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Abstract
Background: The purpose of this experiment was to assess the push out bond strength of Polydimethylsiloxane
sealers (GuttaFlow 2 and GuttaFlow Bioseal by Colte’ne/Whaledent, Altstätten, Switzerland). AH Plus (Dentsply,
DeTrey, Konstanz, Germany) was used as a reference material for comparison.
Methods: Thirty root slices were prepared from the middle third of 10 mandibular premolars. Each slice was 1 ±
0.1 mm thick. Three holes, 0.8 mm wide each, were drilled on the axial side of each root slice. These holes were
subjected to standardized irrigations and then dried using paper points. Finally, for each root slice, each hole was
filled with exactly one of the following three root canal sealers: AH Plus, GuttaFlow 2 and GuttaFlow Bioseal. After
all the holes were filled in that way, the root slices were stored on top of phosphate-buffered saline solution (pH
7.2) soaked gauze for 7 days at the temperature of 37 degrees Celsius. Then, for each root canal sealer on a root
slice, the universal testing machine was used to measure the push out bond strength. The differences in push out
bond strengths between the three sealer samples were assessed using the Friedman test, while the paired
comparisons were assessed using Wilcoxon signed rank test with Bonferroni correction. All statistical tests were
two-tailed and the significance level was set at the 5%.
Results: According to the Friedman test the distributions of push out bond strengths of AH Plus, GuttaFlow 2 and
GuttaFlow Bioseal were different (P < 0.05). Paired comparisons indicated that AH Plus had a significantly superior
push out bond strength than GuttaFlow 2 and GuttaFlow Bioseal, while the push out bond strength of GuttaFlow
Bioseal was significantly stronger than that of GuttaFlow 2 (P < 0.01).
Conclusions: Based on these findings, AH Plus is a better root canal sealer than GuttaFlow 2 and GuttaFlow
Bioseal.
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Background
A successful root canal treatment can be achieved when
sealers are used to prevent the residual bacteria and endotoxins from crossing the root apex [1]. Nevertheless,
after a chemical-mechanical preparation, some sealers
may not be successful in preventing the foregoing infection [2, 3]. In this regard, it is necessary to identify an
optimum sealing material that is capable of maintaining
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bond to the dentine wall, preventing the preceding infection, and resisting dislodgement of the filling.
Typically, push out bond strength determines the extent of resistance to the dislodgement of a filling material when applied to root canal dentine. In order to
establish push out bond strength, a tensile load is positioned vertically to the long axis of the root till the filling
is displaced [4]. Uregan et al. [5] indicated that push out
bond strength showed better assessment of the bond
strength than the conventional shear tests.
Although push out bond strength test might not be reliable in terms of representing clinical conditions of the
sealers [6], currently this is the best adhesion test

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Dem et al. BMC Oral Health

(2019) 19:181

available [7]. Moreover, this test is easy to conduct, interpret and document unlike other many techniques, which
may involve different core materials as well as various
preparation procedures of root dentine [8–12]. While
some push out bond strength methodologies used precise
machine-made holes produced in the same dental slice
[13–15], this study involved the latest push out bond
strength methodology with standardized root canal structure artificially created [16].
Although there are a range of resins in endodontics and
several kinds of sealers available, such as zinc oxide eugenol,
glass ionomer cement, calcium hydroxide, and silicone
based; there have been continuous developments in the
quality of sealers. These developments are aimed at finding
an ideal sealer that could make treatment more successful.
Meanwhile, silicone based group of sealers has shown
excellent sealing ability because it is insoluble, expandable,
and has excellent flow ability [7–9, 13, 17]. In the year
2012, GuttaFlow 2 (Coltene/WhaledentAG, Altstatten,
Switzerland), a polydimethylsiloxane sealer, was introduced as an improved version of GuttaFlow. With reference to the manufacturer’s description, GuttaFlow 2 (GF
2) comprises gutta-percha powder of less than 30 μm in
size, and micro-silver particles with a solubility of 0%.
Studies conducted on GF 2 revealed good biocompatibility
[9, 10] and sealing ability [11]. Later, in 2015, GuttaFlow
Bioseal (Coltene/Whaledent AG, Altstatten, Switzerland)
was introduced. It contains calcium silicate combined with
gutta percha, unlike previous GuttaFlow sealers. According to the manufacturer’s description, the change in the
composition of GuttaFlow Bioseal ensured that it should
now have the ability to regenerate and heal tissues in the
root canal. Although the biocompatibility and most of the
physicochemical properties of GF2, GuttaFlow Bioseal
(GFB) and AH Plus had been tested out and proven to be
promising endodontic materials [12, 14], to the best of our
knowledge no study had been conducted to test the push
out bond strength of these root canal sealers and root
dentine. Therefore, this investigation was conducted to
find out which of these materials could be considered superior with regard to push out bond strength. Noteworthy,
AH Plus (Dentsply DeTrey GmbH, Konstanz, Germany) is
a widely used Epoxy resin-based root canal sealer with
good physicochemical features and adaptability to the root
canal walls [15], and a longstanding dimensional stability
and lower polymerization stress [16]. Hence, it was frequently used for comparison with other sealers [18–20].
The null hypothesis to be tested is that the push out bond
strengths of the three sealers is the same.

Material and methods
Sample selection and preparation

The local ethical committee of the Xiangya Hospital of
Central South University approved this study (IRB [C]
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NO. 201706009). In addition, patients were requested if
they could provide their teeth to be used as specimen.
When they gave consent, they were asked to sign an
agreement form to indicate that they were willing to
provide their teeth for specimen. Following this, a total
of ten lower first premolars that had been removed due
to orthodontic treatment were collected. All collected
teeth were verified using cone beam computed tomography (CBCT) before extraction to rule out calcified canals, caries, extra canals, open apices, cracks, and
restorations. The teeth were immediately soaked in sodium hypochlorite 5.25% (Wei Zhen Yuan Co., Ltd., Fujian, CHINA) for 10 min. This was done to clean the soft
and hard tissue debris. Later, the water-cooled diamond
disc was used to cut off the coronal and apex sections of
each tooth to obtain an intact middle third portion
tooth. Then the three slices (1+/− 0.1 mm thickness,
Fig. 1) were obtained using a low speed diamond saw
(SYJ-160, MTI Corporation, Hefei, CHINA) with a diamond disc (125 mm × 0.35 mm × 12.7 mm, MTI Corporation, Hefei, CHINA) in constant water irrigation
[21]. To confirm the final thickness of each slice, digital
Vernier Caliper with accuracy of 0.001 mm (Avenger
Products, North Plains, Oregon, USA) was used. A total
of 30 dental slices were created following this procedure.
Preparation of canal-like holes for push-out assay

Using a 0.8 mm cylindrical carbide bur, three canal-like
holes, each to be filled with exactly one of the three materials, were drilled on each root slice to establish a fair
comparison between the materials. A vertical drill stand
(Dremel Workstation 220, Mount Prospect, Wisconsin,
USA) was used to drill standardized holes parallel to the
root canal amid continuous water irrigation. During this
process, a minimum of 1 mm distance was maintained
between the holes, external cementum, and the root
canal wall [22].
After preparation, all the specimens were immersed in
2.5% sodium hypochlorite (NaOCl, Hubei Taichen Jianrui Pharmaceutical co., Ltd., Hubei, CHINA) solution for
15 min, and then rinsed in distilled water to counterbalance the NaOCl solution. The smear layer was removed
by soaking the dental slices in freshly prepared 17% of
Ethylenadiaminetetraacetic acid (EDTA, Haixi Hubei
Co., Ltd., Hubei, China) for 3 min and subsequently in
distilled water for a minute. Afterwards, dental slices
were transferred to 2.5% NaOCl for 1 min. Finally, a
wash with distilled water for 1 min was performed, and
dried with paper points.
The three dental sealers: GF 2, GFB and AH Plus were
randomly placed in the three holes of the root slice such
that one sealer was exactly placed per hole. Using the
manufacturer’s guidelines, the sealers were placed in the
holes by vibrating gently so as to prevent bubble
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Fig. 1 Photographic depiction of obtaining the root slice, then holes followed by filling with the endodontic test sealers

formation when placing the materials. Table 1 summarizes
the composition of repair materials used. In the end, the
samples were put on top of the moistened gauze soaked in
phosphate buffered saline solution (PBS) (pH 7.2, Xiamen
Science and Technology Co., Ltd., Xiamen, CHINA) at
the temperature of 37 degrees Celsius (DNP-9160BS,
Shanghai, CHINA) for 7 days to set the sealers [16].
Push-out assessment

A plunger tip of 0.6 mm was positioned above a test
sealer while avoiding the surrounding dental structures.
Using a universal testing machine (318 10, MTS Systems
Corporation, Eden Prairie, Minnesota, USA), pressure
was applied in a coronal apical direction at the rate of
0.5 mm min− 1 till the sealer got dislodged. Real time
software plotted the load × time curve while testing. The
bond strength was measured and recorded in MPa2. At
failure, the load (expressed in Newtons) was divided by
the area of the bonded interface. Calculation of the adhesion area of the root canal sealer was done using the
following formula: area = 2 π r × h, where π = 3.14, r =
radius of the hole with the root canal sealer (0.4 mm),
and h = material’s height (1.0 mm) 3 [22, 23].
Data presentation and analysis

The normality of the push out bond strength data was
verified by the Shapiro-Wilk test. When data are not

normally distributed the P value of this test is less than
0.05, otherwise data are considered normally distributed.
A comparison between the distributions of push out
bond strength data for the three materials was conducted using one-way analysis of variance (ANOVA)
with repeated measures, when data were normally distributed; else this was done using a nonparametric
equivalent, Friedman test. In each case, if the distributions are proven to be different, pairwise comparisons
are conducted. In this study, pairwise comparisons were
conducted with Bonferroni correction. All statistical
tests were two-sided and the significance level was set at
the α =5%. Data were analyzed using the Statistical Package for the Social Sciences (SPSS) (SPSS 23; SPSS Inc.,
Chicago, IL).

Results
Data were not normally distributed; hence Friedman test
was used to compare the distributions of push out bond
strength data for the three materials, and Wilcoxon
signed rank test with Bonferroni correction was used to
perform pairwise comparisons. A summary of the push
out bond strengths of GF 2, GFB and AH Plus is given
in Table 2. The results of the Friedman test (P < 0.05) indicated that the mean and median push out bond
strength were highest for AH Plus, while GF 2 had the
lowest. In particular, GFB had higher mean and median

Table 1 Compositions of the tested endodontic sealers
Sealer

Chemical composition

AH plus

Epoxy resin, calcium tungstate, zirconium oxide, aerosol, iron oxide, adamantine amine, bisphenol-A-diglycidyl ether, silicone oil

GuttFlow 2

Gutta-percha powder, polydimethylsiloxane, silicone oil, paraffin oil, platinum catalyst, zirconium dioxide, microsilver
(Preservative), coloring

Guttaflow Bioseal

Gutta-percha powder particles, polydimethylsiloxane, platinum
Catalyst, zirconium dioxide, calcium salicylate, Nano-silver particles, coloring, bioactive glass ceramic
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values than GF2 but lower than AH Plus. Besides, Table 3
presents the Wilcoxon signed rank test with Bonferroni
correction, showing that GFB had significantly better
push out bond strength value than GF 2 (P < 0.01). Overall, the push out bond strengths of the other two sealers
were significantly lower compared to that of AH Plus.
Figure 2 displays a graphical representation of the
findings.

Discussion
A root canal sealer must adapt well to the canal wall to
create a strong sealer- dentine interface that can withstand mechanical stress [24]. The push-out bond
strength test conducted in this study is relatively easy to
perform, can replicate similar clinical conditions, has accurate specimen standardization, has minimal stress and
has less technique sensitive [25–27]. It measures the material-dentine interfacial bond strength in all surfaces of
the root canal [27, 28].
In contrast, other established methods for assessing
push out bond strength involve the canal preparation,
obturation and analysis of the different root sections of
extracted teeth [20, 29]. These techniques have a disadvantage of causing inconsistent baseline measurements
due to lack of proper standardization of the root canal
anatomy. Moreover, according to the recent evolution
in the methodological aspect recommended by Scelza
et al. [22] and Silva et al. [30], this study used single
dental slices each with three standardized holes to test
the push out bond strength of three different sealers
[22]. This was done to eliminate the complicating elements such as age of tooth, canal shape, scleroses, and
micro-hardness in order to maintain a standardization
of the comparisons. Additionally, a distance of 1 mm
was maintained between any two holes, external cementum and the root canal surface to avoid fracture of
the dental slice [22]. Standardized artificial holes of 0.8
mm in diameter were created to replicate the internal
root canal anatomy [21]. With regard to the plunger tip
size, Chen et al. [31] proposed that the size of the plunger tip should be 0.85 times smaller than the size of the
filling material. Further, this researcher proposed that
the position of the plunger tip must be closer to the
diameter of the sealer. This allowed the plunger tip to
concentrate the stress closer to the sealer dentine interface. Phosphate based solution (PBS) had been used as
Table 2 Descriptive statistics for push out bond strength of the
sealers
Sealers

No. Of samples Mean Standard Deviation Median

GuttaFlow 2

30

0.43

0.37

GuttaFlow Bioseal 30

1.17

0.47

AH Plus

12.20 4.90

30

0.33
1.12
11.35

Table 3 Wilcoxon signed ranked test
Paired comparisons

Test statistics

P value

GuttaFlow2 vs AH Plus

− 1.933

<0.001

GuttaFlow Bioseal vs AH Plus

−1.067

<0.001

GuttaFlow2 vs GuttaFlow bioseal

−0.867

0.002

it was reported that calcium silicate enhances its push
out properties in the presence of PBS moist environment [26]. Also, the cutting of a dental slice creates a
coating of organic and nonorganic depositions known
as smear layer, which may have bacteria and their byproducts. Therefore, during instrumentations and obturation of the root filling materials, this smear layer
could cause obstructions [32]. Thus, the use of EDTA
and NaOCl was quite effective in eliminating the smear
layer [16, 33].
Despite the preceding merits, the methodology of this
study has several strengths and limitations. First, the creation of the standardized holes with burs may exclude
the variables otherwise observed in clinical cases of root
canal anatomy. Nevertheless, to control this type of failure, the artificial canals were only filled with root canal
sealers, which may lead to stress concentrating on the
sealers, but not on other materials, like gutta percha, as
in other techniques. Second, although the use of a sealer
with gutta percha would replicate more of a clinical situation, this procedure of using only a sealer would show
the proper bond strength between root canal sealers and
dentine [22, 30, 34].
In this study, the three sealers under discussion exhibited different bond strengths; therefore, the null hypothesis which stated that their bond strengths were the
same is rejected. The ranking in ascending order of
bond strength is given as follows: GF 2 < GFB < AH Plus.
Accordingly, AH Plus was shown to have significantly
the strongest push out bond strength, which is consistent with the results of some previously published studies
[21, 24, 35, 36]. Therefore, this result could be owed to
the development of a covalent bond. That is, a covalent
bond forms epoxide rings when it is exposed to amino
groups available in the collagen linkage, hence making
the push out bond strength more resilient to pressure/
stress [29]. In addition, AH Plus has been shown to have
a long-standing dimensional stability and lower
polymerization stress [19].
As regards the other two materials, they are similar in
composition except that GF 2 contains micro silvers
while GFB has nano silvers and calcium silicate. In comparison with AH Plus, GF 2 showed a significant lower
level of push out bond strength. This was the case perhaps because AH Plus has better wettability than GuttaFlow [37]. This wettability of GuttaFlow against AH Plus
was examined by checking the contact angle and surface
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Fig. 2 Box plots illustrating the push out values (minimum, median, maximum) of the tested sealers

area energy, whereby a short contact angle, and a larger
surface free energy, presented higher wettability resulting in a better flow and interaction with the surface [37].
In addition, the lower push out bond strength of GF 2
might be due to the presence of silicone resin in its composition, which may cause an increase in the surface tension, hence making the flow of materials difficult,
thereby causing it to have poor wetting effects [38].
These results suggest that chemical composition of a
root canal sealer can have a considerable influence on
the adhesion capability.
Furthermore, this study found that the latest root
canal sealer, GuttaFlow Bioseal, has a significantly better
push out bond strength than GF 2 but still less stronger
than AH Plus. This observation may be explained by the
fact that, when calcium silicate in GuttaFlow Bioseal
comes in contact with the fluids, it forms a physical
bond with the dentin surface by creating apatite interface deposits [12]. Thus, this may result in a higher push
out bond strength [39, 40]. Also, an Environmental
Scanning Electron Microscope (ESEM) analysis conducted by Gandolf et al. [12] presented that, with slight
calcium release, low solubility and alkalizing activity of
the calcium ions and phosphate ions stimulate the
development of a superficial layer of calcium phosphate,
which can fill out the voids and improve the sealing
ability [40].

Conclusions
The results of this study suggest that AH Plus exhibits
higher push out bond strength when compared to GuttaFlow Bioseal and GuttaFlow 2. However, GuttaFlow
Bioseal has slightly better push out bond strength than
GuttaFlow 2.
Abbreviations
GF2: GuttaFlow 2; GFB: GuttaFlow Bioseal; NaOCl: sodium hypochlorite;
PBS: Phosphate buffered saline solution
Acknowledgements
We thank Xiangya Hospital of Central South University, Changsha, Hunan,
P.R. China for their support in Data collection and Coltene/Whaledent, and
AG team of Changsha, Hunan, P.R. China for providing GuttaFlow Bioseal.
Consent for publications
Not applicable.
Authors’ contributions
KD conducted the experiment and produced the first draft of the manuscript
while WYF guided the experimental design and structuring of the manuscript.
In addition DZ and ZB Collected specimen and arranged all the required
materials for the experiment, and CX prepared the specimen for the
experiment. Finally ACK performed the statistical analysis and editing
English. The manuscript was proof read by all the authors before submission.
All authors read and approved the final manuscript.
Funding
Not applicable.
Availability of data and materials
Data will be available on request from the corresponding author.

Dem et al. BMC Oral Health

(2019) 19:181

Ethics approval and consent to participate
This study was approved by the Ethics Committee of the Xiangya Hospital of
Central South University and written informed consent was obtained from
the participants.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Centre of Stomatology, Department of Conservative Dentistry and
Endodontics, Xiangya Hospital, Central South University, No.87 Xiangya Road,
Changsha 410008, Hunan, China. 2Xiangya School of Public Health,
Department of Epidemiology and Health Statistics, Central South University,
Changsha, Hunan, China. 3Department of Mathematics and Statistics, Mzuzu
University, Private Bag 201, Mzuzu 2, Malawi.
Received: 25 February 2018 Accepted: 29 July 2019

References
1. Verissimo DM, do Vale MS. Methodologies for assessment of apical and
coronal leakage of endodontic filling materials: a critical review. J Oral Sci.
2006;48(3):93–8.
2. Lucena-Martin C, Ferrer-Luque CM, Gonzalez-Rodriguez MP, Robles-Gijon V, NavajasRodriguez de Mondelo JM. A comparative study of apical leakage of
Endomethasone, top seal, and Roeko Seal sealer cements. J Endod. 2002;28(6):423–6.
3. Pommel L, Jacquot B, Camps J. Lack of correlation among three methods
for evaluation of apical leakage. J Endod. 2001;27(5):347–50.
4. Collares FM, Portella FF, Rodrigues SB, Celeste RK, Leitune VCB, Samuel
SMW. The influence of methodological variables on the push-out resistance
to dislodgement of root filling materials: a meta-regression analysis. Int
Endod J. 2016;49(9):836–49.
5. Ureyen Kaya B, Kececi AD, Orhan H, Belli S. Micropush-out bond strengths
of gutta-percha versus thermoplastic synthetic polymer-based systems - an
ex vivo study. Int Endod J. 2008;41(3):211–8.
6. Ingle JI, Bakland LK. Endodontics.5th ed. Canada: BC Decker Inc; 2002. p. 581–4.
7. Bouillaguet S, Shaw L, Barthelemy J, Krejci I, Wataha JC. Long-term sealing
ability of Pulp Canal sealer, AH-plus, GuttaFlow and epiphany. Int Endod J.
2008;41(3):219–26.
8. Vasiliadis L, Kodonas K, Economides N, Gogos C, Stavrianos C. Short- and
long-term sealing ability of Gutta-flow and AH-plus using an ex vivo fluid
transport model. Int Endod J. 2010;43(5):377–81.
9. Baldasso FE, Kopper PM, Morgental RD, Steier L, Figueiredo JA, Scarparo RK.
Biological tissue response to a new formulation of a silicone based
endodontic sealer. Braz Dent J. 2016;27(6):657–63.
10. Mandal P, Zhao J, Sah SK, Huang Y, Liu J. In vitro cytotoxicity of guttaflow 2
on human gingival fibroblasts. J Endod. 2014;40(8):1156–9.
11. Patil P, Rathore VP, Hotkar C, Savgave SS, Raghavendra K, Ingale P. A
comparison of apical sealing ability between GuttaFlow and AH plus: an in
vitro study. J Int Soc Prev Community Dent. 2016;6(4):377–82.
12. Gandolfi MG, Siboni F, Prati C. Properties of a novel polysiloxaneguttapercha calcium silicate-bioglass-containing root canal sealer. Dent
Mater. 2016;32(5):e113–26.
13. De-Deus G, Brandao MC, Fidel RA, Fidel SR. The sealing ability of GuttaFlow
in oval-shaped canals: an ex vivo study using a polymicrobial leakage
model. Int Endod J. 2007;40(10):794–9.
14. Canadas PS, Berastegui E, Gaton-Hernandez P, Silva LA, Leite GA, Silva RS.
Physicochemical properties and interfacial adaptation of root canal sealers.
Braz Dent J. 2014;25(5):435–41.
15. Akcay M, Arslan H, Durmus N, Mese M, Capar ID. Dentinal tubule
penetration of AH plus, iRoot SP, MTA fillapex, and guttaflow bioseal root
canal sealers after different final irrigation procedures: a confocal
microscopic study. Lasers Surg Med. 2016;48(1):70–6.
16. Carvalho NK, Prado MC, Senna PM, Neves AA, Souza EM, Fidel SR, Sassone
LM, Silva E. Do smear-layer removal agents affect the push-out bond
strength of calcium silicate-based endodontic sealers? Int Endod J. 2017;
50(6):612–9.
17. Kontakiotis EG, Tzanetakis GN, Loizides AL. A l2-month longitudinal in vitro
leakage study on a new silicon-based root canal filling material (Gutta-flow).
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2007;103(6):854–9.

Page 6 of 6

18. Marciano MA, Guimaraes BM, Ordinola-Zapata R, Bramante CM, Cavenago
BC, Garcia RB, Bernardineli N, Andrade FB, Moraes IG, Duarte MA. Physical
properties and interfacial adaptation of three epoxy resin-based sealers. J
Endod. 2011;37(10):1417–21.
19. Lee KW, Williams MC, Camps JJ, Pashley DH. Adhesion of endodontic
sealers to dentin and gutta-percha. J Endod. 2002;28(10):684–8.
20. De-Deus G, Di Giorgi K, Fidel S, Fidel RA, Paciornik S. Push-out bond
strength of Resilon/epiphany and Resilon/epiphany self-etch to root dentin.
J Endod. 2009;35(7):1048–50.
21. Silva EJ, Carvalho NK, Prado MC, Zanon M, Senna PM, Souza EM, De-Deus G.
Push-out bond strength of injectable Pozzolan-based root canal sealer. J
Endod. 2016;42(11):1656–9.
22. Scelza MZ, da Silva D, Scelza P, de Noronha F, Barbosa IB, Souza E, De Deus
G. Influence of a new push-out test method on the bond strength of three
resin-based sealers. Int Endod J. 2015;48(8):801–6.
23. Silva EJ, Carvalho NK, Zanon M, Senna PM, DE-D G, Zuolo ML, Zaia AA.
Push-out bond strength of MTA HP, a new high-plasticity calcium silicatebased cement. Braz Oral Res. 2016;30:1.
24. Nagas E, Uyanik MO, Eymirli A, Cehreli ZC, Vallittu PK, Lassila LV, Durmaz V.
Dentin moisture conditions affect the adhesion of root canal sealers. J
Endod. 2012;38(2):240–4.
25. Sousa-Neto MD, Silva Coelho FI, Marchesan MA, Alfredo E, Silva-Sousa YT. Ex vivo
study of the adhesion of an epoxy-based sealer to human dentine submitted to
irradiation with Er : YAG and Nd : YAG lasers. Int Endod J. 2005;38(12):866–70.
26. Huffman BP, Mai S, Pinna L, Weller RN, Primus CM, Gutmann JL, Pashley DH,
Tay FR. Dislocation resistance of ProRoot Endo sealer, a calcium silicate-based
root canal sealer, from radicular dentine. Int Endod J. 2009;42(1):34–46.
27. Goracci C, Tavares AU, Fabianelli A, Monticelli F, Raffaelli O, Cardoso PC, Tay
F, Ferrari M. The adhesion between fiber posts and root canal walls:
comparison between microtensile and push-out bond strength
measurements. Eur J Oral Sci. 2004;112(4):353–61.
28. Erdemir A, Ari H, Gungunes H, Belli S. Effect of medications for root canal
treatment on bonding to root canal dentin. J Endod. 2004;30(2):113–6.
29. Fisher MA, Berzins DW, Bahcall JK. An in vitro comparison of bond strength
of various obturation materials to root canal dentin using a push-out test
design. J Endod. 2007;33(7):856–8.
30. Silva E, Carvalho NK, Guberman M, Prado M, Senna PM, Souza EM, De-Deus G.
Push-out bond strength of fast-setting mineral trioxide aggregate and Pozzolanbased cements: ENDOCEM MTA and ENDOCEM Zr. J Endod. 2017;43(5):801–4.
31. Chen WP, Chen YY, Huang SH, Lin CP. Limitations of push-out test in bond
strength measurement. J Endod. 2013;39(2):283–7.
32. Goldman M, Goldman LB, Cavaleri R, Bogis J, Lin PS. The efficacy of several
endodontic irrigating solutions: a scanning electron microscopic study: part
2. J Endod. 1982;8(11):487–92.
33. Violich DR, Chandler NP. The smear layer in endodontics - a review. Int
Endod J. 2010;43(1):2–15.
34. Prado MC, Carvalho NK, Vitti RP, Ogliari FA, Sassone LM, Silva E. Bond
strength of experimental root canal sealers based on MTA and butyl
ethylene glycol Disalicylate. Braz Dent J. 2018;29(2):195–201.
35. Sagsen B, Ustun Y, Demirbuga S, Pala K. Push-out bond strength of two
new calcium silicate-based endodontic sealers to root canal dentine. Int
Endod J. 2011;44(12):1088–91.
36. Assmann E, Scarparo RK, Bottcher DE, Grecca FS. Dentin bond strength of
two mineral trioxide aggregate-based and one epoxy resin-based sealers. J
Endod. 2012;38(2):219–21.
37. Tummala M, Chandrasekhar V, Rashmi AS, Kundabala M, Ballal V. Assessment
of the wetting behavior of three different root canal sealers on root canal
dentin. J Conserv Dent. 2012;15(2):109–12.
38. Nakashima K, Terata R. Effect of pH modified EDTA solution to the
properties of dentin. J Endod. 2005;31(1):47–9.
39. Gandolfi MG, Siboni F, Botero T, Bossu M, Riccitiello F, Prati C. Calcium
silicate and calcium hydroxide materials for pulp capping: biointeractivity,
porosity, solubility and bioactivity of current formulations. J Appl Biomater
Funct Mater. 2015;13(1):43–60.
40. Gandolfi MG, Parrilli AP, Fini M, Prati C, Dummer PM. 3D micro-CT analysis
of the interface voids associated with Thermafil root fillings used with AH
plus or a flowable MTA sealer. Int Endod J. 2013;46(3):253–63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

