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 Introduction: Cone-beam computed tomography (CBCT) is one of the most important diagnostic 
tools in maxillofacial imaging. Nowadays different sealers are used in root canal therapy and some 
of them can create artifact in CBCT images. The aim of this study was to evaluate the effect of 
different sealers including AH-26, Diadent, and Anyseal in creation of artifact bands in the CBCT 
images based on voxel size. Methods and Materials: A total of 44 single rooted extracted teeth were 
selected. The canals were prepared by crown-down technique. All teeth were manually filed up to 
master apical file (MAF) size 45 and 1 mm shorter than the apical foramen. The teeth were divided 
into 4 equal groups. The canals were filled with gutta-percha and either of sealers AH-26, Diadent 
or Anyseal by lateral condensation technique. The control group were filled just with gutta-percha 
without any sealer. The CBCT images were taken in voxel sizes of 0.3 and 0.15. The Fisher exact 
and McNemar tests were used for statistical analysis. Results: Although, the control group had the 
lowest ratio of presence to absence of artifact, the ratio of presence to absence of artifact in voxel 
size of 0.3 and 0.15 mm were significantly lower in Anyseal than AH-26 (P=0.031, P=0.020) and 
Diadent (P=0.001, P=0.002). No significant difference was detected between two voxel sizes 
(P>0.05). Conclusion: In this in vitro study, all evaluated sealers induced artifacts in the CBCT 
images. Anyseal sealer had the lowest artifact in both evaluated voxel sizes. 
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Introduction 

one-beam computed tomography (CBCT) is an imaging 
technique, which became available in European market since 

1996 and in the US market from 2001 [1]. It can provide whole 
image of the maxillofacial region, is one of the preferred methods 
for assessment of implant sites and can be used effectively in clinical 
dentistry [2, 3]. Also, CBCT is more effective than conventional 
radiography especially in cases with difficulties in primary diagnosis 
[4, 5]. Recently CBCT has become an important tool for diagnosis 
of tooth fractures, root degeneration, dilation of periodontal 
ligament (PDL), and pathological conditions of pulp and periapical 
regions due to its abilities [6, 7]. Some parameters related to the 
imaging steps such as the sizes of field of view and voxel affect the 

quality of CBCT images [8]. However, the main factor that 
decreases the quality of CBCT images is artifact. Artifact includes 
any distortions or errors in image which are not related to the 
evaluated object [9, 10]. These artifacts appear in CT images as dark 
bands, dark lines and streaks [11]. Some artifacts such as distortions 
and linear and dark bands that can appear between two dense 
objects can be created due to limitations associated with the physical 
process [12, 13]. Dark bands artifacts may be due to radiopaque 
materials such as metals, gutta-percha and sealers. Therefore, 
identifying the pattern of these artifacts is helpful in differential 
diagnosis of artifacts from true root fractures [8]. 

In the present study, we aimed to evaluate the effects of AH-
26, Diadent and Anyseal sealers on the induction of artifact bands 
in CBCT images based on voxel size.  
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Figure 1. Acrylic cassette with mounted teeth (left) and CBCT image 
of such costumed cast (right) 

Materials and Methods 

In an experimental in vitro study, forty-four extracted single root 
human teeth with intact crown, closed apices, straight, smooth, 
and healthy roots with similar lengths, type 1 Vertucci canal, and 
quite distinct canal in radiography were included. Any teeth with 
root fracture, cracks, root degeneration, calcification and open 
apex were excluded. Extracted teeth were disinfected by keeping 
in 2.5% Sodium hypochlorite (NaOCl) (Pakshoo, Iran) for 2 days. 
Then soft tissues were cleaned and teeth were stored in the normal 
saline (BitaIzadDaroo, Iran) until use. Crown was cut below the 
cemento-enamel junction (CEJ) where the length of remained 
root was 14 mm. Coronal root portion was prepared with crown-
down technique and using Gates Glidden sizes 2 and 3. All teeth 
were filed manually by stainless steel K-file (Dentsply, Maillefer, 
Switzerland) to master apical file (MAF)#45 and 1 mm shorter 
than the apical foramen. Ethylenediaminetetraacetic acid (EDTA) 
solution (MD, cleanser, Meta Co, Korea) for 2 min to eliminate 
the smear layer. Again, rinsing with 2.5% NaOCl and normal 
saline were done. Paper cone #45 (AriaDent, Tehran, Iran) was 
used to dry the canal before filling. MAC size in all teeth was 45. 

Teeth were randomly divided into four equal groups. Canals 
were filled by lateral condensation method using gutta-percha 
alone as control groups and with Diadent, AH-26 (Dentsply, 
Tulsa Dental, Tulsa, OK, USA) or Anyseal (Mediclus, Cheongju, 
Korea). Sealers were used based on the manual instruction and 
placed in the canal by master cone. Teeth were stored in 37°C and 
100% relative humidity for 1 week and then were mounted. To 
simulate PDL space, root of each tooth was covered by 1 mm of 
wax and teeth were placed in the custom cast, which was formed, 
similar to human mandible.  

After 24 h, all samples were placed in the container and were 
imaged using CBCT Promax3D (Planmeca, Finland) with voxel 
size 0.15 and then 0.3 mm. CBCT images were obtained with 87 
kVp, 10 mA, exposure time of 12 sec, field of view (FOV) of 8×8 
cm and all teeth were depicted in one image. Finally, 8 CBCT 

images with 10 axial plane from each custom cast with 0.2 mm 
distance were prepared using Romexis viewer 3.4.3 R software 
(Planmeca Romexis Viewer, Helsinki, Finland). Six sequential 
images, in which all the samples were depicted, were selected. 
Images were simultaneously evaluated by two observers, one 
maxillofacial radiologist and one endodontist, who were not 
aware of the details of the specimens (Figure 1). In the present 
study, axial CBCT scans enabled the identification of artifact as 
hypodense lines crossing the root line [14]. 

Totally, 66 images were prepared (6 section for each sample) 
and observers in each section examined and coded 4 regions 
(buccal, lingual, mesial, and distal) in terms of the presence of a 
radiolucent band from 0 to 4 codes.   

Statistical analysis 
SPSS software (Statistical Package for Social Science, SPSS, version 
21.0, SPSS, Chicago, IL, USA) was used for statistical analysis. 
After weighing the data and using the McNemar test, the ratio of 
presence to lack of artifacts in two voxel size of 0.3 mm and 0.15 
mm and also different sealers were evaluated. P<0.05 was 
considered as significant difference.  

Results 

Comparison of the ratio of presence to lack of artifacts in different 
groups and voxel size are presented in Table 1. Significant higher 
percentage of artifacts in AH-26 and Diadent compared to 
Anyseal (P=0.031 and P=0.001) and control groups (P=0.001 and 
P=0.001) in voxel size 0.3 were seen. In 0.15 mm voxel size, all AH-
26, Diadent and Anyseal had higher percentage of artifacts in 
comparison to control group (P=0.001, P=0.001, P=0.031, 
respectively). Also, both AH-26 and Diadent had higher 
percentage of artifacts against Anyseal (P=0.02 and P=0.002). No 
significant differences were detected between AH-26 and Diadent 
in neither 0.3 mm nor 0.15 mm voxel sizes as well as between two 
voxel sizes in all four groups (P>0.05) (Figure 2). 

 
Table 1. Comparison of the ratio of presence: absence of artifacts 

between different groups and two voxel size 

Groups 
Voxel size (mm)  
0.3 0.15 P-value* 

Control 53:211 a 51:213 a 0.5 
AH-26 95:169 b 99:165 b 0.12 
Diadent 110:154 b 107:157 b 0.25 
Anyseal 71:193 a 73:191 c 0.15 

* Presented P-values are related to comparison between two voxel sizes in each 
group; Different superscript letters in each column indicated significant 

differences between four groups (P<0.05) 
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Figure 2. Percentage of presence and absence of artifacts in four 
different groups at voxel sizes of A) 0.3 mm, and B) 0.15 mm 

Discussion 

In the present study, the effects of different sealers on the 
induction of artifacts in the CBCT images based on voxel size were 
evaluated and compared. We found that although AH-26 and 
Diadent induced more artifacts than Anyseal in both voxel sizes, 
no significant differences were detected between two voxel sizes 
in the ratio of presence to absence of artifacts in none of sealers.  

Studies have shown that the axial plans in the diagnosis of root 
fractures are more accurate than sagittal and coronal plan. 
However, artifacts simulate fractures and affects the accurate 
diagnosis of tooth fracture especially in the primary steps [15, 16].  

Several studies evaluated the effects of gutta-percha, different 
sealers, and implants on the presence of artifacts in CBCT and CT 
images [8, 17-19]. Although, it has been also reported that root 
canal filling decreased the specificity of CBCT without any changes 
on the overall accuracy [8]. Neves et al. [20] found that the 
intracanal material had significant effect on the diagnostic ability of 
CBCT and this technique is not beneficial for the diagnosis of root 
fractures in the presence of metal posts. Also, Patel et al. [12] 
expressed that gutta-percha related artifacts caused 
misinterpretation of the vertical root fractures and decreased the 
accuracy of CBCT technique. Furthermore, Costa et al. [21] 
reported that the presence of a metallic post significantly decreased 
the accuracy of CBCT technique. About the sealer-related 
mechanism of artifact induction, it can be said that bismuth oxide 
and titanium in the AH-26 and zirconium oxide and calcium 
tungstate in Diadent are radiopaque materials which can induce 
certain artifacts [22]. Moreover, induction of artifacts in CBCT 

images regardless of the types of CBCT devices by Sealer 26 was 
recently reported [23]. Although chemical composition of sealers 
are defined, but concentration percent of any matter is not available. 
This different percentages could be one reason for different results 
in the researches according to sealer type in the study. Zirconium 
oxide is also found in the Anyseal but it probably had lower 
concentration in comparison to Diadent [23]. Similar highest 
percentage of artifacts in AH-26 in both voxel sizes also reported 
previously [14]. Rabelo et al. [11] found that metal posts had a 
higher score for hypodense halos and hypodense lines in 
comparison to gutta-percha images qualitatively. This means the 
substantial image loss due to hypodense metal artifacts which is in 
agreement with our findings and other previous studies [17, 19, 24]. 

On the other hand, it has been confirmed that the radiation dose 
to the patient as well as image’s resolution will increase when the 
voxel size decrease [25]. Britojunior et al. [14] reported that artifacts 
were decreased in voxel size of 0.076 mm in comparison to voxel 
size of 0.2 mm. Also, Ozer et al. [26] found that a 0.2 mm voxel size 
was the best protocol in comparison with 0.125, 0.3, and 0.4 mm 
voxel size, considering the lower x-ray exposure and good 
diagnostic performance. Costa et al. [27] and colleagues also 
expressed that CBCT imaging with small voxel is better in detecting 
horizontal root fracture due to lower patients radiations exposure 
and higher accuracy. Moreover, Ikubo et al. [28] found that for 
higher accuracy and lower exposure to the patients, it is better to use 
small voxel size and place the target tooth in the center of the FOV. 
However, different results in different studies may be influenced by 
factors such as CBCT brand combination of voxel size and FOV 
size, sealers type and observers experience .Based on our findings, 
which detected no differences between two voxel size in the 
presence of artifacts in the CBCT images, it seems that use of larger 
voxel size is better to reduce patient’s absorption dose. 

Conclusion 

In summary, the results of the present in vitro study confirmed 
that all of sealers created artifacts and no significant differences 
between the two voxel sizes was reported. Anyseal sealer had the 
lowest artifact in both voxel sizes. Therefore, use of larger voxel 
size for decrease of radiation dose to the patient regardless of 
sealers is suggested. 
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