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Abstract
Objectives This study aimed to compare the efficacy of silver nanoparticles (AgNPs) irrigating solution alone and following
activation with photon-induced photoacoustic streaming (PIPS), photodynamic therapy (PDT) with indocyanine green (ICG),
passive ultrasonic irrigation (PUI), and manual dynamic activation (MDA) method for elimination of Enterococcus faecalis
(E. faecalis) from the root canal system.
Materials and methods A total of 59 extracted human single-rooted teeth were collected and prepared. E. faecalis was inoculated
into the root canals and incubated for 4 weeks. The teeth were then randomly divided into five experimental groups (n = 10): the AN
group, irrigation with AgNPs alone; the AN/ICG/DL group, irrigation with AgNPs and ICG, then activation with diode laser; the
AN/PIPS group, irrigation with AgNPs and activation with 0.3 W Er: YAG laser; the AN/MDA group, irrigation with AgNPs and
activation with tapered gutta-percha; and the AN/PUI group, irrigation with AgNPs and activation with ultrasonic. Also, two control
groups of irrigation with 2.5% sodium hypochlorite (n = 5) and no intervention (n = 4) were also used. Samples were collected from
the dentinal chips before and after the intervention, and the percentage of reduction in colony count was calculated.
Results A significant reduction in E. faecalis colony count was noted in all groups (P < 0.05). Maximum reduction in colony
count was noted in AN/PIPS and AN/PUI groups by 91.03 and 91.29%, respectively. Minimum reduction was noted in the AN
group alone.
Conclusion Activation with PUI and PIPS enhanced the efficacy of AgNPs irrigating solution for elimination of E. faecalis from
the root canal system.
Clinical relevance AgNPs activated by ultrasound or PIPS can be used as an adjunct for disinfection of the root canal system in
endodontic treatment.

Keywords Biofilm . Enterococcus faecalis . Ultrasound . Photon-induced photoacoustic streaming . Manual . Nanoparticles .

Root canal

Introduction

The success of root canal treatment is largely dependent on the
elimination of harmful microorganisms and primarily bacteria

from the root canal system [1]. However, the conventional
method of chemo-mechanical root canal preparation cannot
completely eliminate the bacteria from the root canal system
[2–4]. The reason includes the complex anatomy and mor-
phology of the root canal system due to the presence of isth-
muses, accessory canals, and deltas. The bacteria, debris, and
necrotic tissues in these inaccessible areas are hard to be treat-
ed. Furthermore, mechanical instrumentation of the root canal
system has some shortcomings such as the formation of smear
layer and dentinal debris, risk of iatrogenic accidents, and
weakening of the root canal dentinal walls [2, 4–6].

Enterococcus faecalis (E. faecalis) is among the most com-
monly isolated bacteria from the root canals which failed end-
odontic treatment. This Gram-positive coccus is a facultative
anaerobe that can survive in anaerobic conditions [5].
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E. faecalis in the form of biofilm produces an extracellular
polysaccharide matrix, which is much more resistant than
the planktonic bacteria when exposed to disinfecting agents
and other antimicrobial modalities [7]. The bacterial biofilm
can also resist the host immune system and provide nutrients
for the bacteria. In the form of biofilm, the bacteria can remain
viable and even proliferate for a long time at low pH and high
temperature and in endodontically treated teeth [5, 8, 9].

Sodium hypochlorite (NaOCl) is the most popular irrigat-
ing solution due to its optimal disinfecting property and dis-
solution of necrotic debris. However, its main shortcomings
include cytotoxicity and metal corrosion. Other drawbacks
include bad taste and odor; risk of injury to the eye, skin,
and mucosa; airway sensitivity and obstruction; and risk of
NaOCl accident. Also, the elastic modulus and flexural
strength of dentin depend on the concentration and duration
of exposure to NaOCl [6, 10, 11]. Therefore, new antimicro-
bial agents and novel anti-biofilm strategies are required to
increase the success rate of root canal treatment [7, 9].
Among different nano-materials, nano-silver is more com-
monly used in the dental market [12]. Nano-silver is highly
toxic for bacteria, while it is safe for human cells and tissues,
except in very high concentrations [10, 12, 13]. It is also used
for root canal disinfection in endodontic treatment to prevent
microbial growth and infection in the root canal system. It can
eliminate 650 pathogenic microorganisms including
E. faecalis [5, 12]. Considering the suboptimal efficacy of
the conventional root canal irrigation methods, some tech-
niques are employed to activate the irrigating solution in the
root canal system and increase its disinfection efficacy.

In passive ultrasonic activation (PUI), a file is used to in-
duce high-frequency (25–40 KHz) and low-spectrum vibra-
tions in the root canal system and create bubbles in the irrigat-
ing solution in the root canal system with negative and posi-
tive pressure. These bubbles are unstable and eventually rup-
ture and then create a stream in the liquid. Evidences show that
ultrasonic (US) activation of NaOCl increases its solubility,
disinfection efficacy, and elimination of organic and inorganic
debris [3, 14, 15].

Photodynamic therapy (PDT) is a novel technique [15] that
involves the use of a photosensitizer attached to the bacteria in
the root canals and its reaction with light in the presence of
oxygen. The photosensitizer is activated by light and releases
its energy via production of oxygen. The released oxygen
becomes activated and damages the bacterial cell wall. This
method is capable of eliminating bacteria, viruses, fungi, and
protozoa, while it is safe for the host tissue. However, direct
use of NaOCl and antibiotic therapy is toxic for the host. The
infrared wavelength has higher penetration into tissues when
compared with other wavelengths. Moreover, lasers at this
wavelength have the greatest capability for elimination of
E. faecalis [5, 15, 16]. Indocyanine green (ICG) is a new
photosensitizer used in PDT. It has advantages such as low

toxicity for the host tissue, greater penetration than infrared
radiation, optimal efficacy for elimination of bacteria and fun-
gi, and powerful photosensitized cellular damage [5, 15, 16].

In another technique known as photo-induced photoacous-
tic streaming (PIPS), Er/YAG laser with low level of energy
and short duration is irradiated with a tapered and stripped tip.
In this technique, the PIPS tip is placed in the pulp chamber at
the orifice and Er/YAG laser is irradiated. The primarily gen-
erated heat is absorbed by the water molecules and increases
their temperature to the boiling point. The molecules are then
converted to vapor. When ruptured, the energy of bubbles is
converted to mechanical energy in the liquid medium. In other
words, the energy of a bubble that ruptures concentrates at a
point and causes cavitation. Each impulse causes serial shock
waves that eventually create a strong stream in the irrigating
solution in the root canal. Since the tip is positioned at the
orifice, there is no need to flare the canal to allow introduction
of instrument to the apical region. This technique eliminates
the viable and necrotic tissues and bacteria from the root canal
system and disinfects the dentinal tubules [6, 15–17]. This
method is more effective than the conventional irrigation of
the root canal for elimination of the smear layer, debris,
intracanal medicaments, and bacteria from the root canal
walls. In addition, it increases the bond strength of resin ce-
ment and sealer to the root canal walls [6, 16–18]. The main
advantage of this method is that heat is not generated in the
root canal dentin. Also, the laser tip is positioned at the canal
orifice in the pulp chamber and does not require introduction
into the root canal system [16–18].

Mechanical activation is among the simplest techniques for
manual activation of root canal irrigating solutions. This is
done by the use of gutta-percha (GP), hand files, or endodon-
tic brushes. Manual activation of irrigating solution can be
helpful for the elimination of the smear layer [15, 19].

To the best of the authors’ knowledge, no previous study has
compared the efficacy of these different systems for activation
of silver nanoparticles (AgNPs) for elimination of E. faecalis.
Thus, the present study aimed to assess the effect of ultrasound,
PIPS, PDT, and manual activation of AgNPs disinfecting solu-
tion on its antibacterial efficacy against E. faecalis.

Materials and methods

Preparation of teeth

The study protocol was approved by the ethics committee of
the Tehran University of Medical Sciences (REC.1396.4358).
A total of 59 single-rooted, single-canal human permanent
teeth that had been extracted due to periodontal disease or
orthodontic treatment and did not have open apex, resoprtion,
fracture, caries, or previous endodontic treatment were evalu-
ated in this study. Having one single canal was ensured by
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taking radiographs in mesiodistal and buccolignual directions.
For the purpose of standardization, the roots were cut at
16 mm from the apex using a fissure diamond bur perpendic-
ular to the longitudinal axis of the tooth. Working length was
considered 1-mm short of the apical foramen. All teeth were
instrumented using rotary ProTaper system (Dentsply
Maillefer, Ballaigues, Switzerland). S1, S2, F1, F2, and F3
files were used in an orderly fashion, along with the use of
RC-Prep (DiaDent, Almere, Netherlands). In between the use
of rotary files, the root canals were rinsed with 1 mL of 2.5%
NaOCl using a 30-gauge needle (Luerlock, Avapezeshk,
Tehran, Iran). After root canal preparation with files, the
smear layer was eliminated by using 1 mL of 17% EDTA
(Master-Dent, Bristol, UK), 5 mL of saline, and 1 mL of
2.5% NaOCl, each for 3 min using a 30-gauge needle 1 mm
short of the working length. Next, all canals were rinsedwith 5
mL of saline solution.

The apical foramen of all teeth was sealed with glass
ionomer (Willmann & Pein GmbH, Hamburg, Germany) in
order to inhibit the passage of irrigating solution and bacteria
through it. The entire tooth surface, except for the orifice, was
coated with two layers of nail varnish, and the teeth were
autoclave-sterilized at 121 °C for 15 min.

Bacterial culture

Standard-strain E. faecalis (American Type Culture
Collection 29212) was added to 5 mL of brain heart infusion
(BHI) broth (33 g/L; Merck, Darmstadt, Germany) and incu-
bated at 37 °C for 24 h. Next, 100 μL of sterile BHI and 30μL
of culture medium containing 109 colony forming units
(CFUs) of E. faecalis were added to sterile root canals in the
microtubes. The teeth were incubated at 37 °C for 4 weeks,
and every 3 days, 30 μL of the BHI suspension containing
bacteria was aspirated and replaced with fresh BHI under ster-
ile conditions. To confirm biofilm formation under these ex-
perimental conditions, one root was selected randomly and
was prepared and analyzed by scanning electron microscopy
(SEM).

Primary sampling

The teeth were removed from the microtube using a sterile
gauze, and BHI broth was aspirated from the root canal system
using a sterile 30-gauge needle. The root canal was then rinsed
with 3 mL of sterile saline for 30 s. The teeth were then
vortexed for 30 s. Next, a #40 paper point (DiaDent,
Almere, Netherlands) was placed in the root canal for 30 s
and was then transferred to a microtube containing 1 mL of
saline and vortexed for 30 s.

Next, 10-fold serial dilution up to 1:100 was prepared, and
100 μL of each dilute was cultured on blood agar plate (30 g/L
distilled water in 50 mL of sheep blood). After 24 h, the

number of colonies was counted and converted to actual value
using the dilution factor. The mean of actual number of colo-
nies between 1:10 and 1:100 dilutions was calculated.

Experiment

The samples were randomly divided into five experimental (n
= 10) and two control groups as follows:

1. Group AN: The root canals were rinsed with 5 mL of
AgNPs for 1 min and it remained in the canal for 4 min.

2. Group AN/ICG/DL: The root canals were rinsed with 5
mL of AgNPs suspension plus 1 mL of ICG (1 mg/mL)
(Green +I, Novateb Pars, Iran) in 1:1 ratio for 1 min. It
remained in the canal for 3 min and was then irradiated
with diode laser (Konftec, Taiwan) with 250 mW power
and 808 nm wavelength in continuous-wave mode for 60
s.

3. GroupAN/PIPS: The crownwas reconstructed with a thin
layer of Filtek Z250 composite (3 M, Bracknell, UK) for
all teeth in this group. The root canals were rinsed with 5
mL of AgNPs for 1 min, and then the tip of the Er/YAG
(LightWalker AT, Fotona, Ljubljana-Slovenia) (20 mJ,
15 Hz, 0.3 w, 50 microseconds) was located in the pulp
chamber space and radiated for 30 s, and AgNPs were
remained in the canal for 3 min and 30 s.

4. Group AN/MDA: The root canals were rinsed with 5 mL
of AgNPs for 1 min, which was then agitated by the pull
and push motions of F2 GP to the working length for
4 min (around 60 times).

5. Group AN/PUI: The root canals were rinsed with 1 mL of
AgNPs for 30 s, which was then activated with size 20
ultrasonic file with power 4 to 1 mm short of the working
length for 30 s. This was repeated for five cycles.

*Root canal irrigation in all groups was performed using a
30-gauge needle to 1 mm short of the working length. AgNPs
(Mehreganchem, Tehran, Iran) used in the groups had
100 ppm concentration, and the mean diameter of its particles
was 30 nm.

Control groups

6. Group control (+) (n = 5): The root canals were rinsed
with 5% NaOCl for 1 min. It was remained in the canal
for 4 min and then 1 mL of 5% sodium thiosulfate was
used for 30 s using a 30-gauge needle to neutralize the
hypochlroite.

7. Group control (−) (n = 4): No intervention was performed
in this group.
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Final sampling

For the purpose of standardization of the groups, the root
canals were rinsed with 3 mL of sterile saline for 30 s. Next,
a #40 Hedstrom file (Mani Inc., Tochigi, Japan) was used to
file all canal walls circumferentially to the working length. A
#40 paper point was placed in the canal for 30 s and then the
Hedstrom file along with the paperpoint were placed in a
microtube containing 1 mL of saline and vortexed for 30 s.
The rest of the procedures were conducted in the same way as
those described for primary sampling.

Statistical analysis

Data were analyzed using SPSS version 25 (SPSS Inc., IL,
USA). The percentage of change in CFUs in each group was
calculated and reported descriptively as the mean and standard
deviation values. For inferential analysis, the percentage of
reduction in CFUswas compared among the five study groups
using one-way ANOVA. Since the result was significant,
pairwise comparisons were performed using the Games-
Howell test. Level of significance was set at 0.05.

CFUs Before treatmentð Þ−CFUs After treatmentð Þ
CFUs before treatmentð Þ � 100

¼ RCC%

Results

One-way ANOVA showed a significant reduction in colony
count after the intervention when compared with baseline in

all experimental groups (P < 0.05). Table 1 shows the colony
count before and after the intervention and the percentage of
reduction (RCC%). The maximum percentage of reduction in
colony count among experimental groups was noted in AN/
PIPS and AN/PUI with very close values, and the minimum
was noted in AN group. A significant difference was noted
between AN/PUI and AN/PIPS groups versusAN group (P <
0.05), but no other significant differences were noted in ex-
perimental groups (P > 0.05). Among the control groups, con-
trol (+) group showed the maximum percentage of reduction
(100%), and control (−) not only did not have any reduction in
result but also showed biofilm proliferation after the proce-
dure. Thus, all the experimental groups had significant differ-
ences with both of the control groups (Table 1).

Discussion

E. faecalis is among the most common bacteria present in the
root canal system. It is resistant to antibacterial agents, phago-
cytosis, and antibodies due to its ability to form biofilm [5].
The incubation time of E. faecalis has a direct effect on the
structure and resistance of its biofilm. In the first 1 h after
incubation, it mainly has a planktonic state and then starts to
form a biofilm. It is sensitive to antibacterial agents such as
1% NaOCl, 2% chlorhexidine, and 0.2 and 0.4% iodine at 2
weeks. However, it becomes highly resistant to these agents
after 3 weeks. Thus, we considered a 4-week incubation time
for E. faecalis in this study [6].

In the current study, 5% NaOCl was used as a positive
control group and demonstrated a powerful antibiofilm effect
against E.faecalis biofilm. It is in agreement with the results
reported earlier where NaOCl was recognized as the most
efficient irrigating solution in various concentration in order
to biofilm destruction [20–22].

At present, AgNPs are extensively used as antibacterial
agents for the treatment of root canal infections and due to
their very small size, such nano-materials can enter into den-
tinal tubules with 2.4–2.9 μm diameter. Evidences show that
the antibacterial efficacy of AgNPs against E. faecalis and
Staphylococcus aureus is comparable to that of 5.25%
NaOCl and can help control bacterial growth in the root canal
system [23, 24]. These particles have a positive charge, and
their mechanism of action is via reaction with sulfonyl groups
present in proteins and DNA. They open the DNA sequence
and thus prevent its transcription and expression of ribosomes
and by doing so interfere in the energy transfer cycle and cell
mitosis. They also cause permeability of bacterial membrane
and leakage of cell contents and its subsequent lysis and de-
struction [5, 24]. Evidence shows that silver has antibacterial
properties against a wide spectrum of bacteria and even ma-
ture biofilms [10]. Afkhami et al. [5] used 5 mL of 100 ppm
AgNPs for 5 min and reported results similar to the use of

Table 1 Log10 colony-forming units ± standard deviations (SD) before
and after the interventions, related P values and the percentage of reduc-
tion (RCC%) in every experimental group

Groups Before ± SD After ± SD Reduction %

AN 3.29 ± 0.35 2.80 ± 0.29 67.64b

AN/PIPS 3.71 ± 0.25 2.54 ± 0.36 91.03a

AN/ICG/DL 3.57 ± 0.15 3.05 ± 0.28 70.77ab

AN/PUI 3.33 ± 0.29 2.24 ± 0.41 91.29a

AN/MDA 3.27 ± 0.31 2.61 ± 0.72 71.94ab

Control (−) 3.85 ± 0.19 3.87 ± 0.12 −13.31c

Control (+) 3.76 ± 0.20 0.00 ± 0.00 100.00d

Values with different superscript letters were significantly different (P <
0.05)

AN silver nanoparticles, PIPS photon-induced photoacoustic streaming,
ICG indocyanine green,DL diode laser, PUI passive ultrasonic irrigation,
MDA manual dynamic activation, Control (−), no intervention; Control
(+), NaOCl sodium hypochlorite
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2.5% NaOCl in reduction of E. faecalis in the root canal sys-
tem. Hirashi et al. [25] used 3.8% Ag (Na3)2F and 5.25%
NaOCl in the root canal for 60 min and reported similar re-
sults. Bo et al. [26] used the methyl thiazolyl tetrazolium
assay and confocal laser scanning microscopy and showed
that 0.1 and 0.2% nanosilver gel can be much more effec-
tive than camphorated phenol and chlorhexidine against
E. faecalis. Such promising results call for further studies
on this material to achieve maximum root canal disinfec-
tion by AgNPs.

Activation of irrigating solution enhances its efficacy and
dynamic flow and improves its antibacterial property [27].

The simplest method for activation of irrigating solution is
the manual technique that increases the longitudinal (corono-
apical) and lateral penetration of liquid into the root dentinal
tubules [27]. A previous study [28] reported that during acti-
vation of irrigating solutions with the manual dynamic agita-
tion (MDA) technique, GP should have a size and taper sim-
ilar to the size and taper of the root canal. When the GP is
introduced into the canal to the working length, agitation of air
bubbles in the apical third of the canal can be ensured. Hence,
increased liquid flow at the apical third increases the penetra-
tion depth of irrigating solution and its refreshment. This
would result in enhanced debridement of the root canal system
[15, 27]. A previous study [27] used tapered GP in the canal
and concluded that the distance between the GP cone and the
canal wall (reflux space) is effective for activation of irrigating
solution and its penetration. This suggests that the smaller this
distance, and the thinner the liquid that flows between these
two surfaces, the higher the hydrodynamic effect would be. In
contrast, other studies [29, 30] stated that when GP adapts to
the root canal wall, it prevents the flow of the irrigating solu-
tion. When GP is removed from the canal, debris remains in
the root canal system. A previous study showed that MDA
and sonic activation techniques were more effective than the
RinseEndo technique in elimination of smear layer from the
apical third of curved canals [31]. A recent study evaluating
different irrigation activation methods showed that the groups
of Er/YAG and PUI had the most bacterial elimination
fallowed by PDT, while the standard needle irrigation had
the lowest performance among the tested methods [32]. In
contrast, another study [33] reported that the MDA was more
effective for smear layer removal than the PUI and needle
irrigation methods. Similarly, in the present study, significant
reduction in bacterial count of the canal (71.94% reduction in
bacterial count) was noted after the use of F2 GP.

Previous studies have shown that US is an adjunct that
causes cavitation and acoustic streaming in the root canal ir-
rigating solution which increases both the flushing action of
the irrigant and increases its efficacy for elimination of organic
and inorganic debris [15, 34, 35]. Accordingly, several studies
have reported a reduction in the number of viable colonies
after the use of US activation. The hydrodynamic effect

increases the efficacy of activation of irrigating solution and
has a heating effect that can increase the root canal tempera-
ture to 45 °C [15, 34, 35]. Cameron [36] and Al-Jadaa et al.
[37] demonstrated that PUI increases the temperature of root
canal and also increases the effectiveness of NaOCl as an
irrigant. Our results reported greater reduction in bacterial
count in AN/PUI group when comparedwith AN/MDA group
(92 and 71%, respectively). Ahmad et al. [38] showed that
PUI creates continuous flow of the irrigating solution in the
canal around the file, which causes shear stress and damages
the biological cells in the root canal. Macedo et al. [39] further
showed that activation with US and laser increases the effica-
cy of NaOCl. Caputa et al. [40] in their review study demon-
strated that almost all clinical and in vitro studies have report-
ed higher efficacy of US activation when compared with irri-
gation with syringe alone. Our results were in line with their
findings and indicated the higher efficacy of PUI than all other
methods for the elimination of E. faecalis biofilm from the
root canal system.

PDT is another activation technique that can be used along
with the conventional method. ICG has gained special atten-
tion as a new photosensitizer, which is activated by 810 nm
wavelength infrared [5]. Beltes et al. [41] evaluated the effi-
cacy of PDT with 1 W and 0.5 W diode laser with 808 nm
wavelength and 60 s irradiation time for each sample (3 cy-
cles, 20 s each) and 100 μg/mL ICG for elimination of plank-
tonic E. faecalis. A significant reduction in bacterial count was
noted in the PDT group. Moreover, complete elimination of
bacteria was noted when NaOCl was used either alone or
along with PDT. Pourhajibagher et al. [42] evaluated the ef-
fect of PDT with curcumin (40 mA) and 100 μg/mL ICG as
photosensitizers for the elimination of E. faecalis when com-
pared with the conventional endodontic irrigating solutions
(chlorhexidine and NaOCl). They reported that maximum per-
centage of reduction in bacterial count was noted in ICG/PDT
and curcumin/PDT groups which were further rinsed with
NaOCl and chlorhexidine. They found no significant differ-
ence between these groups and irrigation with NaOCl and
chlorhexidine alone. Afkhami et al. [5] evaluated the effect
of PDT with 810 nm diode laser and 1 mg/mL ICG and
100 ppm AgNPs for the elimination of E. faecalis. They re-
ported a significant reduction in bacterial count in diode laser/
ICG/AgNPs group, while minimum reduction was noted in
diode laser/ICG group without AgNPs. In our study, 70.77%
reduction in bacterial biofilm of the root canal system was
noted in AN/ICG/DL group. The efficacy of AN/ICG/DL
group in the present study was lower than that of AN/PIPS
and AN/PUI groups, but it was more effective than the AN/
MDA group or AN group, although these differences were not
statistically significant.

The PIPS technique is based on photo-acoustic shock wave
and photo-mechanical principles [15]. Ordinola-Zapata et al.
[18] evaluated the effect of PIPS along with 6% NaOCl with
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PUI, sonic and ultrasonic methods and the conventional meth-
od combined with 6% NaOCl. They observed significant
elimination of bacterial biofilm from the infected dentin of
the canal in the PIPS group. A review article of Mohammadi
et al. [16] showed that cleaning and irrigating of the root canal
with the conventional method after 20 min resulted in disin-
fection of 83% of the canal. In contrast, application of PIPS
after 1 min of irrigation with the same solution caused 100%
disinfection. Akcay et al. [17] evaluated the efficacy of con-
ventional canal irrigation, Er/YAG-PIPS, ER/YAG-Preciso,
PUI, and sonic techniques to assess the penetration depth of
irrigating solutions into the dentinal tubules. They observed
that Er/YAG-PIPS significantly enhanced the penetration of
irrigating solution into the tubules. Ultrasound and sonic
ranked second and third, respectively, in terms of efficacy.
Also, this penetration in the coronal region was greater than
that in the middle and apical regions. Most previous studies
have confirmed the efficacy of PIPS for the elimination of
microorganisms from the root canal system. The same result
was obtained in the present study since AN/PIPS and AN/PUI
groups in our study showed greater reduction in bacterial
count compared with other groups. However, this difference
was only significant when compared with the AN group.

Conclusion

Within the limitations of this in vitro study, the results showed
that activation with PUI and PIPS enhanced the efficacy of
AgNPs irrigating solution for elimination of E. faecalis from
the root canal system. MDA and PDT showed superior anti-
bacterial activity when compared with the use of AgNPs irri-
gating solution without activation, and also MDA group re-
sulted better reduction than PDT, although these differences
were not statistically significant. Clinical application of the
results of this in vitro study requires their further confirmation
by other in vitro as well as in vivo studies.
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Enterococcus faecalis.
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