Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology, and
Endodontology. 2007; 104: 122-30.

20.Ferraz CC, Gomes BP, Zaia AA, Teixeira FB and
Souza-Filho FJ. Comparative study of the
antimicrobial  efficacy of chlorhexidine  gel,
chlorhexidine solution and sodium hypochlorite as
endodontic irrigants. Brazilian dental journal. 2007;
18: 294-8.

21.Sahar-Helft S, Stabholtz A, Moshonov J, Gutkin V,
Redenski | and Steinberg D. Effect of Er: YAG laser-
activated irrigation solution on Enterococcus faecalis
biofilm in an ex-vivo root canal model. Photomedicine
and laser surgery. 2013; 31: 334-41.

22.Cheng X, Chen B, Qiu J, et al. Bactericidal effect of
Er: YAG laser combined with sodium hypochlorite
irrigation against Enterococcus faecalis deep inside
dentinal tubules in experimentally infected root
canals. Journal of medical microbiology. 2016; 65:
176-87.

23.Cheng X, Guan S, Lu H, et al. Evaluation of the
bactericidal effect of Nd: YAG, Er: YAG, Er, Cr: YSGG
laser radiation, and antimicrobial photodynamic
therapy (aPDT) in experimentally infected root canals.
Lasers in surgery and medicine. 2012; 44: 824-31.

756



Selcuk Dent J. 2021

Aricioglu B, Pertek Hatipoglu F, Hatipoglu O, Bahgeci i

24.Meire M, De Prijck K, Coenye T, Nelis H and De
Moor R. Effectiveness of different laser systems to
kill Enterococcus faecalis in aqueous suspension
and in an infected tooth model. International
Endodontic Journal. 2009; 42: 351-9.

25.Matsumoto H, Yoshimine Y and Akamine A.
Visualization of irrigant flow and cavitation induced
by Er: YAG laser within a root canal model.
Journal of endodontics. 2011; 37: 839-43.

26.Lukac N, Lukac M and Jezersek M. QSP Mode
Characteristics of 3rd Generation ASP Powered
Er: YAG Dental Lasers, J. LA&HA-J Laser Health
Acad. 2016; 2016: 1-5.

27.Galler K, Grubmdller V, Schlichting R, et al.
Penetration depth of irrigants into root dentine
after sonic, ultrasonic and photoacoustic
activation. International endodontic journal. 2019.

28.lvanusic T, Lukac M, Lukac N and Jezersek M.
SSP/SWEEPS Endodontics with the SkyPulse Er:
YAG Dental Laser.

29.Mohammadi Z. Sodium  hypochlorite in
endodontics: an update review. International
dental journal. 2008; 58: 329-41.

30.Macedo R, Wesselink P, Zaccheo F, Fanali D and
Van Der Sluis L. Reaction rate of NaOCI in contact
with bovine dentine: effect of activation, exposure
time, concentration and pH. International
Endodontic Journal. 2010; 43: 1108-15.

31.Sahar-Helft S, Slutzky-Goldberg I, Moshonov J, et
al. Synergistic effect of Er: YAG laser irradiation in
combination with chlorhexidine on the viability of
Enterococcus faecalis: an in vitro study.
Photomedicine and laser surgery. 2011; 29: 753-8.

32.DiVito E, Peters OA and Olivi G. Effectiveness of
the erbium: YAG laser and new design radial and
stripped tips in removing the smear layer after root
canal instrumentation. Lasers in medical science.
2012; 27: 273-80.

33.Pedulla E, Genovese C, Campagna E, Tempera G
and Rapisarda E. Decontamination efficacy of
photon-initiated photoacoustic streaming (PIPS) of
irrigants using low-energy laser settings: an ex
vivo study. International endodontic journal. 2012;
45: 865-70.

34.Seet AN, Ziim PS, Gully NJ and Cathro PR.
Qualitative comparison of sonic or laser
energisation of 4% sodium hypochlorite on an
Enterococcus faecalis biofilm grown in vitro.
Australian Endodontic Journal. 2012; 38: 100-6.

35.Gulabivala K, Stock C, Lewsey J, Ghori S, Ng YL
and Spratt D. Effectiveness of electrochemically
activated water as an irrigant in an infected tooth
model. International endodontic journal. 2004; 37:
624-31.

36.Kocak S, Kocak MM, Saglam BC and Aktas E.
Efficacy of three irrigation agitation techniques on
bacterial elimination: a microbiologic and
microscopic evaluation. Scanning: The Journal of
Scanning Microscopies. 2014; 36: 512-6.

37.Agrawal V, Rao M, Dhingra K, Gopal VR, Mohapatra
A and Mohapatra A. An in vitro comparison of
antimicrobial effcacy of three root canal irrigants-
BioPure MTAD, 2% chlorhexidine gluconate and
5.25% sodium hypochlorite as a final rinse against
E. faecalis. J Contemp Dent Pract. 2013; 14: 842-7.

38.Deplazes P, Peters O and Barbakow F. Comparing
Apical Preparations of Root Canals Shaped by
Nickel-Titanium Rotary Instruments and Nickel-
Titanium Hand Instruments. Journal of endodontics.
2001; 27: 196-202.

Corresponding Author:

Fatma PERTEK HATIPOGLU

Nigde Omer Halisdemir University
Faculty of Dentistry

Department of Endodontics

Nigde, Turkey

Phone : +90 388 225 25 91

E-mail : pertekk_165@hotmail.com

757



