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Efficacy of photon induced photoacoustic
streaming (PIPS) on root canals infected
with Enterococcus faecalis: A pilot study

Drs. David E. Jaramillo, Raydolfo M. Aprecio, Nikola Angelov, Enrico
DiVito, and Thomas V. McClammy explore whether the Er:YAG laser
tip is an efficient tool in elimination of Enterococcus faecalis from

infected root canals

Abstract

Eradication of microorganisms from an infected root canal before
obturation is a primary focus of endodontic treatment, as well as
the best predictor for the long-term success of the endodontic
therapy. The purpose of this in vitro laboratory study was to
evaluate the efficacy of a new tapered and stripped Er:YAG laser
tip using PIPS (Photon Induced Photoacoustic Streaming) in root
canals infected with Enterococcus faecalis (ATCC4082). Methods:
Twenty-four freshly extracted single-rooted human teeth were
collected and inoculated with E. faecalis. After 4 weeks, the teeth
were divided in four groups, two experimental, one positive, and
one negative group. Laser treatment was performed for a period
of 20 seconds with 6% sodium hypochlorite in groups 1 and
2, while PBS was used for group 3 and 4. Furthermore, dentin
debris was produced, and colony-forming units were determined.
Results: The combinations of 20 seconds laser activated irrigation
with Er:-YAG Laser and 6% sodium hypochlorite showed 100%
inhibition using PIPS of growth of E. faecalis compared to 50%
inhibition with the combination of Er:YAG Laser and PBS.
Conclusions: The PIPS technology is efficient tool in elimination
of Enterococcus faecalis from infected root canals.

Introduction

Many clinical approaches have been evaluated for disinfection and
control of the root canal biofilm during endodontic treatment'?.
The presence of bacteria in root canals has been considered to
be responsible for endodontic treatment failure'’. Eradication of
microorganisms from an infected root canal before obturation
is a primary focus of endodontic treatment®* as well as the best
predictor for the long-term success of the endodontic therapy’.
Location, harboring, and multiplication of bacteria within root
canals are the factors most cited for making disinfection of this
anatomical structure a clinical problem. Bacteria can colonize
and survive in dentinal tubules, lateral canal ramifications,
canal isthmuses, and other irregularities in the root canal'?, thus
making the mechanical instrumentation approach limited in its
effectiveness, unless supplemented with antimicrobial solutions
that help in reducing the bacterial load®’. Enterococcus faecalis, a
gram-positive facultative anaerobe is able to resist and adapt to
the harshest environmental conditions; this explains its presence
and survival in endodontic infections and periradicular lesions®.
Traditional therapeutic solutions such as sodium hypochlorite and
chlorhexidine (either gel or liquid) or combinations of different
irrigation vehicles have been shown to be effective in eliminating
or reducing the presence of E. faecalis from root canals and
dentinal tubules’. Different techniques have been proposed to
improve the efficacy of irrigation solutions, including changes of
concentration, temperature, surfactant, and agitation'®. Despite
the fact that traditional chemomechanical cleansing measures
have shown acceptable results in endodontic outcomes, several
literature reports have suggested that the additional use of lasers
can be a valuable addition in removing bacterial load in areas
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Educational aims and objectives
The purpose of this article is to:

Explore whether additional use of lasers can
be a valuable addition in removing bacterial
load in areas where traditional methods
may fail to succeed.

Expected outcomes

Correctly answering the questions on page

33, worth 2 hours of CE, will demonstrate

that you can:
Identify clinical approaches that have been
evaluated for disinfection and control of
the root canal biofilm during
endodontic treatment.
Realize the efficacy of a new Er:YAG laser tip called
PIPS (Photon Induced Photoacoustic Streaming) in root
canals infected with Enteroccocus faecalis.
Realize that despite the fact that traditional chemo-
mechanical cleansing measures have shown acceptable
results in endodontic outcomes, the additional use of
lasers can be a valuable addition in removing bacterial load in
areas where traditional methods may fail to succeed.

where traditional methods may fail to succeed! 2.

The use of Photo Dynamic Therapy (PDT) added to
conventional endodontic treatment leads to a further major
reduction of microbial load, proving that PDT is an efficient
treatment to kill multi-drug resistant microorganisms'’. Studies
have shown that combined treatments, such as the use of sodium
hypochlorite, citric acid, and diode laser energy together have
a synergistic effect, increasing treatment efficacy and leading to
significantly better decontamination of the root canal'*. Er:YAG
laser is effective in removing debris and smear layer from root canal
walls"®. Standardized instrumentation, followed by a final Er:YAG
laser irradiation in wet canals with EDTA irrigation can result in
more cleaning of the root canal walls and a higher quantity of open
tubules in comparison with the traditional irrigation method'e.
Noetzel et al, evaluated the efficacy of the CaOH,, Er:YAG laser and
gaseous ozone in root canal disinfection either alone or combined
with mechanical instrumentation and different antimicrobial
solutions in canals inoculated with E. faecalis®. Within the limitation
of their study, the authors concluded that Er:YAG laser irradiation
does not provide satisfactory reduction of E. faecalis-infected root
canals when compared to CaOH, and gaseous ozone, both of
which demonstrated higher efficacy. They also reported that the
use of antimicrobial solutions such as 1% sodium hypochlorite
and 0.2% chlorhexidine showed increased antibacterial efficacy’.
In addition, Yavari et al, also suggested that even though 1%
sodium hypochlorite solution had a more significant antibacterial
effect on the microbiological flora present in infected root canals,
the use of laser (Er,Cr:YSGG) also showed noticeable antimicrobial
effects on the E. faecalis'?. Conversely, De Moor et al, showed that
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Figure 1: Bacterial growth before laser activated irrigation.
BacLight staining, bright green indicates live bacteria (A), bright red
indicates autofluorescence (B)

Figure 3: Close up of confocal image showing infiltration of bacteria
deep into the dentin tubules

laser-activated irrigations with Er:YAG laser used for 20 seconds
is comparable to the passive ultrasonic irrigation (PUI) with the
intermittent flush technique'®. Lastly, Yasuda et al, concluded that
the Er:YAG laser showed high bactericidal effect in straight and
curved root canals when compared to the Nd:YAG laser'”. PIPS
(Photon Induced Photoacoustic Streaming) is utilizing extremely
low energy levels of laser light to generate a photoacoustic
shockwave to stream irrigants throughout the entire root canal
system'®. The purpose of this in vitro laboratory study was to
evaluate the efficacy of a new Er:YAG laser tip using PIPS in root
canals infected with Enteroccocus faecalis (ATCC4082).

Materials and methods

Preparation of teeth specimens

A total of 24 freshly extracted single-rooted human teeth were
collected and placed in phosphate buffered saline (PBS) solution
until use. Radiographs were taken of all the teeth to rule out the
possibility of root canal blockage, previous root canal treatment
or canal calcifications. Access openings were prepared with a
fissure carbide bur (Brasseler). A No. 10 Flexofile (Dentsply) was
placed inside the root canal until it was seen at the apical foramen;
1 mm was subtracted from this measurement to establish the
working length (WL). A ProTaper® Rotary File system (Dentsply)
was used for root canal preparation. The root canal of each tooth
was enlarged up to F1 to keep the canal enlargement as small as
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Figure 2: SEM (A) showing bacterial growth before PIPS treatment

and confocal image (B) showing live bacterial growth into dentin
tubules

No signal of dead bacteria - only dentin autofluorescence

tooth # 10

U

Figure 4: Confocal imaging after 20 seconds of laser activated
irrigation with hypochlorites and PIPS. No signal of dead bacteria-
only dentin autofluorescence

possible. One milliliter of 6% sodium hypochlorite was used for
irrigation between each instrument use. After the canal preparation
was completed, 2 ml of 17% EDTA was used as final irrigation to
remove debris and smear layer and leave the dentinal tubules open
to facilitate bacterial penetration. The teeth were transferred to a
flask with deionized water for sterilization by autoclaving for 30
minutes at 121°C with 15 Ib. pressure.

Study design

The teeth (n = 24) were divided in 4 groups: 2 experimental
(groups A and B), 1 positive control (group C) and 1 negative
control group (group D). The first experimental group (group A)
consisted of 8 teeth that were all evaluated by Confocal Microscopy
Analysis (LSM 5 Pascal Inverted, Carl Zeiss Microlmaging, Inc.).
Four of these teeth (teeth 1 to 4; group A1) were previously treated
with Er:YAG laser (Fidelis AT, Fotona, Ljubljana, Slovenia) and
6% sodium hypochlorite (6% NaOCI) for 20 seconds; while the
remaining 4 teeth (teeth 5 to 8; group A2) were treated with saline
instead of 6% NaOCI. All samples (teeth 1 to 8) were stored in
PBS solution until the evaluation with the confocal microscopy.
The second experimental group (group B; teeth number 9-16) was
evaluated by the use of Scanning Electronic Microscope-SEM (XL
30 S, FEG, FEI Company). The first half of group B (teeth 9 to 12,
group B1) was treated with Er:YAG laser and NaOCl 6%, while the
second half of this group (teeth 13 to 16; group B2) was treated
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Figure 5: SEM image showing the absence of bacteria in tubules as
seen on previous confocal image (Figure 4)

with Er:YAG laser and PBS. All samples (teeth 9 to 15) were stored
in 4% formalin until the evaluation with the SEM. The positive
control group (teeth 17 to 20; group C) included 4 teeth that were
all inoculated with E. faecalis (ATCC 4082, Manassas, Virginia).
Two teeth (17 and 18; group C1) from this group were stored
in PBS and later evaluated using confocal microscopy, while the
remaining 2 teeth (teeth 19 and 20; group C2) were stored in
4% formalin and then evaluated using SEM. Finally, the negative
control group (teeth 21 to 24; group D) were all coated with clear
nail polish to prevent bacterial penetration into the root canal.
From this group, the first two teeth (teeth 21 and 22; group D1)
were examined using confocal microscopy and teeth 23 and 24
(group D2) using SEM.

Bacteria and culture conditions

The sterilized tooth specimens were inoculated with E. faecalis
(ATCQ) in Brain Heart Infusion (BHI; Becton Dickinson) broth.
Specimens were kept at 37°C to allow bacterial growth. The
medium was replaced once a week for 4 consecutive weeks. After
4 weeks of inoculation, the teeth were removed from the bacterial
culture. The root canal openings were covered with Cavit™ (3M™
ESPE™). Each tooth was wiped with 6% sodium hypochlorite to
disinfect the outside of the tooth before further treatment. Cavit
was removed, and experimental laser treatment by was completed.

Experimental procedures

The infected canal spaces from sample 1 through 16 were sampled
using paper point and then exposed to laser irradiation with
an Er:YAG laser (Fidelis) with a wavelength of 2940 nm for 20
seconds in pulse mode (50 microsecond pulse mode) at 0.3 watts
(15 HZ, 20 millijules). Er:YAG laser was used to irradiate the root
canals after traditional instrumentation. A newly designed quartz
tip was used (PIPS, 400 micron 14 mm long). The tip was tapered
and had 3 mm of the polyamide sheath stripped back from its
end. The co-axial air and water spray feature of the handpiece
was set to off. The tip was placed in the coronal portion of the
access opening only, remaining stationary and not advanced
into the root canal, accompanied by constant irrigation with
6% sodium hypochlorite. After laser treatment, a Hedstrom file
(Maillefer, Switzerland) was used to produce dentin shavings
inside all the root canals. The shavings inside the root canals
were collected using a sterile paper point and placed in a 2 ml
microtest tube containing 1.5 ml Brain Heart Infusion (BHI)
broth for colony forming unit (CFU) counts. The tube with paper
point was vortexed for 30 seconds and prepared in 1:10 serial
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dilutions for plating. Each sample was placed in a tube with 2ml
of BHI and incubated for 72 consecutive hours. Bacterial growth
was determined via visual assessment by two examiners who
evaluated turbidity of each sample. Absence of turbidity indicated
no bacterial growth, while turbidity was indication of viable
bacteria. All non-turbid test samples were vortexed and plated
with 25 ml in BHI plates. Two positive and two negative control
specimens were also plated on BHI. All plates were incubated for
24 hours and again evaluated for bacterial growth by the same
examiners. The presence of white pinpoint colonies indicated
growth of E. faecalis on agar plates, and microscopic evaluation
with gram stain confirmed the presence of gram-positive bacteria.
Subsequently, the roots were sliced longitudinally with a diamond
disk (Brasseler). The sliced roots were placed in 17% EDTA for 30
seconds to remove sectioning debris. The laser-treated teeth from
group A (samples 1-8) were stored in PBS for Confocal Microscopy
Analysis (Carl Zeiss Microlmaging). To determine the viability of
the cells, a BacLight™ staining kit (Invitrogen™) was used. Live cells
were shown as bright green dots, while dead bacteria were stained
red. The laser-treated teeth from group 2 (samples 9-16) were
stored in 4% formalin solution for fixation for SEM microscopy.

Statistical analysis

Significant differences in bacterial colony forming units were
determined using a Friedmans two-way Analysis of Variance
by Ranks for comparisons between the three laser treatment
groups (before laser treatment, after laser treatment, and dental
shavings after laser treatment). The Kruskal-Wallis procedure
was implemented to test for differences in the bacterial colony
forming units between the four solution groups at each laser
treatment level: laser with sodium hypochlorite 6%, and laser with
PBS for confocal microscopy, laser with sodium hypochlorite 6%
(4% formalin for SEM ), laser with PBS (4% formalin for SEM),
Appropriate post-hoc comparisons with adjustments for multiple
testing were performed at the completion of the Friedman and
Kruskal-Wallis procedures if warranted. All hypotheses were two-
sided and tested at an alpha level of 0.05. The statistical analyses
were conducted with SAS v. 9.1.3 (SAS Institute, Cary, NC).

Results

Statistically significant differences in colony forming units per
milliliter were found between the laser treatment groups in two
of the four groups; Teeth 1-4, laser with sodium hypochlorite
(confocal group) (Friedman test, p < 0.001), teeth 9-12, laser with
sodium hypochlorite (SEM group) (Friedman test, p = 0.018), teeth
13-16, laser with PBS (SEM group) (Friedman test, p = 0.039), and
bacterial growth in the “before laser treatment” was significantly
higher than the after laser treatment in teeth 5-8 (p = 0.034) and
“after laser treatment dental shavings” teeth (p = 0.034) for 9-12
sodium hypochlorite (SEM group). Similar pattern of significance
was detected in the PBS (SEM group) group of higher “before
laser treatment” bacterial colony forming units when compared
to “after laser treatment” (p = 0.013) and weaker evidence when
compared to “after laser treatment dental shavings” groups. No
statistically significant difference in bacterial colony forming units
per milliliter was found for teeth in group 5-8 (Table 1).

Two of the three laser treatment groups demonstrated a
statistically significant difference in bacterial colony forming units
per milliliter: “before laser treatment” (Kruskal-Wallis, p = 0.042)
and “after laser treatment dental shavings” (Kruskal-Wallis, p =
0.011). Significantly less colony forming units per milliliter were
observed in the “sodium hypochlorite-PBS” group (1-4) when
compared to the “sodium hypochlorite—4% formalin” (p=0.026)
and “PBS” (5-9) groups (p=0.019). No statistically significant
difference in bacterial growth was detected between the solutions
for the “after laser treatment” group teeth 1-8, (Kruskal-Wallis, p =
0.181; Tables 2 and 3).
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In summary, the combinations of 20 seconds irradiation
with Er:'YAG laser and 6% sodium hypochlorite completely
inhibits the growth of Enterococcus faecalis when compared with
the combination of Er:YAG laser and phosphate buffered saline.
The dental shavings of teeth treated with Er:YAG laser and sodium
hypochlorite showed 100% elimination of Enterococcus faecalis
compared to 50% with the combination of Er:YAG laser and
phosphate buffered saline. All untreated (baseline) teeth showed
growth of Enterococcus faecalis (Figures 1, 2, and 3).

The SEM analysis, as well as the confocal microscopy
analysis further confirms our findings. The SEM representative
sample (Figure 5) clearly shows that there is no bacteria present
on the canal wall of specimens treated with PIPS and sodium
hypochlorite, when compared to the PBS control groups.
Furthermore, the confocal microscopy analysis demonstrated
absence of live bacteria on the canal wall, and even within the
dentinal tubules in the treatment group compared to the controls
(Figure 4).

Discussion

Persistence of bacteria following endodontic therapy has been
identified as a major contributor to endodontic failures. Clinicians
and researchers have investigated several ways to eliminate
bacteria from the root canal system, including mechanical
and chemical techniques®!®. Lasers have been used to aid in
bacterial decontamination of root canal systems, with varying
degrees of success. E. faecalis is a well-studied microorganism in
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the endodontic literature due to its resistance to treatment. It is
Aaclaser Tramnon therefore of remarkable interest to appreciate the results of the
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present study. Our in vitro pilot study clearly indicates that 20
seconds of laser activated irrigation with sodium hypochlorite
using Er:'YAG and PIPS technique with 50 microsecond pulse
at 15HZ, with 0.3 Watts of power was effective in eliminating
E. faecalis from in vitro infected root canal systems. This finding
could be attributed to the photomechanical effect seen when light
energy is pulsed in liquid'®*°. Other studies have shown; however,
that use of laser may not result in optimal bacterial reduction’. The
possible reasons for differences in the efficacy of laser in endodontic
therapy could be due to the different parameters used, including
the delivery technique, the time of application within the canal,
presence of aqueous solution that would affect the absorption of the
laser beam and power of the laser and finally the density of energy
delivered. All the previous literature cited were utilizing lasers as
a thermal event. Our application was a photoacoustic subablative
technique?*%. Our study shows that following decontamination
and mechanical conventional use of sodium hypochlorite, the
single application with PIPS for 20 seconds was sufficient to
achieve zero growth of E. faecalis within the canal. Most likely, the
amount of energy and the motion used during the emission of
the laser beam was sufficient to penetrate and disrupt the biofilm
created by the E. faecalis, and kill bacteria not by a thermal event,
but rather via the photomechanical effects of the PIPS tapered and
stripped tip. We also opine that the release of hydroxyl radicals as
described during a photoacoustic event* also lead to the dentin
tubule bacterial disinfection seen. The control groups used in this
study validate the findings. The fact remains that E. faecalis is not
the only microorganism involved in endodontic infections, so it
may be beneficial to design future studies that will explore the
effect of this treatment on other endodontic pathogens.

Our results are in accordance with previous studies
that confirmed the efficacy of lasers in decontamination of the
endodontic canals'®?°. We speculate the low energy laser light
generates a photoacoustic shockwave that pulses its way three
dimensionally to all the internal aspects of the root canal system,
effectively disrupting the biofilm. This may be of particular interest
to the clinical practice of endodontics, allowing the clinician to use
the PIPS method for effective disinfection of the entire root canal
system, without unnecessary over-instrumentation, especially in
the apical third of the canal.

Conclusions
Within the limitation of this study, we can conclude that the

combinations of 20 seconds irradiation with Er:-YAG laser via a
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photoacoustic delivery system and 6% sodium hypochlorite is very
effective in inhibiting Enterococcus faecalis growth. The results are
encouraging in terms of the possible application of the Er:YAG
laser in endodontics. The PIPS technology can be used as an
efficient additional tool in the decontamination of infected root
canals during endodontic treatment. [
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