
ABSTRACT
 Artifacts are among the most important limitations of cone-beam computed tomography (CBCT). In different CBCT 
systems, the exposure options or the machine geometry might affect the diagnostic validity. This study aimed to 
compare the artifact rate in 6 CBCT systems in endodontically treated teeth with AH26. The effects of different 
voxel sizes on the artifacts in one of CBCT units was evaluated too.Twenty single-rooted teeth were randomly 
divided into 2 groups (n=10) and were instrumented up to the apical size of 25. The control group was left empty 
with no obturation, but case group were filled with gutta percha and AH26. Both groups were scanned by using 
6 CBCT systems including NewTom VG, Planmeca, Kodak, Soredex, Vatech, NewTom Giano. CBCT scanning was 
performed via Vatech with 3 different voxel sizes (0.125, 0.2, and 0.3 mm3.)  OnDemand 3D software was used for 
analysis. Any deviation from the control group gray values was considered as artifact. The maximum, minimum, 
average and standard deviation of grey value in 4 points were measured. One-way ANOVA, independent t-test 
and Tukey’s HSD post hoc test were used for statistical analyses of the data (P<0.05).  Significant artifact was 
observed in Soredex, Planmeca, Kodak, and NewTom VG. While, NewTom Giano and Vatech showed no significant 
artifact. (P<0.05). artifact’s presence was significant in images obtained with 0.3 mm3 voxel size, followed by 0.2 
and 0.125 mm3, respectively. Different CBCT units have variations in artifacts. Even in units with fewer artifacts, 
it is critical to use a mode with small voxel size to reduce the artifacts.
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INTRODUCTION

The accuracy of cone-beam computed tomography 
(CBCT) has been investigated in several studies  
(May,  et al 2013, Bernardes, R.A. et al. 2009, Kamburoglu, 
K., et al. 2009, Ozer, S.Y. 2010). The artifacts and noises 
sometimes interfere with clear vision of minor changes 
in CBCT images and consequently decrease the diagnostic 
accuracy of images. These artifacts are attributed 
to the high x-ray absorption by the objects of high 
density (Pauwels, et al. 2015) and results in two types 
of artefacts; 1) cupping artifact and 2) streaks and dark 
bands (White SC, 2014). When there is a radiopaque 
object in the canal, the produced artifacts negatively 
affect the diagnostic accuracy of details like vertical 
root fracture (VRF) (Kambungton,  et al . 2012, Hassan, 
et al. 2010, Ozer, 2011). The effect of different materials 
on CT images has been investigated since 1970. Research 
revealed that different materials created different rates 
of artifact in images. Likewise, different rates of artifact 
have been reported in CBCT systems due to the several 
contributing factors (Wenzel,  et al. 2005, Julia  et al. 
2004, Eliliwi  et al. 2020).

There are various CBCT systems available for assessment 
of the dentofacial area. They differ in detector design, 
patient scanning settings, and data reconstruction 
parameters [ Mozzo,  et al.,1998, Kobayashi, et al. 2004, 
Araki,  et al.,2004, Sukovic,  2003, Arai, et al., 1999, de 
Lima 2019]. The quality of CBCT images are significantly 
influenced by a number of scanning and reconstructing 
factors such as the field of view (FOV), voxel size, the 
number of basis projections used for reconstruction, and 
the image artifacts. CBCT systems are different in terms 
of image quality and ability of displaying the anatomic 
structure [Loubele, M., et al 2007, Loubele, M., et al., 
2006, Loubele, M., et al.2008, Mischkowski, R.A., et 
al. 2008, Kwong, J.C., et al., 2008, Bryant, J.A.,  2008, 
Liang, X., et al.]. 

The differences are more prominent and important in 
tiny anatomical structures such as periodontal ligaments 
and trabecular bone[ Liang, X., et al.2010]. Several 
studies compared the diagnosis accuracy of various 
CBCT systems in VRF, or just compared a limited number 
of CBCT systems (Esmaeili et al.2012 , Safi et al.2015, 
Pauwels, et al 2013, Bamba, et al. 2013). Most of these 
studies evaluate the artifacts subjectively (Kamburoglu, 
et al. 2010, Hassan, et al.,2010, Ozer, 2011, Esmaeili   
et al. 20120) which can be influenced by the observer’s 
situation. In order to overcome this limitation, the 
current study was conducted to quantitatively compare 
the artifact rate in six CBCT systems in endodontically-
treated teeth with AH26 sealer and gutta percha and also 
the effect of voxel size on producing artifacts.

Material and Methods

This experimental study was performed on 20 single-
rooted single-canal teeth. They were subjected to 
proximal radiography to confirm that the roots were quite 
healthy with no calcification, filling, or obvious fractures. 
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The crowns were sectioned at the cementoenamel 
junction by using fissure diamond bur (D+Z; Germany). 
The samples were rinsed with NaOCl, and the length of 
the roots was adjusted to 13 mm. The sample teeth were 
randomly divided into case and control group (n=10 per 
group).The teeth preparations were performed by using 
Reciproc files on 1:6 reduction hand piece operated by 
a torque-controlled motor (VDW Silver reciproc motor). 
The files, speed, and torque were set according to the 
manufacturer’s instruction. The R25 file with a tip size 
of 25 and a taper of 0.06 over the first 3 mm was used 
in a reciprocating, slow in- and out- pecking motion 
according to the manufacturer’s instruction. 

The samples in the study group were filled with AH26 
sealer along with 0.04 tapered size 25 master gutta percha, 
followed by 0.02 taperd size 15 accessory gutta percha. 
The samples in the control group were left unfilled with 
no obturation. The upper surface of all canals were sealed 
with SE Bond Clearfil (Kuraray; NY, USA) and light-cured 
to prevent water penetration when placed in water during 
imaging. The samples in each group were mounted on a 
putty block at a minimum distance of 10 mm. The block 
dimensions were set according to the FOV adopted for 
imaging. The CBCT images of the samples were taken 
by using six CBCT systems including NewTom VG  
(QR SRL Company; Verona, Italy), Planmeca (Planmeca 
OY; Helsinki, Finland), Kodak (Trophy; Croissy-
Beaubourg, France), Soredex (Soredex; Tuusula, Finland), 
Vatech (PaX-Flex3D; Vatech Co., Hwasung, Korea), 
and NewTom Giano (QR SRL Company; Verona, Italy). 
The CBCT images were taken with KvP and mAs set by 
operator of each device to gain the best quality with less 
effect of the two factors and the largest FOV (Table 1). 
By selecting the largest FOV, effect of the location on 
FOV has reduced.

Imaging 
conditions	 Kvp	 mA	 Time	 FOV	 Voxel	 Detector
			   (ms)		  size	 type
CBCT Systems					     (mm)

NewTom VG	 110	3.9-5.6	 3.5	 20×25	 0.125	F PD*
NewTom	 90	 3	 3.6	 11×8	 0.5	F PD
Giano
Vatech	 85	 5	 4	 10×8.5	 0.2	F PD
Planmeca	 80	 8	 5	 10×8	 0.4	F PD
Scanora	 90	 13	 4	 13×15	 0.135	F PD
Kodak	 85	 5	 4	 17×13.5	 0.2	 CCD+

* Flat Panel Detector
+ Charge-coupled device

Table 1. The characteristics of CBCT systems and imaging 
conditions

The images were transferred to OnDemand software 
(Version 1.0; Cybermed Inc., 2010, UAS). As displayed 
in Table 1 and 2, four ROIs (Region of Interest) of 
2-mm2 were selected in the mid axial plane (Hassan, 
et al. 2009). 1-mm out of the center of the teeth in 
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four directions (north, south, east, and west)( totally 40 
samples in each group). The minimum, maximum, mean 
and standard deviation of the grey value was measured. 
The observations and calculations were done by an 
undergraduate dentistry student under the supervision 
of two experienced radiologists. Any deviation from the 
control group mean gray value was considered as artifact.
After giving first stage results, Cone-beam computed 
tomography scanning by Vatech (as one the units with 
less artifacts in this study) was performed on automatic 
mode( 85 kVp, 5 mA, and 0.6 seconds) with three voxel 
sizes of 0.125 mm3 and 5×5 cm FOV, 0.2 mm3 and 5×9 
cm FOV, and 0.3 mm3 and 14×9 cm FOV. Observation 
and evaluation was done as explained before.

The data were statistically analyzed by using SPSS 
software (version 16). Kolmogorov-Smirnov test was 
used to determine the normality of data. The descriptive 
features were measured including the central tendency 
and index of dispersion (mean and standard deviation). 
Analysis of variance of the groups was calculated 
regarding the studied features; the mean values of the 
groups were compared by using Duncan’s test. The 
qualitative and ordinal parameters were analyzed by 
using nonparametric methods. Independent t-test was 

used to compare the case and control groups in terms 
of the mean rate of artifact. One-way ANOVA was 
used to compare the mean values among the six CBCT 
systems.

Results and Discussion

Table 2 shows that the mean grey value was different 
among the six CBCT systems. The highest and lowest mean 
grey values were observed in images taken by Planmeca 
and Vatech systems, respectively. The independent t-test 
compared the mean grey values of the case and control 
group according to the imaging system (Table 2). The 
artifact value (The absolute numerical value of the mean 
grey value difference between the study group and 
the control group) in different systems was ordered as 
following, Scanora> Planmeca> NewTom VG> Kodak> 
Vatech> NewTom Giano. The difference was significant 
in Soredex, Planmeca, NewTom VG and KodaK (P<0.05) 
but insignificant in tow latter. Also the results revealed 
no significant difference in the grey value between case 
and control group with0.125 and 0.2 mm3 voxel sizes 
(P>0.05). But, at 0.3 mm3 voxel size, the grey value was 
significantly different (P<0.05); i.e., significantly more 
artifacts were observed at 0.3 voxel size.
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CBCT Systems	 Case group	 Control group	 Difference between
	 Mean(SD)	 Mean(SD)	 the case and 
			   control group

Planmeca	 1707.5(519/72)	 1177.9(221/69)	 529.6
Scanora	 1631.1(1314/88)	 1075.6(162/79)	 555.5
NewTom	 1616.7(170/13)	 1268.7(166/59)	 348.08
NewTom Giano	 1558.3(342/61)	 1451.1(242/23)	 107.02
Kodak	 1419.9(403/89)	 1144.1(271/03)	 275.8
Vatech	 949.8(637/76)	 815.7(121/86)	 134.1

Table 2. Comparison of the mean grey value and standard deviation (SD) 
in the case and control group according to the CBCT system

The CBCT images can be negatively affected by 
the artifacts from the root filling materials, which 
decreases the accuracy, sensitivity, and specificity of 
this imaging technique in identifying the image details  
(White 2014, Khedmat, et al. 2012, Wanget al. 1998, Hassan,  
et al 2009). The current results revealed that despite the 
different mean grey value, the CBCT devices created 
different rates of artifact. Among the six studied systems, 
the highest and lowest artifacts were seen in Scanora 
and NewTom Giano, respectively. An artifact is any 
distortion or error in the image that is unrelated to the 
subject being study (White  et al. 2014). Evaluation 
of gray value in the images as the presenter of X-ray 
attenuation pattern is a way to assess the non- uniformity 
and artifacts (Rabelo et al.2017). Artifact is sometimes 
due to the beam hardening phenomenon, in which the 
material absorbs more low-energy photons than the 
high-energy ones (Arai, et al 1999). This phenomenon 
creates two different types of artifact including cupping 
artifact and streaks and dark bands (White 2014).  

These lines lead to misdiagnosis of extra canals or VRFs, 
and false positive results( Araki,  et al. 2004). The higher 
the atomic number of the material, the more artifacts 
would be observable ( May et al.2013).

In several researches artifacts are studied subjectively 
(Kamburoglu, et al. 2010, Hassan, et al., 2010, Ozer,  
2011, Esmaeili 2012) which can be affected by observing 
situation so in current study, artifacts were evaluated 
quantitatively by considering the difference between 
the numerical values of gray level in case and control 
group. Hassan et al. evaluated 80 extracted teeth placed 
in a dry mandible (Hassan, et al. 2009). Similar to some 
other studies, they found that the artifacts caused by 
the root filling such as sealer, gutta percha, metals, 
and silver cones drastically decreased the specificity of 
CBCT images; however, it did not affect the sensitivity 
(Kamburoglu, et al. 2010, Hassan, et al., 2009, Rabelo 
et al. 2017, Talwar, et al. 2016, Moudi et al. 2015  
Shokri et al 2019).
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Presencce of the sealer and gutta percha in the root canal 
reduce the specificity (Moudi et al. 2015). It is worth 
mentioning that the sealer per se causes more artifacts 
than the gutta percha per se (Decurcio et al. 2012).  
Since AH26 contains bismuth oxide, all the samples 
in the present study showed artifact and decreased the 
quality of CBCT images. Limited number of studies 
directily addressed the artifact in CBCT images, and most 
of them were focused on details such as root fractures 
and resorption (Hassan,  et al. 2009, Melo, et al 2010, 
Karaçaylı, 2013, Patel,  et al., 2013).The nature of artifacts 
is reported to be similar in different systems. Iikubo et 
al. compared 3D Accuitomo, Alphard VEGA, and CB 
Throne systems, and found no significant difference in 
the characteristics of the artifacts (Iikubo, et al. 2015). 
This similarity was attributed to the dependency of the 
artifacts on factors such as the position and size of the 
FOV and spatial resolution of the device. In any case, 
the quality of CBCT images is directly related to the 
imaging conditions.

The rate of artifacts and diagnosis accuracy of CBCT 
images are influenced by several factors such as the 
characteristics of the device and the imaging conditions. 
The device characteristics are the detector type, FOV, 
voxel size, and system-related artifacts. The imaging 
conditions are KVp, mA, position of the object in the 
FOV, and duration of radiation. The systems might also be 
different according to the amount of basis radiation for 
each image, data reconstruction parameters (algorithm), 
and device-related artifacts [8]. Accordingly, different 
studies employed different CBCT systems. Based on the 
detector technology, the general CBCT devices are divided 
into image intensifier tube/charged coupled device (IIT/
CCD) and flat panel detectors (FPDs). Reports indicate 
that the IIT/CCD has increased pixel noise and higher 
image artifact than the FPDs, results in lower contrast 
and spatial resolution ( Hassan,  et al., 2010).

The FOV contributes to creating artifact as much as 
the detector does. Based on the adopted FOV, the CBCT 
devices are divided into three types of small, medium, 
and large. The FOV is directly related with the voxel size, 
and affects the spatial resolution and contrast. Larger 
FOV creates lower resolution and contrast, which directly 
influences the observation of anatomical structures  
(Hassan et al. 2010, Durack, et al. 2012, Kajan,  
2012). The smaller the FOV, the higher the image quality 
and the lower artifact[ Wang  1999, Costa, et al. 2012]. 
Regarding the direction of the object in the FOV, the 
more the distance between the object and centre of FOV, 
the more the radial-shaped artifacts (Lee, et al. 2002).
Moudi et al. evaluated the effect of metal artifacts in 
different field of views, and found that in smaller FOVs, 
the sensitivity and specificity of the NewTom 5G system 
was 100%. In higher FOV, the sensitivity was decreased 
by 14% and specificity decreased by 11% (Moudi  2015). 
The present study investigated the general conditions of 
the systems; therefore, to create similar conditions, the 
highest FOV in each system was used which covered the 
object thoroughly. By using high number of samples 
and their distribution all over the FOV, and considering 

average of all samples, we aimed to reduced  the effect of 
object position in the FOV. Yet, the present study reported 
high artifacts in Scanora (FOV= 15×13) or NewTom VG 
(FOV= 25×20), which could be due to the large FOV.

Voxel size is another factor that affects the quality of CBCT 
images [Muhammad, A.M.A. et al. 2020]. In this study 
there was no focus on FOV or voxel size in controlled 
condition, and interestingly different results were found; 
Planmeca and NewTom Giano units had nearly similar 
FOV and voxel sizes but showed completely different 
amount of artifacts. As several studies show the smallest 
voxel size increases the resolution and consequently 
the quality of images and diagnosis accuracy of VRF  
(Hassan, et al., 2010, Melo, et al. 2010, Iikubo, et al. 
2015, Durack, C. et al. 2012). However, artifacts are 
still observed in small voxel sizes due to the presence 
of radiopaque materials such as gutta, sealer, or metal 
(Durack, et al. 2012). The present findings showed that 
the radiopaque content of AH26 sealer such as sulfate 
barium, bismuth oxide, and zinc oxide, caused this 
sealer to create artifacts on CBCT images in all three 
voxel sizes. 

The present study used single software to eliminate the 
plausible effect of software in image reconstruction 
and consequently the artifact rate. Although Melo et al. 
studied four CBCT softwares and observed that presence 
of metal post in the canal significantly decreased the 
diagnosis accuracy in all the four softwares (Melo,  
et al. 2010). Hassan et al. compared five CBCT systems in 
detection of VRF at different voxel sizes. They concluded 
that iCAT at 0.25 mm3 voxel size showed the best 
diagnostic ability, followed by Scanora 3D at 0.2 mm3 
voxel size, Accuitomo XYZ at 0.25 mm3 voxel size, 
and NewTom at 0.2 mm3 voxel size. The lowest quality 
was related to the Galileos at 0.3 mm3 voxel size. They 
attributed the differences among the results of different 
devices to factors such as the detector type, FOV, and 
voxel size (which affects the contrast and resolution), 
as well as the inherent artifacts of each system. 
However, Wenzel et al. reported that iCAT functioned 
better with 0.125 mm rather than 0.25 mm voxel size  
(Wenzel, et al. 2009).

Melo et al. evaluated the diagnostic ability of CBCT 
images in detecting the longitudinal root fractures 
in prosthetically-treated teeth. They observed better 
image quality and sensitivity in 0.2 than 0.3 mm3 
voxel size (Melo, et al. 2010). Likewise, Ozer found that 
0.2 mm3 voxel size was superior to 0.125, 0.3, and 0.4 
voxel sizes because of its lower exposure and proper 
image properties (Ozer, 2011). Valizadeh et al. assessed 
the diagnostic accuracy of CBCT images in detection 
of VRF in presence of casting posts. They noted that 
0.2 and 0.125 mm3 voxel sizes were not different in 
sensitivity, specificity, positive and negative predictive 
values. Therefore, 0.2 mm3 voxel size was recommended 
based on ALARA principle (Valizadeh, et al. 2015).
Aligned with current study, Janqueira et al. reported 
no difference between 0.125 and 0.25 mm3 voxel sizes  
(Junqueira, et al. 2013). Whereas, Wenzel et al. 
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studied CBCT systems.  Although units with less artifacts 
are suggesting. Besides that, artifacts were observed 
in all images with any voxel size, smaller voxel sizes 
were found to reduce the artifact. However, they are 
accompanied by more patient radiation dose. Hence, 
a balance should be considered in selection of voxel 
size.

Declaration: Authors declare that they have  no conflict 
of interest. No identifying information about patients is 
included in the article.
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