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Introduction
Chemomechanical preparation plays an important role in 
removing bacteria from the root canal system. However, 
anatomical variations in the complex root canal system, 
such as oval-shaped root canals, make these procedures 
difficult. Several studies showed that necrotic pulp tis-
sue and bacterial biofilm can exist after the preparation of 
oval-shaped root canals due to the untouched areas (1–3). 

In addition, due to the complex morphology of the root 
canal system, irrigation solutions cannot penetrate suffi-
ciently into the dentinal tubules with the standard needle 
irrigation (SNI) technique. Therefore, several irrigation 
activation methods, such as manual dynamic activation, 
sonic and passive ultrasonic irrigation (PUI), and laser-
assisted irrigation, have been developed to assist irrigation 
solutions in penetrating the structural irregularities in the 
root canal system.

Purpose: To compare the efficacy of EDDY, XP-Endo Finisher R (XPFR), and EndoUltra in removing En-
terococcus faecalis (E. faecalis) from oval root canals with standard needle irrigation (SNI). 

Methods: A total of 72 teeth with single-rooted and single oval-shaped root canals were selected. Teeth 
were sterilized in an autoclave, infected with E. faecalis, and inoculated in an incubator at 37°C for 7 days. 
Four teeth were processed for scanning electron microscopy analysis to control biofilm formation. The 
remaining 68 teeth were prepared with Reciproc Blue 25.08 and 40.06 files and then divided into four 
groups according to the irrigation activation techniques used: EDDY, EndoUltra, XPFR, and SNI (n = 17). 
Before (S1) and after (S2) irrigation techniques, the bacterial samples were taken from the root canals 
and colony-forming units (CFUs) were counted and calculated (CFU/mL). The data were statistically ana-
lyzed using the Shapiro–Wilk, Kruskal–Wallis, and Wilcoxon tests (p = 0.05).

Results: It was observed that CFU counts decreased significantly from S1 to S2 (p< 0.05). However, there 
was no significant difference among the irrigation activation techniques in terms of removing E. faecalis 
(p> 0.05).

Conclusion: The efficiency of EDDY, EndoUltra, XPFR, and SNI in the removal of E. faecalis was similar.
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PUI and sonic activation techniques create a three-dimen-
sional motion, which induces acoustic streaming and cavi-
tation. The main difference between them is the frequency 
range in which they are being used. The frequency range 
of PUI is 30–45 kHz (4,5) and that of sonic activation is 
1–6 kHz (6). In PUI, a straight wire or an oscillating file 
creates acoustic streaming through ultrasonic waves, and 
it is transmitted to the irrigation solution. It was shown 
in previous studies that the amount of intracanal bacteria 
decreased significantly after chemomechanical preparation 
using PUI (7). EndoUltra Ultrasonic Activator (Vista, Ra-
cine, WI, USA) is a cordless device produced for PUI at 
a frequency of 40 kHz (4). Recently, EDDY (VDW, Mu-
nich, Germany), a sonic-powered device that operates at a 
frequency of 5–6 kHz has been introduced. Its tip is made 
of flexible polyamide to prevent damage to the canal wall 
when in use (8). The EDDY sonic activation device was 
reported to be effective in removing bacteria from the root 
canal system (8,9).

The recently produced XP-Endo Finisher R (XPFR) (FKG, 
La Chaux-de-Fonds, Switzerland) is specially designed with 
MaxWire (MaxWire, MartensiteAustenite Electropolish 
Flex, FKG Dentaire) technology. It removes root canal fill-
ing materials, especially in the curvature or oval areas, after 
conventional techniques. It can be applied as a supplemen-
tary final step with any file system of diameter #30 or larger 
(10). It has also been used as a supplementary approach 
to irrigation procedures to clean the hard-to-reach areas in 
teeth with complex anatomy such as oval-shaped root ca-
nals (11,12). The file expands at body temperature acquir-
ing a spoon shape over the apical few millimeters (13). To 
date, the bacteria removal efficiency of XPFR has not been 
evaluated. Therefore, in this in vitro study, it was aimed to 
compare the efficacy of sonic activation (EDDY), PUI (En-
doUltra), and XPFR with SNI in oval-shaped root canals 
infected with E. faecalis. The null hypothesis of this study 
was that there would be no difference between the bacteria 
removal efficiency of these irrigation activation techniques.

Materials and Methods
This in vitro study was approved by the Non-Interven-
tional Clinical Research Ethics Committee of the Zongul-
dak Bülent Ecevit University (2020/3).

Sample Size Calculation
The sample size was calculated using sample-size calculat-
ing software G*Power version V3.1.9.6 based on the data 
obtained from a previous study (14). It was calculated that 
there should be at least 17 specimens in each group with 
the following parameters: α = 0.05; power = 0.95; and 
effect size, f = 0.52.

A total of 72 extracted single-rooted teeth were collected. 
Roots with cracks, fractures, multiple canals, and calcifica-
tions were excluded. All teeth were measured 5 mm from 
the apex to confirm that they had an oval-shaped ratio of 
greater than 2.5/1 ratio between the buccolingual and me-
siodistal dimensions. The tooth surfaces were cleared of any 
remnant tissues, using a universal periodontal curette and 
cleaned with gauze soaked in 5% sodium hypochlorite.Then 
the selected teeth were kept in distilled water until use.

The crowns of teeth were removed with a sterile diamond 
fissure bur under water-cooling to obtain a total length 
of 18 mm. After access cavity preparation, the canal pa-
tency was checked with a #10 K-file (Dentsply Maillefer, 
Ballaigues, Switzerland). The working length was deter-
mined by subtracting 1 mm from the length determined 
by seeing the tip of the file through the apical foramen. To 
avoid microbial leakage, all root surfaces of the teeth were 
covered with two layers of nail polish. The apices of teeth 
were covered with a flowable composite to prevent the 
extrusion of irrigation solutions from the apex. All samples 
were sterilized in the autoclave at 121°C and 1 atm pres-
sure for 20 min before bacteria inoculation.

Inoculation of Enterococcus faecalis

A 1 mL pure culture of E. faecalis strain (ATCC 29212) 
was added to brain–heart infusion broth at 37°C for 24 
h. A 0.5 McFarland suspension (a bacterial concentration 
of 1.5 x 108 colony-forming units (CFU)/mL) was pre-
pared in sterile broth. After this procedure, root canals 
were filled with E. faecalis suspension using sterile micro-
pipettes. The bacterial suspension was transferred to the 
entire canal length with size #10 K-files. Teeth were in-
cubated at 37°C for 1 week. A fresh culture medium was 
added to the root canal every 48 h. Gram staining and 
colony morphology were used to assess the growth of E. 
faecalis. Four roots were fixed in 10% buffered formalin 
and processed for scanning electron microscopy (SEM) to 
confirm bacterial colonization (Fig. 1).

Before root canal preparation, the amount of initial bacte-
rial load (S1) in 68 roots was counted. Initially, the root 
canals were flushed with 1 mL distilled water to remove 
unattached bacteria, and then three sterile size #15 paper 
points were used for 1 min to soak up the canal contents. 
These paper points were inserted into Eppendorf tubes 
containing 1 mL of brain–heart infusion broth and vor-
texed for 1 min, and 0.1 mL aliquots were plated onto 
blood agar and incubated at 37°C for 48 h. After 48 h, the 
CFUs were recorded in CFU/mL.

Root canals were prepared with Reciproc Blue 25.08 and 
40.06 files in reciprocal motion using X-Smart Plus en-
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domotor (Dentsply-Sirona, Germany). During the prep-
aration of the root canals, 2 mL of 0.85% sterile saline 
was used after each file change. Thereafter, 68 roots were 
divided into four experimental groups using a random-
ization method (www.randomizer.org) according to the 
irrigation activation technique used (n = 17). Specimens 
were irrigated with the respective technique as detailed in 
the following sections.

Standard Needle Irrigation 

A 2 mL 0.85% sterile saline was placed in the root canal via 
a 27-gauge needle within 1 mm from the working length. 
To ensure length control, a stopper was placed on the 
needle at the required length. The irrigation needle was 
moved in the root canal with up and down movements 
throughout for 30 s. 

EndoUltra

A 2 mL 0.85% sterile saline was placed in the root canal. 
EndoUltra (Vista Apex, Wisconsin, United States) ultra-
sonic tip (20.02) was attached to the device and powered 

1 mm shorter than the working length at 40 kHz frequen-
cy for 30 s. 

EDDY

A 2 mL 0.85% sterile saline was inserted into the root 
canals. EDDY (VDW, Munich, Germany) irrigation tip 
(25.04) was attached to SONICflex 2003 (Kavo, Genova, 
Italy) air scaler and powered 1 mm shorter than the work-
ing length at 6 kHz frequency for 30 s. 

XP-Endo Finisher R

A 2 mL 0.85% sterile saline, heated to 37°C, was inserted 
into the root canals. The XPFR file (FKG Dentaire, La Ch-
aux de Fonds, Switzerland) was used 1 mm shorter than 
the working length with X-Smart Plus (Dentsply-Sirona, 
Germany) at 1000 rpm and 1 N cm torque for 30 s.

In each group, irrigation activation procedures were re-
peated two more times as described earlier. S2 samples 
were taken from the root canals with three #40 paper 
points, as described previously. CFUs were counted as de-
scribed in S1 samples. A total of 6 mL of 0.85% sterile 
saline was used for each tooth during the irrigation activa-
tion procedures in each group.

Statistical Analysis

The data were analyzed using IBM SPSS V23. Normality 
was assessed using the Shapiro–Wilk test. The Kruskal–
Wallis test was used to compare the number of colonies 
and reduction percentage that were not normally distrib-
uted. The Wilcoxon test was used to compare the num-
ber of colonies before and after the treatment within the 
groups. Analysis results were presented as median (min–
max) for quantitative data. The significance level was tak-
en as p< 0.05.

Results
Table 1 shows the amount of the bacterial load and bacte-
rial reduction values. In the intergroup analysis, in terms 
of bacterial load in S1 and S2 samples, there was no sig-

Table 1. Bacterial load and reduction values for groups (CFU/mL)

Groups S1, Median (min–max) S2, Median (min–max) pa Percentage decrease

SNI 510 (2–2080) 17 (0–164) <0.001 93.75 (40–100)
EndoUltra 280 (20–1550) 10 (0–93) <0.001 96.91 (66.67–100)
EDDY 24 (3–2020) 1 (0–285) <0.001 97.48 (61.96–100)
XPFR 95 (4–1740) 3 (0–42)  <0.001 96.84 (0–100)
pb 0.100 0.06  0.996

aThe Wilcoxon test. bThe Kruskal–Wallis test.

Fig. 1. Positive control group displaying Enterococcus faecalis growth.



nificant difference between the groups (p = 0.100 and p 
= 0.060, respectively). However, in intragroup analysis, a 
significant difference was found between S1 and S2 sam-
ples in all groups (p< 0.001). In group SNI, CFU counts 
were 510 and 17 in the S1 and S2 samples, respectively 
(p< 0.001). In group EndoUltra, CFU counts were 280 
and 10 in the S1 and S2 samples, respectively (p< 0.001). 
In group EDDY, CFU counts were 24 and 1 in the S1 
and S2 samples, respectively. In group XPFR, CFU counts 
were 95 and 3 in S1 and S2 samples, respectively. No sig-
nificant difference was found among groups in terms of 
bacterial reduction (p = 0.996). Bacterial reduction per-
centages were 93.75%, 96.91%, 97.48%, and 96.84% for 
SNI, EndoUltra, EDDY, and XPFR, respectively.

Discussion
The complex and irregular anatomy of root canals may 
prevent the removal of bacteria from the root canal sys-
tem. With agitation of irrigation, the solutions are provid-
ed to contact the root canal walls more, in consequence of 
a more effective cleaning can be made (15). In this in vitro 
study, the bacteria removal efficacy of EDDY, EndoUltra, 
and XPFR were compared to SNI. 

This study was based on single-rooted teeth with an oval-
shaped single root canal. The samples were standardized 
to reduce the bias of the study. Roots with a ratio of 2.5 
or greater (buccolingual diameter to mesiodistal diameter) 
were selected, and the working lengths were set at 17 mm. 
Teeth were contaminated with E. faecalis and prepared 
with Reciproc Blue 25.08 and Reciproc Blue 40.06 files 
before irrigation activation techniques were applied. Dur-
ing irrigation procedures, sterile saline solution was used 
as an irrigant to avoid any antimicrobial effect and to test 
whether the respective activation techniques were able to 
provide a satisfactory bacteria removal without the influ-
ence of any chemical substance, as some previous studies 
have used (16–18).

According to the results of this study, CFU counts de-
creased significantly from S1 to S2. It means that all ir-
rigation techniques removed bacteria significantly. How-
ever, no difference was found among them. Therefore, the 
null hypothesis tested was accepted. Irrigation agitation 
techniques did not show superior performance in remov-
ing bacteria compared with SNI. This finding may be due 
to a wide apical preparation size in root canals which fa-
cilitates insertion of the irrigation devices short of WL as 
well as distribution and exchange of the irrigant in the 
root canal. In this study, the root canals were enlarged to 
size 40 with a taper of 0.06. It can be speculated that this 
apical preparation size may permit unimpeded needle and 
tip penetration of the devices to the full length of each 

canal, resulting in similar bacteria removal. Many studies 
show similar results as this study, comparing SNI and PUI 
together (19,20). In a study by Bhuva et al. (19), no sig-
nificant difference was observed between SNI with 1% so-
dium hypochlorite and PUI with 1% sodium hypochlorite. 
However, they reported that both SNI and PUI with 1% 
sodium hypochlorite were more effective in removing the 
biofilm than SNI with sterile saline solution. Therefore, it 
can be concluded that the use of NaOCI as an irrigation 
solution was more important concerning bacterial load 
reduction than the mechanical agitation of the irrigation 
solution, as previously stated by Siqueira et al. (21). No 
statistically significant difference was found among SNI, 
PUI, and EndoActivator in a previous study by Tardivo 
et al. (20). In contrast to the results of the present study, 
some studies found superior performance for EndoUltra, 
EndoActivator (4,8,22), and EDDY (8,22) in removing 
bacteria compared with SNI. The different results could 
be attributed to the differences in study designs. Unlike 
these studies, in the present study, the infected teeth were 
prepared up to size 40.06 before irrigation activation pro-
cedures were performed, and to avoid any antibacterial 
activity, NaOCI was not used.

The present study demonstrated that irrigation activation 
techniques showed comparable results in antibacterial ef-
ficacy. This result is consistent with a previous study in 
which EDDY and EndoActivator sonic-powered irrig-
ant agitation systems have equivalent intracanal bacteria 
reduction efficacy (8). In contrast to the present study 
results, Al-Obaida et al. (22) reported that the EndoAc-
tivator system was superior to EDDY and EndoUltra in 
reducing live bacteria within the root canal.

The XPFR has been developed for retreatment cases and 
has similar features to the XP-Endo Finisher (XPF) with 
the main differences being a larger tip (size 30 for XPFR 
and size 25 for XPF) and the semi-active tip, which makes 
it stiffer and therefore more aggressive than XPF file (13). 
To the authors’ knowledge, the effect of XPFR on the re-
moval of bacteria from infected oval-shaped root canals 
has not been compared yet. However, the bacterial re-
moval efficiency of XPF was shown in a few recent studies 
(23–25). Teves et al. (23) reported that the multispecies 
biofilm removal was significantly improved using XPF and 
PUI when compared with SNI. Carvalho et al. (24) stated 
that when XPF is used as a method of agitation of the irri-
gation solution, it improves the bacteria removal efficiency 
of XP-Endo Shaper and Reciproc Blue files. Furthermore, 
Pedrinha et al. (25) reported that XPF enhanced the intra-
tubular antibacterial activity of irrigation solutions.

In the present study, bacterial reduction by irrigation acti-
vation was demonstrated in in vitro conditions using the 
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culture method. The culture method is easy and widely 
used method and allows us to obtain data related to the 
microbial load on the surface of the root canals. However, 
there are some limitations to this technique. It is insuf-
ficient for the quantitative analysis of the microorganisms 
remaining in the dentinal tubules. Additionally, microor-
ganisms that are viable but cannot colonize due to low 
metabolic activities may not be detected by this method. 
Therefore, the results of the present study should be inter-
preted with caution.

Conclusions

Within the limitation of this study, the results revealed that 
sonic, ultrasonic, or XPFR irrigation activation techniques 
did not increase the E. faecalis removal compared with 
SNI.
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