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ABSTRACT 
Objective: To compare the penetration of premixed calcium silicate-based sealers (CSBS) and premixed 

calcium silicate pozzolan-based sealers (CSPBS) with and without ultrasonic activation into dentinal tubules. 

Material and Methods: Thirty-two samples of mandibular premolar teeth were divided into four groups: 

Group I: CSBS without ultrasonic activation; Group II: CSBS with ultrasonic activation; Group III: CSPBS 

without ultrasonic activation; Group IV: CSPBS with ultrasonic activation. Activation was done using an 

ultrasonic device (P-5 Newtron XS; Satelec, Mount Laurel, NJ) for 3 seconds. Sealer penetration was observed 

using a confocal laser scanning microscope (CLSM, Olympus Corporation, Tokyo, Japan), and the maximum 

penetration sealer was measured from the root canal wall to the point of maximum penetration using an 

ImageJ software (NIH, Bethesda, MD, USA) measuring instrument. Results: There was a significant difference 

in dentinal tubules’ penetration between CSBS and CSPBS with and without ultrasonic activation (p = 0.009). 

The mean penetration of CSBS was 638.13 µm, CSBS with ultrasonic activation was 651.50 µm, CSPBS was 

580.13 µm, and CSPBS with ultrasonic activation was 914.25 µm. Conclusion: CSPBS with ultrasonic 

activation showed the best penetration into dentinal tubules. 

Keywords: Dentine tubule penetration, calcium silicate pozzolan-based sealer, calcium silicate-based sealer, 

ultrasonic. 

 
INTRODUCTION 

Root canal treatment consists of access, chemo-
mechanical preparation, and filling of the three-
dimensional root canal system. Three-
dimensional filling aims to create a hermetic 
filling so that there is no gap for bacteria to 
populate and proliferate. According to research, 
bacteria can penetrate into the dentinal tubules as 
far as 244 μm, and bacterial endotoxins can 
penetrate about 300–500 μm into the tubules (Al-
Nazhan et al., 2014) (Vandrangi, 2016). 
Irregularities or dentinal tubules that have not 
filled can cause less hermetic root canal filling, 
causing treatment failure of 58 to 66%, so the 
ability of the sealer to penetrate into the dentinal 
tubules is important for obtaining a fluid-tight seal 
filling and preventing the penetration of 
microorganisms and their toxins (Y. Kim et al., 
2019). 
Presently, bioceramic-based materials attract 
attention because they are biocompatible, having 
an antibacterial and bioactive effect, penetrating 
well into the dentine tubules to reduce leakage 
and failure of root canal treatment (Del Monaco 
et al., 2018). The currently available bioceramic 
sealer can be categorized as calcium silicate, 

MTA, and calcium phosphate (Al-Haddad & Aziz, 
2016). CSBS are available premixed and can be 
applied directly to the root canal without mixing 
procedures, which is very technique sensitive. This 
type of sealer absorbs water during the hardening 
reaction (Donnermeyer et al., 2018) (J. A. Kim et 
al., 2018). 
Penetration of CSBS into the dentine tubules will 
produce micromechanical bonds with root dentin, 
and the remaining moisture in the dentinal 
tubules will trigger a hardening reaction with 
hydroxyapatite production, thereby creating 
bonds with root dentin that will improve the 
quality of the root canal filling (Wang et al., 
2018). Premixed CSPBS have an additional 
alumina silicate which when in contact with 
calcium hydroxide and water will cause a 
pozzolan reaction so as to produce good sealer 
flow, adequate consistency, and reduce 
hardening time (Adl et al., 2019). This sealer 
manufacturer recommends the use of ultrasonic 
activation in sealer applications to achieve better 
filling quality (J. A. Kim et al., 2018). 
Several studies on the effects of ultrasonic 
activation on the penetration of CSBS into the 
dentinal tubules have been carried, out and it was 
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proven that ultrasonic activation can produce 
good sealer penetration into the dentinal tubules. 
However, there are no studies comparing 
penetration into the dentine tubules between 
premixed CSBS and premixed CSPBS with 
ultrasonic activation. The aim of this study was to 
compare the penetration of premixed CSBS and 
premixed CSPBS into dentinal tubules on root 
canal filling with and without ultrasonic activation. 
 
MATERIALS AND METHODS 

This experimental study was designed in vitro and 
approved by the appropriate institutional ethics 
committee with ethical clearance no: 127 / Ethical 
Approval / FKGUI / XII / 2019. The samples were 
human premolar teeth which one root canal that 
had been extracted. The root of the tooth was 
clinically fully formed, no root canal treatment 
had been done, and the root of the tooth was 
straight and macroscopically intact. The sample 
size for unpaired categorical comparative analysis 
was determined by Federer’s formula and the 
minimum number of samples was six per group. 
Therefore, eight samples were taken per group, 
for a total of four groups to become thirty-two 
teeth. A size 10 K-file (Dentsply-Maillefer, 
Ballaigues, Switzerland) was inserted into the root 
canal until it could be seen through the apical 
foramen. The working length was established by 
subtracting 1 mm from this length. 
Instrumentation was carried out using the crown-
down technique with ProTaper Next (Dentsply 
Maillefer, Ballaigues, Switzerland) to X4 (size 40, 
0.06 taper). 
The canals were then irrigated with 2.5% sodium 
hypochlorite (NaOCl) during the instrumentation 
procedure. After preparation, root canals were 
irrigated with 5 ml 17% 
ethylenediaminetetraacetic acid (EDTA) to remove 
the smear layer. The root canal that was prepared 
and dried was divided into four groups: Group I: 
CSBS (IRoot® SP, Innovative Bioceramix, Kanada 
n = 8) without ultrasonic activation; Group II: 
CSBS (IRoot® SP, Innovative Bioceramix, n = 8) 
with ultrasonic activation; Group III: CSPBS 
(Endoseal MTA®, Maruchi, Wonju, Korea n = 8) 
without ultrasonic activation; Group IV: CSPBS 
(Endoseal MTA®, Maruchi, n = 8) with ultrasonic 
activation. 
Each sealer was labeled with 0.1% rhodamine B 
dye (Sigma-Aldrich, St. Louis, MO, USA) and 
placed into the root canal. Sealer activation was 
carried out with an ultrasonic device, with a 
magnitude of vibration in the number '8', vibrated 
on the tweezers used to insert the main gutaperca 
20 mm from the tip into the root canal for 3 
seconds, and the excess cone was cut at the 
orifice level. To ensure that the sealer had 

hardene, the specimens were stored at 37°C at 
100% humidity level for 7 days.  
After 7 days, specimens were embedded into self-
cure acrylic resin molds and sectioned 
horizontally, 5 mm from the apex using a water-
cooled low-speed blade with a thickness of 1 ± 
0.1 mm. All specimens were observed using a 
CLSM (Olympus Corporation). Images were 
recorded and observed using a 4x and 10x 
magnification lens. Image settings with a depth of 
70 μm and 800 × 800 pixels. The depth of the 
penetration of the sealer into the dentinal tubules 
was measured by ImageJ software program (NIH) 
and the deepest penetration was measured from 
the canal wall to the point of maximum sealer 
penetration. Statistical analysis was performed 
using one-way  analysis of variance ANOVA and 
a post-hoc Bonferroni test to analyze the 
differences between groups. 
 
RESULTS 

Representative photos of the sealer penetration of 
each experimental group are shown in Figure 1. 
Statistical analysis results from Table 1 show a 
significance value of p = 0.009 (p <0.05), which 
means that there was a significant difference 
between the penetration of the CSBS and CSPBS 
treatment group with and without ultrasonic 
activation so that the major hypothesis was 
accepted. In the post-hoc Bonferroni test, there 
were statistically significant differences only seen 
in the CSPBS groups with and without ultrasonic 
activation (p = 0.011). 
 
DISCUSSION 

The aim of this study was to compare the 
penetration of premixed CSBS and premixed 
CSPBS into dentinal tubules on root canal fillings 
with and without ultrasonic activation using CLSM. 
Premixed CSBS has good closing ability, 
biocompatible, bioactive, high flow capability, 
and small particle size (Wang et al., 2018). 

Premixed CSPBS is a CSBS with the addition of 
alumina silica, which when in contact with 
calcium hydroxide and water, will cause a 
pozzolan reaction to produce good sealer flow, 
adequate consistency, and reduce hardening time 
(Chandrasekhar et al., 2016). Good flow in both 
sealers can contribute to high dentinal tubule 
penetration (Akcay et al., 2016). 
The results of the comparative penetration 
analysis of premixed CSBS and premixed CSPBS 
showed that CSBS had a higher penetration rate 
than CSPBS, although it was not significantly 
different. The results of this study are in 
accordance with Kim et al. who showed that 
CSPBS without ultrasonic activation shows low 
penetration into dentinal tubules (Y. Kim et al., 
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2019). This might be related to higher CSBS flow. 
The flow capacity of CSBS is 23 mm and that of 
CSPBS is 21 mm (Zhou et al., 2013). In addition, 
physically, CSBS looks more flowing when 
compared to CSPBS. Flow is very important 
because it reflects the ability of the sealer to 
penetrate into small irregularities and 
ramifications of the root canal system, dentinal 
tubules, and accessory unprepared anatomy of 
the root canal (Chandra et al., 2012). Akcay et 
al. stated that CSBS had minimal or no shrinkage 
during the hardening phase because CSBS 
material utilizes moisture in the dentinal tubules to 
start and finish the hardening reaction. The CSBS 
showed 0.2% expansion during the hardening 
period. This characteristic also supports the 
spread of sealer in the root canal dentine wall 
and lateral canal filling. All of these properties 
can contribute to higher dentinal tubule 
penetration (Adams & Tomson, 2014). 
This study found that CSPBS with ultrasonic 
activation had higher penetration compared to 
CSBS with ultrasonic activation, although it was 
not significantly different. This might be due to the 
fact that ultrasonic activation increases flowability 
and can distribute particles more homogeneously 
so that both sealers are able to penetrate well into 
the dentinal tubules (Y. Kim et al., 2019) (Duque 
et al., 2018). Research by Chandrasekhar et al. 
showed that the ultrasonically-activated 
bioceramic premixed calcium silicate sealer 
showed higher penetration of the sealer 
(Chandrasekhar et al., 2016). Based on the 
research of Hwang et al. ultrasonic vibrations 
increase the flowability of CSPBS, causing easier 
root canal obturation procedures and more 
hermetic filling of complex anatomical variations 
(Hwang et al., 2015). 
Insignificant penetration differences were also 
seen in the calcium silicate group with and 
without ultrasonic activation. The insignificant 
difference in penetration between the two groups 
may have been caused by the calcium silicate 
sealer having high flow so that even without 
activation, the sealer was able to penetrate well. 
This is in accordance with the results of Wang et 
al. which found that calcium silicate sealer had 
better penetration than epoxy resin sealers with 
both single cone and warm vertical techniques 
because of their high flow capability and smaller 
particle size (Wang et al., 2018). Akcay et al. 
observed that high dentinal tubules penetration of 
calcium silicate sealer is associated with a very 
small particle size (less than two microns) and 
high viscosity level, which increases sealer flow to 
dentinal tubules, anatomical irregularities, and 
gutta-percha (Akcay et al., 2016). 

The results showed that the CSPBS with ultrasonic 
activation had higher penetration than the CSPBS 
without ultrasonic activation, which was 
significantly different. This is in accordance with 
research by Hwang et al., who found that root 
canal filling using premixed CSPBS with ultrasonic 
activation had the highest sealer distribution 
(Hwang et al., 2015). A previous theory stated 
that cavitation and acoustic streaming by 
ultrasonic devices in root canal sealer could 
support penetration into dentinal tubules 
(Chadgal et al., 2018). Cavitation is used in the 
manufacture of nanostructures and nanoparticles. 
This physical effect reduces the size of solid 
particles or agglomerates through the power of 
cavitation, which destroys agglomerates and 
aggregates. Ultrasonic activation has been shown 
to increase pozzolanic efficiency, increase the 
dispersion of agglomerates (especially sub-
micrometer particles to cause a much wider 
distribution of particles), and increase pozzolanic 
activity through a lower number of unreacted 
particles (Ganjian et al., 2018). Ultrasonic 
activation can distribute particles more 
homogeneously, increase flow capability, and 
reduce film thickness, thereby supporting 
penetration of the sealer into homogeneous 
dentinal tubules (Duque et al., 2018) (Vivan et al., 
2017). 
The results of CLSM analysis in this study showed 
that CSPBS without ultrasonic activation had the 
lowest penetration rates compared to CSBS 
without ultrasonic activation. This might be due to 
CSBS having better flow ability than CSPBS. 
However, penetration of ultrasonically-activated 
CSPBS had the highest rate of penetration 
because the procedure for using CSPBS with 
ultrasonic activation is according to the 
instructions recommended by the manufacturer. 
Ultrasonic vibrations can improve flow capability 
and reduce the size of the sealer particles, as well 
as have better and homogeneous distribution of 
the sealer so that it supports the penetration of 
the sealer into the dentinal tubules. 
CLSM was used in this study because it can 
provide a detailed description of the presence 
and distribution of sealer in the dentinal tubules 
with the addition of fluorescent Rhodamine B dye 
(Sigma-Aldrich, St. Louis, MO) to the sealer. 
Another advantage is that CLSM can visualize the 
surface structure of objects and provide more 
detailed information than scanning electron 
microscopy (SEM) analysis, minimizing the 
presence of artifacts and diffractions compared to 
using optical light microscopy. Samples can be 
visualized in various depths, teeth do not need to 
be dried, do not require destructive preparation 
of specimens, and allow viewing under the dentin 
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surface without removing the smear layer. This is 
important because the research of calcium silicate 
based on the surface of the specimen can be lost 
during smear layer removal (Best et al., 2008). 
 
CONCLUSION 

CSPBS with ultrasonic activation showed the best 
penetration into dentinal tubules compared to 
other groups. CSBS and CSPBS had the same 
penetration into the dentinal tubules. Ultrasonic 
activation of CSBS and CSPBS resulted in the 
same penetration into the dentinal tubules. 
Ultrasonic activation did not differ in the 
penetration of CSBS. However, ultrasonic 
activation provided a significant increase in 
penetration of CSPBS. 
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Table 1: Mean value and standard deviation of the penetration distance of four types of calcium 
silicate sealer into the dentinal tubules using a confocal laser scanning microscope 

Sealer penetration 
distance (group) 

N Mean (µm) 
 (SD) 

P-value 

I 
II 
III 
IV 

8 
8 
8 
8 

638.13 (166.45) 
651.50 (236.63) 
580.13 (121.25) 
914.25 (231.84) 
 

0.009 

 
* One Way analysis of variance (ANOVA )Test, p <0.05 
* Group I: CSBS (IRoot® SP, Innovative Bioceramix) without ultrasonic activation; Group II: CSBS 
(IRoot® SP, Innovative Bioceramix) with ultrasonic activation; Group III: CSPBS (Endoseal MTA®, 
Maruchi) without ultrasonic activation; Group IV: CSPBS (Endoseal MTA®, Maruchi) with ultrasonic 
activation. 
 
 

Table 2: Difference analysis test table for penetration of the CSBS and CSPBS with and without 
ultrasonic activation into the dentinal tubules using a confocal laser scanning microscope 

Group I II  III IV 

I  1.000 1.000  

II    0.071 

III     0.011* 

IV      

 
* Post-hoc Bonferroni Test, p <0.05 
* Group I: CSBS (IRoot® SP, Innovative Bioceramix) without ultrasonic activation; Group II: CSBS 
(IRoot® SP, Innovative Bioceramix) with ultrasonic activation; Group III: CSPBS (Endoseal MTA®, 
Maruchi) without ultrasonic activation; Group IV: CSPBS (Endoseal MTA®, Maruchi) with ultrasonic 
activation. 
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Fig.I: Representative image of the maximum sealer penetration in the apical thirds using confocal 
laser scanning microscope at 4x magnification. A: CSBS without ultrasonic activation; B: CSBS with 
Ultrasonic activation; C: CSPBS without ultrasonic activation; D: CSPBS with ultrasonic activation 

 


