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Efficiency of different irrigation protocols on disinfection
of root canal (An In-vitro study)
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Aim: The study's objective was to compare passive ultrasonic activation (PUI) and photon-induced photoacoustic streaming
(PIPS) laser-activated irrigation methods for disinfecting the root canal.

Materials and methods: E. faecalis and Candida albicans were injected into Forty-five single-rooted upper anterior human
teeth to create a biofilm, then randomly divided into four groups that differ in the activation method (PIPS group, PUI group,
and a control group that employs syringe irrigation without activation). A confocal scanning electron microscope (CLSM)
was then used to evaluate and compare groups in terms of bacterial reduction.

Results: The various test groups differed statistically significantly from one another (p<0.001). The mean value of PIPS was
(57.3443.70), while the lowest value was found in the PUI group (41.40+6.38). Comparisons between pairs showed that the
PIPS group had a value that was significantly higher when compared to other groups (p<0.001).

Conclusions: The biofilm elimination capacity of sodium hypochlorite irrigant was improved by activating it with an
Er:YAG laser using the PIPS approach, showing the best biofilm eradication in the apical third. However, None of the root
canal disinfection techniques achieved full eradication.
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Introduction

Endodontic therapy is quite complex
in its procedures, yet its aim remains mostly
the same; eliminating pulp infection and
preventing future microbial invasion.! The
antibacterial range of disinfection techniques
1s constrained, as is their capacity to infiltrate
into the dentinal tubules. Another obstacle in
the way of achieving ultimate root canal
disinfection is the complexity of the root
canal system morphology thus creating the
need for activating the irrigants to enhance
activation delivery.? Throughout the last two
decades, many activation methods were
employed and continuously evaluated.
Passive ultrasonic irrigation (PUI) in
particular was the method that gained much
popularity because it is as effective as it is
cheap and affordable, and this made the PUI
a recurrent group in most comparative
studie.s The removal of pulpal tissue
remains and dentine debris with PUI 1s more
successful than with syringe needle
irrigation, but it still has certain limitations.*
PUI enhances irrigant flow velocity and
subsequently its volume, however, it is
unable to get through the apical vapor lock,
hence the pursuit of new activation
techniques.’ recent activation method the
Photon Induced Photoacoustic Streaming
(PIPS) technique. PIPS employs Er:YAG
laser and its interaction with the aqueous
irrigant solutions, thus it is different from
previous modes of laser-activated irrigation
(LAI).® Instead of using photothermal
phenomena, this method primarily makes use
of photoacoustic and photomechanical
interactions. PIPS activation has an
intriguing concept, especially the fact that it
allows the activation tip to be only placed in
pulp chamber thus allowing for promising
results with minimal root canal enlargement.
This study uses a CLSM to compare the
efficiency of the different aforementioned
activation approaches. The alternative
hypothesis states there is no appreciable

difference between the two activation
methods in the bacterial abate.

Materials and methods
Specimens’ selection:

Forty-five extracted human single-
rooted maxillary anterior were used. The
selected teeth have intact roots, mature
apices, and no evidence of defects or visible
cracks. To ensure that teeth had a single canal
and no internal calcifications, abnormalities,
or other anomalies, they were examined
using an ordinary radiograph.

Root canal preparation:

Access cavity was prepared in all
teeth. Using the MANI K-file #10 (Tochigi-Ken,
Matsutain  Seisakusho Co., Japan), the root
canals' patency was determined. The Protaper
Next rotary system was then used to instrument
the canals starting with X1 (#17/4), X2 (#25/6),
X3 (#30/7), X4 (#40/6) and finally X5 (50/6)
employing the 300 RPM and 2.5 N.Cm torque of
the X-Smart Endo Motor from Dentsply Sirona
(USA), for all files.

Sterilization of samples:

The apical foramina of Forty-five
teeth were then sealed with a light-cured resin
composite. Samples were then inserted into
sterilization bags and sterilized by autoclave
for 15 minutes at 121°c using a Hygenius
autoclave (FONA Dentals.r.0., Bratislava,
Slovak Republic).

Bacterial infusion:

20 microns of E. faecalis (ATCC
29212) suspension and 20 microns of candida
albicans were teeth were submerged in brain
heart infusion broth medium (BHI) (Sigma-
Aldrich, St. Louis, Missouri, USA) after teeth
were used to infect the root canals using a
micropipette. The flasks with the infected
teeth were aerobically incubated for three
weeks at 37°C with gentle daily shaking
using an “Advanced Heratherm Protocol” in

Efficiency of different irrigation protocols on disinfection of root canal
(An In-vitro study)| Amr Emad Mohamed El Hady et al. MARCH2024.



ASDJ March 2024 Vol 33 Fixed Prosthodontic, Endodontics and Conservative section

a microbiological incubator (Thermo Fisher
Scientific, Massachusetts, USA). Paper point
sampling using size #50 paper points (Meta
Biomed Co., Ltd., Chungbuk, South Korea)
was done for the infected teeth. In a test tube
containing a BHI broth medium solution,
paper points were then immersed. The
solution was then diluted to 1:10
concentration and spread over an agar plate
using a glass rod and incubated for 24 hours
at 37° C using Heratherm™ Advanced
Protocol Microbiological Incubator. The
colony-forming unit (CFU) was counted to
ensure bacterial inoculation and growth.

Samples grouping and testing

According to the chosen irrigation
method, the affected teeth were randomly
divided into 4 equal groups (n=15 each):
PIPS Group: 5.25% Sodium hypochlorite
(NaOCl) activated with PIPS tip using
Er:YAG laser of 2940 nanometer (nm)
wavelength (LightWalker®, Fotona d.o.o.,
Ljubljana, Slovenia) was used with quartz
cylindrically tapered PIPS® tip 400/14. The
operating conditions for the laser were 20
milli-joul (mJ) per pulse, 15 Hz, and a pulse
duration of 50 s. The laser unit's air and water
spray features were both set to "off". Then the
canal and pulp chamber were bathed in 2.5%
NaOCI. During the activation procedure, the
PIPS tip was merely inserted into the coronal
entrance aperture of the pulp cavity and left
immobile without moving downward into the
root canal (The laser activation protocol was
as follows: the whole activation cycle was
repeated three times for an entire period of 90
sec, comprising on and off each thirty sec.
The amount of NaOCl solution used during
each 30-sec exposure was 4 ml, 3 ml, and 3
ml respectively, hence the total NaOCl
irrigation volume used was 10 mL.’
PUI Group: 5.25% NaOCIl activated with
passive ultrasonic activation (Poldent,
Warsaw, Poland), 10 ml of NaOCl entirety
was used to irrigate the root canals. The

irrigation/activation protocol was as follows
using a passive ultrasonic tip continuous (3
minutes) with NAOCL irrigant inserted 1
mm less than the predetermined working
length. 10 ml of NaOCl were used in total and
the total passive ultrasonic activation time
was continuous for 3 min.

Control Group (CSI): The same volume of
5.25% NaOCl used in the experimental
groups was delivered unactivated, using
conventional syringe irrigation.

Evaluation of antimicrobial efficiency
using CLSM

IsoMe ™ (Buehler Ltd., Lake Bluff, IL,
USA) precision sectioning saw was used to
slice teeth roots into specimens measuring 4
mm by 2 mm and 1 mm thick, taken from the
apical third. The fluorescence LIVE/DEAD
BacLight Microbial Survival dye was used to
prepare and colour each specimen as follows:
The specimen was placed in an Eppendorf
tube containing 1 ml of deionized water. Ten
microliters of Acridine Orange (AO) stain
(100ug/ml) (Sigma-Aldrich, Missouri, USA)
and 10 microliters of Propidium lodine (PI)
stain (100pg/ml) were added respectively
using a micropipette. Fluorescent markers
enabled the targeting of certain cells or even
specific extracellular matrix components.
The use of specific stains (e.g. live/dead
stains) allowed differentiation of live and
dead bacteria. That was demonstrated by
green fluorescent signals representing live
bacterial cells, and red fluorescent signals
representing dead bacterial cells®®. The
solution was then mixed using Thermo
Scientific™ LP Vortex Mixer for 30s. The
specimen was then left at room temperature
(~25°C) for 15 minutes and kept in darkness.
After 15 min the specimen was gently
washed with 1 mm deionized water. This
procedure was repeated 3 times. Finally, the
specimen was placed on a microscope glass
slide and scanned by the CLSM (Zeiss LSM
710, CarlZeiss, Gottingen, Germany) with a
40X oil immersion lens. The Propidium lodide
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stain is excited at a wavelength of 458 nm for
excitation and emission, and the wavelength of
514 nm for the excitation of the Acridine
Orange stain. The interaction of Propidium
lodide stain with dead bacteria results in the re-
emission of red fluorescent light, at the same
time, the interaction of Acridine Orange stain
with the live bacteria results in the re-emission
of green fluorescent light. The red
fluorescence (dead cells) and green
fluorescence (living cells) were displayed
simultaneously using dual-channel imaging.
Using ZEN 2012 (blue edition) software
from CarlZeiss, Gottingen, Germany, the
CLSM npictures were quantified at two to
three random locations. By monitoring the
light's fluorescent intensity, it was possible to
determine the fluorescence from both live
and dead bacterial cells. The percentage of
dead cells out of all the cells was represented
by the volume ratio of red fluorescence to
green-and-red  fluorescence = in  the
photographs. The following equation was
used:

intensity of red

x 100

percent=- - . , ,
intensity of red+intensity of qreen

Statistical analysis

By examining the data pattern using
the Kolmogorov-Smirnov and Shapiro-Wilk
tests, numerical data were analysed for
normality and displayed = as® mean. and
standard deviation (SD) values. Data had a
parametric  distribution, thus one-way
ANOVA and Tukey's post hoc analysis were
used to analyse them. For all tests, the
confidence level was set at p less or equal to
0.05. The IBM SPSS Statistics Version 26 (®
IBM Corporation, NY, USA) for Windows
was used for the statistical analysis.

Results

Table (1) and Figure (1) show the mean and
SD values of bacterial percentage elimination
for various groups.

Between all the groups, there was a
significant statistical difference (p<0.001).
The PIPS value was the highest (57.3443.70),
followed by XP finisher (42.02+6.40), then
the PUI group (41.40+6.38), while the lowest
value was found in CSI (21.66+5.13).
According to pairwise analyses, the PIPS
group had a value that was significantly
greater than that of the other groups
(p<0.001). The pairwise analyses also
demonstrated that CSI had much lower
values than the other categories (p<0.001).

Table (1): Average biofilm eradication (%) for different
groups

Biofilm eradication (%) (meanSD) p-value

cst PUI PIPS [
| o2166s5.03¢ [ 41d0s638® | 573483700 | <0.001%

Means with different superscript letters are statistically
significantly different*; significant (p < 0.05)

Figure (1): CLSM images representing biofilm eradication in conventional syringe irrigation (CSI) Group (a),
passive ultrasonic irrigation (b), Er:YAG laser activationutilizing PIPS tip Group (c,d). i.Root canal lumen,
ii.Dentinal tubules containing live bacteria (green) and dead bacteria (red)

Discussion

The eventual cleaning of the root
canal cavity 1is the major objective of
endodontic therapy. This primarily hinges on
effectively getting rid of the bacterial biofilm.
Many studies had emphasized the fact that
one of the main causes of endodontic therapy
failure is the presence of germs within the
root canal network following
the intervention.!®!> Thus, the aim of the
present study was to evaluate the efficacy of
sodium hypochlorite activation in human-
extracted single-rooted teeth using 3 different
types of activation: Er:YAG laser (2940 nm)
using PIPS, PUI, and biofilm eradication.
Although an in-vivo situation would be

Efficiency of different irrigation protocols on disinfection of root canal
(An In-vitro study)| Amr Emad Mohamed El Hady et al. MARCH2024.



ASDJ March 2024 Vol 33 Fixed Prosthodontic, Endodontics and Conservative section

preferred, a comparative plan for in vitro
research was selected to ensure control of
variables and uniformity of consequences.
For this study, single-canal, single-rooted
teeth were selected because the oval cross-
section highlights the importance of
irrigation since the cleaning effect of the
mechanical shaping is limited by the cross-
sectional with a rounded scheme of most
endodontic files, leaving vast swaths of the
root canal space's abnormalities and the canal
walls' untreated surfaces are left intact.!3-10
Research had displayed that these unscathed
areas may extend as much as 35 percent of
the entire wall canal.!” Since E. faecalis was
discovered to be the most prevalent and at
times the only solitary bacterium isolated
from cavities of teeth with persisting apical
periodontitis, the E. faecalis strain was
utilised for infecting the root canals.'3-1° The
inherent antimicrobial resistance and the
acquired adaptation to changing
environments help E. faecalis to survive the
difficult environment in endodontically
treated teeth.?’ Additionally, the E. faecalis
strain can develop in a biofilm condition,
which is another survival tactic.?! This strain
demonstrates the traits of the biofilm type of
growth, including greater virulence, stronger
adhesion, and higher tolerance to
antimicrobial treatments.???

Teeth apices were sealed with
flowable composite to  imitate in-vivo
conditions regarding gas entrapment in the
root canal and periodontal ligament and
enabling the root canal area to serve as an
irrigant tank during the irrigation/activation
process.>* Following the instrumentation
protocol, 17% EDTA was used to remove the
smear layer that can hinder bacterial
colonization into the dentinal tubules.? The 3-
week incubation protocol followed was
necessary to allow for biofilm aging and was
utilized in many previous studies.® Because
5.25% NaOCl is the most widely used
irrigant for root canal therapy, it was chosen

for this procedure.’” It is wused in
concentrations ranging between 0.5% and
5.25% and it provides adequate antibacterial
properties and the capability to liquefy
dentin's organic components, viable and
necrotic pulp tissues, and biofilm.?® In the
current study, the volume of NaOCl] irrigant
was standardized to be 10 ml instead of
standardizing the time and rate of irrigation,
as the time of irrigation and irrigant
activation differs from one group to another
due to different irradiation protocols.

The decision to evaluate the
efficiency of activation methods according to
their performance in the apical third comes
from the fact that it is the most challenging
region to disinfect. This is the region that has
the highest incidence of canal ramifications,
accessory canals, and lateral branches. It is
also where the highest percentage of
microorganisms reside and the region that
poses a dilemma to disinfect due to the "vapor
lock", or apical air entrapment, that occurs
with traditional syringe irrigation ".> These
challenges that mandate irrigation activation
make the comparison more logical and more
relevant clinically.?

Utilising CLSM, which enables non-
destructive exploration of these
environments and the aqueous organisation at
the cellular gage, an assessment of biofilm
elimination was conducted.

According to our results, the null
hypothesis'had to be rejected. All activation
methods enhanced cleaning. PIPS activation
was found to be significantly more efficient
than PUI. However PIPS technique was used
to represent laser activation because it
employs 20 milli-Joul of sub-ablative energy
at 15 Hertz (0.3 W), with impulses of only 50
microseconds 92 of duration to avoid
undesired thermal side effects.3!*?> More
importantly, Er:YAG laser, targets water
molecules as its chromophore, thus
producing primary and secondary cavitation
effects, which is described as the formation
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of vapor-containing bubbles inside a fluid.*
The superior results with PIPS might be
attributed to the photomechanical and
photothermal  effects associated with
Er:YAG laser. Pressure shockwaves are
created as a result of this procedure, and they
are distinguished by rapid fluctuations in
pressure and large amplitude, thus generating
powerful acoustic streaming of fluids inside
the canal. The Er:YAG laser activation
protocol was 30 seconds on, then 30 seconds
off. The "resting" or off phase, during laser
activation, enabled for greater expulsion of
the reactive versions of NaOCI as indicated
by Macedo et al.>* When bubbles are forced
to collapse, implosions are created, which
strike surfaces and result in shear stresses,
surface distortion, and ablation of surface
substance. = These waves of shock may
potentially tear bacterium cell walls and
destroy biofilms of bacteria in the root system
microenvironment.

Conclusion

Within the constraints of this
research, it may be said that:
None of the investigated approaches for
cleaning root canals completely eliminated
the E. faecalis biofilm. Activation of Sodium
hypochlorite irrigant by means of Er:YAG
laser utilizing PIPS technique increased its
biofilm eradication capability, showing the
best biofilm eradication in the apical third.
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