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Abstract 
      The purpose of this study was to analyze the effects of ultrasonic activation on the bond 
strength of a calcium silicate-based sealer and a calcium silicate pozzolan-based sealer after a root 
canal procedure. 
      32 first premolar teeth extracted for orthodontic reasons were divided into four groups. Group 1 
had a calcium silicate-based sealer, group 2 had a calcium silicate sealer with ultrasonic activation, 
group 3 had a calcium silicate pozzolan-based sealer, and group 4 had a calcium silicate pozzolan-
based sealer with ultrasonic activation. An ultrasonic scaler and tip was used for the activation. The 
machine push-out bond strength of each group was measured to determine their connective 
strength. The stereomicroscope camera was used to determine the failure. Statistical Analysis: A 
one-way ANOVA test and post-hoc Tamhane test were used to statistically analyze the results (p = 
0.05). 
      There was a significant difference between calcium silicate-based sealer and calcium silicate 
pozzolan-based sealer (p = .015) and the common types failure was mixed failure (62.5%) 
      The bond strength of calcium silicate pozzolan-based sealer was greater compared to calcium 
silicate-based sealer, and ultrasonic activation increased the bond strength of both types of sealers 
to the root canal wall. 
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 Introduction 
 

Root canal treatment consists of access 
preparation, root canal preparation, and filling the 
root canal. This filling must eliminate all bacterial 
communication pathways to the root canal from 
the oral cavity and periradicular tissue.1 The ideal 
sealer must be well tolerate by the tissue with a 
low toxicity, adhesive and stable.2 The filling is 
successful when the root canal has a hermetic or 
fluid-tight seal, a reliable and durable seal, and 
the good sealing properties ofĝ root canal filling 
materials.3–5 Most endodontic failures (58%) are 
due to inadequate filling.1 A monoblock system 

consists of a primary monoblock, a secondary 
monoblock, and a tertiary monoblock. The bond 
between the root canal sealer and dentin is a 
secondary monoblock concept. There has been 
increasing interest in developing root canal 
sealers to achieve secondary monoblock 
bonds.6,7 

Bond strength is the force per unit area 
required for adhesion between a sealer and the 
root canal dentin, and calcium silicate-based 
sealers have a high bond strength because they 
can form micromechanical tags produced by the 
biomineralization process.8,9,10 

Bioceramic-based sealer, calcium silicate 
pozzolan-based sealer is a calcium silicate sealer 
with the addition of alumina silicate which 
produces Pozzolanic reaction and more 
cementious particles with faster hardening time 
than other calcium silicate sealers. The 
Pozzolanic reaction that occurs between alumina 
silicate and water produces a gradual decrease 
of calcium hydroxide (Ca(OH)2). Calcium 
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hydroxide has a good antibacterial and biological 
properties, but its solubility is high enough so that 
the reduction of calcium hydroxide in the 
Pozzolanic reaction can make the mechanical 
properties of the sealer more stable and increase 
the bond strength.14,18 
Previous studies have shown that ultrasonic 
activation can increase the push-out bond 
strength. However, Parashos et al. (2014) found 
that excessive use of ultrasonic activation can 
affect the nature of the sealer and cause voids to 
form. Ultrasonic activation used with high 
frequency (25-40 kHz) induces flow into high 
turbulence in the endodontic sealer and cause 
the formation of bubble cavitation, increased 
pressure, and temperature. Then Kim et al. 
(2018) used ultrasonic vibration frequencies (28-
36 kHz) to increase the quality of root canal filling 
and the outcomes was not increased because of 
hight frequencies.13,14 So, in this research is 
using a lower frequencies. Therefore, the 
purpose of this study was to analyze the effects 
of ultrasonic vibration on the bond strength of a 
calcium silicate-based sealer and a calcium 
silicate pozzolan-based sealer on the strength of 
their bond to the root canal wall. 
   

Materials and methods 
 

This in vitro study was approved by the 
appropriate institutional ethics committee with 
ethical clearance no. 139 / ethical exempted / 
FKGUI / XII / 2019. A total of 32 extracted human 
single-rooted mandibular premolars with one root 
canal and fully formed apex were selected and 
divided into 4 groups. Group 1 had a calcium 
silicate-based sealer, group 2 had a calcium 
silicate sealer with ultrasonic activation, group 3 
had a calcium silicate pozzolan-based sealer, 
and group 4 had a calcium silicate pozzolan-
based sealer with ultrasonic activation. All 
Samples were prepared with the crown down 
technique using the ProTaper Next instrument 
(Dentsply, Switzerland). EDTA gel was used as a 
lubricant during root canal preparation and the 
root canals were irrigated with as much as 1 ml 
of 0.9% NaOCl with each change of instruments. 
After root canal preparation was completed, all 
canals were irrigated with 17% EDTA solution 
and allowed to stand for 1 minute. Then they 
were rinsed with 2.5% NaOCl, rinse saline, and 
activated with sonic instruments (Endoactivator, 
Dentsply). 

The root canals were filled with gutta-
percha with a calcium silicate-based sealer 
(iRoot SP®, Canada) and a calcium silicate 
pozzolan-based sealer (Endoseal MTA®, Korea). 
Then the sealers were activated with an 
ultrasonic device that vibrated the tweezers used 
to insert the main gutta-percha (ProTaper Next) 
into the root canal. The corona was covered with 
resin-modified glass ionomer cement (RMGIC). 
Specimens were stored in an incubator at 37 °C 
with 100% humidity for 24 hours so the sealers 
hardened completely. 

When root canals had been prepared and 
dried, they were filled with the main con gutta 
percha and premixed calcium silicate-based 
sealer (iRoot SP® and Endoseal MTA®). The 
calcium silicate-based sealer (available in the 
form of a syringe and ready to use) was inserted 
into the root canal. Then the sealer was activated 
with an ultrasonic device (Newtron P5, Satelec) 
with a vibration magnitude set at 8. It vibrated the 
tweezers used to insert the main gutta-percha 
from the con tip (ProTaper Next) into the root 
canal for 3 seconds.14 The specimens were 
stored in a 1 gram phosphate buffer saline (PBS) 
solution at 37 °C at 100% humidity for 2 days to 
ensure the sealer has hardened.14 All root canals 
were planted in an acrylic resin block (Technovit 
4071, Germany) in a vertical position.  

Cutting was done at a distance of 5 to 7 
mm from the apical root; a total of 32 specimens 
per group was obtained. 

The bond strength was tested using a 
Universal Testing Machine (Shimidzu AGS-5kN). 
The teeth were cut 2 mm thick at 5-7 mm from 
the apex (middle third) The size of plunger was 
0.6 mm. This value was obtained from the 
formula: Maximum load (newton) divided by the 
adhesion area of the root canal filling material 
(mm2) so that the push-out value was obtained in 
megapascals (Mpa). Then the bond failure test 
was analyzed with a stereomicroscope camera 
(Nikon, SMZ800) at a magnification of 30 x. Bond 
failures were classified according to Skidmore et 
al.15 

The bond strength push-out data were 
entered into an SPSS program, version 22.0. The 
first statistical analysis was a data normality test. 
This test was performed using Saphiro-Wilk with 
total of sample <50.  If the data distribution was 
normal (parametric), a one-way ANOVA 
statistical test was followed by a post hoc 
Tamhane test for each treatment group with a 
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significance limit (α) = .05. 
Results 
 
The data normality test showed that the 

distribution of the bond strength data from the 
four groups of sealers was normal so that the 
one-way ANOVA statistical test was performed. 
A homogeneity test indicated the results were 
heterogeneous (p > .05), so a Tamhane post-hoc 
statistical test was performed to determine the 
difference in significance between groups. 

The results of the one-way ANOVA non-
parametric statistical test in Table 1 had a p-
value = .000 (p < .05). So, it can be concluded 
that there was a significant difference in the value 
of the bond strength between the calcium 
silicate-based sealer treatment group and the 
calcium silicate pozzolan-based sealer with 
ultrasonic activation and without ultrasonic 
activation. 

 

 
Table 1. The significance value of the bond 
strength to the root canal wall in megapascals 
(MPa) using Universal Testing Machine 
(Shimidzu AGS-5kN). 
* Group I: calcium silicate-based sealers (IRoot® SP) without 
ultrasonic activation; Group II: calcium silicate-based sealers 
(IRoot® SP) with ultrasonic activation; Group III: calcium silicate 
pozzolan-based sealers (Endoseal MTA®) without ultrasonic 
activation; Group IV: calcium silicate pozzolan-based sealers 
(Endoseal MTA®) with ultrasonic activation. 
* One Way ANOVA Test, p < .05. 
 

 
A Tamhane post hoc test was performed 

to determine the mean values of the sealer 
strengths of the treatment groups (see Table 2). 
The high standard deviation indicated that there 
was a significant difference between the bond 
strength of the calcium silicate-based sealer and 
that of the pozzolan calcium silicate-based sealer 
(p = .015). Moreover, the mean of the bond 
strength of the pozzolan calcium silicate-based 
sealer groups was higher than those of calcium 
silicate-based sealer groups. 
 

 
Table 2. The test table analyzes the differences 
in the bond strength to the root canal wall in 
calcium silicate-based sealer and calcium silicate 
Pozzolan-based sealer with ultrasonic activation 
and without ultrasonic activation in Megapascal 
(MPa) using Universal Machine of push out bond 
strength with two measurements of diameter. 
*Group I: calcium silicate-based sealers (IRoot® SP) without 
ultrasonic activation; Group II: calcium silicate-based sealers 
(IRoot® SP) with ultrasonic activation; Group III: calcium silicate 
pozzolan-based sealers (Endoseal MTA®) without ultrasonic 
activation; Group IV: calcium silicate pozzolan-based sealers 
(Endoseal MTA®) with ultrasonic activation. 
**ANOVA test with Tamhane post hoc p < .05 
 

There was no statistically significant 
difference in the strength of the sealer between 
the ultrasonic activated calcium silicate-based 
sealer group and the ultrasonic activated silicate 
calcium silicate (p = .097), with the average 
strength value of the calcium silicate-based 
silicate group with ultrasonic activation group (p 
= .097). higher than the calcium silicate-based 
sealer with ultrasonic activation group. 

No statistically significant difference in the 
strength of the sealer was found between the 
calcium silicate-based sealer groups with and 
without ultrasonic activation (p = .714). The mean 
of the bond strength to the root canal wall of the 
ultrasonic activated calcium silicate-based group 
was higher than that of the activated calcium 
silicate-based group. 

Differences in the sealer strength that 
were not statistically significant were found 
between calcium silicate-based pozzolan sealer 
group with and without ultrasonic activation 
(p = .830). The mean of the bond strength of 
calcium silicate pozzolan-based sealer groups 
with ultrasonic activation was lower than the 
group that was ultrasonic activated. 

The sealed teeth were examined under a 
stereomicroscope scan tool (Nikon, SMZ800) 
using 30 x magnification to see the types of bond 
failure that formed between the sealer and the 
root canal dentin. Bond failures of the sealers 
were classified based on Skidmore:16 (1) 
adhesion failure (no gutta-percha and sealer left 
on the root canal surface), (2) cohesion bond 
failure (sealer left only on the root canal surface), 
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and (3) adhesion-cohesion bond or “mixed” 
failure (in certain areas, sealer remained on the 
surface of the root canal but not on other 
areas).17 Figure 1 shows the types of bond failure 
observed qualitatively. 

 

 
Figure 1. Bond failure types: (A) Mixed failure in 
a calcium silicate-based sealer; (B) Cohesion 
failure in a calcium silicate-based sealer with 
ultrasonic activation; (C) Cohesion failure in a 
calcium silicate pozzolan-based sealer, and (D) 
Cohesion failure in a calcium silicate pozzolan-
based sealer with ultrasonic activation. 
 

 
Table 3. Bond Failure type of Calcium Silicate-
based Sealer of sealer Group I: calcium silicate-
based sealers (IRoot® SP) without ultrasonic 
activation; Group II: calcium silicate-based 
sealers (IRoot® SP) with ultrasonic activation; 
Group III: calcium silicate pozzolan-based 
sealers (Endoseal MTA®) without ultrasonic 
activation; Group IV: calcium silicate pozzolan-
based sealers (Endoseal MTA®) with ultrasonic 
activation. 
Note: Bond failure types are based on Skidmore: Failure A: 
Adhesion failure (no gutta-percha and sealer left on the root canal 
surface), Failure B: Cohesion (sealer left only on the root canal 
surface), Failure C: Mixed failure (in certain areas, sealer remaining 
on the surface of the root canal but not on other areas). 
 

The results showed that there were 
various types bond failure of the calcium silicate-
based sealers (Table 3). The most common type 
of failure in the calcium silicate-based sealer was 

the mixed failure type (62.5%), while cohesion 
was the most common type of failure in calcium 
silicate-based sealer with ultrasonic activation 
(75%), calcium silicate pozzolan-based sealer 
without ultrasonic activation (62.5%), and calcium 
silicate-based pozzolan silicate with ultrasonic 
activation (87.5%). 
 

Discussion 
 
The filling of the root canal is successful 

when the seal is hermetic or fluid-tight. This can 
be achieved if the filling material in the root canal 
can bond to the root canal wall. Bioceramic 
sealers, especially calcium silicate-based sealers, 
have good biocompatible properties and 
bioactivity. Such sealers have a small particle 
size (1.5 µm), which is smaller than the size of 
dentinal tubules, which range between 2 and 
3 18 As a result, these sealers can enter the 
dentinal tubules and bond to the root canal 
wall.1,5 

Premixed calcium silicate sealer based on 
pozzolan has a smaller particle size than 
premixed calcium silicate-based sealer. That 
sealer was created through the Pozzolanic 
reaction that occurs with the addition of 
aluminum silicate, and it produces a more 
cementious sealer with a faster hardening time. 
Kim et al. (2018) used ultrasonic activation to 
increase the density of calcium silicate based on 
pozzolan, and they got better results so that its 
use is recommended by the manufacturer.21,22 
Bond strength has an important role in the 
success of filling the root canal. Calcium silicate-
based sealers have high bond strength because 
they can form micromechanical tags produced by 
the biomineralization process. The results of this 
study indicated that the bond strength of calcium 
silicate based on pozzolan silicate was greater 
than that of calcium silicate-based sealer, and 
the difference was statistically significant. The 
addition of alumina silica in the sealer added to 
the physical and mechanical properties of the 
sealer so that the cement is denser and more 
cementious.8,9,10 

In this study it was also found that the 
effect of ultrasonic activation produced higher 
bond strength of both types of calcium silicate-
based sealer, although it was not statistically 
significant difference. This higher result was due 
to ultrasonic vibrations with high frequency (25-
30 KHz) which can support the transmission and 
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cavitation of root canals which will reduce the 
occurrence of pores in the material and can 
increase adaptation between surfaces between 
the sealer and root canal walls. Ultrasonic 
vibrations for activation of the root canal sealer 
will also make a better distribution of the sealer in 
the root canal system. It can be concluded that 
ultrasonic vibrations in the sealer can cause 
more effective filling, especially towards 
irregularity of the root canal and accessory 
canals and increase the strength of the sealer 
bond to the root canal wall.16,17 

In this study the highest bond strength of 
the sealer against the root canal wall in 4 sealer 
groups was achieved by a calcium silicate 
pozzolan-based sealer with ultrasonic activation 
with a mean value of 44.5 MPa, followed by a 
calcium silicate pozzolan-based sealer with a 
mean value of 22.7 MPa, calcium silicate-based 
sealer with ultrasonic activation with a mean 
value of 4.7 MPa, and the smallest value of the 
bond strength of the sealer was achieved by 
calcium silicate-based sealer with a mean value 
of 2.3 MPa. Based on the results of this study, it 
can be concluded that calcium silicate pozzolan-
based sealer with ultrasonic activation can be an 
alternative to increase the bond strength of the 
sealer to the root canal wall so the root canal 
filling becomes more hermetic and prevent 
leakage in filling the root canal which will cause 
root canal reinfection by bacteria. 

The mix failure type of calcium silicate-
based sealer was 62.5%. These results indicate 
that the bond strength of calcium silicate-based 
sealer was lowest when compared to calcium 
silicate-based silicate which was activated 
ultrasonic and calcium silicate-based silicate 
pozzolan with and without ultrasonic activation. 
This was consistent with the results of the 
significance of the bond strength to the root canal 
wall.12,21,22 

The highest type of cohesion failure was 
produced by calcium silicate based on pozzolanic 
silicate with ultrasonic activation at 87.5%. These 
results indicate that the bond strength of calcium 
silicate pozzolan-based sealers with the highest 
ultrasonic activation was higher than that of 
calcium silicate pozzolan-based sealers without 
ultrasonic activation and calcium silicate-based 
sealers with and without ultrasonic activation. 
Ultrasonic activation makes a good cavitation, 
and it makes particles of sealer smaller and 
denser so they are better at filling the 

irregularities of root canals and accessory canals. 
These results show that  calcium silicate 
pozzolan-based sealer with ultrasonic activation 
had the highest push-out bond strength.14,23,24 

 
Conclusions 
 
Ultrasonic activation increases the bond 

strength of calcium silicate pozzolan-based 
sealers compared to calcium silicate pozzolan-
based sealers without ultrasonic activation and 
calcium silicate-based sealers both with and 
without ultrasonic activation to adhere to the root 
canal wall. Based on observations with 
stereomicroscope cameras, the most common 
type of bond strength failure was cohesion failure. 
Bond strength of calcium silicate pozzolan-based 
sealer was better than calcium silicate-based 
sealer for adhering to the root canal wall. 
Ultrasonic activation has the same bond strength 
when compared between calcium silicate-based 
sealers and calcium silicate pozzolan-based 
sealers as well as between each sealer. 
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