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Abstract

Objective: To compare the antimicrobial effectiveness of passive ultrasonic irrigation (PUI) and continuous ultrasonic
irrigation (CUI) against a multispecies biofilm by counting colony-forming units per milliliter (CFU/mL).

Methods: An in vitro experimental study was conducted using 60 human single-rooted premolars. Two experimental groups
were established: PUI (n = 20) and CUI (n = 20), along with 10 positive controls and 10 negative controls. The multispecies
biofilm consisted of Enterococcus faecalis, Candida albicans, and Staphylococcus aureus. Following chemomechanical
preparation with reciprocating instrumentation and 5.25% sodium hypochlorite, the corresponding ultrasonic activation
protocols were applied. Microbial load was assessed at three time points: baseline, after chemomechanical preparation, and
after ultrasonic activation. Nonparametric statistical tests were used for within-group and between-group comparisons.
Results: Both groups showed a statistically significant reduction in microbial load across the assessed stages (p < 0.001). In
the PUI group, the median decreased from 1.24 x 107 CFU/mL at baseline to 4.90 x 10> CFU/mL after activation. In the CUI
group, it decreased from 7.20 x 10° CFU/mL to 2.55 x 10" CFU/mL. The between-group comparison after activation showed a
statistically significant difference (p < 0.001; r = 0.61), with a lower residual microbial load in the CUI group. Counts below
100 CFU/mL were found in 85% of CUI specimens, compared with 25% of PUI specimens.

Conclusions: Both techniques significantly reduced the microbial load of the multispecies biofilm. Under the experimental
conditions of this study, CUI resulted in a lower residual microbial load than PUI; however, these findings do not directly
establish clinical superiority.
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Introduction difficult to access (van der Sluis et al., 2007; Castelo-Baz et
The anatomy of the root canal system includes irregularities al., 2016) [5. 131,

that make complete cleaning through mechanical Although both techniques have been studied as methods to
instrumentation difficult. Isthmuses, accessory canals, apical improve  endodontic irrigation,  comparing their
ramifications, and dentinal tubules may limit instrument  antimicrobial effectiveness against multispecies biofilms
contact with canal walls and allow microorganisms to remains relevant to experimental research.

persist (Versiani et al., 2023) [,

Endodontic infections may involve multispecies biofilms,
whose microbial structures promote persistence in the
presence of antimicrobial agents. The microorganisms
considered in this context include Enterococcus faecalis and
Candida albicans (Siqueira & Récgas, 2008; Ricucci &
Siqueira, 2010) [ 111,

Sodium hypochlorite is used as an endodontic irrigant
because of its ability to dissolve organic tissue and eliminate
microorganisms. However, its effectiveness depends on
contact with the surfaces of the root canal system and its
ability to reach areas that cannot be accessed directly by
instruments.

Passive ultrasonic irrigation (PUI) activates the irrigant
previously introduced into the canal by means of an
ultrasonic tip. Continuous ultrasonic irrigation (CUI), in

Therefore, the aim of this study was to compare the
reduction in microbial load achieved with PUI and CUI in
an in vitro multispecies biofilm model, quantified by
CFU/mL counts and expressed on a logarithmic scale.

Materials and Methods

Study Design and Sample Selection

An in vitro experimental study was conducted. The sample
was selected using non-probability convenience sampling.
Initially, 100 donated human single-rooted premolars were
collected. The teeth were assessed using periapical
radiographs in an orthoradial projection, and 40 that did not
meet the established criteria were excluded. The final
sample consisted of 60 teeth, randomly allocated to four
groups: PUI (n = 20), CUI (n = 20), positive control (n =

turn, combines ultrasonic activation with a continuous 19)’ and negative control (nzlp).
supply of the solution. Both approaches aim to improve Slnglt?-ropted premolars  with one canal  and no
irrigant distribution and facilitate cleaning in areas that are  calcifications, fractures, or cracks were included. Teeth with
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previous endodontic treatment, root microdontia, apical
curvatures greater than 15° or internal or external root
resorption were excluded.

Specimen Preparation

The teeth were standardized to a length of 16 mm by
horizontal sectioning below the cementoenamel junction.
The apices were sealed with epoxy resin, and the root
surfaces were coated with two layers of clear varnish.

Initial manual instrumentation was then performed to 1 mm
short of the apical foramen using sizes 10, 15, and 20 K-
files. The teeth and instruments were sterilized in an
autoclave at 121 °C for 20 minutes.

Preparation and Inoculation of the Multispecies Biofilm
The strains used were Enterococcus faecalis ATCC 29212,
Candida albicans ATCC 10231, and Staphylococcus aureus
ATCC 25923. Each microorganism was activated in its
corresponding culture medium, and the suspensions were
standardized to 0.5 on the McFarland scale.

The multispecies inoculum was prepared using 2,000 uL of
Brain Heart Infusion (BHI) broth and 1,000 pL of each
microbial suspension, yielding a final volume of 5,000 pL.
Each canal received 0.01 mL of human saliva previously
sterilized by filtration through a 0.22-um filter and
approximately 0.01 mL of the multispecies inoculum, which
was distributed using a sterile size 15 K-file.

The teeth were sealed and incubated at 37.5 °C for 21 days.
Every 48 hours, 0.01 mL of sterile BHI broth was added to
maintain  biofilm viability. Microbial growth was
subsequently verified by culturing on specific media and by
microscopic examination following Gram staining.

Experimental Procedure

The 40 experimental specimens were instrumented using the
WaveOne Gold reciprocating system up to a size 35/06 file.
During preparation, 5.25% sodium hypochlorite was used,
with a total volume of 2 mL per tooth, delivered through a
30-gauge NaviTip side-vented needle inserted passively to 1
mm short of the working length.

At the end of instrumentation, 17% EDTA was applied for
one minute. Subsequently, 2 mL of 10% sodium thiosulfate
was used for one minute to neutralize residual hypochlorite,
followed by rinsing with 1 mL of sterile saline.

In the PUI group, the 2 mL of 5.25% sodium hypochlorite
was activated using an E99 tip and a Woodpecker U6
ultrasonic unit for three 20-second cycles, with intermediate
irrigation. The tip was kept passively at 1 mm short of the
working length, without direct contact with the canal walls.
In the CUI group, continuous irrigation with simultaneous
ultrasonic activation was performed using the Woodpecker
U6 unit and an E99 tip for a total of one minute. Each tooth
received 2 mL of 5.25% sodium hypochlorite, while the tip
was kept out of direct contact with
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the canal walls and 1 mm short of the working length.

After each procedure, residual hypochlorite was neutralized
with 10% sodium thiosulfate for one minute, followed by
rinsing with 1 mL of sterile saline.

Microbiological Assessment

Microbial load was assessed at three stages: baseline, after
chemomechanical preparation, and after ultrasonic
activation.

For sampling, sterile paper points were placed in microtubes
containing 1,000 pL of phosphate-buffered saline (PBS).
The samples were homogenized by vortexing for one
minute.

Depending on the expected microbial load, direct plating or
serial decimal dilutions were performed. A volume of 100
ML was plated on blood-supplemented Mueller—Hinton agar,
and the plates were incubated at 37.5 °C for 24 hours for
colony-forming unit counts.

Positive controls were used to confirm the presence and
viability of the biofilm, whereas negative controls were used
to verify the absence of contamination during the procedure.

Statistical Analysis

Results were expressed as CFU/mL and on a logarithmic
scale. Descriptive statistics, the Friedman test to compare
the three experimental stages, and the Wilcoxon test for
within-group comparisons with Bonferroni correction were
used.

Between-group comparisons of PUIl and CUI were
performed using the Mann—Whitney U test. Fisher’s exact
test was also used to compare the proportions of specimens
below the detection limit and below 100 CFU/mL.
Sensitivity analyses were conducted to assess the robustness
of the results. The two-sided significance level was set at
0.05.

Results

Experimental Controls

No microbial growth was observed in any of the 10
negative-control teeth, with counts of 0 CFU/mL. Growth
was observed in all 10 positive-control specimens, with a
median of 9.65 x 10° CFU/mL, a minimum of 1.07 x 10°
CFU/mL, and a maximum of 1.35 x 10° CFU/mL.

Microbial Load by Experimental Group

In the PUI group, the baseline median was 1.24 x 107
CFU/mL. This decreased to 4.10 x 10* CFU/mL after
chemomechanical preparation and reached 4.90 x 102
CFU/mL after ultrasonic activation.

In the CUI group, the baseline median was 7.20 x 10°
CFU/mL. This decreased to 5.55 x 103 CFU/mL after
chemomechanical preparation and reached 2.55 x 10!
CFU/mL after continuous ultrasonic activation.
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Fig 1: Median microbial load across experimental stages in the PUI and CUI groups. The vertical axis is logarithmic.

Table 1: Median microbial load and cumulative reduction by group.

Experimental stage / outcome PUI CUl
Baseline (CFU/mL) 1.24 x 107 7.20 x 10¢
After chemomechanical preparation (CFU/mL) 4.10 x 10* 5.55 x 108
After ultrasonic activation (CFU/mL) 4.90 x 102 2.55 x 10t
Total median reduction (logio) 4.50 6.36

Note: Values are medians. PUI = passive ultrasonic irrigation; CUI = continuous ultrasonic irrigation; CFU/mL = colony-forming units per

milliliter.

Reduction in Microbial Load

The median cumulative reduction was 4.50 logio CFU/mL
for PUI and 6.36 logio CFU/mL for CUL

In the PUI group, chemomechanical preparation produced a
median reduction of 2.65 logio, and ultrasonic activation
provided an additional reduction of 2.06 logio.

In the CUI group, chemomechanical preparation produced a
median reduction of 3.45 logie, and continuous activation
provided an additional reduction of 2.79 logo.

Differences across the three stages were statistically
significant in both groups (Friedman test: x%(2) = 40.00; p <
0.001). Post hoc Wilcoxon comparisons with Bonferroni
correction also showed significant differences between all
stages (adjusted p < 0.001).

Comparison Between PUI and CUI

No statistically significant differences between groups were
observed in baseline microbial load (p = 0.602) or after
chemomechanical preparation (p = 0.211).

After ultrasonic activation, the between-group difference
was statistically significant (U = 336.5; p < 0.001; r = 0.61).
The Hodges—Lehmann estimated difference was 1.35 logio
CFU/mL in favor of CUl (95% CI. 0.97-2.06),
corresponding to an approximately 22-fold lower residual
microbial load.

The cumulative microbial reduction also differed
significantly between groups (p < 0.001), with an estimated
difference of 1.78 logio CFU/mL (95% CI: 0.76-2.64).

Distribution of Residual Microbial Load
After activation, none of the PUI specimens had counts
below the detection limit of 10 CFU/mL. In the CUI group,
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eight specimens (40%) had counts below this limit. This
difference was statistically significant (p = 0.003).

Similarly, five PUI specimens (25%) and 17 CUI specimens
(85%) had counts below 100 CFU/mL. The difference was
statistically significant (p < 0.001).

Discussion

This study compared the antimicrobial effectiveness of PUI
and CUI against a multispecies biofilm consisting of
Enterococcus  faecalis, Candida  albicans, and
Staphylococcus aureus. The results showed a significant
reduction in microbial load with both protocols after
chemomechanical preparation and ultrasonic activation.
However, after activation, the CUI group had a lower
residual microbial load.

The reduction observed after chemomechanical preparation
demonstrates the effect of instrumentation combined with
5.25% sodium hypochlorite. Nevertheless, the recovery of
microorganisms  after  this  stage  shows that
chemomechanical preparation did not completely eliminate
the microbial load. This finding is related to the limitations
of instrumentation in reaching all surfaces of the root canal
system, as described by van der Sluis et al. (2007) 1231,
Ultrasonic activation produced an additional reduction in
both groups. The estimated reduction from the post-
instrumentation stage to the activation stage was 1.87 logio
CFU/mL for PUI and 2.79 logie CFU/mL for CUI. These
results indicate an additional effect of activation beyond
chemomechanical preparation.

The PUI findings are consistent with those reported by
Bhuva et al. (2010) ™, who evaluated the reduction of
Enterococcus faecalis biofilm using passive ultrasonic
irrigation. However, the studies differ methodologically: the



present study used a multispecies biofilm and quantified
microbial load using CFU/mL.

The main difference between groups was observed after
ultrasonic activation. CUI had a residual median of 2.55 x
10t CFU/mL, compared with 4.90 x 102 CFU/mL for PUI.
In addition, 85% of CUI specimens had fewer than 100
CFU/mL, compared with 25% of PUI specimens.

One possible explanation for this behavior is the continuous
replenishment of irrigant during CUIL However, this
explanation should be interpreted as a possibility rather than
direct evidence of the mechanism responsible for the
observed difference.

The results should also be interpreted in the context of the
variability across studies investigating ultrasonic activation.
Ciaputid et al . (2019) B! reported that microbiological
findings from in vitro studies were variable and that the
available evidence was insufficient to establish strong
clinical recommendations.

One limitation of this study is its in vitro design. In addition,
CFU/mL counts represent the microorganisms recoverable
using the sampling procedure employed and do not
necessarily reflect all microorganisms present in the root
canal system. Values below the detection limit of 10
CFU/mL indicate no growth detectable using the method
employed, but they do not establish the complete
elimination of microorganisms.

Overall, both protocols significantly reduced microbial load.
Under the experimental conditions of this study, CUI
resulted in a lower residual microbial load and a higher
proportion of specimens with low counts. However, these
results do not directly establish the clinical superiority of
CUI over PUL.

Conclusions

Passive ultrasonic irrigation and continuous ultrasonic
irrigation significantly reduced the microbial load of the
multispecies biofilm across the experimental stages
assessed.

PUI reduced the median microbial load from 1.24 x 107
CFU/mL at baseline to 4.90 x 102 CFU/mL after activation.

CUI reduced the median microbial load from 7.20 x 10°
CFU/mL at baseline to 2.55 x 10* CFU/mL after activation.
In addition, 40% of specimens had counts below the
detection limit of 10 CFU/mL, and 85% had counts below
100 CFU/mL.

After ultrasonic activation, a statistically significant
difference was observed between groups, with a lower
residual microbial load in CUI (p < 0.001).

These results should be interpreted within the specific
conditions of the in vitro experimental model and cannot be
directly extrapolated to establish the clinical superiority of
continuous ultrasonic irrigation.
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