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ABSTRACT

Aim: The aim of this study was to compare the fracture resistance of endodontically treated
teeth obturated with two root canal sealers using two different obturation techniques.

Materials and methods: Forty freshly extracted single-rooted mandibular premolars were
selected, decoronated, and mechanically prepared using EdgeFile X7 rotary files to size 40/0.04.
Samples were randomly divided into 4 groups (n=10). In Group I: samples were obturated with
AH Plus resin sealer using cold lateral compaction technique, Group II: samples were obturated
with AH Plus resin sealer using single cone technique, Group III: samples were obturated with
NeoSealer Flo bioceramic sealer using cold lateral compaction technique and Group IV: samples
were obturated with NeoSealer Flo sealer with single cone technique. Fracture resistance testing
was done using a universal testing machine. The data were analysed statistically using one-way

analysis of variance followed by pair-wise comparison using Tukey’s post hoc test.

Results: Neosealer Flo samples had significantly higher fracture resistance than AH Plus
samples (p<0.001). Regardless of type of sealer used, single cone obturation technique had
significantly higher fracture value than lateral compaction (p<0.001).

Conclusion: Obturation using NeoSealer Flo sealer with single cone technique improved the
fracture resistance of endodontically treated teeth.

KEYWORDS: NeoSealer Flo sealer, AH Plus sealer; Single cone technique; cold lateral
compaction technique; Fracture Resistance.
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INTRODUCTION

During the past 10 years, there has been an in-
creasing awareness of vertical root fracture (VRF)
occurring after endodontic treatment. The third
most prevalent reason for extraction of endodonti-
cally treated tooth is VRF . The strength of teeth
treated endodontically is influenced by tissue loss
both coronal and radicular due to prior pathology or
trauma, endodontic treatment including over-instru-
mentation, irrigation, medicaments, and excessive
pressure during root obturation which eventually
increase the possibility of tooth fracture 2.

Obturation of the root canal is thought to reinforce
the tooth by increasing the resistance of the tooth to
compressive strength, it would be beneficial to use
a root canal filling material and/ or sealer which is
capable of strengthening the root. Gutta-percha is
known to have a low elastic modulus which offers
little or no reinforcement after treatment .

AH Plus (Dentsply DeTrey, Konstanz, Germany)
is an epoxy resin-based sealer that can penetrate into
the dentinal tubules with the possibility of creating
monoblocks between intraradicular dentine and root
canal filling material which increase the resistance
to fracture by preserving the integrity of the sealer-
dentine interface .

NeoSealer Flo (Avalon biomed, Texas, USA), a
premixed bioceramic sealer that encourages the pro-
duction of hydroxyapatite on the surface to seal and
facilitate healing through the release of calcium and
hydroxide ions as claimed by the manufacturer 7.

Single cone obturation technique (SCT), a
technique based on the use of a single fitted cone
with the same size and taper as the last rotary file
used in combination with a large amount of sealer '®!
has been considered inadequate due to the increased
possibility for apical leakage ! and deemed inferior
to the lateral compaction technique (LCT) "% In
2009, a survey was conducted to compare different

treatment modalities in endodontic practices,
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out of 232 respondents, (48.2%) reported using
the continuous-wave of obturation technique,
(43.6%) used LCT, where only (3.2 %) used SCT
1 Conversely, in a recent survey with the advent
of hydraulic cement-based sealers, 85.4 % used
calcium silicate-based sealers where the acceptance
of SCT has increased as it has leaped to be the most
employed obturation method (63.3%) !

The present study was undertaken to compare
the fracture resistance of endodontically treated
teeth using two root canal sealers namely NeoSealer
Flo, and AH Plus sealer with two obturation
techniques (SCT and LCT). The null hypothesis
was that there is no significant difference between
the fracture resistance of the root canals filled with
either techniques using NeoSealer Flo sealer or AH
Plus sealer.

MATERIALS AND METHODS

Sample size calculation:

A power analysis was designed to have adequate
power to apply a statistical test of the null hypothesis
that there is no difference between different tested
groups regarding fracture resistance. By adopting
an alpha (o) level of 0.05, a beta (§) level of 0.2
2%) (i.e. power=80%), and an effect size (f) of
(0.605) calculated based on the results of an earlier
study *); the minimum required sample size (n) was
found to be (36) samples (i.e. 9 samples per group).
To account for any sample loss, sample size was
increased to (n=10) for each group. Calculations
were performed using G*Power version 3.1.9.2!141,

Selection of samples

The research proposal was approved by the
Ethical Committee of the Faculty of Dentistry, Cairo
University (Registration no. 22/11/22). Freshly
extracted human intact mature straight single-
rooted mandibular premolars were collected from
the Department of Oral and Maxillofacial surgery
extracted for orthodontic reasons, age group (18-35



FRACTURE RESISTANCE OF ROOTS OBTURATED WITH BIOCERAMIC AND EPOXY RESIN- ROOT

years). Buccolingual and mesiodistal preoperative
radiographs were taken to confirm the absence of
any exclusion criteria which included calcifications
or open apices, teeth with previous endodontic
treatment or heavily restored teeth and those
showing signs of resorption (internal or external
resorption) and to ensure the presence of only
one canal. To exclude the presence of pre-existing
root fractures or cracks, teeth were examined
under magnification (6X Univet Loupes, Rezzato,
Lombardy, Italy). The buccolingual and mesiodistal
diameters of teeth were measured at the level of
the cemento-enamel junction (CEJ) using a digital
caliper. Roots of similar dimensions measuring
4+1 mm mesiodistally and 5+1 mm buccolingually
at the level of the (CEJ) were chosen. Sixty teeth
fulfilling the inclusion criteria were chosen and
stored in 0.1% thymol until the commencement of
the experiment.

Sample preparation

Teeth were decoronated at the CEJ using a
diamond saw mounted on a low speed micromotor
under water coolant to adjust the length of the roots
to a standard length of 13 mm+1mm. The working
length was visually determined by introducing a size
10 K-file (EdgeEndo, Albuquerque, New Mexico)
into the root canal until its tip was observed at the
apical foramen; and then subtracting 1 mm. Samples
were prepared using EdgeFile X7 (EdgeEndo,
Albuquerque, New Mexico) rotary files up to size
# 40/0.04 taper using an Endo-Mate 2 motor (NSK
Nakanishi, Tochigi, Japan). The speed and torque
values were set as the manufacturer’s instructions.
In between each file the canals were thoroughly
irrigated with 2mL of 2.5% sodium hypochlorite
(NaOCl; Clorox, HC Egyptian company, Cairo,
Egypt), using a 30-gauge needle (Endo Top
irrigation needles, Cerkamed, Pawlowski, Poland)
adapted to a disposable plastic syringe. After the
last instrument was used, each canal was irrigated
with 5Sml of 2.5% NaOCl, 5 mL saline followed by 5
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mL of 17% EDTA (Cerkamed, Pawtowski, Poland)
and a final flush of 5 mL saline and dried with paper
points (Dentsply Sirona, York, Pennsylvania).

Sample grouping:

The selected samples were randomly divided
using (https://www.randomizer.org) into 4 equal
groups (n=10) according to the obturation technique
and the sealer used into:

Group I: Samples obturated with AH Plus sealer/
LCT.

Group II: Samples obturated with AH Plus
sealer/ SCT.

Group III: Samples obturated with NeoSealer
Flo sealer/ LCT.

Group IV: Samples obturated with NeoSealer
Flo sealer/ SCT.

Root canal obturation

Group I: AH Plus sealer/ LCT

AH Plus resin sealer is supplied in two tubes
and was manually mixed in equal volume (1:1)
on a glass slab using a metal spatula following the
manufacturer’s instructions. A gutta-percha cone
size 40 taper 2% with tug-back was coated with the
sealer and introduced into the canal by a slowly up
and down movement against the canal walls until
the working length was reached to ensure complete
coating of the canal walls with the sealer. The cone
was then removed and reloaded with the sealer
and permanently seated into the canal. Lateral
condensation was done using finger spreader size
30 adding accessory cones size 25. The excess was
cut off at the orifice level using a hot instrument and
lightly compacted with a plugger.

Group I1: AH Plus resin sealer/SCT

The canals were obturated with a size 40/0.04
gutta-percha cone and AH Plus sealer. The sealer
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was mixed and applied as previously described in
group I.

Group III: NeoSealer Flo sealer/LCT

NeoSealer Flo was supplied in a premixed
injectable syringe with disposable intracanal tips.
The canals were obturated with a size 40 taper
2% gutta-percha master cone. The sealer was
injected into the coronal one third of the canal by
a disposable intracanal tip. Obturation was carried
out as in group I.

Group IV: NeoSealer Flo sealer/SCT

The canals were obturated with a size 40/0.04
GP gutta-percha cone and NeoSealer Flo premixed
sealer. The sealer was injected into the coronal one
third of the canal by a disposable intracanal tip,
obturation was carried out as previously described.

After obturation, 1 mm of the coronal filling
materials was removed, and filled with a temporary
(Cavit; 3M ESPE, Seefeld,
Germany). To confirm complete filling, mesiodistal

filling material

and buccolingual periapical radiographs were taken
and then the samples were stored for one week at
37°C at 100% humidity to allow for complete sealer
setting.

Mechanical testing

To mimic the periodontal membrane, the
protocol proposed by Topgcuoglu et al. (2013) 3
was adopted, in which the apical 5 mm of the roots
were covered with a 0.2-0.3 mm thick coating of
wax. After that, self-curing acrylic resin (Acrostone
dental factory, Industrial Zone, Salam City, Egypt)
was used to install the roots vertically in copper
rings that were 20 mm in diameter and 10 mm high,
exposing the remaining coronal 8 mm of the roots.
As soon as the acrylic resin began to polymerize,
wax was removed using a curette and roots were
taken out of the resin. The cleaned root surfaces
were covered with a thin layer of polyvinylsiloxane
impression material (Elite HD, Zhermack, Italy)
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and then they were embedded again into the acrylic
mold.

Fracture resistant was measured using a
universal testing machine (Instron Corp, Canton,
MA). The acrylic blocks were fitted on the lower
plate of the machine. The spherical steel tip of the
upper plate (diameter of 2.2 mm) was centred over
the canal orifices and aligned to be parallel to the
long axis of the tooth, the tester was directed with
a speed of 1 mm/min. The fracture moment was
identified when an abrupt decrease in force occurred
that was spotted on the testing machine screen. The
maximum force required to fracture each specimen
was recorded in Newtons. The load of fracture in
Newtons was converted to Megapascal using the

following equation.

Maximum load in Newtons (N)

7t/ 4 x (Area of cross section of plunger of contact)?
e gt=3.14 (constant value)

* Area of cross-section of plunger = 2.2 mm
(uniform for all specimens).

All root canal preparations and obturation were
performed by the same operator. Mechanical testing
was performed by another examiner who was
blinded to all the experimental groups. The mean
and standard deviation values were calculated for
each group.

Statistical analysis:

Numerical data were represented as mean with
95% confidence intervals, standard deviation (SD),
minimum and maximum values. Shapiro-Wilk’s
test was used to test for normality. Homogeneity
of variances was tested using Levene’s test. Data
showed parametric distribution and variance
homogeneity and were analyzed using two-way
ANOVA. The significance level was set at p<0.05
within all tests. Statistical analysis was performed
with R statistical analysis software version 4.3.0 for
Windows.



FRACTURE RESISTANCE OF ROOTS OBTURATED WITH BIOCERAMIC AND EPOXY RESIN- ROOT

RESULTS

NeoSealer Flo sealer group using single cone
technique (group IV) showed the highest fracture
resistance mean value that required a load of
(418.64+£26.32N) to fracture the specimens which
was statistically significant compared to other
three groups (P <0.001), followed by Group II
(385.8+£10.38N) AH Plus resin sealer for single
cone technique (Table 1).

TABLE (1) Intergroup comparisons
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Regardless of the obturation technique used,
(356.56+66.28N) had
significantly higher fracture resistance than AH plus
samples (327.01+60.64N) (p<0.001) (Figure 1). In
addition, regardless of type of sealer used, single
cone obturation technique (402.11+£25.82N) had
significantly higher fracture resistance than lateral
compaction (281.46+14.22N) (p<0.001) (Figure 2).

Neosealer Flo samples

Sealer type

Mean=SD (N)
[f-value p-value
Obturation technique AH Plus NeoSealer Flo
Lateral compaction technique 268.43+5.59 294 .49+4 26 15.98 <0.001*
Single cone technique 385.58+10.38 418.64+26.32 25.72 <0.001*
f-value 32294 362.71
p-value <0.001* <0.001*
*Significant (p<0.05)
e N N
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Fig. (1) Bar chart showing mean and standard deviation values
(error bars) of fracture resistance for different sealers.

DISCUSSION

Contemporary endodontic philosophy switches

towards conserving the tooth structure by
minimizing the amount of tooth structure removed,
leaning towards smaller access cavities, avoiding

aggressive dentine removal during shaping with

Fig. (2) Bar chart showing mean and standard deviation
values (error bars) of fracture resistance for different
obturation techniques.

more emphasis on irrigation, and avoiding wedging
forces during compaction. This is considered as an
important variable responsible for the outcome of
endodontically treated teeth ', This study compared
the fracture resistance of endodontically treated

teeth obturated with different techniques and sealers.
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According to published research, mechanically
prepared but unfilled roots are significantly weaker
than obturated roots, thus more prone to fracture P!,
and that the root filling materials could strengthen
the root structure, increasing the fracture resistance
of the tooth ['7,

In the current study, trials to achieve
standardization of the samples included selecting
samples with the same buccolingual and mesiodistal
dimensions to homogenize the remaining dentine
thickness [ and age of the patient from whom
extracted teeth were collected to avoid cracked
teeth, as the incidence of incomplete tooth fractures
was higher in patients over 40 years old "*, with
evenness in the storage duration and conditions.
Variables in the access cavity preparation were
eliminated by the standardization of the remaining

root length.

Artificial
protocol was employed so that the stresses produced

periodontal ligament simulation
are distributed across the root surface rather than
being concentrated in one particular area which can
affect the fracture resistance !'>'*!. This setting has
a greater clinical relevance as it mimics the support
given to teeth by the supporting structures and
results in less stress build-up caused by unrealistic

bending movements %,

Statistical analysis revealed that NeoSealer Flo
sealer with SCT had a significantly higher fracture
(418.64+26.32N)
to lateral compaction technique. One possible
explanation could be the wedging forces and stresses
employed by the spreader during LCT ! which

resistance  value compared

resulted in decreased fracture resistance when LCT
was used with either NeoSealer Flo (294 .49+4 26N)
or AH Plus sealer (268.43+5.59N) (Table 1).

In a study by Piskin et al. ¥ evaluating the
effect of spreader use on the fracture resistance of
roots filled with LCT, spreaders larger than size
25 resulted in a significant decrease in fracture
resistance of roots. It was found that the maximum
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force applied to roots occurred during lateral
condensation when being compared with Obtura
and Thermafill techniques . According to Ersoy
and Evcil ?2, LCT and Obtura technique did not
increase the fracture resistance of the teeth due to the
forces created by the use of spreaders and pluggers.

In the current study, roots obturated with
NeoSealer Flo sealer using SCT showed significantly
higher fracture resistance (418+26.32N) than roots
obturated with AH Plus sealer using the same
obturation technique (385.58+10.38N). This result
was in accordance with Hedge and Arora ),
who reported that canals obturated using SCT,

Gutta-percha/EndoSequence  sealer  (Brasseler

USA, Savannah, GA) had a higher fracture
resistance compared to gutta-percha/AH Plus. One
major advantage of using SCT is that it creates a
homogenous mass when combined with endodontic
sealers avoiding failures seen among multiple cones
as in LCT 61,

Irrespectively to the obturation technique used,
the mean fracture resistance with NeoSealer Flo
BC sealer was higher compared to AH Plus sealer
(Figure 1). This result came in accordance with
Patil et al *"!, where the EndoSequence bioceramic
sealer, exhibited significant results in reinforcing the
root samples compared to resin-based and calcium
hydroxide-based sealers.

This result could be attributed to the hydrophilic
nature of the bioceramic sealer with delayed setting
time, allowing hydration and swelling to fill any
voids. The reaction of phosphate from dentinal
fluids with calcium silicate hydrogel and calcium
hydroxide, produced through the reaction of calcium
silicates in the presence of the dentine’s moisture,
resulting in the formation of hydroxyapatite.
These by-products allow chemical bonding to
the root canal dentine walls, improving sealer-to-
root dentine bonding which increases the fracture
resistance of teeth 2%,
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While bioceramic sealers have been available
in the market and are frequently used, few studies
have measured their clinical effectiveness to date
combined with SCT. In a retrospective study,
EndoSequence BC Sealer using a SCT achieved
a success rate of 90.9% 1, while a recent non-
randomized clinical trial revealed that a calcium
silicate cement (BioRootTM RCS, Septodont,
Saint-Maur-des Fosses, France), when used in SCT,
resulted in a comparable percentage of successful
cases when evaluated using cone-beam computed
tomography after one year follow up period
compared to warm vertical condensation and AH
Plus sealer P,

On the other hand, results showed that there was
significant difference in values of fracture resistance
of roots obturated with LCT using either sealer. This
came in disagreement with Dibaji er al ', where
they found no statistically significant difference
between root canals filled using LCT with gutta-
percha/AH Plus sealer and gutta-percha/iRoot
bioceramic sealer.
creeping property and long polymerization period
allow penetration into the micro-irregularities
along the intraradicular dentine, which provide a
mechanical interlocking mechanism between the
sealer and root dentine **3.

AH Plus resin sealer with its

Properties of hydraulic cements check many of
the boxes of the ideal requirements of endodontic
sealers. In-vitro studies have confirmed the lack of
shrinkage on setting, bacteriostasis properties, insol-
ubility in tissue fluids, and biocompatibility #3531,
They have been shown to produce hydroxyapatite
on setting and bonding with dentine within the canal
321, These characteristics may allow the transition
of obturation techniques from a gutta-percha-based
technique into a sealer-based technique, which
might end the stigma related to the use of SCT 87,

CONCLUSIONS

The use of bioceramic sealer with single cone
technique has been shown to increase the fracture
resistance of roots.

(3223)

REFERENCES

1. Touré B, Faye B, Kane AW, Lo CM, Niang B, Boucher Y.
Analysis of reasons for extraction of endodontically treated
teeth: a prospective study. J Endod. 2011;37:1512— 1515.

2. Tang W, Wu Y, Smales RJ. Identifying and reducing risks
for potential fractures in endodontically treated teeth. J
Endod. 2010;36:609—- 617.

3. Ribeiro FC, Souza-Gabriel AE, Marchesan MA, Alfredo
E, Silva-Sousa YT, Sousa-Neto MD. Influence of different
endodontic filling materials on root fracture susceptibility.
J Dent. 2008;36:69— 73.

4. Kim YK, Grandini S, Ames JM, et al. Critical review
on methacrylate resin-based root canal sealers. J Endod.
2010;36:383—399.

5. Schifer E, Zandbiglari T, Schéfer J. Influence of resin-
based adhesive root canal fillings on the resistance to
fracture of endodontically treated roots: an in vitro
preliminary study. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2007;103:274— 279.

6. Zamparini F, Prati C, Taddei P, Spinelli A, Di Foggia
M, Gandolfi MG.
and Bioactivity of New Premixed Calcium Silicate-
Bioceramic Root Canal Sealers. Int J Mol Sci. 2022 Nov
11;23(22):13914. doi: 10.3390/ijms232213914.

Chemical-Physical ~ Properties

7. https://www.avalonbiomed.com/products/neosealer-flo

8. Heran J, Khalid S, Albaaj F, Tomson PL, Camilleri J. The
single cone obturation technique with a modified warm
filler. J Dent. 2019;89:103181.

9. Pommel L, Camps J. In vitro apical leakage of system
B compared with other filling techniques. J Endod.
2001;27(7):449—-451.

10. Dummer PMH. Root canal filling. In: Pitt Ford TR ed.

Harty’s Endodontics in clinical practice, Sth ed. Edinburgh:
Wright; 2004:113-42.

11. Lee M, Winkler J, Hartwell G, Stewart J, Caine R. Current
trends in endodontic practice: emergency treatments and
technological armamentarium. J Endod. 2009;35:35-9.
doi: 10.1016/j.joen.2008.10.007. PMID: 19084121.

12. Guivarc’h M, Jeanneau C, Giraud T, et al. An interna-
tional survey on the use of calcium silicate-based sealers
in non-surgical endodontic treatment. Clin Oral Investig.
2020;24:417- 424.

13. Alkahtany, Mazen F., et al. “Influence of Root Canal Seal-
ers and Obturation Techniques on Vertical Root Fracture
Resistance. An In Vitro Experiment.” Applied Sciences
11.17 (2021): 8022.



(3224)

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

E.D.J. Vol. 69, No. 4

. Faul, Franz, et al. “G* Power 3: A flexible statistical power

analysis program for the social, behavioral, and biomedical
sciences.” Behavior research methods 39.2 (2007): 175-191.

Topguoglu HS, Tuncay O, Karatas E, Arslan H, Yeter K.
In vitro fracture resistance of roots obturated with epoxy
resin-based, mineral trioxide aggregate-based, and bioc-
eramic root canal sealers. J] Endod. 2013;39:1630— 1633.

Gutmann JL. Minimally invasive dentistry (Endodontics).
J Conserv Dent. 2013;16:282-283. doi:10.4103/0972-
0707.114342

. Chadha R, Taneja S, Kumar M, Sharma M. An in vitro

comparative evaluation of fracture resistance of endodon-
tically treated teeth obturated with different materials.
Contemp Clin Dent. 2010;1:70-72.

Roh BD, Lee YE. Analysis of 154 cases of teeth with
cracks. Dent Traumatol. 2006;22:118-123.

Soares CJ, Pizi EC, Fonseca RB, Martins LR. Influence
of root embedment material and periodontal ligament
simulation on fracture resistance tests. Braz Oral Res.
2005;19:11- 16.

Johnson ME, Stewart GP, Nielsen CJ, Hatton JF. Evalu-
ation of root reinforcement of endodontically treated
teeth. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2000;90:360— 364.

Shemesh H, Wesselink PR, Wu MK. Incidence of dentinal
defects after root canal filling procedures. Int Endod J.
2010;43:995- 1000.

Piskin B, Aydin B, Sarikanat M. The effect of spreader size
on fracture resistance of maxillary incisor roots. Int Endod
J.2008;41:54-59.

Saw LH, Messer HH. Root strains associated with differ-
ent obturation techniques. J Endod. 1995;21:314— 320.

Ersoy I, Evcil MS. Evaluation of the effect of different root
canal obturation techniques using two root canal sealers
on the fracture resistance of endodontically treated roots.
Microsc Res Tech. 2015;78:404— 407.

Hegde V, Arora S. Fracture resistance of roots obturated
with novel hydrophilic obturation systems. J Conserv
Dent. 2015;18:261-264.

Goldberg F, Artaza LP, De Silvio A. Effectiveness of dif-
ferent obturation techniques in the filling of simulated lat-
eral canals. J Endod. 2001;27:362— 364.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Nermine Hassan and Reham Hassan

Patil P, Banga KS, Pawar AM, Pimple S, Ganeshan R. In-
fluence of root canal obturation using gutta-percha with
three different sealers on root reinforcement of endodonti-
cally treated teeth. An in vitro comparative study of man-
dibular incisors. J Conserv Dent. 2017;20:241- 244.

Al-Haddad A, Che Ab Aziz ZA. Bioceramic-Based
Root Canal Sealers: A Review. Int J Biomater. 2016;
2016:9753210.

Chybowski EA, Glickman GN, Patel Y, Fleury A, Solo-
mon E, He J. Clinical Outcome of Non-Surgical Root Ca-
nal Treatment Using a Single-cone Technique with Endo-
sequence Bioceramic Sealer: A Retrospective Analysis. J
Endod. 2018;44:941- 945.

Zavattini A, Knight A, Foschi F, Mannocci F. Outcome
of Root Canal Treatments Using a New Calcium Silicate
Root Canal Sealer: A Non-Randomized Clinical Trial. J
Clin Med. 2020;9:782

Dibaji F, Afkhami F, Bidkhori B, Kharazifard MJ. Fracture
Resistance of Roots after Application of Different Sealers.
Iran Endod J. 2017;12:50- 54.

Nagas E, Uyanik MO, Eymirli A, et al. Dentin moisture
conditions affect the adhesion of root canal sealers. J En-
dod. 2012;38:240- 244.

Fisher MA, Berzins DW, Bahcall JK. An in vitro com-
parison of bond strength of various obturation materials
to root canal dentin using a push-out test design. J Endod.
2007;33:856-8.

Madhuri GV, Varri S, Bolla N, Mandava P, Akkala LS,
Shaik J. Comparison of bond strength of different end-
odontic sealers to root dentin: An in vitro push-out test.
J Conserv Dent. 2016;19:461-4. doi: 10.4103/0972-
0707.190012. PMID: 27656067; PMCID: PMC5026108.

Zhang H, Shen Y, Ruse ND, Haapasalo M. Antibacterial
activity of endodontic sealers by modified direct contact
test against Enterococcus faecalis. J Endod. 2009;35:1051-
5. doi: 10.1016/j.joen.2009.04.022. PMID: 19567333

Ma J, Shen Y, Stojicic S, Haapasalo M. Biocompatibility
of two novel root repair materials. J Endod. 2011;37:793-
8. doi: 10.1016/j.joen.2011.02.029. Epub 2011 Apr 13.
PMID: 21787491

Donnermeyer, D.; Burklein, S.; Dammaschke, T.; Schafer,
E. Endodontic sealers based on calcium silicates: A sys-
tematic review. Odontology. 2019; 107, 421-436.



