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Abstract 

 

Filling Quality Evaluation of Calcium Silicate-based 

Sealer and Gutta Percha Cones  

using Two Obturation Techniques 

 

Sohee Kim 

 

Department of Dentistry 

The Graduate School, Yonsei University 

(Directed by Professor Su-Jung Shin) 

 

The purpose of this study was to assess the root filling quality of calcium silicate-based 

sealer and gutta percha cones by measuring, via micro-computed tomography (micro-CT), 

the percentage of voids when a single cone or continuous wave filling technique was used 

for filling artificial molar root canals. Additionally, sealer penetration, as measured by 

confocal laser scanning microscopy (CLSM), into the isthmus area in human extracted 
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mandibular molars was compared between the two different filling techniques. 

Twenty artificial molar-shaped teeth were instrumented using rotary files. Three 

specimens were overlapped by micro-CT to confirm that the prepared canal space was 

consistent. Teeth were randomly divided into two groups; one group was obturated using 

the single cone (SC) technique, and the other group was obturated using the continuous 

wave (CW) technique. Additionally, six human mandibular molars were divided into two 

groups and prepared similarly. Obturated teeth were scanned by micro-CT, and the 

percentage of void volume between the filling materials and the root canal walls was 

calculated in both the apical and coronal areas. Human molars underwent CLSM. The 

percentage of voids between the filling materials and the root canal walls (%Vout) was not 

significantly different between the two obturation techniques (p > 0.05), except that, in 

the coronal area of the distal canal, the CW group showed a significantly higher void 

volume (p < 0.05). The percentage of voids inside the filling material (%Vin) was 

significantly higher in the CW groups for all comparisons (p < 0.05), except for the apical 

area of the distal canal (p > 0.05). In confocal microscopic images of human extracted 

molars, most of the isthmus area was obturated both in SC and CW groups, but in the SC 

group, the sealer penetrated the isthmus, while in the CW groups, gutta percha filled the 

isthmus. 

 

Key words: Canal filling, Endoseal MTA sealer, Micro-CT, Sealing, Single-cone 

technique  
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I. Introduction 

 

Root canal obturation is a procedure in which the root canal space is filled with canal 

filling materials at the final stage of root canal treatment after cleaning and shaping. The 

objective of root canal obturation is to prevent or treat periapical disease by preventing 

recontamination by bacteria that might have remained in the dentinal tubules or that exist 
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in the oral cavity (Ray and Trope 1995). Previous studies have demonstrated that the 

quality of root canal obturation affects periapical healing and treatment success (Hommez, 

Coppens, and De Moor 2002; Siqueira et al. 2005). Root canals often have a complex 

anatomy, including lateral canals and an isthmus (Vertucci 1984). In the mandibular first 

molar, isthmus communication exists in 54.8% of cases (de Pablo et al. 2010). Therefore, 

it is difficult to obturate root canals with a complex canal shape or an oval shape without 

leaving any voids in a canal. 

To achieve high quality obturation, it is important to select a sealer that can provide 

good adhesion to the root canal walls and penetrate the dentinal tubules (Jeong et al. 

2017). An ideal root canal sealer has various essential requirements, such as filling fine 

gaps to achieve sealing with the root canal wall (Santos et al. 2010), reduced toxicity 

when contacting tissue (Huang et al. 2002), reduced solubility (Schäfer and Zandbiglari 

2003), antibacterial activity (Heling and Chandler 1996). AH plus (Dentsply DeTrey 

GmbH, Konstanz, Germany) is a commonly used epoxy resin-based sealer. It has shown 

higher or similar bond strengths to dentin, as compared to other root canal sealers, such as 

iRoot SP and MTA Fillapex (Sagsen et al. 2011). Additionally, it has a higher 

antimicrobial effect against Candida albicans than do other sealers, such as iRoot SP, 

MTA Fillapex, and GuttaFlow (Ozcan et al. 2013), and also exhibits lower solubility than 

MTA Fillapex, iRoot SP, and Sealapex (Borges et al. 2012). AH plus also has adequate 

dimensional stability satisfying the ISO standards (Zhou et al. 2013b). However, it has no 

intraosseous biocompatibility (Sousa et al. 2006) or osteogenic potential (Kim et al. 2013). 
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Recently, calcium silicate-based sealers have been developed and their physical and 

chemical properties and biocompatibility intensively studied (Han and Okiji 2013; Zhang, 

Li, and Peng 2009; Zhang, Li, and Peng 2010; Zhou et al. 2013a). These sealers are 

composed of calcium silicate and/or calcium phosphate. Several studies have 

demonstrated that calcium silicate-based sealers are biocompatible (Han and Okiji 2013), 

less toxic (Zhang, Li, and Peng 2010), non-shrinking (Zhou et al. 2013b), and chemically 

stable within a biological environment (Zhou et al. 2013b). They also have the advantage 

of self-sealing by the formation of hydroxyapatite with the canal wall during the setting 

process, which enhances sealability (Han and Okiji 2013; Zhang, Li, and Peng 2009), and 

ultimately creates an adhesion between root dentin and the filling material. Several 

calcium silicate-based sealers are available. The Endosequence BC sealer (Brasseler USA, 

Savannah, GA, USA) and MTA Fillapex (Angelus Solucoes Odontologicas, Londrina, PR, 

Brazil) have been investigated in a number of studies. Endoseal MTA sealer (Maruchi, 

Wonju, Korea) is an injectable type of premixed bioceramic endodontic sealer that was 

recently introduced into the market (Min 2016). This product consists of calcium silicates, 

calcium aluminates, calcium aluminoferrite, calcium sulfates, a radiopacifier, and 

thickening agent. As Endoseal MTA sealer is relatively new, few studies have investigated 

it to date. It has good flowability and maneuverability, which makes it possible to fill the 

root canal system, including accessory and lateral canals (Hwang et al. 2015). As the 

sealer hardens, biomineralization is possible by binding with the hydroxyapatite of root 

dentin (Yoo et al. 2016). In addition, it exhibits excellent cytocompatibility (Kim and 
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Shin 2014) and higher dimensional change compare to AH plus (Lim et al. 2015). It is 

recommended that most of the calcium silicate-based sealers, including Endoseal MTA 

sealer, injectable bio-tight root canal sealer.  

High quality obturation is one of the endodontic treatment goals, because 

microorganisms inside the dentinal tubules or outside the tooth can grow into the root 

canal space. To achieve good sealing, many filling techniques have been devised, 

including the single-cone obturation technique, lateral condensation technique, warm 

lateral condensation, vertical compaction technique, and the continuous wave technique. 

At present, commonly used canal filling method is the continuous wave technique, using 

a gutta-percha cone coated with sealer to fill the root canal first, after which the upper 

part of the gutta-percha is cut with a heat-producing device such as System B
®
 (EIE-

Analytic Technology, Orange, CA, USA), followed by backfilling with softened gutta-

percha in one continuous motion. Studies have shown that the continuous wave technique 

yields greater density (Lea et al. 2005) and the best adaptation to the prepared root canal 

(Weller, Kimbrough, and Anderson 1997), and that the percentage of sealer used is lower 

than in other techniques (Ozawa, Taha, and Messer 2009). However, to use this technique, 

specific equipment, such as System B
®
 and Obtura II (Obtura Spartan, Fenton, MO, 

USA), which can cut gutta-percha and backfill, are needed. Furthermore, continuous 

wave technique shows more apical extrusion of sealer because of the applied pressure 

(Kececi, Unal, and Sen 2005), and heat is applied during the process, which can lead to 

temperature changes on the root surfaces that can damage the root cementum, periodontal 
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ligament, and alveolar bone (Lipski 2005). This technique can exert undue stress on the 

root in the process of applying pressure to the tooth, which can lead to more cracks 

(Capar et al. 2015).  

Traditionally, the single-cone obturation technique that fills the canal with the sealer 

and a single cone, without applying apical pressure, has been shown to be inferior to the 

lateral or vertical compaction technique (Wu, Ozok, and Wesselink 2000). In case of 

existing sealer, the sealer was tried to be minimized because of poor physical properties. 

Therefore, it was rarely used until the new calcium silicate-based sealers were introduced. 

However, calcium silicate based sealers have good physical properties (Han and Okiji 

2013; Zhang, Li, and Peng 2009; Zhang, Li, and Peng 2010; Zhou et al. 2013a). The 

manufacturer of these sealers recommends using them with the single-cone technique. 

This technique is less likely to exert excess stress on the tooth, and therefore leads to 

fewer apical cracks (Capar et al. 2015). Additionally, the single-cone technique is easier 

to implement, so that it is less technique sensitive. However, the ratio of sealer in the root 

canal is higher than in the thermoplastic obturation technique and is similar to that in the 

lateral condensation technique (Ozawa, Taha, and Messer 2009). In terms of the 

percentage of voids, the single-cone technique results in a higher void percentage than the 

continuous wave technique (Iglecias et al. 2017). Moreover, the sealer may not penetrate 

finer gaps, such as the isthmus or dentinal tubules. Because a single cone-filling method 

with calcium silicate-based sealer is relatively new, as compared with previous techniques, 

further studies are needed. 
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There are several ways to test the sealing ability of the different sealers and filling 

techniques. Traditionally, the dye leakage test model or bacterial leakage test model has 

been used to evaluate the quality of a root canal filling (Monticelli et al. 2007a; 

Torabinejad et al. 1995; Wu and Wesselink 1993); these tests assess the amount of 

methylene blue or bacteria penetrating the apex of the root. In recent years, however, this 

method has been shown to be error prone (Rechenberg, De-Deus, and Zehnder 2011), 

especially when using methylene blue dyes (Torabinejad et al. 1994), which can be 

decolorized when coming into contact with calcium hydroxide-containing materials, and 

has come to be considered an unacceptable test method for most journals. Other possible 

tests include glucose infiltration (El Sayed, Taleb, and Balbahaith 2013), fluid infiltration 

(Monticelli et al. 2007b), void evaluation through micro-computed tomography (micro-

CT) (Gandolfi et al. 2013) or scanning electron microscopy (SEM) (Zhang, Li, and Peng 

2009), confocal laser scanning analysis (Jeong et al. 2017), and push-out bond-strength 

test (Sagsen et al. 2011). Micro-CT can evaluate the quality of preparation and quality of 

obturation in a 3-dimensional manner nondestructively, i.e., while preserving the 

specimen. Additionally, when evaluating the degree of obturation, the extent of internal 

voids and the ratio of the sealer to the cone can be evaluated.  

The aim of this study was to assess the quality of root filling with calcium silicate-

based sealer and gutta percha cones, by measuring the percentage of voids when using 

single-cone or continuous wave filling techniques for filling artificial molars with micro-

CT. The null hypothesis was that the single-cone technique using calcium silicate-based 
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sealer would demonstrate similar root canal filling quality as the conventional continuous 

wave technique. Additionally, sealer penetration, as observed by confocal laser scanning 

microscopy (CLSM), into the isthmus area in human extracted mandibular molars was 

compared between these two different filling techniques.  
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II. Materials & Methods 

 

1. Preparation of plastic tooth samples 

 

A total of 20 plastic artificial teeth (Dental Cadre, Santa Barbara, CA, USA) were used 

(Fig. 1-A). The plastic teeth were customized samples reproducing the shape of a 

common human mandibular first molar; they have access openings with a mesial root 

with a Weine classification type II canal (Weine et al. 2012), having a curvature of 30 

degrees (Schneider 1971), and a distal large oval-shaped canal, having a curvature of 7 

degrees (Schneider 1971). A K file (size #15; Dentsply Maillefer, Ballaigues, Switzerland) 

was inserted into the canal to achieve the working length (WL). The WL was measured as 

0.5-mm short of the apical tip point where the file came out and became visible at the 

apical foramen. For the mesial root with Weine classification type II canals, the 

mesiolingual (ML) canal with a relatively less curvature was prepared to the WL, and the 

WL of the mesiobuccal (MB) canal was measured up to the point where the MB and ML 

canal met, which was 4 mm from the ML canal apex. The master apical file size was #40 

for the MB and ML canals, and #50 for the distal (D) canal. All canals were instrumented 

using the ProTaper Next NiTi system (Dentsply Maillefer) coupled to the Dentsply X-

Smart™ Plus motor (Dentsply Maillefer). Mesial canals were enlarged to Protaper Next 

X4, and D canals to Protaper Next X5. Each canal was irrigated using distilled water and 
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a 24-gauge needle (Korea Vaccine Co, Seoul, Korea) between instrumentations. After the 

instrumentation was completed, all the canals were dried with paper points (#25, 

Dentsply Maillefer). Next, the teeth were randomly assigned to two groups (n = 10, each) 

for canal obturation using either of the two techniques. 

 

2. Obturation of plastic tooth samples 

 

 2.1 Single-cone technique group (SC group) 

The Endoseal MTA sealer was applied into the root canal using a 24-gauge needle tip 

provided by the manufacturer. The tip was slowly pulled back toward the orifice from the 

point where it where it became engaged. The medium- and mediumlarge-sized gutta 

percha cones (DiaDent, Cheongju-si, Korea) were customized to size #40 for the MB and 

ML canal and to size #50 for the D canal, using a gutta percha gauge (Dentsply Maillefer). 

Next, a gutta percha cone was inserted into the canal. The gutta percha cone was gently 

moved with an up-and-down-motion 3 times to allow the sealer to penetrate better into 

the fine structures. In the case of mesial canals, Endoseal MTA sealer was applied 

simultaneously to the MB and ML canals, followed by application of a medium-sized 

gutta-percha cone first to the ML, and then to the MB canal, after which it was cut at the 

orifice level by system B
®  

(SybronEndo, Orange, CA, USA), and packing was performed 
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with Obtura S-Kondenser (Obtura Spartan, Earth City, MO, USA) in the coronal area. In 

the case of the D canal, mediumlarge-sized gutta-percha cone was applied after 

application of Endoseal MTA sealer, and packing was performed using Obtura S-

Kondenser in the coronal area. 

 

 2.2 Continuous wave technique group (CW group) 

Using the same size of gutta-percha cones as used in the SC group, 3 mm end of the 

gutta-percha cones were coated with Endoseal MTA sealer and inserted into the prepared 

root canals using a continuous wave thermal compaction technique with System B
®
 

(SybronEndo). In the case of using system B
®
, the setting temperature was lowered to 

150°C to prevent plastic tooth melting. Gutta percha was cut 5 mm from the apex using 

System B
®
, and packed with the Obtura S-Kondenser. MB and ML canals were packed 

using 40-80 sized Obtura S-Kondenser, and D canals were packed using 60-120 sized 

Obtura S-Kondenser. Backfill was performed using the SuperEndo Beta 2
®
 (B & L 

Biotech, Ansan, Korea) with a temperature setting at 200°C. All the samples were stored 

in a humidified (100% relative humidity) chamber at 37°C (Changshin Science, Seoul, 

Korea) until investigated using micro-CT. All the procedures were performed by a single 

operator.  
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3. Preparation and obturation of human extracted molars 

 

Six freshly extracted human mandibular molars of which the mesial roots each had two 

canals were used. The teeth were extracted for orthodontic and periodontal reasons, and 

the protocol was approved by the institutional review board (IRB) of Gangnam Severance 

hospital human research protection center (IRB approval no: 3-2016-030). Teeth with 

cracks, perforation, internal resorption, external resorption, or root caries were excluded. 

Cone-beam computed tomography was performed with SkyScan 1173 high-resolution 

micro-CT scanner (SkyScan, Kontich, Belgium) in 12.04㎛ resolution before the 

experiment to determine the canal shape. 

The crown was sectioned with a disc so that the length at the apex was 12 mm. After 

access preparation, the working length was measured using a #10 or #15 K-file. The 

working length was measured as 0.5 mm short of the apical tip point where the file 

came out and became visible at the apical foramen in the straighter canal, and was 

based on the point where the two canals meet for the other canal. The canal preparation 

was performed using the ProTaper Next NiTi system and the Dentsply X-Smart ™ Plus 

motor, as for the artificial teeth. During instrumentation, irrigation was always 

performed using a 2.5% sodium hypochlorite (NaOCl) solution and a 24-gauge needle, 

and the canal was always soaked with NaOCl during instrumentation. After canal 

preparation, 1 mL of 17% ethylenediaminetetraacetic acid was applied for 1 min, and 
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then irrigation was performed once more with 2.5% NaOCl. The canals were then dried 

with paper points. Next, the teeth were randomly assigned to either of the two 

obturation technique groups (n = 3 each). Obturation was performed in the same 

manner as for artificial teeth, according to each group. The sealer was mixed with 

rhodamine B (Sigma-Aldrich, St Louis, MO, USA) in 1:100 ratio (by weight) for 

fluorescence investigations.  

 

4. Micro-CT imaging and analysis 

 

Three artificial tooth specimens were randomly selected after canal preparation. Micro-

CT images were obtained and overlapped to confirm that the prepared canal space in 

artificial teeth were consistent (Fig. 2). A SkyScan 1173 high-resolution micro-CT 

scanner was used to scan the samples. The micro-CT scanner had a pixel size of 11.01 

μm, X-ray source voltage of 130 kV, beam current of 60 μA, aluminum filter thickness of 

1.0 mm, rotation step of 0.3° per step, and exposure time of 500 ms. Images obtained 

from the scan were reconstructed with the NRecon software version 1.6.6.0 (Bruker-

microCT). The range of measurements was 1 to 5 mm and 5 to 9 mm from root apex. 

Mesial root and distal root were differently taken images according to root axis 

respectively. To evaluate the overall filling state, three-dimensional (3D) images of the 

filling material were visualized by CT-Vol (SkyScan).  
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The software CT-An (SkyScan) was used to measure the volume of the gap between 

the filling material and root canal walls and voids in the filling materials. Three-

dimensional image data were obtained after obturation in axes x, y, and z for each mesial 

and distal root axis. The most apical 1 mm was discarded, the area 15 mm from the apex 

was defined as the apical area, and that 59 mm from the apex was defined as the coronal 

area. When measuring voids between filling materials and root canal walls (Vout), a gray 

scale range between 40 and 255 was assigned as the volume of the filling material (Vm) 

and a gray scale range between 0 and 40 was assigned as a void. When measuring voids 

inside filling materials (Vin), a gray scale range between 124 and 255 was assigned as the 

volume of the filling material (Vm), and a gray scale range between 0 and 124 was 

assigned as a void. Then, the percentage of voids (V%) was calculated as follows: 

%Vout = Vout / (Vout+Vm) X 100 

%Vin = Vin / (Vin+Vm) X 100 

 

5. Confocal microscopy 

 

Teeth were embedded in clear resin and sectioned horizontally 2 mm and 5 mm from 

the apex at a 100-μm thickness. All samples (n = 3 in the SC group and n = 3 in the CW 

group) were evaluated under a confocal microscope (LSM 780; Zeiss, Jena, Germany) at 
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5 mm level from the apex to examine canal filling material infiltration into the isthmus. 

Photographs were taken 10 mm below the surface at 20x magnification with a Zen 2012 

(Zeiss). 

 

6. Statistical analysis 

 

ShapiroWilk and KolmogorovSmirnov tests were used to verify whether data 

followed a normal distribution. Linear mixed model (covariance pattern: UN) was used to 

determine whether there was a difference between the two fixed effects: method effect 

and area effect. Two obturation techniques in terms of the area of the voids and the root 

length, categorized as follows: (1) the percentage of the void volume (%Vout) between the 

filling materials and the root canal walls in the apical 15 mm, (2) the percentage of the 

void volume (%Vin) inside the filling materials in the apical 15 mm, (3) the percentage 

of the void volume (%Vout) between filling materials and the root canal walls in the apical 

59 mm, (4) percentage of the void volume (%Vin) inside the filling materials in the 

apical 59 mm. The significance level was set at p < 0.05. Statistical analyses were 

performed using SPSS software version 20 (SPSS, Chicago, IL, USA). 
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III. Results 

 

After canal preparation, the artificial tooth specimens were scanned (n = 3) to evaluate 

the shape of the prepared canal space and discrepancies among specimens (Fig. 2).  

Radiographs obtained after obturation showed no obvious defects in the SC group, 

whereas voids were detected in some samples in the CW group (Fig. 1-B). In both apical 

and coronal sections, the microscopic images showed that both SC and CW groups were 

well-packed with gutta percha and sealer at 20 magnifications (Fig. 1-C). 

Micro-CT demonstrated that, in the apical area, both the SC group and the CW group 

were well-packed without voids. In the coronal area, the SC group showed a gutta percha 

cone in the middle, with surrounding sealer, sealing the rest of the area. In the CW group, 

the gutta percha occupied most of the root canal space (Fig. 3). 

The percentage of voids between the filling materials and the root canal walls (%Vout) 

showed no statistically significant difference between the two obturation technique 

groups in all comparisons (p > 0.05), except for the coronal area of the D canal (p < 0.05, 

Fig. 4, Table 1). The percentage of voids inside the filling material (%Vin) was 

significantly higher in the CW group, for all comparisons (p < 0.05), except for the apical 

area of the D canal (p > 0.05, Fig. 5, Table 2). The percentage of voids in total area 

(%Vtotal) was significantly higher in the CW group, for all comparisons (p < 0.05), except 
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for the apical area of the M canal (p > 0.05, Fig. 6, Table 3). The significant difference 

between two methods using post hoc analysis is in Table 4. 

Observation by confocal microscopy demonstrated that the isthmus and canals were 

well-filled with sealer and gutta percha in all the specimens. In the SC group, the isthmus 

was mainly filled with sealer; however, in the CW group, gutta percha partially filled the 

isthmus (Fig. 7). 

In images reconstructed in 3D, both SC group and CW group are generally packed well 

in the mesial canal. However, In the distal canal, voids are observed in the coronal area in 

the SC group, and some loosely packed areas are observed in the CW group (Fig. 8).  
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Figure 1. Artificial teeth images. 

 

Figure 1-A. Artificial molar-shaped teeth used in this experiment. 

 

Figure 1-B. Radiographic images after canal obturation. 

(1) single cone technique (2) continuous wave technique; void formation was observed 

(white arrow) 

 

Figure 1-C. Microscope images at sectioned area. 

(1) apical area of mesial canal in SC group, (2) apical area of distal canal in SC group,  

(3) coronal area of mesial canal in SC group, (4) coronal area of distal canal in SC group, 

(5) apical area of mesial canal in CW group, (6) apical area of distal canal in CW group, 

(7) coronal area of mesial canal in CW group, (8) coronal area of distal canal in CW 

group 
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Figure 2. Superimposition images of prepared canal spaces before canal obturation. 

The white line in the canal space (white arrow) indicates difference between samples, and 

almost no white line is observed. 

(A) Overlapping image with sample 1 and 2 (B) Overlapping image with sample 1 and 3  
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Figure 3. Representative micro-CT images. 

The upper row is color-coded to distinguish sealer from gutta percha. Sealer, void, and 

gutta percha are marked with an arrow. 

(A) apical area in SC group, (B) apical area in CW group, (C) coronal area in SC group, 

(D) coronal area in CW group  
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Figure 4. Estimated means and standard error of percentage volume of defect between 

canal filling and root canal wall (%Vout). 

Y axis indicates %Vout, and “*” means statistically significant difference (p < 0.05) 
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Figure 5. Estimated means and standard error of percentage volume of defect inside the 

filling material (%Vin). 

Y axis indicates %Vin, and “*” means statistically significant difference (p < 0.05) 
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Figure 6. Estimated means and standard error of percentage volume of total defect 

(%Vtotal). 

Y axis indicates %Vtotal, and “*” means statistically significant difference (p < 0.05) 
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Table 1. The percentage of voids between the filling materials and the root canal walls 

(%Vout) (N, estimated mean ± S.D.) (n=10 for each group). 

  
SC CW Overall p-value 

Mesial 

Apical (Ma) 3.86 ± 0.11 3.61 ± 0.11 

method: 0.56 

area < 0.05
*
 

method*area < 0.05
*
 

Coronal (Mc)  5.30 ± 0.14 5.48 ± 0.14 

Distal 

Apical (Da) 3.87 ± 0.12 3.74 ± 0.12 

Coronal (Dc)  5.17 ± 0.17 5.72 ± 0.17 

Different number of “
*
” means statistically significant difference (p < 0.05) 
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Table 2. The percentage of voids inside the filling material (%Vin) (N, estimated mean ± 

S.D.) (n=10 for each group). 

  
SC CW Overall p-value 

Mesial 

Apical (Ma) 4.18 ± 0.36 5.39 ± 0.36 

method < 0.05
*
 

area < 0.05
*
 

method*area < 0.05
*
 

 

Coronal (Mc)  2.94 ± 0.77 5.38 ± 0.77 

Distal 

Apical (Da) 4.00 ± 0.38 5.08 ± 0.38 

Coronal (Dc)  3.62 ± 0.76 10.13 ± 0.89 

Different number of “
*
” means statistically significant difference (p < 0.05) 
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Table 3. The percentage of total voids (%Vtotal) (N, estimated mean ± S.D.) (n=20 for 

each group). 

  
SC CW Overall p-value 

Mesial 

Apical (Ma) 8.01 ± 0.35 8.99 ± 0.35 

Method < 0.05
*
 

Area < 0.05
*
 

method*area < 0.05
*
 

 

Coronal (Mc)  8.24 ± 0.81 10.86 ± 0.81 

Distal 

Apical (Da) 7.87 ± 0.30 8.82 ± 0.30 

Coronal (Dc)  8.79 ± 0.86 15.36 ± 0.96 

Different number of “
*
” means statistically significant difference (p < 0.05) 
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Table 4. post-hoc p-value in methods. 

%Vout 

Mesial 

Apical 0.13 

Coronal 0.40 

Distal 

Apical 0.47 

Coronal < 0.05
*
 

%Vin 

Mesial 

Apical < 0.05
*
 

Coronal < 0.05
*
 

Distal 

Apical 0.06 

Coronal < 0.05
*
 

%Vtotal 

Mesial 

Apical 0.07 

Coronal < 0.05
*
 

Distal 

Apical < 0.05
*
 

Coronal < 0.05
*
 

Different number of “
*
” means statistically significant difference (p < 0.05) 
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Figure 7. Confocal microscopy image in human molar teeth. 

The black area in the canal space is the gutta percha; the red area is the Endoseal MTA 

sealer with rhodamine. Arrows indicate that sealer penetrates isthmus in the SC group, 

and gutta percha penetrates isthmus in the CW group.  

(A,B) SC group (C,D) CW group 
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Figure 8. Three-dimensional reconstructed images. 

In the mesial canal, both SC and CW groups are generally packed well. In the distal canal, 

voids are observed in the coronal area in the SC group and some loosely packed areas are 

observed in the CW group.  

(A) SC group (B) CW group 



３０ 

IV. Discussion 

 

The quality of root filling with calcium silicate-based sealer and gutta percha cones 

was assessed by measuring the percentage of voids when using single-cone or continuous 

wave filling techniques for filling artificial molars with micro-CT. Additionally, sealer 

penetration, as measured by CLSM, into the isthmus area in human extracted mandibular 

molars was compared between the two different filling techniques. The percentage of 

voids in the apical area was not significantly different between the two obturation 

techniques (p > 0.05), except that, in the coronal area of the distal canal, the CW group 

showed a significantly higher void volume. 

We compared void percentage based on the canal obturation techniques in artificial 

molar teeth. Most earlier studies that evaluated filling quality used premolars or anterior 

teeth with a single canal and with few anatomical variations (El Sayed, Taleb, and 

Balbahaith 2013; Gandolfi et al. 2013; Jeong et al. 2017; Sagsen et al. 2011; Zhang, Li, 

and Peng 2009), but those samples might not have reflected the complex root canal 

anatomy in the clinic. One of the possible causes for endodontic failure after root canal 

filling is a complicated root canal shape, particularly the isthmus, which is common in 

molar teeth and cannot be properly treated. In mesial roots of mandibular molar, 52% 

were Weine classification type II, and 40% were Weine classification type III (Weine, 

Pasiewicz, and Rice 1988). Mandibular molars that have a mesial root with Weine 

classification type II canals are common but diverse. Initially, we tried to use the mesial 
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canals with Weine classification type II for measuring the void percentage of canal filling. 

However, there were some problems associated with using human extracted molars in the 

pilot study. First, it was not easy to obtain intact teeth without severe caries or severe 

periodontitis. Even if such teeth were available, If we choose only Weine type II teeth, the 

number was small. Therefore, the sample size would need to be sufficiently large to 

ensure statistical reliability. Second, even if such teeth were collected, the variation 

among the teeth would be large. In the case of the isthmus, the variation of its location 

and length is diverse. Therefore, it was concluded that it might be difficult to collect teeth 

with isthmuses within a certain variation. A few studies have used human molar teeth, but 

the variation is large (Iglecias et al. 2017; Jho et al. 2016) due to the complex canal 

shapes (de Pablo et al. 2010; Vertucci 1984). Jho et al (Jho et al. 2016) used human molar 

teeth in an experiment. One group was filled with ProRoot
®
 MTA and another group was 

filled with gutta percha and AH Plus
®
 sealer with CW technique. When the void 

percentage was measured, results showed that the void percentage varied depending on 

the specimen. For these reasons, artificial resin teeth were considered to result in more 

reliable findings when measuring the void percentage. The artificial teeth that were used 

in the present study were ready made and had mesial canals with Weine classification 

type II and one distal canal. To the best of our knowledge, this is the first study to use 

these artificial teeth in a micro-CT study. There were some limitations to using plastic 

teeth for our experimental procedure. A plastic tooth could not reproduce the anatomical 

structure, such as the dentinal tubule, of the human tooth. Therefore, we would be unable 
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to examine the sealer penetration into dentinal tubules or hydroxyapatite formation 

between the sealer and root dentin. To overcome this limitation, we included human 

extracted molar teeth to observe sealer penetration into dentinal tubules. Another 

consideration was the plastic tooth could be melted or distorted by heat application. When 

the plastic teeth were obturated with the continuous wave technique, the high temperature 

heat from the System B
®
 could melt the plastic. Therefore, the System B

®
 temperature 

was lowered from 200°C to 150°C, which was slightly different from the condition for 

obturating human teeth.  

Even if the same type of artificial teeth were used in this experiment, prepared canal 

shapes might have been different depending on the samples. Therefore, to evaluate 

whether the prepared canal shapes were consistent, three artificial teeth were selected 

among the 20 artificial teeth after canal preparation. superimposition of the images of 

three samples was performed by micro-CT. We found that the tooth-to-tooth variation was 

negligible. 

Assessment of the volumes of voids has been used as one of the methods of assessing 

root canal filling quality (Hammad, Qualtrough, and Silikas 2009; Jung, Lommel, and 

Klimek 2005; Wolf et al. 2014). If non-obturated areas are present, bacteria may remain 

at that site, leading to treatment failure (Somma et al. 2011). Therefore, proper canal 

obturation can prevent penetration of microorganisms and toxins (Saunders and Saunders 

1994). Unlike previous studies (Iglecias et al. 2017; Jho et al. 2016) that measured the 
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amount of total voids in the canal filling, evaluation of voids in this study was performed 

using two categories. The first area was Vout, which were the voids between the canal 

filling material and root canal wall. We also calculated Vin or the voids within the canal 

filling material. In the case of Vout, it is an area where leakage could occur and bacteria 

and/or bacterial by-products could penetrate. It was expected that the amount of Vout 

might affect the canal filling quality directly, while Vin may have less effect on the actual 

leakage, even though their actual relationship with treatment outcome has not been 

proven yet. 

In this study, there were more voids in the CW group than in the SC group, except for 

the apical area of the mesial canal. In the apical area of the mesial canal, there was no 

significant difference between the two groups. This is because, unlike the SC technique, 

the CW technique includes a backfilling process after cutting the apical 5 mm area using 

the System B
®
 after inserting the master cone. In this process, if the tip of the backfilling 

device did not reach the cut-off point, voids may occur at the transition site. Although the 

tip reached to the gutta percha segment and filled up to the 5 mm level, the extruded gutta 

percha could not be packed tightly. Therefore, there was a possibility of voids at the 

transition site in the CW technique. Since the diameter of the D canal was large in the 

coronal area, the gutta percha could not be filled in the large-diameter oval shaped canal 

during the backfilling process. Since the backfilled gutta percha was condensed at the 

orifice level, the pressure could not reach all the way down. We speculate these were the 

possible reasons for the significantly higher percentage of voids in the CW group than in 
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the SC group in the coronal portion. In our study with regard to the results of Vout, more 

voids were formed in the CW group, for which results were statistically significant only 

in the coronal area of the distal canal. Therefore, it is recommended that a large-diameter 

root canal be filled in two or three increments instead of backfilling the entire canal 

simultaneously. Although this problem was expected in this experiment, we tried to 

follow the conventional method because backfilling with two or three layers is not the 

conventional CW technique, which is typically used in canal filling. There was no 

significant difference between the two groups in the apical area with a small canal 

diameter or small coronal part of the M canal. 

In the present study, void percentage was calculated by dividing the apical 15 mm of 

the root, which was defined as the apical area, by the apical 59 mm, which was defined 

as coronal area. Previous studies have slightly different criteria for dividing the root area. 

Jho et al (Jho et al. 2016) measured only the apical 5 mm area, because they considered 

that this measurement might be more clinically relevant in terms of root canal treatment 

success than measurements of the full canal length. Iglecias et al. (Iglecias et al. 2017) 

divided the root into apical, middle, and cervical areas, as a total of three areas. When the 

present results in the apical area were confined to compare with other studies, our results 

were in agreement with the similar previous studies (Alshehri et al. 2016; Iglecias et al. 

2017; Somma et al. 2011). Somma et al (Somma et al. 2011) measured voids distribution 

in root canal obturation in three different techniques in a straight canal in single rooted 

permanent teeth using micro-CT, but there was no significant difference among thermafil 



３５ 

group, single cone group, and system B group. In a similar study, Alshehri et al (Alshehri 

et al. 2016) measured the volumes of voids in apical thirds in the curved canal in mesial 

root with human mandibular first molars using micro-CT, and the results were similar in 

single cone group and continuous wave group. In addition, Iglecias et al. (Iglecias et al. 

2017) measured the volumes of voids in the mesial root of the human mandibular molar 

in apical third. There was no significant difference between the single cone group and 

continuous wave group in the apical area. 

As experiments using artificial teeth have limitations with regard to observing 

penetration of the sealer or gutta percha into the isthmus of human teeth, the human 

extracted teeth were filled using two different obturation techniques, and confocal 

microscopy showed sealer penetration into isthmus regardless of filling methods used in 

the study. Gutta percha was partially filled in the isthmus when the continuous wave 

technique was used; however, the isthmus was filled with sealer only in the single cone 

group. The results of our experiments suggest that the SC technique and the CW 

technique are not significantly different in the apical area in the type II canal, and that the 

SC technique is more advantageous in the coronal area in terms of the number of voids. 

Additionally, there was a greater possibility that the isthmus was filled with gutta percha 

using the CW technique.  

This study had some limitations. The specimens were prepared by a single operator 

who was a second-year resident. Although the operator had used the CW technique for 

over one year clinically, more deviation in the results was found in the CW group when 
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we measured the number of voids in the coronal portion. On the basis of the results in this 

present study, the SC technique seemed less technique sensitive according to the 

operator's ability. In addition, it was difficult to accurately control the pressure that was 

applied during the gutta percha cone pumping for sealer application using the SC 

technique. Further, there was no consistent guideline for this procedure. We believe the 

applied pressure might have affected the amount of sealer extrusion at the apical portion 

of the SC group; in reality, sealer extrusion was often found in both experimental groups. 

As the prevention of sealer extrusion is important in the clinic, the relationship between 

pumping pressure and the amount of sealer extrusion should be further investigated.  
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V. Conclusion 

 

The results of the present study show that the voids between the filling materials and 

the root canal walls were not significantly different between the two obturation 

techniques in the apical area. More voids were observed in the CW group inside the 

filling material and the coronal area of the large oval shaped canal, but further studies are 

needed to determine whether voids inside the filling material or coronal area affect the 

sealing ability. In terms of sealing, obturation with calcium silicate-based sealer and gutta 

percha using the single-cone technique was similar or better than that achieved with the 

continuous wave technique. Therefore, in terms of voids, the single-cone technique using 

calcium silicate based sealer can replace the existing continuous wave technique. 

However, further study is needed to examine characteristics other than sealing ability.  
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국문요약 

 

인공 대구치에서 두 가지 근관 충전법을 이용하여  

칼슘 실리케이트 계통 실러 및 가타퍼챠콘 충전 시 충전의 질 평가 

 

연세대학교 대학원 치의학과 

(지도교수 신 수 정) 

 

김 소 희 

 

이 연구의 목적은 인공 대구치를 칼슘 실리케이트 계통 실러 및 가타

퍼챠콘을 사용하여 단일콘 또는 연속파가압법으로 충전 시 void의 비율을 

micro-CT로 측정하여 근관 충전의 질을 평가하는 것이며, 공 초점 레이저 스

캐닝 현미경(CLSM)을 사용하여 두 가지 다른 충전법에 따라 인간의 하악 대구

치에서 상아 세관으로의 실러의 침투를 관찰하였다. 



４５ 

20개의 인공 대구치를 회전식 파일을 사용하여 삭제 후, 그 중 3개의 

시편을 micro-CT를이용하여 중첩하여 삭제된 공간이 일치하는지 확인하였다. 

무작위로 두 그룹으로 나누어 한 그룹은 단일콘충전법으로 충전하였고, 다른 

그룹은 연속파가압법으로 충전하였다. 6개의 인간 하악 대구치에 대해서도 두 

그룹으로 나누어 같은 방법으로 진행하였다. 이후 micro-CT로 스캔 후 충전재

와 근관 벽 사이의 void 비율을 근단부와 치관부로 나누어 통계적 처리를 시

행하였다. 인간 대구치는 CLSM으로 관찰하였다. 충전재와 근관 벽 사이의 

void 비율 (%Vout) 은 두 가지 충전법 간 통계적 유의차는 없었으며 (p> 0.05), 

원심 치근의 치관부만 연속파가압법이 더 높은 void를 보였다 (p<0.05). 충진

재 내의 void 비율 (%Vin)은 근심 치근의 근단부를 제외하고 모든 군에서 연

속파가압법이 유의하게 높았다 (p<0.05). 인간 대구치의 CLSM 이미지에서는 

두 가지 충전법 모두 isthmus 내부가 잘 충전된 것이 관찰되지만, 단일콘 충

전법에서는 실러가 isthmus 내부로 침투하는 반면 연속파가압법에서는 가타퍼

챠가 isthmus내에 충전되는 양상이 관찰되었다. 

 

 

핵심이 되는 단어: 근관 충전, 단일콘충전법, 밀폐, Endoseal MTA sealer, 

Micro-CT  


