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Abstract

Aim: The study aimed to evaluate the efficiency of the Brush File and “passive ultrasonic” irrigation as
irrigation agitation techniques compared to “conventional syringe irrigation” on “biofilm” eradication
and “calcium hydroxide paste” removal from straight root canals.

Materials and Methods: Thirty-six extracted human single-rooted teeth with single canals were
decoronated, mechanically prepared, and inoculated with “E. faecalis” for three weeks, and biofilm
formation was verified using SEM (n = 3). According to the irrigation agitation method, teeth were
divided into three equal groups (n = 11); Brush File group, PUI group, and “conventional syringe
irrigation” group “control group”. Residual bacterial biofilm was taken by three sterile paper points, and
CFUs were counted and calculated to CFUs/ml. For comparing calcium hydroxide removal efficacy,
another thirty-three extracted single-rooted with single canals were instrumented, filled with Ca(OH):
paste for one week, and assigned randomly to one of three groups (n = 11), as previously mentioned.
Then, Specimens were longitudinally split, and “Ca (OH)2 remnants” were examined under 25x
magnification using a stereomicroscope, calculated in mm?, and the percentage of Ca(OH)2 in the
specimen's “coronal, middle, and apical thirds” was recorded using image analysis software.

Results: Regarding “E. faecalis” biofilm eradication, there was a “significant difference” (p= 0.00)
between the three groups; however, there was “no significant difference” between the Brush File and
PUI. Regarding Ca(OH)2 removal, the intergroup comparison revealed a “significant difference” across
the three groups at “coronal, middle, and apical thirds” (p= 0.00), with “no significant difference”
between the Brush File and PUI groups. The Brush File and CSI groups had “significantly higher “values
of “ Ca(OH)2 remnants” in the apical third.

Conclusion: Brush File was as efficient as PUI in terms of “biofilm eradication” and “calcium
hydroxide” removal, and both agitation techniques were superior to the “conventional irrigation”
regimen.

Keywords: Brush file, PUI, irrigation activation, E. faecalis, biofilm, calcium hydroxide

Introduction

Effective “chemo-mechanical” preparation of the “root canal system” is required for
successful “endodontic treatment”. Pulp tissue remnants, dentin debris, microorganisms, and
residual intracanal medication should be adequately removed from the root canal system to
enable 3D hermetic obturation, promote periapical tissue healing, and prevent reinfection and
“root canal treatment” failure. Data from studies show that at least 35% of the canal walls
continue to be untouched after mechanical preparation -8, This is probably due to variations
in root canal system anatomy. In addition to the anatomical variations, there is also a
geometrical asymmetry between the anatomy of the root canal and the instruments [l The
areas that were not adequately prepared continue to harbor microorganisms, bacterial
byproducts, tissue remnants, and debris, all of which are persistent infection sources 1. This
makes it clear why “root canal treatment” is a “chemo-mechanical” process; irrigation plays a
significant part in complementing instrumentation.
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Only chemical cleaning methods are suitable for these areas.
“Enterococcus faecalis (E. faecalis)” is the most prevalent
bacterial species responsible for primary and secondary
“endodontic infections” [l It is a fact that microbes inside
infected root canals exist in a “biofilm” instead of a
planktonic form. “Biofilm” is an organized community of
bacterial cells that are enclosed in a self-made matrix of
“extracellular polymeric substances (EPS)”. This EPS matrix
increases survival in challenging conditions with nutrient
deficiency and antimicrobial agent resistance [%. Eradication
of this infected “biofilm” is always a challenge in
endodontics.

It is frequently required to use an “intracanal medicament”,
such as “calcium hydroxide paste”, to disinfect the “root canal
system” while improving endodontic treatment outcomes [,
This intracanal dressing needs to be completely removed
before root canal obturation to ensure a tight seal of the filling
material. Instrumentation using a “master apical file” (MAF)
and irrigation with “NaOCI” and “EDTA” is the most
commonly employed technique for removing calcium
hydroxide paste 14, However, complete removal cannot be
obtained, and remnants are frequently left on the root canal
walls, particularly in the apical third. Moreover, this, in turn,
might cause apical microleakage and negatively influence the
success of “endodontic treatment” 13151,

“Passive ultrasonic irrigation” (PUI) is a non-cutting
irrigation approach that uses ultrasonic waves to transport
acoustic energy from a smooth wire or an oscillating file to
the irrigant solution within the canal space. This irrigation
method induces two physical phenomena: stream of irrigation
solution and cavitation, which disrupts the vapor lock. PUI
outperforms “conventional needle irrigation” in eliminating
any remaining pulpal tissue and “dentine debris” because it
increases irrigant flow velocity and volume in the canal [,
The Brush File Max is a newly designed irrigation agitation
tool composed of six strands of stainless-steel wire twisted
together with a latch-type head for use with rotating
handpieces. When the metal bristles are closed, it has a
diameter of 0.27 mm; upon rotation inside the root canal, it
opens its bristles into a metal brush that, according to the
manufacturer, activates the irrigation solution, enhances the
cleaning of inaccessible areas from smear layer, debris,
biofilm remains, and aids in removing filling paste and
material residues from the canal walls. In addition, it is a cost-
effective agitation technique.

Thus, this study aimed to evaluate the efficiency of the Brush
File and “passive ultrasonic irrigation” as irrigation
agitation techniques compared to “conventional syringe
irrigation” on “biofilm” eradication and “calcium hydroxide”
removal from straight root canals.

Materials and Methods
A total of 69 extracted human permanent single-rooted teeth
were selected in the present study after the ethics committee
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(EC) approval of the “Faculty of Dentistry at Cairo
University” (15-5-21). Teeth were assessed radiographically
from mesio-distal and bucco-lingual directions to rule out
immature, carious, cracked, resorbed, or calcified teeth. All
procedures were performed by the main investigator.

Specimen Preparation

Teeth were cleaned from any hard debris using hand scalers
and then submerged in “5.25% NaOCI” for 30 mins enabling
soft tissue removal. The occlusal surface of all teeth was
flattened using a low-speed diamond stone under copious
irrigation to obtain 16 mm uniform root lengths. After access
cavity preparation, the canal's patency was evaluated with K-
file size #10 “MANI, Matsutain Seisakusho Co., Tochigi-
Ken, Japan”, and a size 15 K-file 1 mm shorter than the tooth
length was used to determine the working length. All canals
were instrumented using ProTaper Next rotary files “Dentsply
Maillefer” up to X4 (40/.06) file using the E-connect S
“Eighteeth, Changzhou Sifary Medical Technology Co., Ltd.
China” wireless endo-motor.

Between every subsequent file, the canals were irrigated with
3 ml of a “2.6% NaOCI” solution. Following the mechanical
preparation, the canals were irrigated with 3mL of normal
saline, then 3 ml of 17% EDTA solution for 1 min for “smear
layer removal” followed by 3 ml of “saline” and then, dried
with F4 paper points “Dentsply Maillefer”. The flowable
composite “Filtek Supreme, 3M ESPE, St. Paul, Minnesota,
USA” was used to seal the apical foramina. The root surface
was sealed using two layers of adhesive resin “3M ESPE, St
Paul MN, USA” to make it impermeable.

Root Canal Biofilm Formation

Specimen Sterilization

The Specimens were autoclaved for 15 minutes at 121 °C
to ensure proper sterilization.

Culture and inoculum preparation

In the microbiology laboratory, A suspension was made
by adding 1 ml of a pure culture of “E. faecalis” (ATCC
29212) that had been grown for 24 hours in sterile brain-
heart infusion broth (BHI) “Oxoid microbiology product,
LTD, England”. The turbidity of suspension was
equivalent to +0.5 McFarland standard (1.5x108
CFUs/mL). All root canals were filled with 30 of “E.
faecalis” suspension using a micropipette. The bacterial
suspension was distributed to the root canal's whole
length using sterile #15 K-type files.

The infected specimens were placed inside a sterile
Eppendorf tube and incubated aerobically for 21 days at
37 °C with refreshment by sterile BHI media every 48
hours.

To verify the formation of the “E. faecalis biofilm”, three
random teeth were selected from among the specimens
for “Scanning electron microscopy” (SEM) analysis at
1500x magnification.
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Experimental groups

The specimens were randomly allocated into three groups
(n=11) based on the irrigation agitation regimen:

1. Brush File group: The canals were irrigated with 5 mL
“2.6% NaOCI” that was activated for one minute with a
Brush File rotating at a speed of 1000 rpm and torque
value 0.5 N.cm. The Brush File was introduced 1 mm
short of the WL, and the irrigation was activated for 1
min. The canals were then irrigated with 2.5 mL of
“normal saline”, then 5 mL of “17% EDTA” that is
activated for one minute with Brush File, as mentioned.
After that, 2.5 mL of “normal saline” was used to flush
the canals. One Brush File per specimen was used.

PUI group: The canals were irrigated with 5 mL “2.6%
NaOCI” activated with a “Satalec P5 Newtron” ultrasonic
system “Acteon® Group, Merignac, France Satalec” and
an IrriSafe tip (25/0.0) “Acteon® Group, Merignac,
France Satalec” in the sixth power setting. The IrriSafe
tip was introduced 1 mm short of the WL, and the
irrigation was activated for one minute. To keep the file
from dampening its oscillatory motion, it was kept as
centered as possible, away from the canal walls. The
canals were then irrigated with 2.5 mL of “normal
saline”, then 5 mL of “17% EDTA” that is activated with
PUI for one minute. After that, 2.5 mL of “normal saline”
was used to flush the canals. One IrriSafe tip per
specimen was used.

CSI group (Control group): The canals were irrigated
with 5 ml of “2.6% NaOCI” for one minute using a
disposable plastic syringe with a “30-gauge-max-i-probe”
side vented needle reaching 1-2 mm short of the WL. The
canals were then irrigated with 2.5 mL of “normal
saline”, then 5 mL of “17% EDTA” for an additional one
minute. After that, 2.5 mL of “normal saline” was used to
flush the canals.

Fig 2: (A) Brush File with its metal bristles closed. (B) Brush File
with its metal bristles open

Fig 1: SEM images verifying the presence of 21-day-old E. faecalis biofilm.
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Root Canal Sampling and Colony Counting

To collect the samples, each canal was filled with a sterile
0.9% saline solution, and three sterile paper points (F4) were
inserted into the full WL and saturated for 1 min. After that,
paper points were transferred to sterile eppendorf tubes
containing 1 ml of phosphate-buffered saline (PBS), and they
were vortexed for 1 min. The solution was then diluted to
1/10 concentration by placing 100 pl aliquots of the vortexed
samples into a sterile eppendorf tube with 900 pl of PBS.
Sterile micropipettes with yellow tips were used to collect 20
ul from tubes and then smeared on brain-heart infusion agar
plates “TM MEDIA®, TITAN BIOTECH LTD. Rajasthan,
India” using a sterile L-shaped glass rod, then the plates were
placed in the incubator at 37 °C for 48 hours. Each Plate was
examined for bacterial growth; visible colonies of “E.
faecalis ” were counted and calculated to CFU/ml.

Sample Preparation for “Ca(OH)2 paste” placement
Thirty-three human single-rooted teeth with single canals
were recruited and prepared, as previously mentioned. The
canals were filled with “calcium hydroxide paste”, Metapaste
“Meta Biomed Products, Chungju, Korea”, using disposable
applicator tips positioned 1 mm from the apex. The tip was
slowly retracted from the canal as the paste was injected until
the paste could be seen extruding from the canal's apex and
packed to the whole WL of the canal. Periapical radiographs
were taken to confirm the density and length of Ca(OH),
paste filling. Then, the canals were sealed apically with
flowable composite. To seal the access cavities, a tiny cotton
pellet and temporary filling “ORAFIL G TEMPORARY
FILLING, Prevest Direct, India” were used.

The specimens were stored at 37 °C in 100% humidity for
seven days and assigned randomly to one of three groups (n =
11), as previously mentioned following this time, the
temporary filling was removed. The irrigation agitation steps
were done as previously mentioned regarding each group.
After that, the canals were dried using paper points.

Specimen preparation for stereomicroscope assessment of
“Ca(OH)2 paste” removal

Following different irrigation regimens, the paper points were
left inside the root canals to prevent dentin dust from seeping
into the areas of root evaluation during splitting. Then, roots
were separated longitudinally using a diamond disc at low
speed and copious irrigation. Later, the specimens were split
longitudinally with a chisel and a mallet allowing for the
subsequent Stereomicroscope analysis for residual “Ca(OH)
paste”. The intact half was chosen to evaluate residual
“Ca(OH), paste”. All specimens in each group were evaluated
through a stereomicroscope “TECHNIVAL 2, CARLA


https://www.oraljournal.com/

International Journal of Applied Dental Sciences

ZEISS, GERMANY”. The image of the whole specimen was
taken at 10x magnification. “The coronal, middle, and apical
thirds” of the root canal were examined individually in each
specimen at 25x magnification.

Evaluation of “Ca(OH)2 paste” removal

Using the image analysis software "Image ware, IMAGEJ,
version 1.6.0-20, USA", the remaining Ca(OH), on each third
of the canal walls was computed in mm?. The procedure for
calculating “Ca(OH), remnants” on canal walls was as
follows: Initially, the canal boundaries were manually traced
on the program, allowing the canal surface area to be
calculated. The total area covered by “Ca(OH), remnants”
was calculated by darkening all Ca(OH), parts. Then, the
percentage of the canal surface area occupied by “Ca(OH);
remnants” was calculated.

Statistical analysis

“IBM SPSS Statistics version 20” for Windows was used for
managing data and statistical analysis. The terms “mean”,
“standard deviation”, “median”, and “range” were used to
summarize numerical data. The “Kolmogorov-Smirnov” and
“Shapiro-Wilk” tests and the data distribution were used to

https://www.oraljournal.com

determine the normality of the data. The one-way analysis of
variance “ANOVA test” was used to compare groups in terms
of normally distributed numeric variables (CFUs), followed
by the “Bonferroni post hoc test” for pairwise comparison.
The “Kruskal-Wallis test” was used to compare groups in
terms of non-parametric numeric variables and “calcium
hydroxide paste” removal. To study the interaction of the
group and segment variables, the two ways “ANOVA test”
was performed. All “p-values” are two-sided. “P-values
<0.05” were considered significant.

Results

1. Bacterial counts (x10* CFU/mL)

= The highest “mean” value was recorded in group 3 (CSI)
[218.64+38.8], followed by group 2 (PUI) [80.73£8.72],
with the least value recorded in group 1 (Brush File)
[72.64+72.64]. The difference between groups was
“statistically significant” (p= 0.00). “The post hoc test”
revealed “no significant difference” between the Brush
File and PUI groups.

= The results also showed that ....none of the experimental
irrigation protocols obtained 100% eradication of “E.
faecalis ” biofilm.

Table 1: Descriptive statistics and comparison of CFUs/mL (X104) and comparison between groups “ANOVA test

Mean SD “95% Confidence Interval for Mean” P - Value
Group 1 (Brush File) 72.64" 12.31 (64.37-80.90) 0.000*
Group 2 (PUI) 80.73° 8.72 (74.87-86.58)
Group 3 (CSI) 218.64% 38.81 (192.56-244.71)

“Significance level <0.05, *significant

Means sharing the same superscript letter are not significantly different.”

= Regarding “calcium hydroxide paste” removal... the
result showed “no significant difference” between the
brush file group and the PUI group. The highest values of
“Ca(OH), remnants” were recorded in the CSI group with
a “significant difference” from the other groups in all
thirds (p=0.00).

= While comparing Ca(OH), remnants within the same
group, the apical third showed a significantly higher

——

Fig 3: Remaining bacterial colonies after using (A) Brush File, (B) PUI, (C) CSI

value of Ca(OH), remnants in the Brush File and control
groups with no significant difference between “the
coronal and middle thirds”. Within the PUI group, the
“middle third” showed a higher value of Ca(OH),
remnants than “the coronal and apical thirds”. The
difference between segments was “not statistically
significant.”

Table 2: Descriptive statistics and Intragroup comparison of calcium hydroxide paste percentage in different segments within the same group
“Kruskall Wallis test”

Groups Median | Mean | SD “95% Confidence Interval for Mean” P - Value
Apical 5.49° 6.16 | 4.90 (2.88-9.45) 0.047*
Group 1 (Brush File) Middle 25920 444 | 512 (1.11-7.98)
Coronal 0.54° 219 | 343 (-0.12-4.49)
Apical 4.24 439 | 3.19 (2.84-7.13) 0.056 ns
Group 2 (PUI) Middle 4.58 447 | 343 (2.17-6.77)
Coronal 1.57 2.38 | 3.48 (0.04-4.71)
Apical 33.582 | 39.18 | 15.94 (28.47-49.89) 0.001*
Group 3 (CSI) Middle 13.37° | 19.88 | 20.38 (6.19-33.57)
Coronal 1357° | 1533 | 8.94 (9.32-21.34)

“Significance level <0.05, *significant, ns=non-significant...medians sharing the same superscript letter are not significantly different.”
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Fig 6: Stereomicroscope images of (A) coronal, (B) middle, and (C) apical thirds of the CSI group

Discussion

“Conventional syringe irrigation” is the most often used
irrigation technique. Although the “apical third” of the root
canal has a smaller diameter than “the coronal and middle
thirds” of the root canal, this causes inadequate irrigant
circulation, making the apical third challenging to clean.
Since the needle point is typically positioned in the coronal
segment of narrow canals and the middle third of large canals
(171 irrigation only extends 1 mm past the needle tip [,
preventing the solution from reaching the “apical third”. It is
critical to dynamically deliver the irritant apically to ensure
proper cleansing and disinfection, as the irrigant can only
disinfect when in direct contact with the surface. The
mechanical flushing effect of passive needle irrigation is
minimal, as described by Guerreiro-Tanomaru et al., 2013 [19],
Also, the vapor lock effect, or the entrapment of air around
the needle's tip, is a problematic phenomenon that can arise
during “passive needle irrigation” and potentially prevents the
irrigant from making contact with or disinfecting the apical
region [20-231,

Activation irrigation, either by passive ultrasonic irrigation,
canal brushes, or any other agitation technique, appears to be
an essential method of increasing the antibacterial and
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antibiofilm activity of root canal irrigants, not only within the
root canal but also within the anatomical complexities of the
root canal system and dentinal tubules. Activation of irrigants
may further improve the removal of the intracanal dressing.
After reviewing the available literature, we determined that
the Brush File had yet to be evaluated as an irrigation
agitation technique for biofilm eradication and calcium
hydroxide removal from straight root canals. Hence, this in
vitro study aimed to evaluate the efficiency of the Brush File
and  “passive ultrasonic  irrigation” as irrigation
agitation techniques compared to “conventional syringe
irrigation” on “biofilm eradication” and “calcium hydroxide
paste” removal from straight root canals.

Regarding the results of the current study, higher CFUs values
were encountered in the control group, where conventional
syringe irrigation without activation was implemented. This
finding came in accordance with several studies that attributed
this result to the limited hydrodynamic action of the irrigation
solutions with this technique, which is something
incompatible with the complexity of root canal morphology,
including multiple recesses, ramifications, isthmuses, and
lateral canals [ 29,

On the contrary, the other groups that used PUI and Brush
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File as irrigation agitation methods achieved maximum
disinfection by considerably reducing intraradicular bacterial
biofilm compared to CSI. These findings are congruent with
those of Abusrewil et al., 2020 4, who determined that
irrigation activation through agitation causes a greater
reduction in microbial load than CSI.

The efficiency of PUI in the removal of biofilm was
supported by many authors [25-281; who demonstrated superior
antibiofilm efficacy of PUI over syringe irrigation. Also,
Nagendrababu et al., 2018 °! conducted a systematic review
that compared the effectiveness of “ultrasonically activated
irrigation” (UAI) in root canal disinfection to other types of
irrigant activation and conventional syringe irrigation. It
concluded that root canal microbes are reduced more
effectively when UALI systems are used.

However, these findings contradicted the findings of
Guerreiro-Tanomaru et al., 2015 % who compared the
efficacy of the PUI with CSI protocol and did not find a
significant difference between PUI and CSI. This may be
advocated by the lower concentration of NaOCIl 1%, and the
activation time was 40sec implemented in their study. Also,
their study used only 5 ml of irrigation, either NaOCI or saline
solution, rather than the 15 ml used in our study “5 ml of
2.6% NaOCl, 5 ml of 17% EDTA, and 5 ml saline solution”.
Meanwhile, the results are in contrast to those shown by
Orozco et al., 2020 B and Griindling et al., 2011 B4, who
found “no significant difference” between PUI and CSI. This
possibly is related to differences in experimental design.

No previous study assessed the effectiveness of the Brush File
as an irrigation agitation technique. However, Neelakantan et
al., 2018 [ evaluated a similar instrument called the
Gentlefile-Brush and compared its performance to that of CSI
in removing pulp tissue remnants following root canal
instrumentation and concluded that using such an instrument
as an irrigation agitation technique decreased the pulp tissue
remnants more than CSI.

In terms of “Calcium hydroxide paste” removal, the CSI
group exhibited the highest value of “Ca(OH), remnants”,
especially at the apical part. The findings of Gawdat &
Elkhodary (2017) and Shi et al. (2021) B* %1 were in
accordance with these results. This is maybe anticipated due
to the lack of activation regimen with the control group with
the implemented CSI that had a limited efficacy regarding
apical debridement and overcoming the vapor lock effect with
a subsequent negative impact on Ca(OH), removal capability
of the irrigation solution [36:371,

In contrast, the other groups wherein the PUI and Brush File
were utilized as irrigation agitation methods exhibited lower
“Ca(OH), remnants” values in all segments with “no
statistically significant difference”. This was consistent with
the findings of Van Der Sluis et al., 2007 [ and Tasdemir et
al., 2011 B9 who determined that mechanical agitation of the
irrigant was more successful than irrigation without agitation
in eliminating Ca(OH),. This agitation boosted irrigant
penetration into the irregular canal areas.

However, Balvedi et al., 2010 ¥ investigated the efficiency
of PUI over CSI and found “no significant difference” in
“Ca(OH), paste” removal in the “apical third” of root canals
within these two techniques. This could be due to a difference
in experimental design.

The results of the (PUI) group revealed no statistically
significant difference in the value of Ca(OH), remnants
between segments; this part of the findings came in agreement
with Gawdat & Elkhodary, 2017 34,

The results of the Brush File group agreed with the study of
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Koprowicz & Koprowicz, 2021 1, which reported the use of
the Gentlefile-Brush for improving Ca(OH), removal.
Regardless of technique, Ca(OH), elimination was more
efficient in “the coronal” and “middle thirds” of the canal than
in the apical third. This could be due to the large dimensions
of the root canal at these levels, which expose the root canal
dentin to larger volumes of irrigation solutions with better
hydrodynamic flow and higher shear stresses than the apical
dentin %2 431, This can also be linked to the vapor lock effect,
which occurs along the canal's apical 0.5-1 mm, causing fluid
stagnation in this area, a dead water zone, and compromising
proper irrigant replacement . As a result, “calcium
hydroxide paste” is removed more effectively from the
coronal third and middle third. These findings were congruent
with those of Gokturk et al., 2017 1“4, who detected more
“Ca(OH), remnants™ in the apical segment of root canals with
simulated irregularities after using XP and PUI.

The comparable ability of Brush File to PUI might be
explained by the similar efficiency of both techniques in
activating the irrigant solution inside the root canal, removing
the adherent biofilm, and flushing “Ca(OH), remnants”.
However, the irrigation activation mechanisms of both
approaches were different. The removal of the biofilm and
Ca(OH); by Brush File is a result of physical contact between
the brush file and the canal walls, as the Brush File functions
by opening the six stainless-steel strands when rotated. This
may scrape the canal walls more efficiently than syringe
irrigation to eliminate adherent “microbial biofilms” and
Ca(OH),. It is also a result of the activation of the irrigation
solution due to its rotation at 1000 rpm. PUI's mechanism of
action depends on the acoustic microstreaming and cavitation
from an oscillating file or smooth wire, which causes shear
stress, causing the solution to stream from the apical to the
coronal direction 8. This unique characteristic may be
responsible for the irrigant activation, permitting the
disruption and elimination of biofilm and “calcium hydroxide
paste”.

Conclusions

Within  the limitations of the present study, no
irrigation/irrigation agitation technique could completely
remove “E. faecalis biofilm” and “calcium hydroxide paste”.
However, Brush File was as efficient as PUI in terms of
“biofilm eradication” and “calcium hydroxide removal”, and
both agitation techniques were superior to the CSI.

Recommendations

We recommend Further investigations with larger and more
representative sample sizes to form an evidence-based
conclusion on the efficacy of the Brush File as an irrigation
agitation regimen. Additionally, Further investigations are
recommended to compare Brush File with other recent
methods of irrigant activation.

Source of Funding
This study is self-funded.

Conflict of Interest
The authors declare no conflict of interest.

References

1. Peters OA, Schonenberger K, Laib A. Effects of four Ni-
Ti preparation techniques on root canal geometry
assessed by micro computed tomography. Int Endod J.
2001;34(3):221-230.


https://www.oraljournal.com/

International Journal of Applied Dental Sciences

2.

10.

11.

12.

13.

Gulabivala K, Patel B, Evans G, Ng YL. Effects of
mechanical and chemical procedures on root canal
surfaces. Endod Top [Internet]. 2005 Mar 1 [cited 2022
Nov 13];10(1):103-122. Available from:
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1601-
1546.2005.00133.x

Stavileci M, Hoxha V, Gorduysus O, Tatar |, Laperre K,
Hostens J, et al. Evaluation of Root Canal Preparation
Using Rotary System and Hand Instruments Assessed by
Micro-Computed Tomography. Med Sci Monit Basic Res
[Internet]. 2015 [cited 2022 Nov 13];21:123-130.
Available from:
https://pubmed.ncbi.nlm.nih.gov/26092929/

Pagqué F, Al-Jadaa A, Kfir A. Hard-tissue debris
accumulation created by conventional rotary versus self-
adjusting file instrumentation in mesial root canal
systems of mandibular molars. Int Endod J [Internet].
2012 May [cited 2022 Nov 13];45(5):413-418. Available
from: https://pubmed.ncbi.nlm.nih.gov/22188277/
Versiani MA, Leoni GB, Steier L, De-Deus G, Tassani S,
Pécora JD, et al. Micro-computed tomography study of
oval-shaped canals prepared with the self-adjusting file,
Reciproc, WaveOne, and ProTaper universal systems. J
Endod [Internet]. 2013 Aug [cited 2022 Nov
14];39(8):1060-1066. Available from:
https://pubmed.nchi.nlm.nih.gov/23880278/

De-Deus G, Belladonna FG, Silva EJNL, Marins JR,
Souza EM, Perez R, et al. Micro-CT Evaluation of Non-
instrumented Canal Areas with Different Enlargements
Performed by NiTi Systems. Braz Dent J [Internet]. 2015
Nov 1 [cited 2022 Nov 14];26(6):624—629. Available
from: https://pubmed.ncbi.nlm.nih.gov/26963207/

Wu MK, R’oris A, Barkis D, Wesselink PR. Prevalence
and extent of long oval canals in the apical third. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod [Internet].
2000 [cited 2022 Nov 13];89(6):739-743. Available
from: https://pubmed.ncbi.nim.nih.gov/10846130/
Siqueira JF, Alves FR, Almeida BM, de Oliveira JC,
Récas IN. Ability of chemomechanical preparation with
either rotary instruments or self-adjusting file to disinfect
oval-shaped root canals. J Endod [Internet]. 2010 Nov
[cited 2022 Nov 13];36(11):1860-1865. Available from:
https://pubmed.ncbi.nlm.nih.gov/20951301/

Siqueira JF, Rocac IN. Critical review in oral biology and
Medicine: Diversity of endodontic microbiota revisited. J
Dent Res. 2009 Nov;88(11):969-981.

Portenier I, Waltimo TM, Haapasalo M. Enterococcus
faecalis. The root canal survivor and ‘star’ in post-
treatment disease. Endod Top [Internet]. 2003 Nov 1
[cited 2022 Nov 15];6(1):135-159. Awvailable from:
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1601-
1546.2003.00040.x

Chala S, Abougal R, Rida S. Apexification of immature
teeth with calcium hydroxide or mineral trioxide
aggregate: Systematic review and meta-analysis. Oral
Surgery, Oral Med Oral Pathol Oral Radiol
Endodontology. 2011 Oct;112(4):e36-42.

Lambrianidis T, Kosti E, Boutsioukis C, Mazinis M.
Removal efficacy of various calcium
hydroxide/chlorhexidine medicaments from the root
canal. Int Endod J. 2006 Jan 3;39(1):55-61.

Nandini S, Velmurugan N, Kandaswamy D. Removal
Efficiency of Calcium Hydroxide Intracanal Medicament
With Two Calcium Chelators: Volumetric Analysis
Using Spiral CT, An In vitro Study. J Endod. 2006

~17~

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

https://www.oraljournal.com

Nov;32(11):1097-1101.

Tirker SA, Kogcak MM, Kogak S, Saglam BC.
Comparison of calcium hydroxide removal by self-
adjusting file, EndoVac, and Canal Brush agitation
techniques: An in vitro study. J Conserv Dent. 2013
Sep;16(5):439-443.

Kim SK, Kim YO. Influence of calcium hydroxide
intracanal medication on apical seal. Int Endod J. 2002
Jul;35(7):623-628.

Silva EJ, Rover G, Belladonna FG, Herrera DR, De-Deus
G, da Silva Fidalgo TK. Effectiveness of passive
ultrasonic irrigation on periapical healing and root canal
disinfection: A systematic review. Br Dent J [Internet].
2019 Aug 1 [cited 2022 Jul 27];227(3):228-234.
Available from:
https://pubmed.ncbi.nlm.nih.gov/31399682/

Chow TW. Mechanical effectiveness of root canal
irrigation. J Endod [Internet]. 1983 [cited 2022 Nov
141;9(11):475-9. Available from:
https://pubmed.ncbi.nlm.nih.gov/6586975/

Park E, Shen Y, Khakpour M, Haapasalo M. Apical
pressure and extent of irrigant flow beyond the needle tip
during positive-pressure irrigation in an in vitro root
canal model. J Endod [Internet]. 2013 Apr [cited 2022
Nov 14];39(4):511-515. Available from:
https://pubmed.ncbi.nim.nih.gov/23522547/
Guerreiro-Tanomaru JM, Loiola LE, Morgental RD,
Leonardo R deT., Tanomaru-Filho M. Efficacy of four
irrigation needles in cleaning the apical third of root
canals. Braz Dent J. 2013;24(1):21-24.

Tay FR, Gu L sha, Schoeffel GJ, Wimmer C, Susin L,
Zhang K, et al. Effect of Vapor Lock on Root Canal
Debridement by Using a Side-vented Needle for Positive-
pressure Irrigant Delivery. J Endod. 2010 Apr;36(4):745—
750.

Vera J, Arias A, Romero M. Dynamic movement of
intracanal gas bubbles during cleaning and shaping
procedures: the effect of maintaining apical patency on
their presence in the middle and cervical thirds of human
root canals-an in vivo study. J Endod [Internet]. 2012 Feb
[cited 2022 Nov 14];38(2):200-203. Available from:
https://pubmed.ncbi.nlm.nih.gov/22244636/

Boutsioukis C, Kastrinakis E, Lambrianidis T, Verhaagen
B, Versluis M, van der Sluis LWM. Formation and
removal of apical vapor lock during syringe irrigation: A
combined experimental and Computational Fluid
Dynamics approach. Int Endod J. 2014 Feb;47(2):191-
201.

De Gregorio C, Estevez R, Cisneros R, Paranjpe A,
Cohenca N. Efficacy of different irrigation and activation
systems on the penetration of sodium hypochlorite into
simulated lateral canals and up to working length: an in
vitro study. J Endod [Internet]. 2010 [cited 2023 Jan
19];36(7):1216-1221. Available from:
https://pubmed.ncbi.nlm.nih.gov/20630302/

Abusrewil S, Alshanta OA, Albashaireh K, Algahtani S,
Nile CJ, Scott JA, et al. Detection, treatment and
prevention of endodontic biofilm infections: what’s new
in 2020? Crit Rev Microbiol [Internet]. 2020;46(2):194—
212. Available from:
https://doi.org/10.1080/1040841X.2020.1739622

Eneide C, Castagnola R, Martini C, Grande NM, Bugli F,
Patini R, et al. Antibiofilm Activity of Three Different
Irrigation Techniques: An in vitro Study. Antibiotics.
2019 Aug 9;8(3):112.


https://www.oraljournal.com/

International Journal of Applied Dental Sciences

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

Mohmmed SA, Vianna ME, Penny MR, Hilton ST,
Mordan NJ, Knowles JC. Investigations into in situ
Enterococcus faecalis biofilm removal by passive and
active sodium hypochlorite irrigation delivered into the
lateral canal of a simulated root canal model. Int Endod J.
2018 Jun;51(6):649-662.

Choi MJ, Kim MA, Choi Y, Neelakantan P, Yu MK, Min
KS. A novel three-dimensionally printed model to assess
biofilm removal by ultrasonically activated irrigation. Int
Endod J [Internet]. 2021 Oct 8 [cited 2022 Dec
3];54(10):1871-1877. Available from:
https://pubmed.ncbi.nlm.nih.gov/34043827/

Mohmmed SA, Vianna ME, Penny MR, Hilton ST,
Mordan N, Knowles JC. Confocal laser scanning,
scanning electron, and transmission electron microscopy
investigation of  Enterococcus faecalis  biofilm
degradation using passive and active sodium hypochlorite
irrigation within a simulated root canal model.
Microbiologyopen [Internet]. 2017 Aug 1 [cited 2022

Nov 1];6(4):e00455. Available from:
https://pubmed.ncbi.nlm.nih.gov/28244230/
Nagendrababu Vv, Jayaraman J,  Suresh A,

Kalyanasundaram S, Neelakantan P. Effectiveness of
ultrasonically activated irrigation on root canal
disinfection: a systematic review of in vitro studies. Clin
Oral Investig [Internet]. 2018 Mar 1 [cited 2022 Nov
30];22(2):655-670. Available from:
https://pubmed.nchi.nim.nih.gov/29372445/
Guerreiro-Tanomaru JM, Chéavez-Andrade, G. M. de FJ,
N. B., Watanabe E, Tanomaru-Filho M. Effect of Passive
Ultrasonic Irrigation on Enterococcus faecalis from Root
Canals: An Ex Vivo Study. Braz Dent J [Internet]. 2015
Aug 1 [cited 2022 Nov 30];26(4):342-346. Available
from: https://pubmed.ncbi.nlm.nih.gov/26312969/
Orozco EIF, Toia CC, Cavalli D, Khoury RD, Cardoso
FG da R, Bresciani E, et al. Effect of passive ultrasonic
activation on microorganisms in primary root canal
infection: A randomized clinical trial. J Appl Oral Sci
[Internet]. 2020 [cited 2022 Dec 2];28:€20190100.
Available from: /pmc/articles/PMC6886399/

Grindling GL, Zechin JG, Jardim WM, De Oliveira SD,
De Figueiredo JAP. Effect of ultrasonics on
Enterococcus faecalis biofilm in a bovine tooth model. J
Endod. 2011;37(8):1128-3113.

Neelakantan P, Khan K, Li KY, Shetty H, Xi W.
Effectiveness of supplementary irrigant agitation with the
Finisher GF Brush on the debridement of oval root canals
instrumented with the Gentlefile or nickel titanium rotary
instruments. Int Endod J [Internet]. 2018 Jul 1 [cited
2022 Dec  2];51(7):800-807.  Awvailable  from:
https://pubmed.nchi.nlm.nih.gov/29363136/

Gawdat S, Elkhodary S. Efficacy of XP-Endo finisher
file compared to passive ultrasonic irrigation and
conventional syringe irrigation on removal of triple
antibiotic paste and calcium hydroxide. Egypt Dent J.
2017;11(3):221-228.

Shi L, Wu S, Yang Y, Wan J. Efficacy of five irrigation
techniques in removing calcium hydroxide from
simulated S-shaped root canals. J Dent Sci. 2021 Jan
1;17(1):128-134.

Kuruvilla A, Jaganath BM, Krishnegowda SC,
Ramachandra PKM, Johns DA, Abraham A. A
comparative evaluation of smear layer removal by using
edta, etidronic acid, and maleic acid as root canal
irrigants: An in vitro scanning electron microscopic

~18 ™~

37.

38.

39.

40.

41.

42.

43.

44,

https://www.oraljournal.com

study. J Conserv Dent [Internet]. 2015 May 1 [cited 2022
Dec 30];18(3):247-251. Available from:
/pmc/articles/PMCA4450534/

Saini HR, Tewari S, Sangwan P, Duhan J, Gupta A.
Effect of different apical preparation sizes on outcome of
primary endodontic treatment: A randomized controlled
trial. J Endod [Internet]. 2012 Oct [cited 2022 Dec
30];38(10):1309-1315. Available from:
https://pubmed.ncbi.nlm.nih.gov/22980168/

Van Der Sluis LWM, Versluis M, Wu MK, Wesselink
PR. Passive ultrasonic irrigation of the root canal: a
review of the literature. Int Endod J [Internet]. 2007 Jun 1
[cited 2022 Dec 4];40(6):415-426. Available from:
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-
2591.2007.01243.x

Tasdemir T, Celik D, Er K, Yildirim T, Ceyhanli KT,
Yesilyurt C. Efficacy of several techniques for the
removal of calcium hydroxide medicament from root
canals. Int Endod J. 2011 Jun;44(6):505-509.

Balvedi RPA, Versiani MA, Manna FF, Biffi JCG. A
comparison of two techniques for the removal of calcium
hydroxide from root canals. Int Endod J [Internet]. 2010
Sep 1 [cited 2022 Nov 23];43(9):763-768. Available
from: https://pubmed.ncbi.nlm.nih.gov/20546045/
Koprowicz A, Koprowicz P. Efficacy of finisher files in
the removal of calcium hydroxide paste from the root
canal system — preliminary results. J Med Sci. 2021 Jun
29;90(2):e499.

Ma J, Shen Y, Yang Y, Gao Y, Wan P, Gan Y, et al. In
vitro study of calcium hydroxide removal from
mandibular molar root canals. J Endod [Internet]. 2015
Apr 1 [cited 2022 Nov 23];41(4):553-558. Available
from: https://pubmed.ncbi.nIm.nih.gov/25596727/
Keskin C, Sariyilmaz E, Sariyilmaz O. Efficacy of XP-
endo Finisher File in Removing Calcium Hydroxide from
Simulated Internal Resorption Cavity. J Endod.
2017;43(1):126-130.

Gokturk H, Ozkocak |, Buyukgebiz F, Demir O.
Effectiveness of various irrigation protocols for the
removal of calcium hydroxide from artificial
standardized grooves. J Appl Oral Sci. 2017
Jun;25(3):290-298.

How to Cite This Article

A Heba Mohamed, Y Hamdy Adly, S Hany Samy, A Somia. Evaluation
of the efficiency of brush file as irrigation agitation technique versus
passive ultrasonic irrigation on biofilm eradication and calcium
hydroxide removal from straight root canals: A comparative in-vitro
study. International Journal of Applied Dental Sciences. 2023;9(3):11-
18.

Creative Commons (CC) License

This is an open access journal, and articles are distributed under the
terms of the Creative Commons Attribution-Non Commercial-Share
Alike 4.0 International (CC BY-NC-SA 4.0) License, which allows
others to remix, tweak, and build upon the work non-commercially, as
long as appropriate credit is given and the new creations are licensed
under the identical terms.


https://www.oraljournal.com/

