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bioceramic and a calcium hydroxide dressings: A
microcomputed tomography study
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Abstract
Context: The removal of intracanal medicament is necessary fo promote adequate sealing.

Aims: This study evaluated three techniques (conventional irrigation, Ultrasonic activation, and XP-endo Finisher) to remove
intracanal medication (Ultracal XS and Bio-C Temp) using micro-computed tomography.

Materials and Methods: The roots were randomly divided into six groups (n = 10) according to the intracanal medication and
the irrigation protocol employed to remove the pastes: Ultracal and Manual (UC/M); Ultracal and XP-endo Finisher (UC/XP);
Ultracal and Ultrasonic activation (UC/US); Bio-C Temp and Manual (BIO/M); Bio-C Temp and XP-endo Finisher (BIO/XP)
and Bio-C Temp and Ultrasonic activation (BIO/US) The samples were then subjected to microcomputed tomography scan to
assess the total volume of filling and remaining medication after removal protocol.

Statistical Analysis Used: The Shapiro-Wilk normality test indicated a normal distribution of the data. Then, to compare
the groups, one-way ANOVA and Tukey's post hoc tests were performed. For all statistical tests used, the significance level
established was 5%.

Results: When the samples were evaluated after applying the protocols regarding the root canal thirds, there was a greater
remaining volume of Bio C Temp in the cervical third compared to the middle and apical thirds in the Bio C Temp/M and Bio
C Temp/XP groups (P < 0.05). Ultrasonic activation removed the volume of Bio C Temp from the cervical third to similar levels
of the middle and apical thirds (P > 0.05). In the cervical third, the Bio C Temp/XP, Bio C Temp/M group obtained a greater
volume of remaining material than Bio C Temp/US, Ultracal/M, Ultracal/XP, and Ultracal/US (P < 0.05).

Conclusion: In the present study, the activation methods of intracanal medications did not differ in the removal capacity
between the two types of root canal dressing and none of the removal protocols were able to completely remove dressings
from the root canal.
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hydroxide pastes are widely used as root canal dressing
due to its antimicrobial and biological properties, such as
high pH (12.5-12.8), its ability to inactivate endotoxins,
and induction of the formation of mineralized tissue.**
One of the most commonly used calcium hydroxide pastes
is Ultracal XS (Ultradent Products, South Jordan, UT, USA)
which is an intracanal medication composed of calcium
hydroxide, barium sulfate, and methylcellulose, in an
aqueous solution.

A new intracanal medication based on calcium silicate
called Bio-C Temp (Angelus Industry Dental Products Ltda,
Londrina, PR, Brazil) was recently launched on the market.
According to the manufacturer, Bio-C Temp is indicated
for the endodontic treatment of teeth with pulp necrosis,
nonsurgical endodontic retreatment, persistent infection
or sinus tract, and in the presence of exudate. Its chemical
composition includes glycol salicylate ester, titanium
oxide, calcium aluminate, calcium oxide, calcium tungsten,
and calcium silicate. Bio-C Temp presented alkaline pH,
adequate calcium release, and radiopacity.”

It is necessary to remove the intracanal medication from
the root canal system before obturation to promote
adequate sealing. Furthermore, residues from intracanal
medication can impair the penetration of root canal filing
into the dentinal tubules and anatomical complexities."”!
Studies that aimed to investigate the relationship between
calcium hydroxide paste and endodontic sealers observed
that the presence of the calcium hydroxide paste can
negatively affect the adhesion of endodontic sealers to
dentin walls.!®!

Several techniques have been proposed to improve the
removal of calcium hydroxide paste from root canals,
including irrigation with sodium hypochlorite in association
with chelating agents,!"” irrigation associated with manual
instruments," use of nickel-titanium rotary instruments,'?
or even the use of sonic and ultrasonic methods.!"!
Passive ultrasonic irrigation (PUI) involves activating the
chemical solution with a smooth ultrasonic insert inside
the canal, 1 mm short of the working length, to increase
the disinfection and clean the root canal system.*'”! The
acoustic cavitation effect during PUI is essential in its
effectiveness.!'8! This method and association with rotary
instrumentation have shown a good capacity for removing
calcium hydroxide pastes from the interior of the canals,
especially when compared to techniques that use only
conventional irrigation.!"8l

Recently, an instrument called XP-Endo Finisher (FKG
Dentaire, Swiss) was introduced on the market to improve
the final cleaning of the root canal. The file changes its shape
depending on the temperature. At room temperature, the
file is straight and is in its martensitic phase (M phase).!"”!
However, when in contact with body temperature, it enters

the austenitic phase (phase A) and takes the shape of a
spoon. This rotary file has a nickel-titanium alloy, tip
diameter of. 25, and no taper, being able to contact and
clean the canal walls due to its expansion capacity but does
not change the original shape of the canal, preserving the
dentin/®!

Considering the importance of removing intracanal
medication before root canal filling and the lack of literature
regarding the new canal dressing (Bio-C Temp), the aim
of this work is to assess three techniques (conventional
irrigation, PUI, and XP endo Finisher) to remove intracanal
medication (Ultracal XS and Bio C Temp) using micro
computed tomography. The null hypotheses are: (1) there
is no difference regarding the removal techniques and (2)
there is no difference between the intracanal medications
tested.

MATERIALS AND METHODS

Sample selection
This research was approved by the research committee
under number 3.540.463.

The sample calculation was performed using G * Power v3.1
for Mac (Heinrich Heine, Universitdt Diisseldorf), selecting
the T Student test. Data were obtained in another study."!
An alpha error of 0.05 and a beta power of 0.95 were also
stipulated. A total of 8 samples per group was indicated
as the ideal size required for nonsignificant differences.
An additional two specimens per group were used to
compensate for possible losses.

Sixty mandibular incisor roots were randomly selected from
acollection of extracted teeth from the Oral and Maxillofacial
Surgery and Traumatology | discipline at the Faculty of
Dentistry. All teeth donated by patients over 18 years of age
were included in the research after visual examination and
periapical digital radiography using the Time X 70E X-ray
device (Gnatus Equipamentos Médico-Odontolégicas Ltda,
Ribeirao Preto, SP-Brazil). As an exclusion criterion, teeth
that presented: (a) length <15 mm were removed; (b) root
fracture or cracks; (c) previous endodontic treatment; and
(d) internal or external resorptions. Removing remaining
bone tissue, gingival tissue, and periodontal ligament
was carried out using periodontal curettes of the Gracey
type, n? 3 and 4 (Neumar Instrumentos Cirtrgicos Ltda,
Sao Paulo-SP). Before the instrumentation of the canal,
the roots were standardized to a length of 10 mm, and the
crowns were sectioned with a machine cutter (Extec Labcut
1010, Enfield, CT).

The sample pairing was done through a volumetric analysis
of the canal using microcomputed tomography before
the procedure, selecting teeth with similar volumes, and
excluding outliers. The image acquisition was performed
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by micro-computed tomography (CT) (SkyScan 1174 v2;
SkyScan, Kontich, Belgium). The scanning procedures
were performed by a single operator using the following
parameters: 50 kV, 800 mA, and 28.24 mA voxel size. Then,
scans with 512 X 652 pixels were obtained with a 0.7-s
acquisition interval, resulting in a total of 360°. Images
were visualized and quantified using Image] software and
the Measure Stack plug-in.

Root canal preparation

Initially, the roots were placed in individual muffles to
facilitate instrumentation and irrigation procedures.
The canal was accessed with 1012 spherical diamond
burs (KG Sorensen, Sao Paulo, Brazil) at high speed and
under refrigeration. The root canal was negotiated with
a K15 file (Dentsply Maillefer, Ballaigues, Switzerland)
until patency was obtained, and the working length was
determined to be 1 mm short of the apical foramen. The
canal instrumentation was performed with the BT Race
rotary system (FKG Dentaire SA, Swiss) up to instrument
#35.04 coupled to the VDW Silver engine (VDW, Munich,
Germany), with speed and torque specified by the
manufacturer.

Two milliliters of 2.5% sodium hypochlorite (NaOCl) (Asfer
Inddstria Quimica Ltda, Sao Caetano do Sul, Sao Paulo,
Brazil) was used as an irrigating solution between
each instrument. After finishing the preparation, the
final irrigation was performed with 5 ml of 17% EDTA
solution (Asfer Industria Quimica Ltda, Sdo Caetano do
Sul, Sao Paulo, Brazil) for 3 min, followed by 2 ml of saline
solution. All irrigation procedures were performed with
an Ultradent syringe (Ultradent Products Inc., USA) and
an Endo-Eze Tip needle (Ultradent Products Inc., USA)
positioned 2 mm from the apical foramen. The solution
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was removed by aspiration, and the canals were dried with
absorbent paper tips (Tanari, Amazonas, Brazil).

Insertion and removal procedures

Then, the specimens were removed from the muffles, and
thirty teeth were filled with Ultracal using a McSpadden
compactor number 45 (Dentsply Maillefer, USA) to
reduce voids and obtain adequate filling and periapical
radiographs, on mesiodistal direction, were performed to
confirm the filling quality. Afterward, the roots were sealed
with a Cavitec temporary obturator (CaiTHEC Industrial,
Parand). The apex was sealed with utility wax, and the
samples were stored in an oven at 37°C for 7 days with
100% humidity. Then, a micro-CT scan (Micro-CT #1) was
performed to measure the total volume (mm?3) of intracanal
medication and the volume by thirds (cervical 2-4 mm,
middle 4-6 mm, and apical 6-9 mm) using a microcomputed
tomography (SkyScan 1174 v2; SkyScan, Kontich, Belgium)
as described before.

The roots were randomly divided into six groups (n = 10)
according to the intracanal medication and the irrigation
protocol employed to remove the pastes [Tables 1 and 2].
Subsequently, the roots were replaced in individual muffles,
and the temporary sealing was removed. The irrigation
protocols for removing the medication are described below:
e Conventional irrigation: irrigation with 8 ml of 2.5%
NaOCl. After each application of 2 ml of 2.5% NaOClI,
the working length was with a #35 K-file. Afterward,
the canal was irrigated with 2 ml of saline solution
e Passive ultrasonic irrigation: The canal was irrigated
with 2 ml of 2.5% NaOCl, and for every 1 ml, the
working length was with a #35 K-file. Afterward, the
canal was filled with 2 ml of 2.5% NaOCl and PUI was
performed for 1 min, in three periods of 20 s (van

Table 1: Mean values and standard deviation, pre- and postremoval, of the Bio C temp for the different removal protocols

Bio C temp
Manual XP Us
Before After Before After Before After
Cervical 1.238%8+0.612 0.062%°+0.068 1.8188+0.470 0.1238%°+0.027 1.7978+0.707 0.00342+0.004
Middle 0.540”+0.378 0.01172+0.027 0.585%+0.230 0.02872+0.056 0.653”+0.202 0.003*2+0.006
Apical 0.5392+0.217 0.00972+0.025 0.6572+0.268 0.01972+0.054 0.696"+0.225 0.00142+0.001
Total 2.303+1.121 0.095%+0.089 3.061+0.7954 0.170°+0.199 2.834+0.972 0.0082+0.008

Different capital letters in the column indicate different volumes of intracanal medication according to the third portion after ANOVA and Tukey’s test (P<0.05), Different
lowercase letters on the line indicate different volumes of intracanal medication after comparing the protocols using the ANOVA test and Tukey test (P<0.05)

Table 2: Mean values and standard deviation, pre- and postremoval, of the Ultracal for the different removal protocols

Ultracal
Manual XP us
Before After Before After Before After
Cervical 1.0878+0.303 0.02972+0.039 1.0398+0.257 0.045*2+0.057 1.0688+0.300 0.005*2+0.009
Middle 0.3914+0.101 0.006*2+0.009 0.351%+0.079 0.012%2+0.015 0.520%+0.128 0.002”2+0.003
Apical 0.3624+0.100 0.075*2+0.100 0.345*+0.094 0.0582+0.035 0.553%+0.168 0.056"*+0.116
Total 1.845+0.432 0.106%+0.101 1.841+0.365 0.084?+0.081 2.206*+0.669 0.0642+0.121

Different capital letters in the column indicate different volumes of intracanal medication according to the third portion after ANOVA and Tukey’s test (P<0.05), Different
lowercase letters on the line indicate different volumes of intracanal medication after comparing the protocols using the ANOVA test and Tukey test (P<0.05)
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der Sluis et al., 2010)."! The solution was renewed
between each period by dispensing 2 ml of 2.5% NaOClI,
totaling 8 ml of NaOCI. After ultrasonic activation, the
canal was irrigated with 2 mL saline. To perform the
PUI, the Irrissonic tip (Helse, SP, Brazil) was used 1 mm
below the CT and the Acteon Booster ultrasound at
10% power (Acteon, Bordeaux, France)

e XP-Endo Finisher (XPF): For the XPF a hot water bath
system was installed to control the temperature
around corporal temperature (36.5°C) so that permits
the change to austenitic phase of the instrument. The
canal was irrigated with 2 ml of 2.5% NaOClI, and every
1 ml, the working length was recapitulated with a
#35 KAfile. And then irrigated with 2ml of a calcium-
quelate agent (EDTA) and more 2 ml of saline solution
Then, the canals were irrigated again with 2ml of
2.5% NaOCI and the XP-Endo Finisher activation (FKG
Dentaire SA, Swiss) calibrated 1Tmm below the CT
was performed. Before being introduced inside the
canal, the instrument was coupled to the VDW Silver
motor (VDW, Munich, Germany).. The file was used for
a continuous period of 1 min at a speed of 900 rpm,
making longitudinal movements with an amplitude of
7-8 mm covering the entire length of the canal and
movements towards the lateral walls of the canal.
Afterward, the XP-Endo Finisher was removed from
the canal, still rotating, and the canal was irrigated
with 4 ml of 2.5% NaOClI to remove suspended debris.
Finally, a final irrigation was performed with 2 ml of
saline solution.

All irrigation procedures were performed with an Ultradent
syringe (Ultradent Products Inc., USA) and an Endo-Eze Tip
needle (Ultradent Products Inc., USA) positioned 2 mm
from the apical foramen. The solution was removed by
aspiration, and the canals were dried with absorbent paper
tips (Tanari, Amazonas, Brazil) and carried out by the same
operator. The samples were subjected to a second micro
CT scan (Micro CT #2) to assess the volume of intracanal
medications remnants by thirds as described previously.

Statistical analysis

The collected data were exported into a
spreadsheet (Microsoft Office Excel 2007, Microsoft
Corporation, Redmont, WA, USA) and statistically
analyzed using the SPSS for Windows program (SPSS Inc.,
Chicago, IL, USA). Shapiro-Wilk normality test indicated
a normal distribution of the data. Then, to compare the
groups, one-way ANOVA and Tukey’s post hoc tests were
performed. For all statistical tests used, the significance
level established was 5%.

RESULTS

Tables 1 and 2 show that in an intragroup analysis, without
preremoval, there was a greater volume of intracanal

medication in the cervical third, regardless of whether
it was Bio C Temp or Ultracal, compared to the middle
and apical thirds for all protocols (P < 0.05). When the
total volume of root canal dressing before applying the
protocols was evaluated, no significant difference between
the groups was observed (P > 0.05).

When the total volume was evaluated after applying
the protocols [Figures 1 and 2|, there was no significant
difference between the protocols used on each root canal
dressing (P > 0.05).

When the samples were evaluated after applying the
protocols regarding the root canal thirds, there was a
greater remaining volume of Bio C Temp in the cervical
third compared to the middle and apical thirds in the Bio
C Temp/M and Bio C Temp/XP groups (P < 0.05). Ultrasonic
activation removed the volume of Bio C Temp from the
cervical third to similar levels of the middle and apical
thirds (P > 0.05). In the cervical third, the Bio C Temp/
XP and Bio C Temp/M group obtained a greater volume
of remaining material than Bio C Temp/US, Ultracal/M,
Ultracal/XP, and Ultracal/US (P < 0.05).

DISCUSSION

Removing root canal dressing from the root canal system
is necessary before filling due to the sealing ability and
penetration. Several studies have shown that root canal
dressing on dentin walls can affect endodontic treatment
results.?'?? It has been reported that residual calcium
hydroxide could also influence the adhesion of sealers to
the root canal walls, compromising the quality of the seal
provided by the root canal filling.”3%I

Moreover, bioceramic products can react with the
dentin and induce hydroxyapatite formation,” which
could compromise its removal from the canal. Some
methods have been proposed for the removal of calcium
hydroxide dressing. Studies have shown that conventional
irrigation with sodium hypochlorite alone is inefficient in
removing this medication.*?! Alternatively, using rotary
instruments and passive ultrasonic activation has been
recommended./'%?7!

Tables 1 and 2 demonstrate that in an intragroup analysis,
preprocedure of removal, there was a greater volume of
intracanal medication in the cervical third, regardless of
whether it was Bio C Temp or Ultracal, compared to the
middle and apical thirds for all protocols (P < 0.05). This
finding could be explained by the cervical portion of
single-rooted or poly-rooted teeth having an area with a
larger diameter of the root canal. This fact can be illustrated
when a material is inserted into the root cavity, and a
radiographic or microtomographic image checks the filling.
It is expected to visualize the cervical portion with a greater
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a (b 4
Figure 1: Three-dimensional reconstructions of Bio C Temp
experimental groups. (a) Manual; (b) XP; (c) US. In green, the
canal filled with material and in red, the remaining material
after removal protocol are represented

volume of material, as the diameter of this root portion is
larger compared to the middle and apical thirds — another
study, according to this result, shows better filling and
fewer empty spaces in the cervical third.?®!

When the samples were evaluated after applying the
protocols, there was a greater remaining volume of Bio
C Temp in the cervical third compared to the middle and
apical thirds in the Bio C Temp/M and Bio C Temp/XP
groups (P < 0.05). This fact can be explained due to the
fluid dynamics that occur in each of the removal protocol
techniques.”’ The conventional-irrigation and XP-Endo
Finisher techniques use the principle of positive pressure and
turbulence, respectively.***!l These two movements move
the solution, especially in the middle and apical portions,
where the instrument or the syringe needle is positioned.
So, the irrigating solution is constantly moved in these canal
portions (middle and apical) and may cause a deficit action
of the irrigant on the cervical third.*” The PUI technique acts
differently. Piezoelectric units produce linear stroke patterns
of vibration.”* This oscillation acts through the cavitation
phenomenon, which forms microbubbles that collide with
the canal wall, moving the fluid just in a lateral way."¥ This
phenomenon could have contributed to the more significant
removal of root canal dressing in the cervical third.P*

In an intergroup analysis, on the cervical third, the Bio C
Temp/XP, Bio C Temp/M group obtained a greater volume
of remaining material than Bio C Temp/US, Ultracal/M,
Ultracal/XP and Ultracal/US (P < 0.05). Although more Bio
C Temp groups presented a greater volume of remaining
material than Ultracal groups, regardless of the activation
method, it can be associated with the close relationship
between bioceramic materials and dentin walls.?>3¢
Bioceramic products can react with the dentin and induce
hydroxyapatite formation,?* which could compromise its
removal from the canal.

Although all methods were effective in removing the
medication from the canals without completely removing

e, —

Figure 2: Three-dimensional reconstructions of Ultracal
experimental groups. (a) Manual; (b) XP; (c) US. In green, the
canal filled with material and in red, the remaining material
after removal protocol are represented

it, the ultrasound technique was slightly superior to the
other methods in terms of its effectiveness in removing
the root canal dressings. This may be due to the cavitation
phenomenon that creates microbubbles that collide with
the canal wall, removing the medication from the canal
lumen and also from the dentinal tubules.!'>!619)

CONCLUSION

Finally, the present study has some limitations associated
with the type of teeth used in this study. This study
was performed with incisor teeth, which are easier to
standardize than polyrooted teeth. However, it presents
a larger canal diameter than polyrooted teeth and could
differ from the clinical practice with other group of teeth.
In the present study, the activation methods of intracanal
medications did not differ in the removal capacity between
the two types of root canal dressing. More studies are
necessary to evaluate the efficacy of these methods with
an intratubular evaluation and bond strength capacity.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. SiqueiraJF Jr., Guimarées-Pinto T, Rocas IN. Effects of chemomechanical
preparation with 2.5% sodium hypochlorite and intracanal medication
with calcium hydroxide on cultivable bacteria in infected root canals.
J Endod 2007;33:800-5.

2.  Martinho FC, Gomes CC, Nascimento GG, Gomes AP, Leite FR. Clinical
comparison of the effectiveness of 7- and 14-day intracanal medications
in root canal disinfection and inflammatory cytokines. Clin Oral Investig
2018;22:523-30.

3. Mohammadi Z, Dummer PM. Properties and applications of calcium
hydroxide in endodontics and dental traumatology. Int Endod J
2011;44:697-730.

4.  Vatankhah M, Khosravi K, Zargar N, Shirvani A, Nekoofar MH, Dianat O.
Antibacterial efficacy of antibiotic pastes versus calcium hydroxide

Journal of Conservative Dentistry and Endodontics | Volume 28 | Issue 9 | September 2025 903



S0, et al.: Removal protocols for root canal dressings

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

204

intracanal dressing: A systematic review and meta-analysis of ex vivo
studies. J Conserv Dent 2022;25:463-80.

Villa N, Santos VV, Costa UM, Mendes AT, Duarte PH, Rosa RA, et al.
A new calcium silicate-based root canal dressing: Physical and chemical
properties, cytotoxicity and dentinal tubule penetration. Braz Dent J
2020;31:598-604.

Kim SK, Kim YO. Influence of calcium hydroxide intracanal medication
on apical seal. Int Endod J 2002;35:623-8.

Uzunoglu-Ozyiirek E, Erdogan O, Aktemur Tirker S. Effect of calcium
hydroxide dressing on the dentinal tubule penetration of 2 different root
canal sealers: A confocal laser scanning microscopic study. J Endod
2018;44:1018-23.

Barbizam JV, Trope M, Teixeira EC, Tanomaru-Filho M, Teixeira FB. Effect
of calcium hydroxide intracanal dressing on the bond strength of a
resin-based endodontic sealer. Braz Dent J 2008;19:224-7.

Guiotti FA, Kuga MC, Duarte MAH, Sant’Anna Junior A, Faria G. Effect
of calcium hydroxide dressing on push-out bond strength of endodontic
sealers to root canal dentin. Braz Oral Res 2014;28:1-7.

Wigler R, Dvir R, Weisman A, Matalon S, Kfir A. Efficacy of XP-endo
finisher files in the removal of calcium hydroxide paste from artificial
standardized grooves in the apical third of oval root canals. Int Endod J
2017;50:700-5.

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

Kuga MC, Campos EA, Faria-Junior NB, S6 MV, Shinohara AL. Efficacy
of NiTi rotary instruments in removing calcium hydroxide dressing
residues from root canal walls. Braz Oral Res 2012;26:19-23.

Ma JZ, Shen Y, Al-Ashaw AJ, Khaleel HY, Yang Y, Wang ZJ, et al.
Micro-computed tomography evaluation of the removal of calcium
hydroxide medicament from C-shaped root canals of mandibular
second molars. Int Endod J 2015;48:333-41.

Guerreiro-Tanomaru JM, Chéavez-Andrade GM, de Faria-Junior NB,
Watanabe E, Tanomaru-Filho M. Effect of passive ultrasonic irrigation
on Enterococcus faecalis from root canals: An ex vivo study. Braz Dent J
2015;26:342-6.

Leoni GB, Versiani MA, Silva-Sousa YT, Bruniera JF, Pécora JD,
Sousa-Neto MD. Ex vivo evaluation of four final irrigation protocols on
the removal of hard-tissue debris from the mesial root canal system of
mandibular first molars. Int Endod J 2017;50:398-406.

Souza CC, Bueno CE, Kato AS, Limoeiro AG, Fontana CE, Pelegrine RA.
Efficacy of passive ultrasonic irrigation, continuous ultrasonic irrigation
versus irrigation with reciprocating activation device in penetration into
main and simulated lateral canals. J Conserv Dent 2019;22:155-9.
Awati AS, Dhaded NS, Mokal S, Doddwad PK. Analysis of the depth
of penetration of an epoxy resin-based sealer following a final rinse of
irrigants and use of activation systems: An in vitro study. J Conserv Dent
Endod 2024;27:87-94.

van der Sluis LW, Versluis M, Wu MK, Wesselink PR. Passive ultrasonic
irrigation of the root canal: A review of the literature. Int Endod J
2007;40:415-26.

Baumeier NC, Hungaro Duarte MA, Vivan RR, Lemos AC, Machado R,
da Silva Neto Ux. Passive ultrasonic irrigation, EndoActivator system
and XP-endo Finisher R as additional cleaning techniques to remove

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

residual filling materials from flattened root canals. J Conserv Dent
2022;25:385-91.

Agarwal D, Raghavendra SS. Cleaning efficacy and debris extrusion of
supplementary file systems XP-endo Finisher and XP-endo Finisher R in
endodontic retreatment. J Conserv Dent Endod 2024;27:498-502.
Ricucci D, Langeland K. Incomplete calcium hydroxide removal from the
root canal: A case report. Int Endod J 1997;30:418-21.

Windley W 3, Ritter A, Trope M. The effect of short-term calcium
hydroxide treatment on dentin bond strengths to composite resin. Dent
Traumatol 2003;19:79-84.

Calt S, Serper A. Dentinal tubule penetration of root canal sealers after
root canal dressing with calcium hydroxide. J Endod 1999;25:431-3.
Nesello R, Silva IA, Bem IA, Bischoff K, Souza MA, S6 MV, et al. Effect
of bioceramic root canal sealers on the bond strength of fiber posts
cemented with resin cements. Braz Dent J 2022;33:91-8.

Kenee DM, Allemang JD, Johnson JD, Hellstein J, Nichol BK.
A quantitative assessment of efficacy of various calcium hydroxide
removal techniques. J Endod 2006;32:563-5.

Salgado RJ, Moura-Netto C, Yamazaki AK, Cardoso LN, de Moura AA,
Prokopowitsch |. Comparison of different irrigants on calcium hydroxide
medication removal: Microscopic cleanliness evaluation. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2009;107:580-4.

Balvedi RP, Versiani MA, Manna FF, Biffi JC. A comparison of two
techniques for the removal of calcium hydroxide from root canals. Int
Endod J 2010;43:763-8.

Estrela C, Mamede Neto |, Lopes HP, Estrela CR, Pécora JD. Root canal
filling with calcium hydroxide using different techniques. Braz Dent J
2002;13:53-6.

Roédig T, Vogel S, Zapf A, Hulsmann M. Efficacy of different irrigants
in the removal of calcium hydroxide from root canals. Int Endod J
2010;43:519-27.

Widjiastuti I, Rudyanto D, Yuanita T, Bramantoro T, Aries Widodo W.
Cleaning efficacy of root canal irrigation with positive and negative
pressure system. Iran Endod J 2018;13:398-402.

Hassan E, Sharaan M, Ragab M. Cleaning efficacy and debris extrusion
using XP-Endo Finisher and XP-Endo Finisher R as supplementary files
during retreatment: An in vitro study. Eur Endod J 2022;7:40-6.

Kato AS, Cunha RS, da Silveira Bueno CE, Pelegrine RA, Fontana CE,
de Martin AS. Investigation of the efficacy of passive ultrasonic irrigation
versus irrigation with reciprocating activation: An environmental
scanning electron microscopic study. J Endod 2016;42:659-63.

Bains VK, Mohan R, Bains R. Application of ultrasound in periodontics:
Part . J Indian Soc Periodontol 2008;12:29-33.

de Oliveira RL, Guerisoli DM, Duque JA, Alcalde MP, Onoda HK,
Domingues FH, et al. Computed microtomography evaluation of calcium
hydroxide-based root canal dressing removal from oval root canals by
different methods of irrigation. Microsc Res Tech 2019;82:232-7.
Arikatla SK, Chalasani U, Mandava J, Yelisela RK. Interfacial adaptation
and penetration depth of bioceramic endodontic sealers. J Conserv
Dent 2018;21:373-7.

Qaiser S, Hegde MN, Devadiga D, Yelapure M. Root dentin
surface activation to improve bioceramic bonding: A scanning
electron microscopic study. J Dent Res Dent Clin Dent Prospects
2020;14:117-23.

Journal of Conservative Dentistry and Endodontics | Volume 28 | Issue 9 | September 2025



