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Objective: This study aimed to evaluate the bacterial reduction effect of disinfection protocols used in
mandibular molars infected by Enterococcus faecalis.

Methods: Eighty extracted mandibular molars were prepared and inoculated with E. faecalis for 2 months. The
teeth were then divided into 2 control groups (n=4) and 4 experimental groups (n=18) according to the disin-
fection protocol utilized: G1. WaveOne Gold (WOG), passive ultrasonic irrigation (PUI) and Ultracal; G2. WOG,
PUI and calcium hydroxide (CH); G3. WOG, XP-Endo Finisher (XPF) and Ultracal; G4. WOG, XPF and CH. Bac-
teriological samples were collected previously (S1), after preparation (S2), final agitation (53) and intracanal
dressing (S4). Microbial growth was assessed according to culture turbidity and UV spectrophotometry. Statis-
tical analyses used the Friedman test for paired samples and Kruskal-Wallis test for non-paired data (p<0.05).

Results: No protocol eliminated E. faecalis effectively. The S2, S3 and S4 samples were statistically different
from the S1 samplesin G1, G2, G3 and G4 (p<0.05). Statistical differences were observed in bacterial reduction
between G1 and G2 and G1 and G3 after the intracanal medicament (54) (p<0.05).

Conclusion: The combination of WOG with PUI and CH disinfection protocol showed higher percentages of
bacterial reduction.

Keywords: Calcium hydroxide, endodontic infection, Enterococcus faecalis, root canal instrumentation

« The aim of this study was Evaluate the bacterial reduction effect of disinfection protocols
used in mandibular molars infected by Enterococcus faecalis.

« Theresults of this study revealed significant differences in bacterial reduction between the
successive samples (S2, S3 and S4) when compared with the initial sample (S1)

« This study concluded that the use of the WOG + PUI + CH disinfection protocol resulted in
the greatest bacterial reduction.

INTRODUCTION

The root canal system is disinfected using me-
chanical instrumentation and antimicrobial
agents (1, 2). The instrumentation phase, essen-
tial to reduce the bacterial load, contributes to
the healing of the periapical tissues (3). However,
it may be difficult for an endodontic instrument

to touch the walls of curved, oval-shaped and
flattened canals (4, 5). Bacterial biofilm may sur-
vive in inaccessible areas of the root canals, thus
compromising the treatment outcomes (1, 6).

The agitation of an irrigating solution has been
recommended as one method to improve disin-
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fection in areas of great anatomic complexity (1, 4). Two tech-
niques developed for that purpose involve passive ultrasonic
irrigation (PUI) and XP-Endo Finisher (XPF). Both methods im-
prove irrigant dispersion and optimize disinfection (7-10).

The use of an intracanal medicament is usually an adjunct to the
disinfection protocol of the root canal treatment procedure (11).
The most commonly used intracanal medicament is calcium
hydroxide (CH) (12-14). Various CH products are readily avail-
able, offering non-setting formulations. UltraCal XS (Ultradent,
St. Louis, MO) is one example, which utilizes a syringe-delivery
system containing 35% CH, 19% barium sulfate, 3% propylene
glycol, and 2% methylcellulose (15, 16). The adequate choice
of a vehicle, fundamental for an effective antimicrobial action,
may contribute to the healing of periapical tissues (11-14).

Root canal disinfection should focus on the use of protocols
that provide effective elimination of the root canal microor-
ganisms (5, 7, 10). Studies that evaluated all three, type of in-
strument, final agitation of irrigating solution and intracanal
medicament, are rare (3, 10, 17, 18). The amount of reduction
should be assessed at all operative phases, so that an ideal dis-
infection model can be established (13). This study compared
the microbial reduction effect of various disinfection proto-
cols. The null hypothesis tested was that there would be no dif-
ference among the protocols in relation to bacterial reduction.

MATERIALS AND METHODS

The present investigation was conducted in accordance with
Declaration of Helsinki and approved by the by Evangelical
University of Goias Research Ethics Committee.

Sample Size Calculation

The sample size was determined using G*Power 3.1 for Mac
(Universitat, Disseldorf, Germany). The Wilcoxon-Whitney test
was selected for statistical analyses, with alpha set at 0.05,
power at 0.95, and an n2:n1 ratio of 1. The software suggested
that the ideal sample size should be 18 in each group.

Sample Selection

Eighty mandibular molars were selected for this study. All
teeth were stored in a 0.2% thymol solution and subsequently
inserted in 5% sodium hypochlorite (NaOCI; Asfer, Brazil) for 30
minutes as described in a previous study (19).

Periapical radiographic images were taken to ensure the ab-
sence of root obliterations, internal or external resorption,
fractures, prior root canal treatment, and to verify the clo-
sure of the root apex.

The images were obtained using the paralleling technique
and an intraoral Spectro X70 Electronic x-ray unit (Dabi At-
lante, Brazil) along with a phosphor plate sensor and the Di-
gora® Optime Classic (Soredex, Helsinque, Finland). Radio-
graphic analysis was conducted using Digora for Windows
1.51 software on a workstation equipped with Windows 10
Professional (Microsoft Corp., Redmond, USA), Intel Intel i7
3.5 GHz - 6300 (Intel Corp, Santa Clara, CA), NVIDIA GeForce
turbo cache graphics card (NVIDIA Corporation, Santa Clara,
CA) and an EIZO - Flexscan S2000 monitor, with a resolution of
1600x1200 pixels (EIZO NANAO Corp., Japan).
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Only mandibular molars with three root canals were eligible
for inclusion. All teeth had length less than 22 mm, and their
curvature was considered moderate (20).

Root Canal Preparation

Conventional access was prepared, using round diamond burs
(#1013, KG Sorensen, Barueri, SP, Brazil) and canal patency was
established with a K-Flexofile #15 instrument (Dentsply Maille-
fer, Switzerland). WaveOne® Gold (WOG) Primary #25/.07
(Dentsply Maillefer) instruments and an eletronic apex locator
(X-Smart Plus; Dentsply Maillefer) were used following manu-
facturer’s instructions. Subsequently, all specimens were ster-
ilized by autoclaving for 30 min at 120°C.

Biofilm Formation

The specimens were mounted on a platform (Fig. 1) to al-
low for the inoculation of the selected bacterial strain (4, 6).
Next, the coronal area of each root canal was connected to
a 5 mL plastic tube (FLEPA, Sao Paulo, Brazil). The tube cap
was then removed to allow for adjustment to the coronal
third of the root. Following the adjustment, two layers of cy-
anoacrylate adhesive (Super Bonder®, Henkel, Brazil) were
applied to seal the connection. The tube-tooth set were
kept at room temperature until the adhesive was dry. Then
the specimens received a layer of epoxy resin (Durepdxi
Loctite®, Henkel, Brazil) (Fig. 1a).

After mounting the test set, it was immersed in 5% NaOCI (As-
fer, Industria Quimica) for 30 min (Fig. 1b). The set was then
rinsed with distilled water (Fig. 1c) and coupled to a 20 mL
tube with a cap containing 10 mL of brain heart infusion (BHI)
(Difco Laboratories, Detroit, Ml) (Fig. 1d). During the entire
contamination time, the apical portion of the tooth remained
submerged. To ensure infection control, the test set was incu-
bated at 37°C for 24 hours. After the incubation time, no bac-
terial growth was found.

To form the biofilm, an E. faecalis reference strain (ATCC 29212)
was acquired. The bacterial strain was inoculated in 7 mL of
BHI (Difco Laboratories) and then incubated at 37°C for 1 day.
E. faecalis was cultured on the surface of BHI agar 1 day prior to
inoculating the teeth, under the same incubation conditions.
The bacterial inoculum was prepared by resuspending cells
in saline at a final concentration of approximately 3x108 cells
mL-1, adjusted to the #1 McFarland turbidity standard. To con-
taminate the samples, 5 mL of sterile Brain Heart Infusion (BHI)
broth was mixed with 5 mL of the bacterial suspension Using
sterile syringes, the samples in the experimental groups (n=18)
and the positive control group (n=4) were inoculated with E.
faecalis for 2 months. This inoculation was performed every 3
days using pure culture prepared 1 day prior and adjusted to
the #1 McFarland turbidity standard (Fig. 1e). The specimens
were maintained in a microbiology incubator at 37°C. Micro-
scopic analyzes (Gram stain) were performed on randomly se-
lected samples from contaminated tubes to confirm that the
present contamination consisted only of the biological indica-
tors used in inoculation. Four uncontaminated samples were
stored at 37°C for 2 months in a microbiological oven with
aseptic control as part of the negative control protocol.
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Figure 1. Biofilm formation: (a) the specimens received a layer of epoxy resin; (b) specimen immersed in NaOCl for 30 min; (c) The set was then

rinsed with distilled water and (d) coupled to a 20 mL tube with a cap containing 10 mL of BHI; (e) inoculations performed every 3 days. Platform

adapted from previous studies (4, 6)
NaOClI: Sodium hypochlorite, BHI: Brain Heart Infusion

Disinfection Protocols
After the formation of the biofilm, the tube-tooth set were al-
located into the following groups (Fig. 2):

Group 1: WOG + PUI + Ultracal: The specimens underwent
disinfection using a medium WOG file followed by final PUI us-
ing an E-1 Irrisonic device (Helse Dental Technology, Brazil) cou-
pled with an EMS Piezon Master 200 ultrasound unit (EMS, Sao
Bernardo do Campo, Brazil). The ultrasound unit was regulated
to 10% power and operated in three 20-second cycles. Finally,
CH paste applied in combination with methylcellulose (Ultracal
XS®; Ultradent, St. Louis, MO) as an intracanal medicament.

Group 2: WOG + PUI + CH: In this group, the specimens un-
derwent disinfection using a medium WOG file followed by fi-
nal PUl with an E-1 Irrisonic device coupled with an ultrasound
unit. The ultrasound which was regulated to 10% power and
operated in three 20-second cycles. Subsequently, CH powder
(Biodinamica, Brazil) mixed with distilled water was used as an
intracanal medicament.

Group 3: WOG + XPF + Ultracal: In this group, specimens
were disinfected using a medium WOG file (Dentsply Maillefer,
Switzerland). Final irrigant involved the agitation of the irrig-
ant solution using XPF (FKG Dentaire, Swiss Dental Products,
La Chaux de-Fonds, Switzerland) coupled to an electric motor
(X-Smart Plus; Dentsply Maillefer), which was operated at 800
rpm and 1 N/cm torque in three 20-second cycles (10). Subse-
quently, a CH paste combined with methylcellulose was ap-
plied as an intracanal medicament.

Group 4: WOG + XPF + CH: In this group, the specimens were
disinfected using a medium WOG file. Final irrigant involved
agitation of the irrigant solution using XPF coupled to an
electric motor operated according to previous specifications.
Subsequently, CH powder (Biodinamica, Ibipora, Brazil) mixed
with distilled water was used as an intracanal medicament.

All specimens were disconnected from the platform and in-
strumented in the same way, using a medium WOG recipro-
cating file coupled to an electric motor

(X-Smart Plus; Dentsply Maillefer) according to the manufac-
turer’s instructions. During instrumentation, the canals were
irrigated with 10 mL of 2.5% NaOClI solution (Asfer, Brazil). The
30-mm diameter irrigation tip (Navitip; Ultradent Products
Inc., 505 West 10200 South, South Jordan, UT) of 5 mL syringe
(Ultradent) was positioned 2 mm short of the root apex. One
file was used for each 12 teeth.

After drying the root canals with an absorbing paper point
#35/.06, the canals were filled with 3 mL of 17% EDTA and agitated
for 20 seconds using an E-1 Irrisonic device. This operative phase
was performed once in each specimen as an initial preparation of
the canals. After that, the irrigating solution agitation protocol for
each group was repeated using 2.5% NaOCl, for three 20-s cycles
using a standardized volume of 10 mL of irrigant.

In the fourth phase of the protocol, the canals were filled with the
intracanal medicament under test for each group, either Ultra-
cal or CH, and kept for 21 days after sealing with a glass-ionomer
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| TOTAL = 80 mandibular molars |

I I Specimen contamination

60-day biofilm formation
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Microbiological sample collections

B initial Collection (51)

O After preparation (52)

= After agitation (§3)

- After intracanal dressing (54)

Figure 2. Distribution of test groups according to disinfection protocol,
including preparation, final agitation technique and type of intracanal
medicament

WOG: WaveONe Gold; PUI: Passive ultrasonic irrigation; CH: Calcium hydroxide;
XPF: XP-Endo-Finisher

cement (Vidrion, SS, Rio de Janeiro, Brazil). In groups 1 and 3, the
canals were filled with Ultracal following to the manufacturer’s
instructions. Specimens in G2 and G4 were filled with a CH paste
(Biodinamica, Ibipora, Brazil) combined with distilled water. The
paste was placed throughout the instrumented portion of the
root canal using a #35 K-Flexofile (Dentsply Maillefer, Ballaigues,
Switzerland) and #35 paper cones. Radiographs were taken to
confirm the correct filling the intracanal medicament. All clinical
phases were conducted by an experienced endodontist.

Microbiological Collection

Pre-instrumentation collection

Before instrumentation, the root canals were dried and filled
with distilled water. Three #35 paper points were introduced
into each root canal and left in place for three minutes to
collect the first microbiological sample (S1). Subsequently,
these paper points were placed in 7 mL of Letheen broth (LB;
Difco Laboratories, Detroit, MI) containing Tween 80 and re-
search-grade sodium thiosulfate (Laboratorio Art, Brazil) both
at 1% concentration, with an inoculum of 0.1mL, and then in-
cubated at 37°C for 48 hours. Microbial growth was assessed
based on culture turbidity using a UV spectrophotometer
(Spectrophotometer Model Nova 1600 UV, Brazil). All samples
were collected under aseptic conditions.
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Post-instrumentation collection
After root canal preparation, the second sample (S2) was col-
lected in the identical way as described for S1.

Collection after agitation of irrigating solution

After agitation of the irrigating solution, the third sample was
collected (S3). The collection was conducted under conditions
similar to those of S1 and S2 collections.

Collection after application of intracanal medicament

After the intracanal medicament was kept in the roots (21
days), the dressing paste was removed, and another sample
was collected (S4). The collection was conducted under con-
ditions similar to those of the other three collections (S1, S2
and S3).

Calculation of Percentage of Bacterial Reduction

This percentage of variation was calculated after de-
scribing the group values by the median. This variable is:
median Sx—median 51

*100, with x=2,3,4.
median S1 00, with x=2,3

Statistical Analysis

The quantitative variables were described as medians and
interquartile ranges (IQR 25-75%). The Shapiro-Wilk test was
used to test the normal distribution of the results. The Fried-
man test was used for paired analysis, to compare optical
density values in each disinfection protocol group between
collection time points. The Kruskal Wallis test was used for
non-paired analysis to compare optical density values be-
tween samples in the different disinfection protocols. Mul-
tiple comparisons were made using the Dwass-Steel-Critch-
low-Fligner test. The significance level was set at p<0.05 for
all tests. Data analyses were performed using The Jamovi 2.3
software (The Jamovi Project, 2023).

RESULTS

Table 1 presents the medians (hnm) and interquartile ranges
(IQR 25-75%) of the culture optical density for all microbi-
ological samples (51, S2, S3 and S4) and shows the bacteri-
al reduction in the samples collected after initial contam-
ination and under different protocols. Despite significant
decreases of culture optical density in the samples of all
groups after initial contamination (p<0.05), no protocol to-
tally eliminated E. faecalis.

The analysis of optical density values for each test group re-
vealed significant differences in microbial reduction between
the consecutive samples (52, S3 and S4) when compared with
the initial sample (S1) for G1, G2, G3 and G4 (p<0.05). The com-
parison of the optical density values between samples in the
various groups demonstrated differences in microbial reduc-
tion between G1 and G2 and G1 and G3 (p<0.05) in the sam-
ples collected after the intracanal medicament (54). G2 had
the greatest bacterial reduction (85%) of all groups.

DISCUSSION

The objective of the protocols tested in this study was to in-
vestigate the optimal method for reduction of bacterial con-
tamination. Results revealed a substantial bacterial reduction
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tubules. Ideally, particles smaller than the diameter of den-
tinal tubules, which are typically between 1 and 3 um, are
required for optimal penetration and diffusion (26).

Some vehicles may affect the pH of CH, resulting in lower rates
of bacterial reduction. Evans et al. (22) evaluated the mech-
anism of resistance of E. faecalis to CH and found that these
bacteria are resistant at a pH equal to or lower than 11.1.

Bacterial biofilm disruption and destruction in anatomically
complex areas, such as isthmus, recesses and ramifications,
remain a relevant issue in the field of endodontic research,
as no disinfection technique has so far proven to eliminate
all biofilm effectively (2, 4, 7, 8, 10). Although several in vi-
tro studies using different methods have been conducted
to achieve significant antimicrobial efficacy, findings remain
contradictory or inconsistent. Many evaluations have been
conducted using single-rooted teeth with an anatomy that
is less complex than that of multirooted teeth (3, 8, 9, 14, 22,
25). This is one important parameter that was considered in
the present investigation in which various disinfection pro-
tocols were assessed in mandibular molars infected by E.
faecalis. The purpose of the 60-day biofilm in this study was
to simulate a challenging clinical condition. According to Es-
trela et al. (4), shorter times of biofilm formation may com-
plicate comparisons and the extrapolation of results to the
formulation of better-defined clinical protocols that may add
greater predictability to endodontic treatments.

The method used in this study included two analyses: qual-
itative, using the visual evaluation of culture turbidity; and
quantitative, using UV spectrophotometry findings to elim-
inate the subjectivity of the visual method. This method has
been widely used (4, 5). Others, such as molecular methods,
that use a gPCR approach to count the number of bacteria,
may not discriminate whether bacteria are viable or not,
which may lead to errors in the interpretation of the effects
of bacterial viability (6-8, 18, 22, 23, 25, 27, 28). As bacterial
samples were obtained only from the main canals of man-
dibular molars using absorbent paper points, the study re-
sults should be interpreted with caution, because the deep
regions of ramifications and dentinal tubules are not reached
when this procedure (3,9, 17, 23, 28).

The challenges to obtain root canal therapy success involve
the understanding of the canal anatomy, the reduction of the
microbial population and the patient’s immune responses.

As no ideal set of procedures, including final irrigant agita-
tion and type of intracanal medicament, has been defined
so far, a perfect root canal system disinfection remains a
challenge. Additional clinical essays should be developed
to assess the influence of disinfection approaches on root
canal infections.

CONCLUSION

Although bacterial reduction was found in all test groups,
none of the techniques eliminated E. faecalis effectively. The
use of WOG with PUl and CH as a combined disinfection proto-
col showed higher percentages of bacterial reduction.
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