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ABSTRACT: 
Objective: The objective of this study was to analyze the voids formation difference of calcium silicate 

bioceramic-based sealers and calcium silicate pozzolan-based sealers with ultrasonic activation and without 

ultrasonic activation by 3D Micro-CT analysis. Material and Methods: Thirty-two samples of extracted 

single root lower premolars were given root canal filling using gutta-percha and calcium silicate-based sealers 

with or without ultrasonic activation. Void formation on sealers was evaluated by measuring the total voids of 

the root canal filling with micro-CT analysis. Group 1: calcium silicate-based sealer iRoot® SP (Innovative 

BioCeramix, Vancouver, Canada) without ultrasonic activation; group 2: calcium silicate-based sealer iRoot® 

SP (Innovative BioCeramix, Vancouver, Canada) with ultrasonic activation; group 3: calcium silicate pozzolan-

based sealer Endoseal® MTA (Maruchi, Wonju, Korea) without ultrasonic activation; and group 4: calcium 

silicate pozzolan-based sealer Endoseal® MTA (Maruchi, Wonju, Korea) with ultrasonic activation. Statistical 

analysis used one-way ANOVA and post hoc Bonferroni. Results: Ultrasonic activated calcium silicate 

pozzolan-based sealer group showed the lowest voids formation through micro-CT analysis. Calcium silicate 

bioceramic pozzolan-based sealers have fewer voids formation significantly (p<0.05) compared to calcium 

silicate bioceramic-based sealers. The ultrasonically activated sealer groups also showed fewer voids formation 

significantly (p<0.05) compared to groups that were not activated by ultrasonic. Conclusion: Micro-CT 

analysis revealed calcium silicate pozzolan-based sealers with ultrasonic activation have the least voids 

formation on root canal fillings. 

Keywords: voids, bioceramic sealer, calcium silicate sealer, calcium silicate pozzolan sealer, ultrasonic, micro-

CT 

 
INTRODUCTION: 

Under the literature research by Ng et al. (2011), 
one of the determinants of successful root canal 
treatment is a dense root canal filling without any 
voids.1 The presence of voids in root canal filling 
has the potential to weaken the structure of 
obturation material by forming microcracks and 
causing microleakage, leading to root canal 
reinfection.2,3 The most used materials to fill the 
root canal are gutta-percha and sealer. The ideal 
sealers, according to Grossman, must have a 
good density against the root canal wall, be able 
to bind into dentin, be biocompatible, have an 
antibacterial effect, be radiopaque, and have 
good dimensional stability.4,5 There are several 
types of sealers that have been produced to 
improve the quality of root canal filling, including 
zinc oxide eugenol-based sealer, calcium 
hydroxide-based sealer, resin-based sealer, and 
bioceramic sealer. 

Calcium silicate bioceramic sealer is the latest 
technology and shows good bioactivity properties, 
which are not found in epoxy resin-based sealers, 
the current gold standard. However, voids are still 
present due to a lack of flow, manipulation, and 
application of the sealer.3,6,7 Premixed calcium 
silicate sealers have been packed in syringes and 
injection tips so they are not susceptible to 
powder and liquid ratio errors, facilitating 
application to the root canal. This method has 
been proven to reduce the voids.8 
Premixed calcium silicate pozzolan-based sealer 
(CSBPS) and ultrasonic activation can reduce the 
voids formation of the root canal filling. The 
pozzolan reaction results in a sealer with better 
flow and faster hardening time, which, when 
combined with ultrasonic activation, will reduce 
the formation of voids and improve the quality of 
the root canal filling.9 The user manual of 
Endoseal® MTA, a premixed CSBPS, suggests the 
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use of ultrasonic activation to minimize the 
formation of voids in the root canal filling, as 
proven effective by the research of Hwang et al. 
(2015) and Kim et al. (2018) 8,10 In addition, 
Chandrasekhar et al. (2016) also proved that a 
combination of premixed calcium silicate-based 
sealer (CSBS) with ultrasonic activation results in a 
better filling outcome.11 However since there have 
been few studies comparing the voids of various 
types of premixed CSBSs with ultrasonic activation 
on the root canal using three-dimensional micro-
CT technology, this study strives to fill this gap in 
the research to prove the quality of root canal 
fillings performed with those sealers and 
methods. 
 
MATERIALS AND METHODS: 

Thirty-two extracted teeth of first mandibular 
premolars were constituted in this study. This 
study’s protocol was approved by the Ethical 
Committee of the Faculty of Dentistry Universitas 
Indonesia (no.136/ethical 
approval/FKGUI/IX/2019, No. Protocol: 
051451219). A single-rooted tooth  without curve 
canal, caries, root resorption, or root fractures 
were the inclusion criteria of this study. The teeth 
morphology was investigated by conventional 
radiography. Before the experiment, the coronal 
surface of the teeth was observed with an 
operating microscope. Only teeth with circular 
canals were included in the standardized 
procedure. Then, every tooth crown was cut from 
the cementoenamel junction to assure 12mm root 
length. 12  
Root canal instrumentation was using a #10 K-
File (Dentsply-Maillefer; Tulsa, OK, USA) and 
working length was measured 0.5 mm to the 
apex. ProTaper NEXT files then used (Dentsply-
Maillefer; Ballaigues, Switzerland) until X3 with an 
X-Smart electronic endomotor (Dentsply-Maillefer) 
at 250 rpm. Irrigation during the instrumentations 
using 2 mL of 2.5% NaOCl. After 
instrumentation, the canal was rinsed by an 17% 
EDTA for 1 minute and final rinse with 5 mL of 
distilled water. Paper points (Gapadent Co, Ltd; 
Tianjin, China) were used to dry the canal. 
Finally, the subject is randomly divided into four 
groups (n = 8).12 

Group 1 received CSBS iRoot® SP (Innovative 
BioCeramix, Vancouver, Canada) without 
ultrasonic activation, and Group 2 received CSBS 
the same as group 1 but with ultrasonic 
activation. The premixed sealer with disposable 
canal tip inserted into the canal. The cone was 
applied slowly using master GP cones (ProTaper 
NEXT Gutta Percha) which showed good apical 
tug back. At the canal orifice level, the excess 

cone was trimmed off and no additional cones 
were used. 
Group 3 received CSBPS Endoseal® MTA 
(Maruchi, Wonju, Korea) without ultrasonic 
activation, and Group 4 received CSPBS the same 
as group 3 but with ultrasonic activation. The 
ultrasonic tip (StartX #3, Dentsply-Maillefer) 
attached to an ultrasonic device (P-5 Newtron XS; 
Satelec, Mount Laurel, NJ) and the power was set 
to ‘‘8’’. The sealer was applied first with the 
disposable canal tip to the root canal and then 
the ultrasonic vibration was applied to the cotton 
pliers that was holding the gutta percha cone 20 
mm from the tip for 2-3 seconds while inserted to 
its working length. Finally, excess cones are cut at 
the level of the orifice. After the obturation 
process, the roots were stored at 37°C with 100% 
humidity to ensure that the filler material had 
been set.12 

All the obturated roots were scanned with the μ-
CT machine (Bruker Skyscan 1172; Kontich, 
Belgium). The system was set to 100 kVp, 100 
mA, beam hardening correction of 40%, and 
13.47 μm pixel size. Before the scanning process 
began, the detector was calibrated. This process 
purpose to minimize ring artifacts. All samples 
were rotated 360° with 5 minutes integration 
time. The time needed is approximately 2 hours 
for the scanning process. Softwares were used to 
evaluate and size the void, which was CTAn and 
NRecon (Bruker SkyScan; Kontich, Belgium). This 
study was using a modified algorithm to set axial 
2D (1,000 × 1,000 pixels) images. Ring artifact 
correction and smoothing were set to zero. The 
manufacturer’s recommended limits for contrast 
were used. Finally, 1,023 cross-sectional images 
captured, reconstructed to set the 2D slices.12 

Obturated root canals was measured for the 
analysis 3D volumetric visualizations and 
calculations. New cross-sectional image 
constructed from 256 cross-sectional TIFF images 
(interval, 0,5 mm) from the apex to coronal 
section. Voids that were detected at 2D slices 
were visualized on a thin-film transistor (TFT) 
medical monitor was based on the recently 
reported study protocol.13 One evaluator who can 
use the software's magnification and 
specifications examined all images and was not 
familiar about root filling techniques.12 

The original grayscale Gaussian lowpass filter 
was processing the image and after that, the 
volume was measured. A segmentation 
procedure under the same software accomplished 
to withdraw dentin from the sealer, gutta-percha, 
and voids. Next, binarization process was then 
applied by processing gray level constitute 
imposed into black and white images.12 A region 
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of interest (ROI) thorough the entire object was 
then selected for the measurement of void 
volumes from the apex to coronal of the roots. 
(Fig. 1) 
Correlations between groups were tested using a  

one-way ANOVA test with Bonferroni correction to 
assess differences between groups. Analysis of 
this study using SPSS software (ver. 20; Chicago, 
IL, USA). An AP value of less than 0.05 was 
considered to indicate statistical significance. 

 

 
(a)                                      (b)                                            (c)                                 (d) 

Fig.1: Representation of micro-CT scan results viewed using CTAn software. The results of 
scanning with segmentation in the middle 1/3 of the root canal (a; b), determined region of 
interest (ROI) (c), carried out the process of binarization into black and white drawing and 

obtained voids images (red arrows) (d). 
 
RESULTS:             

 

Table 1:The mean and standard deviation analysis of void root canal filling percentages (%) 
between CSBSs with and without ultrasonic activation 

Sealers Non-Ultrasonic Activated Ultrasonic Activated 

Calsium Silicate Group 1 (n= 8) 

4.960 ± 2.11a 

Group 3 (n= 8) 

1.989 ± 0,799b 

Calsium Silicate Pozzolan Group 2 (n= 8) 

1.309 ± 0.67b 

Group 4 (n= 8) 

0.306 ± 0,277b 

Means and standard deviations data. Different letters mean statistical differences between the groups (P 
< 0.05). 
 
There were significant differences between the 
four groups. Group 1 had the highest mean of 
voids root canal filling percentages, while Group 
4 had the lowest mean (Table 1). A post hoc test 
was performed to determine the significance of 
the differences between groups. The data in Table 
2 show that there is a significant difference in the 
percentage of voids of root canal filling between 
the CSBS group and the CSBPS group (P<0.05), 
with the mean voids percentage of the CSBPS 
group lower than the CSBS group. A statistically 
significant difference in the percentages of voids 
root canal filling was found between the CSBS 
group with ultrasonic activation and without 
ultrasonic activation (P<0.05), with the mean 
voids percentage of the CSBS group that was 
ultrasonic activated lower than the calcium-based 
sealer group silicate that was not activated. 

DISCUSSION: 

Voids in root canal filling have clinical relevance 
because pores and gaps formed are sufficient for 
bacterial penetration and its products.14 Premixed 
calcium silicate sealers have been packaged in 
syringes so that they are not susceptible to 
powder and liquid ratio errors, with injection tips 
to facilitate application to the root canal, which is 
proven to reduce the voids of the root canal 
filling.8 In recent years, premixed calcium silicate 
sealer was combined with alumina-silica to 
trigger a pozzolan reaction, producing a sealer 
with an effective and hardened flow when 
exposed to water, resulting in a denser and more  
cemented sealer. Ultrasonic application has also 
been proven in several studies to reduce the 
formation of voids.9 Voids formed in this study 
ranged from 0.306% to 4.960%, with open and 
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closed porosity appearing types on all tooth roots 
from apical to coronal. Closed porosity affects the 
macroscopic properties of materials, such as 
density, elasticity, mechanical strength, and 
thermal conductivity. Open porosity has a direct 
impact on the penetration of bacterial and 
bacterial toxins into the dentine, as well as an 
increase in bacterial adhesion due to the creation 
of a medium for development.15  
Some researchers have mentioned that this sealer 
is recommended for use with lateral cold 
compaction or the single cone technique due to 
the influence of temperature on the mechanical 
properties of the sealer.15 The faster hardening 
time of CSBSs also makes it difficult to carry out 
cold lateral compaction techniques, so the single 
cone filling technique is still recommended for use 
in conjunction with CSBSs.16 
Micro-CT techniques can help overcome some 
disadvantages of the method commonly used to 
assess root canal filling because it does not 
damage specimens, such as SEM and 
stereomicroscope analysis. Current research 
shows that micro-CT facilitate the visualization of 
the root canal obturation as both a single 3D 
object or an examination of cross-sectional 
images of roots at each layer. Hence, the volume 
of root canal obturation by gutta-percha, sealer, 
and voids can be measured, and the shape and 
type of voids can be recognized in detail.18 
From the four groups tested by 3-dimensional 
Micro-CT analysis, the ultrasonic-activated CSBPS 
group showed the lowest root canal wall voids 
compared to the other groups (Table 1). In this 
study, it was found that the CSBPS had a better 
density of sealer against the root canal wall with a 
smaller percentage of voids volume than a CSBS, 
with statistically significant differences (Table 1). 
This can be caused by the addition of silica-
alumina in calcium silicate sealer so that the 
pozzolan reaction will occur when in contact with 
water. The pozzolan reaction is a reaction 
between small particles of the mineral aggregate 
alumina silicate (1.5 μm) and calcium silicate 
hydration products. This reaction will form a 
strong cement matrix because it can dissolve in 
water, calcium oxide, and calcium hydroxide to 
produce an effective flow, lower solubility, and 
faster hardening time, resulting in a denser and 
cemented sealer compared to CSBS.9 This is 
supported by Lim et al. (2015), which showed 
Endoseal MTA® has a dimensional change of 2% 
after experiencing complete hardening within 12 
hours compared to iRoot® SP with a dimensional 
change of 0.2%.19 Small sealer particles also 
help improve the sealer flow and can fill 
irregularities of the root canal, filling the voids 

between gutta-percha and the root canal wall so 
that the filling gap is very tight. It is also 
supported that the two sealers have the 
appropriate flow recommended by ISO 
6786/2001, which is above 20mm.20 
It was also found that ultrasonic activation 
significantly reduced the voids of CSBS in root 
canal filling (Table 1). This is consistent with 
previous studies, which show that ultrasonic 
activation on root canal filling vibrated through 
three media, ultrasonic tips, clamp tweezers, and 
gutta-percha, is significant in helping to reduce 
voids in CSBSs. Ultrasonic activation at high 
strength frequencies will create acoustic 
transmission and cavitation effects that will 
minimize the formation of voids inside the 
material, resulting in better adaptation between 
the sealer and the root canal dentine, the filling of 
irregularities, and good penetration into the 
lateral root canals and canals accessories.21–23 
The frequency of ultrasonic vibrations generated 
from ultrasonic devices (P-5 Newtron XS, Satelec) 
vary from 28-36kHz and still has a high 
amplitude.24 Amplitude is associated to the power 
of ultrasonic waves and represent the distant 
between the peak and the average value of the 
waveform. Amplitude can be deflate when 
ultrasonic waves flow to substrate when the 
frequency is consistent, so Kim et al. (2018) used 
ultrasonic waves across three media, including 
ultrasonic tips, tweezers, and gutta-percha, so 
that the actual amplitude of gutta-percha is 
sufficient to remove trapped air bubbles without 
affecting the sealer’s integrity.8,25 The ultrasonic 
activation for 3 seconds as suggested by Pharasos 
et al. (2014) in the use of calcium silicate-based 
endodontic sealers is sufficient, so it does not 
change its mechanical properties.26 
No significant differences were found in the 
CSBPS group, which was activated ultrasonically 
and without ultrasonic activation (Table 1). This is 
because the CSBPS group without ultrasonic 
activation in this study has shown a low voids 
volume, so it does not differ significantly from the 
ultrasonically activated group. CSBPS with 
ultrasonic activation still produced the least voids 
compared to the group without activation. Based 
on the results of this study, ultrasonic activation 
through three media—the ultrasonic tip, tweezers, 
and gutta-percha—can successfully reduce the 
formation of voids to obtain a better quality of 
root canal filling.  
 
CONCLUSION 

The ultrasonic-activated CSBPS group showed the 
lowest root canal wall voids compared to the 
other groups. CSBPS produces lower voids in root 
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canal filling than CSBS. Ultrasonic activation 
helps to reduce the voids of CSBSs. Root canal 
filling with CSBPS with ultrasonic activation on a 
single cone technique can be an alternative in the 
selection of CSBS and root canal filling 
techniques. 
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