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ABSTRACT
Endodontic obturation is fundamental to treatment success, with the bond strength of sealer cements to 
dentin being a crucial parameter for evaluating their effectiveness. Aim: To evaluate the bond strength 
between root canal dentin walls and the obturation materials AH Plus and Endosequence BC Sealer 
HiFlow using the push-out test. Material and Method: Twenty single-rooted mandibular premolars 
were divided into two groups (n=10) according to the sealer used: Group AH (AH Plus Sealer) and 
Group HF (Endosequence BC Sealer HiFlow). The canals were instrumented with Wave One Gold 
Large, using 20 mL of 2.5% sodium hypochlorite as irrigation solution. The teeth were cut into 1 mm 
thick slices in the cervical and middle third regions to perform the push-out test. The failure mode 
was observed under a stereomicroscope at 40x magnification. The results were subjected to Tukey’s 
test and ANOVA with a 5% significance level. Results: In the push-out bond strength test, there was 
no statistically significant difference between AH Plus and Endosequence BC Sealer HiFlow cements 
(p=0.1952). Similarly, the failure modes showed no significant difference between the cements, in both 
the cervical and middle thirds (p=0.5703). Conclusion: AH Plus and Endosequence BC Sealer HiFlow 
demonstrated similar behavior in terms of bond strength and failure mode in root canal dentin walls.
Keywords: dentine - bond strength - root canal sealers

An ex vivo comparison of bond strength measured by the push-out 
test between AH Plus and Endosequence BC sealer Hiflow

Thayane da Costa Pinheiro1 , Carlos E da Silveira Bueno1 , Alexandre Sigrist De 
Martin1 , Carolina Pessoa Stringheta1 , Carlos E Fontana2 , Rina A Pelegrine1 , Ana G 
Limoeiro3 , Wayne M Nascimento1 , Marilia Fagury Videira Marceliano-Alves5,6,7 , Thais 
Machado de Carvalho Coutinho5 , Cesar A Perini Rosas8 , Daniel G Pedro Rocha4

1.	Faculdade São Leopoldo Mandic, Instituto de Pesquisa São Leopoldo Mandic, Departamento de Endodontia, 
Campinas, SP, Brasil. 

2.	Pontifícia Universidade Católica de Campinas, Centro de Ciências da Vida, Programa de Pós-Graduação em 
Ciências da Saúde, Campinas, SP, Brasil. 

3.	Universidade de São Paulo, Faculdade de Odontologia de Bauru, Departamento de Dentística, Endodontia e
	 Materiais Dentários, Bauru, SP, Brazil.
4.	Pontificia Universidade Católica de Campinas, Departamento de Endodontia, Campinas, São Paulo, Brazil
5.	Universidade Iguaçu, Programa de Pós-Graduação em Odontologia, Nova Iguaçu, Brasil. 
6.	Centro Universitário Maurício de Nassau, Rio de Janeiro, Brasil.
7.	Department of Dental Research Cell, Dr. D. Y. Patil Dental College and Hospital, Dr. D. Y. Patil Vidyapeeth, Pune 411018, 

India.
8.	Universidade Estadual do Norte do Paraná, Campus de Jacarezinho, Paraná, Brasil

RESUMO
A obturação endodôntica é fundamental para o sucesso do tratamento, sendo a resistência de adesão 
dos cimentos seladores à dentina um parâmetro crucial para avaliar sua eficácia. Objetivo: Avaliar 
a resistência de adesão das paredes de dentina do canal radicular e a obturação com AH Plus e 
Endosequence BC Sealer HiFlow pelo teste de push-out. Materiais e Método: Vinte pré-molares 
mandibulares de raiz única foram divididos em dois grupos (n=10) de acordo com o cimento 
utilizado: Grupo AH (Cimento AH Plus) e Grupo HF (Endosequence BC Sealer HiFlow). Os canais 
foram instrumentados com Wave One Gold Large, utilizando um total de 20 mL de hipoclorito de 
sódio a 2,5% como solução irrigante. Os dentes foram cortados em fatias de 1 mm de espessura nas 
regiões do terço cervical e médio para realizar o teste de push-out. O modo de falha foi observado 
sob um estereomicroscópio com aumento de 40x. Os resultados foram submetidos ao teste de Tukey 
e ANOVA com nível de significância de 5%. Resultados: No teste de resistência de adesão (push-
out), não houve diferença estatisticamente significativa entre os cimentos AH Plus e Endosequence BC 
Sealer HiFlow (p=0.1952).  Similarmente, os modos de falha não apresentaram diferença significativa 
entre os cimentos, tanto no terço cervical quanto no médio (p=0.5703). Conclusão: Os cimentos AH 
Plus e Endosequence BC Sealer HiFlow demonstraram um comportamento semelhante em termos de 
resistência de adesão e modo de falha nas paredes de dentina do canal radicular.
 Palavras-chave: dentina - resistência de adesão - selante de canal radicular

Comparação ex vivo da resistência de união do teste de 
push-out entre os cimentos AH Plus e o Endosequence BC 
Hiflow

https://doi.org/10.54589/aol.38/3/210

To cite: da Costa Pinheiro T, da 
Silveira Bueno CE, Sigrist De Martin 
A, Pessoa Stringheta C, Fontana 
CE, Pelegrine RA, Limoeiro AG, 
Nascimento WM, Videira Marceliano-
Alves MF,  de Carvalho Coutinho TM, 
Perini Rosas CA, Pedro Rocha DG. An 
ex vivo comparison of bond strength 
measured by the push-out test between 
AH Plus and Endosequence BC sealer 
Hiflow. Acta Odontol Latinoam. 2025 
Dec 30;38(3):210-215. https://doi.
org/10.54589/aol.38/3/210

Corresponding Author:
Ana Grasiela Limoeiro
grasielalimoeiro@gmail.com

Received: February 2025.
Accepted: November 2025.

This work is licensed under a Creative 
Commons Attribution-NonCommercial 
4.0 International License

https://orcid.org/0009-0006-5607-8175
https://orcid.org/0000-0002-2675-0884
https://orcid.org/0000-0002-3320-9172
https://orcid.org/0000-0002-0022-558X
https://orcid.org/0000-0001-7702-2644
https://orcid.org/0000-0003-4175-2121
https://orcid.org/0000-0003-4633-720X
https://orcid.org/0000-0003-4201-4710
https://orcid.org/0000-0002-2917-5934
https://orcid.org/0000-0003-1266-9679
https://orcid.org/0000-0002-2234-5531
https://orcid.org/0009-0004-8184-7779
https://doi.org/10.54589/aol.38/3/210
https://doi.org/10.54589/aol.38/3/210
https://doi.org/10.54589/aol.38/3/210
mailto:grasielalimoeiro@gmail.com


211

Vol. 38 Nº 3 / 210-215                                      ISSN 1852-4834                                 Acta Odontol. Latinoam. 2025

AH Plus and Endosequence BC sealer Hiflow push-out test 

INTRODUCTION
Endodontic obturation is an essential step to seal 
the root canal system and prevent future bacterial 
contamination or recontamination1. Endodontic 
sealers can interact with dentin both physically and 
chemically. Physical interaction occurs when the 
material penetrates the dentinal tubules, creating 
mechanical retention, while chemical interaction 
is characterized by the formation of tags along the 
cement-dentin interface2. In addition to bond strength 
to dentin, some obturation materials show a biological 
response at the material-dentin interface that provides 
support, improving the sealing quality3. Leakage 
and filling material bond strength have been used to 
evaluate the effectiveness of root canal fillings4. The 
push-out test is commonly used to assess the bond 
strength between cement and canal walls5.
AH Plus (AHP - Dentsply Maillefer, Tulsa, OK, 
USA) is an epoxy resin-based endodontic cement 
that is considered the gold standard due to its good 
adaptation and bond strength compared to other 
materials6. It also has a long-term sealing function, 
short setting time, and better flowability than other 
cements7.
Bioceramic sealers are promising materials to 
improve the filling quality and thus the long-term 
success of endodontic treatment8. Endosequence BC 
Sealer HiFlow (HF -Brasseler, Savannah, GA) is a 
bioceramic sealer in premixed syringe form that has 
sufficient biological properties to be safely used as a 
root canal filling material9. Its composition is similar 
to that of the standard Endosequence BC Sealer 
(BC), with a base of calcium silicate, monobasic 
calcium phosphate, calcium hydroxide, zirconium 
oxide and thickeners10, and it has antimicrobial 
activity, high pH, hydrophilicity, and diffusion of 
calcium hydroxide11. 
The aim of this study was to compare AHP and 
HF by performing an in vitro evaluation of bond 
strength between the endodontic sealers and root 
canal dentin walls using the push-out test. The null 
hypothesis is that the tested groups have equivalent 
results in terms of the analyzed parameters.

MATERIALS AND METHOD 
Specimen selection and preparation:
This study was approved by the Human Research 
Ethics Committee of the São Leopoldo Dental College 
Research Center (CAAE: 38675120.0.0000.5374). 
Twenty freshly extracted permanent single-rooted 

human mandibular premolars were donated by 
patients who had an indication for extraction for 
various reasons, with each patient having signed 
an informed consent form. The inclusion criteria 
were fully formed single-rooted teeth with a single 
root canal, without fractures, calcifications, cracks 
or previous endodontic treatment. The teeth were 
divided into 2 groups (n=10 per group) according 
to the sample calculation (G Power 3.1.9.4, Franz 
Faul, College of Kiel, Germany) with a type “a” 
error of 0.05 and a type “b” error of 0.80. Specimens 
were preserved in 0.1% thymol solution.
Periapical radiographs were acquired in the 
mesiodistal and buccolingual directions to confirm 
the presence of a single straight circular canal using 
the New Ida digital sensor (Dabi-Atlante Ltda, 
Ribeirão Preto, Brazil). These specimens were 
also examined with an optical surgical microscope 
(Alliance, São Carlos, Brazil) at 16× magnification to 
confirm the absence of cracks, fractures and external 
apical resorption on the entire surface of each root. 
The teeth were cleaned with periodontal curettes 
(Duflex- SS White Artigos Dental Ltda., Rio de 
Janeiro, Brazil), ultrasound (Schuster Equipamentos 
Odontologicos, Santa Maria, Brazil) and water. After 
cleaning, the coronal part of each tooth was cut with 
a double-sided diamond disc (KG Sorensen, Barueri, 
Brazil) to standardize root length to 15 mm.
The teeth were placed in a container of impression 
compound with condensation silicone (Panasil, 
Indaiatuba, SP, Brazil) for stabilization. Apices were 
sealed with wax (Wilson Polidental Ind. e Com. 
Ltda., Cotia, Brazil). Subsequently, all endodontic 
treatments were performed by a specialist in 
endodontics.
Odontometry was determined visually with a size 
10 K-file (Maillefer Corp, Ballaigues, Switzerland) 
inserted into each canal to verify that it was in the 
apical foramen based on a periapical radiograph. 
The working length (WL) was determined at the 
apical foramen (0,0). Then the canals were preflared 
in the cervical third with the Orifice Shaper 
(17/.08) rotary file (MK Life, Porto Alegre, Brazil). 
Instrumentation was performed with 15/.02, 20/.02, 
25/.02 Flexofile hand files and Wave One Gold 
Large (45/.05) reciprocal file (Dentsply Sirona, 
Ballaigues, Switzerland) connected to the VDW 
Silver endodontic motor (VDW, Munich, Germany) 
in WaveOne ALL mode.
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During root canal cleaning and shaping, a 5-mL 
irrigation syringe (Ultradent Products, Indaiatuba, 
Brazil) was used to irrigate with 2.5% NaOCl (Asfer 
Ind. Química Ltda. São Caetano do Sul, Brazil), 
for a total of 20 mL of solution per tooth. A final 
ultrasonic irrigation was performed with an Irrisonic 
E1 insert (Helse Ultrasonic, Santa Rosa de Viterbo, 
Brazil), stirring the rinse solution for 20 seconds 
with 17% ethylenediaminetetraacetic acid (EDTA) 
(Biodinamica, Ibiporã, Brazil) in 3 cycles (1 mL per 
cycle); 3 additional cycles (2 mL per cycle) for 20 
seconds with 2.5% NaOCl, and finally with 5 mL of 
distilled water. Then, the canals were dried using a 
capillary tip (Ultradent Products, Indaiatuba, Brazil) 
and absorbent paper points (MK Life, Porto Alegre, 
Brazil).
Subsequently, the samples were randomly (www.
randon.org) divided into 2 groups of 10 samples:

•	 Group AHP: AH Plus Sealer
•	 Group HF: Endosequence BC Sealer HiFlow

The obturation was performed using a VDW single 
cone (Dentsply Ind. e Com. Ltda, São Paulo, Brazil) 
compatible with the canal diameter. After root canal 
filling, the teeth were kept in an incubator at 100% 
humidity and 37ºC for 1 week to allow the sealers 
to set completely. All the bond strength tests were 
conducted by a blinded operator who did not know 
the experimental groups. 

Bond strength evaluation
The roots were cut into 1mm thick slices in a slicer 
(Isomet 1000 Precision Saw, Buehler, Canada) with 
a disk (EXTEC Dia. wafering blade) and placed in 
containers of distilled water to hydrate, separated 
by group and number of specimens. They were then 
subjected to the push-out test using the universal 
testing machine EMIC, model DL2000, to assess the 
bond strength between the filling material and the 
dentin. The specimens were placed individually on 
the metal surface of the machine. Shortly thereafter, 
a cylindrical plunger with a diameter of 1 mm for 
the coronal specimens and 0.6 mm diameter plunger 
for the middle specimens was inserted, applying 
pressure in the canal to displace the filling material. 
The force in Newtons was then converted into 
tensile strength (in MPa).

Analysis of fault modes
The specimens were evaluated under a 
stereomicroscope (Stemi 508; Carl Zeiss, Jena, 

Germany) at 40× magnification to determine the 
nature of the gap between the dentin walls of the 
canal and the filling material based on the following 
scores: 1) adhesive to dentin; 2) adhesive to 
obturation material; 3) mixed; 4) cohesive in dentin; 
5) cohesive in filling material.
 
Statistical analysis
The results were analyzed using the Biostat 
5.3 program and subjected to the Shapiro-Wilk 
normality test. The sample showed normal behavior, 
and the parametric ANOVA test was performed with 
a significance of 5%.

RESULTS
There was no statistically significant difference 
between the AHP and HF bonding tests in the 
cervical and middle thirds (p=0.1952), or between 
the cervical and middle thirds in comparison with 
the same sealer (p=0.1952) (Table 1). 
In terms of failure, there was no statistically 
significant difference in failure modes between 
AHP and HF sealers in the cervical and middle 
thirds (p=0.5703), or between the cervical and 
middle thirds when comparisons were made with 
the same sealer (p=0.5703) (Table 2). Types of 
failure that occurred in this work: adhesive to 
dentin (Fig. 1A), mixed (Fig. 1B) and cohesive to 
dentin (Fig. 1C).

Table 1. Arithmetic means, standard deviations, 
and ANOVA statistical test of bond strength 
using the push-out test (kgf).

Coronal Middle (p)

AHP 3.37 (1.95)A 4.65 (1.21)A

0.1952
HF 3.79 (2.11)A 4.26 (1.43)A

(p) 0.1952

Same capital letters in horizontal and vertical directions: no 
statistically significant difference.

Table 2. Medians, interquartile deviations, and 
Kruskal-Wallis statistical test for the failure 
modes of the sample groups.

Coronal Middle (p)

AHP 3.50 (1.00)A 3.00 (0.00)A

0.5703
HF 3.50 (1.00)A 4.00 (3.00)A

(p) 0.5703

Same capital letters in horizontal and vertical directions: no 
statistically significant difference.

http://www.randon.org
http://www.randon.org
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DISCUSSION
In this study, the adhesion between the filling material 
and the canal walls was evaluated using the push-
out test. The AHP and HF sealers showed equivalent 
results in terms of the parameters analyzed. There 
was no statistically significant difference in the tests 
performed, so the null hypothesis was accepted.
The type of movement (rotary or reciprocating) 
used for canal instrumentation may influence bond 
strength, as it may create debris that prevents the 
filling material from bonding to the dentin12. In this 
study, the reciprocating WaveOne Gold instrument 
was used, and the smear layer was removed 
from the dentin wall with 17% EDTA. However, 
Shokouhinejad et al. reported that the presence of 
a smear layer had no effect on the bond strength of 
Endosequence BC Sealer and AHP sealers 7 days 
after root canal filling13. 
The moisture condition of the canal may also affect 
the bond strength, influence the curing time, and 
negatively affect the microhardness of the sealer 
after curing14. In the current study, the curing 
time was 7 days in an oven at 37°C and 100% 
humidity, and the canals were completely dry, 
resulting in adequate curing. It may be beneficial 
to leave the canals slightly moist before filling with 
bioceramics; however, Nagas et al.15 found that AHP 
showed similar results with or without moisture. 
Srivastava et al.16 reports that irrigation protocols 
influenced the push-out bond strength of BioRoot 
RCS and AHP, while Gibby et al.17 found that the 
moisture remaining in the dentinal tubules after 
canal irrigation could vary greatly even after drying 
the canals with paper points. As with AHP, such 
moisture would also reduce monomer conversion, 
resulting in incomplete polymerization of the resin 
and lower bond strength to dentin18.
Bond strength may vary depending on the type of 
sealer and the root canal filling technique19. In contrast 

to the current study, Hammar et al.20 reported that the 
use of AHP with the single cone technique showed 
a lower bond strength, which could be related to the 
fact that the high sealer volume reduces the quality 
of the obturation seal compared to other techniques. 
However, in another study by Belsare et al. using the 
lateral condensation technique, AHP showed better 
bond strength than BC, which was even better when 
the thermocompaction technique (continuous wave 
technique) was used21.
In oval canals, the canal instrumentation and cleaning 
method and the materials used for obturation can 
both influence bond strength3. Pawar et al.3 reported 
that the lowest bond strength was measured in 
canals instrumented with WaveOne and filled with 
gutta-percha and AHP. The shear bond strength 
of dentin to calcium silicate-based sealer was 
significantly higher than that of AHP. Banphakarn 
et al.10 observed residues of calcium silicate sealer 
adhering to impregnated gutta-percha in most of the 
tested samples.
In the current study, adhesion failure was mostly 
cohesive in both groups. This result agrees with 
Shokouhinejad et al.13, who investigated AHP and 
BC sealers. However, in the study by DeLong et 
al.22, most failures were mixed when BC was used 
with the single-cone or continuous wave technique. 
Al-Hiyasat et al.19 found that for TotalFill and AHP, 
the mixed failure mode was the most common, 
followed by cohesive failure and adhesive failure. 
This discrepancy in failure modes may be due to the 
different types of obturation techniques used in the 
studies.
The limitation of the present study is that it is an ex 
vivo study, which is slightly different from an in vivo 
study where the tooth is seated in its socket and the 
periodontal ligament is at body temperature, which 
may affect sealer properties. Although the bond 
strength test cannot predict the clinical behavior of 

Fig. 1: A) Adhesive failure to dentin, B) Mixed failure and C) Cohesive failure in dentin.
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materials, the push-out test is still one of the best 
measurements of bond strength currently available23. 
Factors such as sample thickness, plunger diameter, 
and specimen orientation influence the value of the 
push-out bond strength24. All these factors were 
considered in this study. No other study has yet been 
conducted to test the bond strength of Endosequence 
BC Sealer HiFlow, so further research is required on 
this topic.

CONCLUSION 
Based on comprehensive ex vivo evaluation, this 
study concluded that AH Plus and Endosequence 
BC Sealer HiFlow had comparable performance. 
No statistically significant difference was observed 
in terms of push-out bond strength or failure modes 
between these two endodontic sealers for either 
cervical or middle root thirds, thus supporting the 
null hypothesis. These findings suggest that both 
materials offer similar bonding capabilities to root 
canal dentin walls after a seven-day curing period.
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