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Abstract
Significance
CBCT devices showed larger root canal volume
than micro-CT examination. A lower FOV, lower
mA, and high kVp are preferable for fewer volu-
metric distortion artifacts in CBCT scanning.
Introduction: Artifacts in cone-beam computed tomo-
graphic (CBCT) imaging may compromise radiodiagno-
sis. Obturation materials for endodontic treatment may
present with variable material density and thus also
cause distinct artifact expression. The aim of this study
was to assess the volume distortion artifact of root ca-
nal sealers using CBCT devices and micro-CT imaging as
a reference. Methods: Thirty single-root mandibular
central incisors were used for this study. Teeth were
prepared with EndoSequence rotary nickel-titanium
files (Brasseler USA, Savannah, GA) and divided into
3 groups. Canals were obturated with gutta-percha
and AH Plus root canal sealer (Dentsply Maillefer, Bal-
laigues, Switzerland) using single-cone filling tech-
niques. Each tooth was scanned with different CBCT
devices (ie, Promax 3D Max [Planmeca Inc, Roselle,
IL], NewTom VGi evo [NewTom, Verona, Italy], and
3D Accuitomo 170 [J Morita, Kyoto, Japan]) with the
same voxel size (0.2 mm3) and compared with micro-
CT imaging as a reference standard. Results: The
results showed a significant difference in terms of volume
distortion between micro-CT and CBCT images (P < .05).
There were also significant differences among CBCT de-
vices. Promax 3D Max measurements showed signifi-
cantly larger root canal volumes than the other CBCT
machines (P < .05). However, NewTom VGi evo and
3D Accuitomo 170 showed similar results without any
significant difference (P > .05). Conclusions: CBCT de-
vices showed more volumetric distortion artifact than
micro-CT imaging. The volume was variable for different
CBCT devices while scanning at the same voxel size.
However, to assess the effect of sealer materials on
CBCT imaging, further studies should be conducted for
different sealers. (J Endod 2017;-:1–5)
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Radiographic images
have been widely used

in dentistry for diagnostic
and therapeutic processes.
In general, clinicians often
prefer periapical and pano-
ramic radiographies. How-

ever, these radiographies are limited because of superimposition and lack of definition
of anatomic structures present in 2-dimensional (2D) images. Recently, cone-beam
computed tomographic (CBCT) imaging has been used in dentistry for its wide clinical
ability to obtain 3-dimensional (3D) images (1, 2). Petersson et al (3) reported that
CBCT imaging is a more sensitive and accurate diagnostic tool than conventional imag-
ing tools, especially for endodontic cases. However, some authors (4–6) state that
endodontic-treated teeth show the presence of many artifacts when CBCT devices are
used. These artifacts are caused by high-density materials used in endodontic treatment
(ie, root canal sealers, root canal pins, gutta-percha cones, and so on). Moreover, the
settings of CBCT devices such as kVp, mA, voxel sizes, and field of view (FOV) can affect
visibility and diagnosis in filled root canals when using different root canal materials
(5). The beam-hardening phenomenon, 1 of the major causes of artifacts for endodon-
tics, can generate dark streaks, hypodense halos (dark areas), and volume distortion
that could show the shape of the material imprecisely. Artifacts cannot be eliminated yet,
but they can be reduced using a less dense material or by applying artifact reduction
algorithms in the CBCT images (6).

Micro–computed tomographic (micro-CT) scanning is a nondestructive, 3D im-
aging technique that has been used in endodontics for evaluating the quality of root fill-
ings (7), root canal morphology (8), efficiency of preparation of endodontic files (9),
evaluation of irrigation procedures (10), and so on. Generally, micro-CT imaging is
accepted as the gold standard in these studies.

As previously described, the image artifact is likely to occur because of the density
of several materials used in root canal treatment and is a risk factor in diagnosis about
decision dimension and quality of root canal filling for clinicians. On most occasions,
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TABLE 1. Acquisition Parameters of Cone-beam Computed Tomographic
(CBCT) Imaging

CBCT devices FOV (cm) mA kVp Voxel size (mm)

3D Accuitomo 170 4 � 4 5.0 90 0.2
NewTom VGi evo 5 � 5 3.0 110 0.2
Promax 3D Max 5 � 5.8 5.6 96 0.2

FOV, field of view.
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researchers approach a 3D artifact problem using 2D measurements
(11). It seems obvious that the 3D problem should be tackled in 3 di-
mensions. Therefore, the aim of this study was to compare the volu-
metric distortion artifact of root canal sealer by comparing different
CBCT devices with the micro-CT reference using a 3D assessment.

Materials and Methods
The sample was composed of 30 human single-root mandibular

central incisors extracted because of periodontal disease, which were
without caries, root resorption, or fractures. Root surfaces were scaled
with a Gracey curette (Nordent Manufacturing Inc, Elk Grove Village, IL)
to remove soft tissue, calculus, and bone. Each tooth was placed in
5.25% sodium hypochlorite (NaOCl) for 2 hours for surface disinfection
and then stored in distilled water until testing was performed. Preoper-
ative periapical radiographies were taken to include only 1 straight root
canal in the study. All teeth were decoronated from apical to coronal with
a length of approximately 12 mm. The teeth were examined with an
operating microscope (OPMI pico; Zeiss Co, Jena, Germany) and
were selected only when in round canal shape.

A size #10 K-file (Dentsply Maillefer, Ballaigues, Switzerland) was
inserted into the root canal until the tip was just visible beyond the apex.
The working length was determined by subtracting 0.5 mm from this
length. The canals were instrumented using a crown-down technique
with EndoSequence rotary nickel-titanium files (Brasseler USA,
Savannah, GA). The finishing file was 40/0.06. During the instrumenta-
tion, root canals were irrigated with 2 mL 5.25% NaOCl. The smear layer
was then removed using 17% EDTA for 1 minute. The final rinse was
performed with 3 mL 5.25% NaOCl and then with 3 mL distilled water.
The root canals were dried using paper points, and the teeth were then
divided randomly into 3 groups (10 roots per each group). Root canal
sealer (AH Plus, Dentsply Maillefer) was prepared in accordance with
the manufacturer’s recommendations, and the root canals were then
filled with a single-cone technique. After the filling process, the roots
were stored at 37�C in 100% humidity for 10 days to ensure that the
sealer was set.

CBCT Acquisition
Before image acquisition, the roots were placed in an empty tooth

socket in a dry human mandible that was covered with a soft, tissue-
TABLE 2. Comparison of Root Canal Sealer Cupping Artifact according to Cone-be

Imaging modalities Mean Standard deviatio

Micro-CT–Promax 3D Max �10.00 1.08
Micro-CT–NewTom Vgi evo �7.15 1.16
Micro-CT–3D Accuitomo 170 �6.75 1.09
Promax 3D Max–NewTom VGi evo 2.85 1.54
Promax 3D Max–3D Accuitomo 170 3.25 1.53
NewTom VGi evo–3D Accuitomo 170 .40 1.62
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mimicking material. The dry human mandible was scanned using 3
CBCT devices, namely, 3D Accuitomo 170 (J Morita, Kyoto, Japan),
NewTom VGi evo (NewTom, Verona, Italy), and Promax 3D Max (Plan-
meca Inc, Roselle, IL). The protocols of each CBCT device are listed in
Table 1.
Micro-CT Acquisition
To compare the results, all teeth were scanned with a high-

resolution, desktop micro-CT system (SkyScan 1172; Bruker microCT,
Kontich, Belgium) after acquiring images from CBCT imaging. The scan-
ning conditions were set at 100 kVp, 100 mA, 0.5-mm Al/Cu filter,
13.67-mm pixel size, and 0.5 step rotation. To minimize ring artifacts,
air calibration of the detector was performed before each scanning.
Each sample was rotated 360� within an integration time of 5 minutes.
The mean time of scanning was around 2 hours. Other settings included
beam-hardening correction, and input of optimal contrast limits was set
according to the manufacturer’s instructions or based on prior scan-
ning and reconstruction of the teeth.
CBCT Image Evaluation
All CBCT images were saved as a Digital Imaging and Communica-

tions in Medicine file format and transferred to Mimics software
(version 17.0; Materialise NV, Leuven, Belgium). To obtain the root ca-
nal volume, segmentation was performed using automatic thresholding
based on gray values. Subsequently, the 3D model was generated, and
the volume of root canal was automatically obtained. One examiner
trained to use the software performed the segmentation in a darkened
room independently and blinded to previous readings. To segment the
material inside the root canal, axial, sagittal, and coronal reconstruc-
tions were considered simultaneously.
Micro-CT Image Analysis
NRecon software (version 1.6.7.2, Bruker microCT) and CTAn

(version 1.12.9, Bruker microCT) were used for the visualization
and reconstruction of root canals. The modified algorithm (12) was
used to obtain axial 2D images (1000 � 1000 pixels). For the recon-
struction parameters, ring artifact correction and smoothing were fixed
at 0, and the beam-hardening correction was set at 40%. Contrast limits
were automatically applied following Bruker microCT’s instructions.
The CTAn software was used for the 3D volumetric visualization and
the measurement of the volume of the root canal.

Statistical analysis was performed using SPSS 22.0 (SPSS Inc, Chi-
cago, IL) software. Because the data were normally distributed, a paired
sample t test was used to compare the intergroup differences at a sig-
nificance level of 0.05.
am Computed Tomographic Devices

Paired differences

P valuen Standard error of the mean

95% confidence
interval of the
difference

Lower Upper

.34 �10.78 �9.23 .000

.36 �7.98 �6.31 .000

.34 �7.53 �5.96 .000

.48 1.75 3.96 .000

.48 2.16 4.35 .000

.51 �.75 1.56 .452
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Results
The results of this study are shown in Table 2. Significant differ-

ences were observed while comparing micro-CT with CBCT devices.
CBCT devices showed more volume distortion artifacts, which means
a larger root canal volume than micro-CT assessment (P < .05)
(Fig. 1). Promax 3D Max measurements showed significantly larger
root canal volumes than the other CBCT machines (P < .05). However,
3D Accuitomo 170 and NewTom VGi evo showed similar results without
any significant difference (P > .05) (Fig. 2).

Discussion
CBCT devices have been used in dentistry for some years and

became popular in endodontics because of the 3D nonoverlap imaging
potentials. In recent studies, it was shown that dental CBCT imaging can
be recommended for the assessment of root canal systems, apical peri-
odontitis, and inflammatory root resorptions and has been shown to be
Figure 1. Micro-CT scanning of a specimen.
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useful in the diagnosis and management of dentoalveolar trauma pa-
tients (13–15). However, after endodontic treatment, in the presence
of intracanal, high-density materials, images are particularly affected
by artifacts that can reduce the image quality drastically, adding diffi-
culties to the diagnosis or even leading to misdiagnosis (16).

Various endodontic sealers with different densities have been used
in endodontic treatment for years. After CBCT scanning of filled root ca-
nals, the resultant image appears to have an increased root canal vol-
ume in comparison with the original root canal volume. Schulze et al
(11) found that artifacts depend on the density of materials such as
gutta-percha, root canal sealer, implant, metal crowns, and other resto-
ration materials when using CBCT scanning images. The volume distor-
tion artifact is of particular importance because the difference in root
canal volumemay lead to mistakes in the evaluation of root canal quality
and root canal size (17). Decurcio et al (17) evaluated the discrepancy
of root canal filling measurements obtained from original root speci-
mens and CBCT images. By performing linear measurements, they
Volumetric Distortion Artifact in Filled Root Canals 3



Figure 2. CBCT images of the same specimen showing the volumetric distor-
tion artifact from (1) Promax 3D, (2) 3D Accuitomo 170, and (3) NewTom
VGi evo in different views. (A) Coronal view, (B) sagittal view, and (C) axial
view.
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found that the discrepancy of root canal filling dimensions was greater
on CBCT images than on the original root specimens, especially when
there was only sealer. They also stated that all root canal materials
(obturation and sealing) produce a distinct degree of image artifacts
given their material density in CBCT imaging (17).

In addition, Melo et al (18) pointed out that 0.2-mm3 voxel size is
themost suitable for scanning protocol because of its low radiation dose
and optimal diagnostic accuracy. Thus, in this study, 3 CBCT devices
were used in a fixed voxel size (0.2 mm3) to evaluate the artifacts
from root canal sealer.

In this study, 3 kVp settings were used (90/96/110). Significant
differences in volume distortion were found between 2 machines with
96 kVp and 110 kVp. It can be emphasized that the use of a harder en-
ergy beam during scanning results in less extensive artifact formation;
yet, beam energy is not the sole factor that may influence artifact forma-
tion. Interestingly, no significant difference was found between beam
energies of 90 and 110 kVp, whereas a significant difference existed be-
tween 90 and 96 kVp. This issue can be explained by other exposure
parameters and FOV areas in our study. The device that showed a large
root canal volume had higher mA settings and a larger FOV than the
other devices. A study (19) on vertical root fractures concluded that
a smaller FOV and lower mA would be preferable for the detection of
vertical root fractures in teeth with intracanal posts. This result is
consistent with our findings that mA and FOV can contribute to creating
the artifacts caused by root canal sealer. Esmaeili et al (20) studied the
beam-hardening artifacts in 2 CBCT machines and concluded that the
machine using the highest kVp generated fewer artifacts. Similarly,
Schulze et al (11) evaluated the artifacts produced by dental implants,
which showed that scanning at higher kVp values results in fewer arti-
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facts. Our results are compatible with all the previous ones showing that
an increased kVp could reduce the artifacts generated by high-density
material because of beam hardening. Moreover, different CBCT devices
have different reconstruction algorithms. CBCT reconstructions may
show larger dimensional values because of limited homogeneity. Katsu-
mata et al (21) analyzed the relationship between density values and
CBCT volume size. The authors found that the data discontinuity-
related effect was different in limited-volume CBCT scannings. The dif-
ference between similar kVp devices in the study may also be explained
by the distinct reconstruction algorithms of these devices. The main
purpose of this study was to investigate the influence of FOV and expo-
sure parameters on the volume distortion artifact. Hence, in this study,
no dedicated artifact reconstruction algorithms were applied for spe-
cific CBCT devices. Therefore, it is necessary to examine the effect of
such artifact suppression algorithms further in subsequent studies.

The results of the present study showed a significant difference be-
tween the measurement volumes among CBCT devices and micro-CT
devices. Recently, micro-CT imaging modality has been used to scan
and reconstruct 3D images that allow accurate assessment of root filling
outcomes (7). Because of its submillimeter resolution, micro-CT scan-
ning is an ideal imaging tool for root canal evaluations, which indeed
showed higher accuracy in the study. The technique requires prelimi-
nary settings of various parameters for the acquisition. During scanning
and reconstruction processing, particular filters can be used to absorb
low-energy radiation and reduce the effect of beam hardening (22).
Moreover, the artifacts (smoothing, ring artifact, beam hardening,
and so on) can be corrected or reduced with reconstruction algorithms
used in micro-CT scanning with NRecon software. Another issue for
scanning of each experimental group was the correction of the acqui-
sition field (flat field), which aimed to improve the quality of the digital
image by type and filter size used and removing any generated artifacts
(23). Each of these corrections was performed to ensure the accuracy
of the results.

In conclusion, CBCT devices showed larger root canal volume than
micro-CT examination. The volumetric distortion artifact was variable
for different CBCT devices while scanning at the same voxel size. A lower
FOV, lowermA, and high kVp are preferable for fewer volumetric distor-
tion artifacts in CBCT scanning. However, to determine the effect of
sealer materials on CBCT imaging artifacts, further studies should be
conducted in terms of different sealers.
Acknowledgments
Supported by the Scientific and Technological Research Coun-

cil of Turkey (number BIDEB 2219 under application number
1059B191501516), the S~ao Paulo Research Foundation
(FAPESP, Brazil) (number #2014/17744-5), and fellowship support
from Research Foundation Flanders (FWO) from the Belgium gov-
ernment.

The authors deny any conflicts of interest related to this study.
References
1. Scarfe WC, Farman AG, Sukovic P. Clinical applications of cone-beam computed to-

mography in dental practice. J Can Dent Assoc 2006;72:75–80.
2. Guerrero ME, Jacobs R, Loubele M, et al. State-of-the-art on cone beam CT imaging

for preoperative planning of implant placement. Clin Oral Investig 2006;10:1–7.
3. Petersson A, Axelsson S, Davidson T, et al. Radiological diagnosis of periapical bone

tissue lesions in endodontics: a systematic review. Int Endod J 2012;45:783–801.
4. Brito-J�unior M, Santos LA, Faria-e-Silva AL, et al. Ex vivo evaluation of artifacts

mimicking fracture lines on cone-beam computed tomography produced by
different root canal sealers. Int Endod J 2014;47:26–31.

5. Helvacioglu-Yigit D, Demirturk Kocasarac H, Bechara B, Noujeim M. Evaluation and
reduction of artifacts generated by 4 different root-end filling materials by using
JOE — Volume -, Number -, - 2017

http://refhub.elsevier.com/S0099-2399(17)30371-0/sref1
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref1
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref2
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref2
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref3
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref3
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref4
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref4
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref4
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref4
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref5
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref5


Basic Research—Technology

multiple cone-beam computed tomography imaging settings. J Endod 2016;42:
307–14.

6. Vasconcelos KF, Nicolielo LF, Nascimento MC, et al. Artifact expression associated
with several cone-beam computed tomographic machines when imaging root filled
teeth. Int Endod J 2015;48:994–1000.

7. Celikten B, Uzuntas CF, Orhan AI, et al. Evaluation of root canal sealer filling quality
using a single-cone technique in oval shaped canals: an in vitro micro-CT study.
Scanning 2016;8:133–40.

8. Zhang D, Chen J, Lan G, et al. The root canal morphology in mandibular first pre-
molars: a comparative evaluation of cone-beam computed tomography and micro-
computed tomography. Clin Oral Investig 2017;21:1007–12.

9. Moura-Netto C, Palo RM, Camargo CH, et al. Micro-CT assessment of two different
endodontic preparation systems. Braz Oral Res 2013;7:26–30.

10. Tanomaru-FIlho M, Torres FF, Ch�avez-Andrade GM, et al. Intermittent or continuous
ultrasonically activated irrigation: micro-computed tomographic evaluation of root
canal system cleaning. Clin Oral Investig 2016;20:1541–6.

11. Schulze R, Heil U, Gross D, et al. Artifacts in CBCT: a review. Dentomaxillofac Radiol
2011;40:265–73.

12. Feldkamp LA, Goldstein SA, Parfitt AM, et al. The direct examination of three-
dimensional bone architecture in vitro by computed tomography. J Bone Miner
Res 1989;4:3–11.

13. Leader DM. CBCT is valuable for diagnosis of tooth fracture. Evid Based Dent 2015;
16:23–4.

14. Heir GM, Park RC, Singer SR. Orofacial pain due to rare interosseous hemangioma
first diagnosed as secondary to trauma. Quintessence Int 2016;47:699–704.
JOE — Volume -, Number -, - 2017
15. Ferreira LM, Visconti MA, Nascimento HA, et al. Influence of CBCT enhancement fil-
ters on diagnosis of vertical root fractures: a simulation study in endodontically
treated teeth with and without intracanal posts. Dentomaxillofac Radiol 2015;44:
20140352.

16. Barrett JF, Keat N. Artifacts in CT: recognition and avoidance. Radiographics 2004;
24:1679–91.

17. Decurcio DA, Bueno MR, de Alencar AH, et al. Effect of root canal filling materials on
dimensions of cone-beam computed tomography images. J Appl Oral Sci 2012;20:260–7.

18. Melo SL, Bortoluzzi EA, Abreu MJ, et al. Diagnostic ability of a cone-beam computed
tomography scan to assess longitudinal root fractures in prosthetically treated teeth.
J Endod 2010;36:1879–82.

19. Safi Y, Hosseinpour S, Aziz A, et al. Effect of amperage and field of view on detection
of vertical root fracture in teeth with intracanal posts. Iran Endod J 2016;11:202–7.

20. Esmaeili F, Johari M, Haddadi P, Vatankhah M. Beam hardening artifacts: compar-
ison between two cone beam computed tomography scanners. J Dent Res Dent Clin
Dent Prospects 2012;6:49–53.

21. Katsumata A, Hirukawa A, Okumura S, et al. Relationship between density variability
and imaging volume size in cone-beam computerized tomographic scanning of the
maxillofacial region: an in vitro study. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2009;107:420–5.

22. Naranjo V, Llor�ens R, Alca~niz M, Lop�ez-Mir F. Metal artifact reduction in dental CT
images using polar mathematical morphology. Comput Methods Programs Biomed
2011;102:64–74.

23. Sijbers J, Postnov A. Reduction of ring artifacts in high resolution micro-CT recon-
structions. Phys Med Biol 2004;49:N247–53.
Volumetric Distortion Artifact in Filled Root Canals 5

http://refhub.elsevier.com/S0099-2399(17)30371-0/sref5
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref5
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref6
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref6
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref6
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref7
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref7
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref7
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref8
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref8
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref8
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref9
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref9
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref10
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref10
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref10
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref10
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref11
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref11
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref12
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref12
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref12
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref13
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref13
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref14
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref14
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref15
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref15
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref15
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref15
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref16
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref16
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref17
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref17
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref18
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref18
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref18
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref19
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref19
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref20
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref20
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref20
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref21
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref21
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref21
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref21
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref22
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref22
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref22
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref22
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref22
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref22
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref23
http://refhub.elsevier.com/S0099-2399(17)30371-0/sref23

	Assessment of Volumetric Distortion Artifact in Filled Root Canals Using Different Cone-beam Computed Tomographic Devices
	Materials and Methods
	CBCT Acquisition
	Micro-CT Acquisition
	CBCT Image Evaluation
	Micro-CT Image Analysis

	Results
	Discussion
	Acknowledgments
	References


