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Comparison of Microleakage between Resin-based and
Bioceramic-based Root Canal Sealers by Fluid Filtration
Technique.
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Objectives: The aim of this study was to compare the microleakage between resin-based (AH Plus®) and
bioceramic-based (EndoSequence BC Sealer®) root canal sealers using the fluid filtration technique.
Materials and methods: Seventy extracted human mandibular premolars resected 12 mm from the apex were
instrumented to size 50/.04 using the Mtwo rotary system. They were then randomly divided into three experimental
groups based on obturation technique and sealer (G1: AH Plus obturated by warm vertical compaction, G2:
EndoSequence BC Sealer obturated by sealer-based technique, and G3: EndoSequence BC Sealer obturated
by warm vertical compaction), and two control groups. After their completed obturations, the samples were
stored in containers of 100 percent relative humidity for seven days. Microleakage was assessed using fluid
filtration method, employing a pressure equivalent to 30 cmH, O through a 1-mm diameter capillary tube. Statistical
analysis was performed using the one-way ANOVA test followed by Dunnett T3 for multiple comparison tests at
the 0.05 significance level.

Results: The leakage rate of EndoSequence BC Sealer by sealer-based technique group were statistically
significantly higher than EndoSequence BC Sealer by warm vertical compaction group (p = 0.013). However,
no significant difference was found between the AH Plus group and both the EndoSequence BC Sealer groups

(o > 0.05).
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Introduction

A complete three-dimensional filling of the
entire root canal space is one of the key components
for a successful root canal treatment. [1-4] Gutta-
percha and root canal sealer are materials
regularly used to seal off the root canal system.
However, there are several different types of root
canal sealers currently available in the market.
Zinc-oxide-based and resin-based sealers
are quite popular and have been used for many
years. However, these two sealers have certain
disadvantages, including dissolution in fluids
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and shrinkage after setting. [5, 6] This resulted
in the development of new root canal sealers
including the bioceramic sealer to overcome these
disadvantages. Bioceramic utilizes moisture to
initiate its setting reaction, has a slight setting
expansion and a high pH level. [7] This allows
bioceramic to flow and adapt well to the root
canal walls [8-10] and accounts for several of
the listed criteria of an ideal root canal filling
material as presented by Grossman. [11] Moreover,
as bioceramic is bioactive, it can stimulate the
production of bone and cementum. [12-14]
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AH Plus (DENTSPLY DeTrey) is a second
generation epoxy resin sealer that modified
formulation of AH-26 in which formaldehyde
is not released. [15] The sealing abilities of
AH-26 and AH Plus appear comparable. [16]
AH Plus is an epoxy resin-amine based system
that comes in two tubes. The epoxide paste tube
contains a diepoxide (bisphenol-A diglycidyl
ether) and fillers as the major ingredients,
while the amine paste tube contains a primary
monoamine, a secondary diamine, a disecondary
diamine, silicone oil, and fillers as the major
ingredients. It exhibits a working time of
approximately 4 hours. AH Plus presents
low solubility and disintegration, adequate
radiopacity [17, 18], high bonding strength to
root dentin [19], adequate expansion [18],
antimicrobial activity, and other desirable biological
properties. [20, 21]

EndoSequence BC Sealer is a pre-mixed
bioceramic sealer with calcium silicate powder as
its main component. The manufacturers recommend
its obturation by single cone technique. However,
this term of the root canal obturation technique
may be confused with the traditional single cone
technique. Trope has recently proposed a more
appropriate term, namely sealer-based technique.
To validate and substantiate the manufacturer
recommendations, a microleakage study should
be conducted to compare its sealing ability with
sealers that are commonly used nowadays.
Zhang et al. had studied the difference in fluid
leakage between the root canal that was obturated
with iRoot SP and AH Plus using a Protaper
gutta-percha Point (Dentsply Maillefer). [22]
Gutta-percha impregnated with bioceramic
particle is gutta-percha point, which isimpregnated
on the surface with a nanoparticle layer of
bioceramic. [23] Its surface bonding to the sealer
eliminates a critical pathway for coronal leakage of
microbes if the coronal restoration has a defective
seal. The gutta-percha also is used as a pathway
for post preparation or retreatment if necessary.
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Additional the gutta-percha is used primarily as
the delivery device (plugger) to allow hydraulic
movement of the sealer into the irregularities of
the root canal and accessory canals. A recent
study using bacterial leakage to evaluate sealing
ability of root canal obturated with bioceramic-
impregnated gutta-percha cone and non-modified
gutta-percha, with bioceramic sealer or AH Plus
found that no significant differences in bacterial
leakage among the groups. However, the matched
single cone technique was merely an obturation
technique in that study. [24] Therefore, the goal
of this study was to compare the apical
microleakage of the root canals obturated with
AH Plus by warm vertical compaction and
EndoSequence BC sealer both by sealer-based
technique and warm vertical compaction
technique.

Materials and methods

Sample

Seventy human mandibular premolars
extracted for orthodontic purposes were
immediately soaked in 0.1% thymol solution
prior to the beginning of the experiment.

The premolars were resected 12 mm from
their apexes and the patency of each root canal
was confirmed by insertion of a #10 K-file through
the apical foramen. Real canal length was
determined by manually inserting a #10 K-file into
the canal until the instrument tip was visible at the
apical foramen. Working length was established
at 1.0 mm short of the real root canal length.
All samples had a similar canal size at the apex,
where #10 or #15 K-file demonstrated fit at
the apical part of the canal. All roots were
radiographed from both buccolingual and
mesiodistal directions to determine the width of
the canals at apical one-third. The difference of
the canal width must lesser than 1.0 mm. If any
tooth did not fit the aforementioned criteria,
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it was excluded. All root canals were shaped
using Mtwo rotary files to size 50/.04 and irrigated
with 5 ml of 2.5% sodium hypochlorite solution at
each file change. After complete root canal
shaping, each root canal was flushed with 2 ml
of a 17% EDTA solution for 1 minute, 10 ml of
a 2.5% sodium hypochlorite, then dried with five
pieces of paper points.

The samples were divided into 3 experimental
groups; 20 roots per group, as well as a positive
and negative control groups; 5 roots per group.

Group 1: AH Plus sealer by a warm vertical
compaction technique (n=20)

Twenty roots were filled using a greater
taper gutta-percha cone size 50/.04
(EndoSequence® Gutta Percha Points, Brasseler
USA) with AH Plus sealer and the Beefill
system (VDW® GmbH, Minchen, Germany).
The gutta-percha cone was coated with AH Plus
at its apical third and fitted to the working length.
Gutta-percha was cut at the coronal end and
lightly compacted with the endodontic plugger
with a 1.0 mm diameter at working end. The Beefill
heat carrier size 60/.06 and endodontic plugger
with a 0.6 mm diameter working end was used to
down-pack the gutta-percha to 4 mm short of the
working length in manner of continuous wave
technique. Then backfill continued with alternations
between injecting warm gutta-percha and
condensation with the endodontic plugger until
complete.

Group 2: EndoSequence BC Sealer by a sealer-
based technique (n=20)

Twenty roots were filled with EndoSequence
BC Sealer and gutta-percha impregnated with
bioceramic particles (EndoSequence® BC Points™,
Brasseler USA) by a sealer-based technique. The
EndoSequence BC Sealer syringe tip was inserted
within the coronal third of the root canal. A small
amount of EndoSequence BC Sealer was gently

and smoothly dispensed into the root canal by
compressing the plunger of the syringe for one
volume calibration mark. Using a #15 K-file, the
canal walls were lightly coated with the existing
sealer in the canal. Subsequently, the master
gutta-percha cone was coated with a thin layer of
sealer and slowly inserted into the canal to deliver
sufficient sealer to the apex. Using a heat source,
the gutta-percha cone was cut at the coronal end
of the root and vertically condensed. The excess
sealer was removed with a moist cotton pellet.

Group 3: EndoSequence BC Sealer by a warm
vertical compaction technique (n=20)

The procedure was performed in the same
manner as in group 1 with using EndoSequence
BC Sealer and gutta-percha impregnated with
bioceramic particles

Positive control group (n=5)

Five roots were prepared using Mtwo rotary
files to size 50/.04 and irrigated with 5 ml of 2.5%
sodium hypochlorite solution at each file change.
After complete root canal shaping, each root
canal was flushed with 2 ml of a 17% EDTA
solution for 1 minute, 10 ml of a 2.5% sodium
hypochlorite, then dried with five pieces of paper
points. The canals were filled with a greater taper
gutta-percha cone size 50/.04 without the use of
a sealer.

Negative control group (n=5)

Five roots were prepared in the same
manner as the positive control group. Then the
roots were completely covered with two layers of
nail varnish, including the coronal end and apical
foramen, to gain a hermetic seal.

After the root canals were completely sealed,
they were kept in a container of 100% relative
humidity at room temperature for seven days until
microleakage evaluation.
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Evaluation of microleakage

The method described by Wu and Wesselink
was used for the measurement of microleakage. [25]
The external root surfaces of all specimens were
coated with nail varnish except for an area of 1 mm
coronal and apical end of the root. The specimens
were then connected to the fluid filtration device
(figure 1). The connection was sealed with
cyanoacrylate glue and multiple layers of silicone
sealant (Neobond®) to obtain a closed system.
Leakage was evaluated by the fluid filtration
method employing a pressure equivalent to 30
cmH,0. [26] The passage of liquid through the
samples was assessed by measurement of bubble
displacement. A 16-megapixel digital camera
(Olympus OM-D-E-M10) and Imaged program
version 1.51j8 were used to record and analyze
the bubble movement. Measurements of bubble
movement were made at 15-minute intervals for
3 hours. Any possible leakage in the system was
tested by using tissue paper wrap around the
connecting joint between the sample and the
device. If the tissue paper got wet its indicate the
leakage of the system; the sample was reattached
to the device. The data were begin recording
when the tissue paper had dried for 30 minutes,
and the tissue paper must dry throughout the
leakage test.

Air bubble

30 cmHio'

The acquired values were then averaged.
Imaged program version 1.51j8 (National Institute
of Health, USA) was used to measure bubble
displacement of each sample in millimeters and
calculate the liquid leakage rate using the following

formula.
v = inflitration rate (nL /cmH,0-min)
| = length of air bubble movement (mm)
r = internal diameter of micropipette (mm)
p = pressure (cmH,0)

t time (min)

Five roots of positive control and negative
control groups were tested before evaluating the
microleakage of the experimental groups.

Statistical Analysis

The data were analyzed using SPSS 24.0
for Windows (SPSS Inc, Chicago, IL). The average
and standard deviation of the liquid leakage
rate for each group were calculated. The data
analysis would be performed by One-way ANOVA
and multiple comparisons by Dunnett T3 test.
All statistical analyses were set at a significance
level of 0.05.

Tooth sample

N
_

Micro pipette

Syringe

Figure 1
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Fluid filtration device for leakage determination.

Syringe
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Results

The data for apical leakage of each group
were shown in Table 1. The leakage of the negative
controls, as measured by the fluid filtration model,
were uniformly 0, and the leakage of the positive
controls could not be record because the bubble
had moved through the capillary of the fluid
filtration device for less than 15 minutes.

According to statistical analysis, the
microleakage rate of each group was a normal
distribution, but the homogeneity of variance did
not achieve. Therefore, One-way ANOVA was
used to compare the means of microleakage rate
between three group and multiple comparisons
were performed by Dunnett T3. group 1: AH Plus
sealer by warm vertical compaction had a leakage
rate not different from group 2: EndoSequence BC
Sealer by sealer-based technique (p = 0.10) and
group 3: EndoSequence BC Sealer by warm vertical
compaction (p = 0.11). However, the leakage rate
of group 2 was statistically significantly higher
than group 3 (p = 0.013).

Discussion

EndoSequence BC Sealer is a bioceramic
sealer with calcium silicate as its main component.
[27] It has several unique properties which makes

Table 1
BC Sealer

Group

1. AH Plus with warm vertical compaction technique
2. EndoSequence BC Sealer with sealer-based technique

3. EndoSequence BC Sealer with warm vertical compaction technique

it preferable to other sealers. It can set in a humid
atmosphere, a slight setting expansion, and a high
pH level during its setting reaction. [28, 29]
According to manufacturer recommendation,
EndoSequence BC Sealer a suitable material for
root canal obturation by single cone technique,
where the gutta-percha cone delivers the sealer
into the canal and serves as a central guide for
filling removal in retreatment cases. [30, 31] This
study compared the microleakage of root canals
filled with gutta-percha and AH Plus sealer by
warm vertical compaction technique, gutta-percha
impregnated with bioceramic particles and
EndoSequence BC Sealer by sealer-based
technique, and gutta-percha impregnated with
bioceramic particles and EndoSequence BC
Sealer by sealer-based technique warm vertical
compaction technique to provide further information
to aid in the selection of obturation materials and
techniques.

In this study found that Group 2 had the
highest leakage rate, followed by Group 1 and
Group 3, respectively. This result corresponded
with Zhang et al. which compared the rate of fluid
leakage between iRoot SP (bioceramic-based
sealer) and AH Plus. [22] They found that obturation
with iRoot SP by single cone technique had the
highest leakage rate, followed by AH Plus by warm
vertical compaction and iRoot SP by warm vertical
compaction technique, respectively.

Microleakage rate when root canals were obturated with gutta-percha with AH Plus sealer and EndoSequence

mean £ SD
(nL /emH,O-min)

3.1+1.3°
51+3.7°
2.4+0.9°

*Values with the same superscript are not statistically different (p > 0.05).
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In this study also found a statistically
significant difference between the EndoSequence
BC Sealer group by sealer-based technique and
the EndoSequence BC Sealer group by warm
vertical compaction technique. This result was
different from the previous study which did not
find any significant difference in leakage between
their three groups. [22] The difference may result
from the different fluid filtration pressures selected
for each study. Our study applied a pressure of
30 cmH,O which is equal to 0.03 atm, whereas
Zhang et al. applied pressure of 0.2 atm. The
higher pressure may cause the increased fluid
filtration rate of each group, thereby leading to the
increased standard deviation of their study. [26]

The EndoSequence BC Sealer group
obturated by warm vertical compaction had
less leakage than the group obturated by
sealer-based technique. Superior sealing ability
of warm vertical compaction could due to vertical
compaction technique pushes gutta-percha and
sealer providing for greater penetration to every
part of the canal. The sealer-based technique
relies on hydraulic pressure from the gutta-percha
cone to lead and spread the sealer throughout
the canal. [32]

The heat produced from warm vertical
compaction can negatively affect the moisture
present within the root canal. In the previous study
found that a high temperature significantly reduces
the setting time and the flow of bioceramic-based
sealer. [33] Therefore, EndoSequence BC Sealer
properties could have been affected leading to
a decrease in the sealing ability. However, it has
been found that heating and plugging gutta-percha
increases apical sealing ability significantly, by
increasing adaptation to the root canal walls,
apical adjustment of gutta-percha, and the
propulsion of sealers into lateral or accessory
canals. [32] Nevertheless, in this study, the sealing
abilities of AH Plus and EndoSequence BC Sealer
were not found to be significantly different.
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This study used gutta-percha impregnated
and coated with bioceramic nanoparticles as the
EndoSequence BC Sealer manufacturers claim
that bonding between EndoSequence BC Sealer
and the gutta-percha surface will reduce potential
leakage. However, our study found no significant
leakage difference between the AH Plus group
and EndoSequence BC Sealer groups. This is in
agreement with the previous study that used
plain gutta-percha, uncoated by bioceramic
nanoparticles. [22]

According to our data, with regards to fluid
leakage, root canal obturation with gutta-percha
impregnated with bioceramic particles and
EndoSequence BC Sealer by warm vertical
compaction can substitute obturation with AH
Plus sealer by warm vertical compaction. If
EndoSequence BC sealer is selected, Warm
vertical compaction will provide greater seal
than sealer-based technique. Furthermore, the
additional benefits associated with the properties
of bioceramic sealers is a slight setting expansion,
high setting pH level, ability to set in a humid
atmosphere and less stress applied to the tooth
during obturation. [34] Nevertheless, clinical
studies in this area are required to evaluate its
clinical performance.

Conclusion

Root canal obturation with gutta-percha
impregnated with bioceramic particles and
EndoSequence BC Sealer by sealer-based
technique has a higher leakage than obturation
with gutta-percha impregnated with bioceramic
particles and EndoSequence BC Sealer by warm
vertical technique. However, the leakage rate of
both EndoSequence BC Sealer group not different
from obturation with gutta-percha and AH Plus by
warm vertical compaction.



Comparison of Microleakage between Resin-based and Bioceramic-based Root Canal Sealers by Fluid Filtration Technique.

Conflicts of interest

The authors have no conflicts of interest
relevant to this article.

Acknowledgment

This study was supported by the College
of Dental Medicine, Rangsit University, Thailand.
We are thankful to Dr.Lily See for proofreading
the manuscript and Ms.Janejira Jenviriyakul,
Ms.Kamonluck Manopsith, Ms.Massaya Thapimai,
Ms.Teannudda Phasuvanitkun and Ms.Kanokrat
Kunrojaungkul for their assistance.

References

1. Schilder H. Filling root canals in three dimensions.
1967. J Endod 2006; 32: 281-90.

2. Ng YL, MannV, Rahbaran S, Lewsey J, Gulabivala K.
Outcome of primary root canal treatment: systematic
review of the literature -- Part 2. Influence of clinical
factors. Int Endod J 2008; 41: 6-31.

3. Hommez GM, Coppens CR, De Moor RJ. Periapical
health related to the quality of coronal restorations
and root fillings. Int Endod J 2002; 35: 680-9.

4. Siqueira JF Jr., Rocas IN, Alves FR, Campos LC.
Periradicular status related to the quality of coronal
restorations and root canal fillings in a Brazilian
population. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2005; 100: 369-74.

5. Orstavik D, Nordahl I, Tibballs JE. Dimensional
change following setting of root canal sealer materials.
Dent mater 2001; 17: 512-9.

6. Schafer E, Zandbiglari T. Solubility of root-canal
sealers in water and artificial saliva. Int Endod J 2003;
36: 660-9.

7. Zhou HM, Shen Y, Zheng W, Li L, Zheng YF,
Haapasalo M. Physical properties of 5 root canal
sealers. J Endod 2013; 39: 1281-6.

8. Jeong JW, DeGraft-dJohnson A, Dorn SO, Di Fiore PM.
Dentinal tubule penetration of a calcium silicate-
based root canal sealer with different obturation
methods. J Endod 2017; 43: 633-7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

McMichael GE, Primus CM, Opperman LA. Dentinal
tubule penetration of tricalcium silicate sealers.
J Endod 2016; 42: 632-6.

Kuci A, Alacam T, Yavas O, Ergul-Ulger Z, Kayaoglu
G. Sealer penetration into dentinal tubules in the
presence or absence of smear layer: a confocal laser
scanning microscopic study. J Endod 2014; 40:
1627-31.

@Rstavik D. Materials used for root canal obturation:
technical, biological and clinical testing. Endod
Topics 2006; 12: 25-38.

Al-Haddad A, Che Ab Aziz ZA. Bioceramic-based
root canal sealers: a review. Int J Biomater 2016;
Article ID 9753210.

Okiji T, Yoshiba K. Reparative dentinogenesis
induced by mineral trioxide aggregate: a review from
the biological and physicochemical points of view.
Int J Dent 2009; Article 1D 464280.

Gomes-Cornelio AL, Rodrigues EM, Salles LP,
Mestieri LB, Faria G, Guerreiro-Tanomaru JM,
et al. Bioactivity of MTA Plus, Biodentine and an
experimental calcium silicate-based cement on
human osteoblast-like cells. Int Endod J 2017; 50:
39-47.

Leonardo MR, Bezerra da Silva LA, Filho MT, Santana
da Silva R. Release of formaldehyde by 4 endodontic
sealers. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 1999; 88: 221-5.

De Moor RJ, De Bruyne MA. The long-term sealing
ability of AH 26 and AH Plus used with three gutta-
percha obturation techniques. Quintessence Int
2004, 35: 326-31.

Flores DS, Rached FJ, Jr., Versiani MA, Guedes
DF, Sousa-Neto MD, Pecora JD. Evaluation of
physicochemical properties of four root canal
sealers. Int Endod J 2011; 44: 126-35.
Carvalho-Junior JR, Correr-Sobrinho L, Correr AB,
Sinhoreti MA, Consani S, Sousa-Neto MD. Radiopacity
of root filling materials using digital radiography.
Int Endod J 2007; 40: 514-20.

De-Deus G, Belladonna FG, Silva E, et al. Micro-CT
assessment of dentinal micro-cracks after root canal
filling procedures. Int Endod J 2017; 50: 895-901.
Arias-Moliz MT, Camilleri J. The effect of the final
irrigant on the antimicrobial activity of root canal
sealers. J Dent 2016; 52: 30-6.

Shakya VK, Gupta P, Tikku AP, et al. An in vitro
evaluation of antimicrobial efficacy and flow
characteristics for AH Plus, MTA Fillapex, CRCS and
Gutta Flow 2 root canal sealer. J Clin Diagn Res 2016;
10: 104-8.

http://www.dt.mahidol.ac.th/division/th_Academic_Journal_Unit 285



22.

23.

24.

25.

26.

27.

28.

Zhang W, Li Z, Peng B. Assessment of a new root
canal sealer's apical sealing ability. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2009; 107: e79-82.
Debelian G, Trope M. The use of premixed bioceramic
materials in endodontics. Giorn Ital Endod 2016;
30: 70-80.

Yanpiset K, Banomyong D, Chotvorrarak K, Srisatjaluk
RL. Bacterial leakage and micro-computed
tomography evaluation in round-shaped canals
obturated with bioceramic cone and sealer using
matched single cone technique. Restor Dent Endod
2018; 43: e30.

Wu MK, De Gee AJ, Wesselink PR. Fluid transport
and dye penetration along root canal fillings.
Int Endod J 1994; 27: 233-8.

Pommel L, Camps J. Effects of pressure and
measurement time on the fluid filtration method in
endodontics. J Endod 2001; 27: 256-8.

Jafari F, Jafari S. Composition and physicochemical
properties of calcium silicate based sealers: A review
article. J Clin Exp Dent 2017; 9: €1249-55.

Candeiro GT, Correia FC, Duarte MA, Ribeiro-
Siqueira DC, Gavini G. Evaluation of radiopacity,
pH, release of calcium ions, and flow of a bioceramic
root canal sealer. J Endod 2012; 38: 842-5.

29.

30.

31.

32.

33.

34.

Xuereb M, Vella P, Damidot D, Sammut CV, Camilleri
J. In situ assessment of the setting of tricalcium
silicate-based sealers using a dentin pressure model.
J Endod 2015; 41: 111-24.

Kim H, Kim E, Lee SJ, Shin SJ. Comparisons of the
Retreatment Efficacy of Calcium Silicate and Epoxy
Resin-based Sealers and Residual Sealer in Dentinal
Tubules. J Endod 2015; 41: 2025-30.

Hess D, Solomon E, Spears R, He J. Retreatability of
a bioceramic root canal sealing material. J Endod
2011; 37: 1547-9.

Robberecht L, Colard T, Claisse-Crinquette A.
Qualitative evaluation of two endodontic obturation
techniques: tapered single-cone method versus
warm vertical condensation and injection system:
an in vitro study. J Oral Sci 2012; 54: 99-104.

Qu W, Bai W, Liang YH, Gao XJ. Influence of warm
vertical compaction technique on physical properties
of root canal sealers. J Endod 2016; 42: 1829-33.
Capar ID, Sayqili G, Ergun H, Gok T, Arslan H, Ertas
H. Effects of root canal preparation, various filling
techniques and retreatment after filling on vertical
root fracture and crack formation. Dent Traumatol
2015; 31: 302-7.



