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ABSTRACT

Purpose: To quantify artifacts from different root filling materials in cone-beam computed tomography (CBCT)
images acquired using different exposure parameters.

Materials and Methods: Fifteen single-rooted teeth were scanned using 8 different exposure protocols with 3
different filling materials and once without filling material as a control group. Artifact quantification was performed
by a trained observer who made measurements in the central axial slice of all acquired images in a fixed region
of interest using ImageJ. Hyperdense artifacts, hypodense artifacts, and the remaining tooth area were identified,
and the percentages of hyperdense and hypodense artifacts, remaining tooth area, and tooth area affected by the
artifacts were calculated. Artifacts were analyzed qualitatively by 2 observers using the following scores: absence (0),
moderate presence (1), and high presence (2) for hypodense halos, hypodense lines, and hyperdense lines. Two-way
ANOVA and the post-hoc Tukey test were used for quantitative and qualitative artifact analysis. The Dunnet test
was also used for qualitative analysis. The significance level was set at P < .05.

Results: There were no significant interactions among the exposure parameters in the quantitative or qualitative
analysis. Significant differences were observed among the studied filling materials in all quantitative analyses. In
the qualitative analyses, all materials differed from the control group in terms of hypodense and hyperdense lines
(P < .05). Fiberglass posts did not differ statistically from the control group in terms of hypodense halos (P> .05).
Conclusion: Different exposure parameters did not affect the objective or subjective observations of artifacts in
CBCT images; however, the filling materials used in endodontic restorations did affect both types of assessments.
(Imaging Sci Dent 2017, 47: 189-97)

KEY WORDS: Imaging, Three-Dimensional; Cone-Beam Computed Tomography; Artifacts

Introduction

Computed tomography (CT) provides precise recon-
structions of alveolar bone, but not for teeth, because of
its limited spatial resolution and artifacts derived from
beam hardening, scatter radiation, quantum noise (Pois-
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son noise), and photon starvation caused by metallic
restorations, crowns, brackets, implants, and metal root
fillings.l'4 Cone-beam CT (CBCT), developed for the oral
and maxillofacial region in 1998,5 has become an alterna-
tive to CT in dental practice,' providing similar images to
CT at a lower cost and reduced radiation dose.

Both CT and CBCT use the same image reconstruction
principle, referred to as back-projection, with the addition
of different algorithms depending on the technique.6 CT
and CBCT are affected by metallic objects, which disturb
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the electronic reconstructions to different degrees6 by caus-
ing distortions in the reconstructed data.'” These alterations
in the reconstructed images, commonly known as artifacts,
are not present in the original object and can be observed as
streaking artifacts,’ metal object-internal hypodense areas
(cupping artifacts)® or hypodense halos caused by metallic
structures.” Therefore, artifacts can impair diagnosis, treat-
ment planning, and follow-up analysis because the region
of interest may not be properly visualized." Moreover, the
effects of metal artifacts may be even more pronounced in
CBCT due to its inferior contrast resolution compared to
cT?

Previous studies have evaluated the presence and the
effects of artifacts originating from metallic root fillings,
using both qualitative7’8 and quantitative methods.' '
Although Bezerra et al.’ proposed a quantitative evalu-
ation of artifact formation by means of pixel value mea-
surement, it is known that the gray level is non-uniform
in CBCT images, which contributes to artifact formation
in reconstructed images’ and makes pixel quantification
inaccurate. Beam hardening and scatter radiation may
affect gray-level non-uniformity on CBCT, as neither is
accounted for in the mathematics of image formation.’
Other factors that also contribute to gray-level non-uni-
formity are object position, imaging parameters, and the
CBCT device used for image acquisition.'™ According
to Hunter and McDavid, this gray-level non-uniformity
throughout the field of view (FOV) prevented the use of
CBCT for quantitative analyses.

In a previous study, the influence of different exposure
parameter protocols on CBCT images using different root
filling materials was analyzed through a diagnostic eval-
uation, while artifact formation was investigated subjec-
tively; the lowest exposure parameters subjectively pre-
sented the worst images in terms of artifacts, but this did
not interfere with fracture detection.' According to Pau-
wels et al.,' subjective artifact evaluation could be useful
for assessing artifact reduction and its effects on diagno-
sis, but they were not able to evaluate the performance of
different devices and protocols, so such a process was not
indicated for quality control.

Although different approaches have been used to quan-
tify metal artifacts, the most relevant studies used phan-
toms with no surrounding tissue''* or a non-dentate man-
dible,’ so that the artifact could be precisely measured.
An absence of surrounding tissue may be ideal for artifact
quantification, but it does not reflect clinical reality. For
that reason, the aim of this study was to quantify hyper-
dense and hypodense artifacts in CBCT images using dif-

ferent exposure parameters and different root filling ma-
terials in an ex vivo phantom.

Materials and Methods

This study protocol was approved by the Institutional
Review Board in accordance with the Helsinki Declara-
tion (#39088714.2.0000.5187).

Sample preparation

Fifteen single-rooted human teeth, extracted for ther-
apeutic reasons, were included in the sample. The teeth
were inspected by transillumination and digital radiogra-
phy (No. 2 Digora Optime phosphor plate, Soredex, Tuu-
sula, Finland) to exclude those with root fractures, canal
obliteration, root resorption, or any other anomaly. Tooth
crowns were removed at the cementoenamel junction and
root canals were standardized using the ProTaper rotary
system (Dentsply Maillefer, Ballaigues, Switzerland) to
size F5.

Type III gold-alloy (MaxiGold XH, Ivoclar Vivadent,
Schaan, Liechtenstein) and pre-fabricated fiberglass (Fi-
bercone, RTD, Lang¢on-Provence, France) posts were cast
in all evaluated teeth. ProTaper F5 gutta-percha cones
(Protaper Universal FS Gutta Percha Points, Denstsply,
Ballaigues, Switzerland) were also selected. All posts and
gutta-percha cones were passively well-fitted and non-ce-
mented. Periapical radiographs were obtained to validate
the gutta-percha cone, fiberglass post, and metallic post
adaptation, one at a time, in the root canal of each tooth.

Image acquisition

A 0.2-mm layer of wax was used to coat each tooth.
Each tooth was placed individually in an empty maxillary
anterior socket of a partially dentate dry human skull. The
skull was coated with a 5-mm-thick layer of wax and then
immersed in a styrofoam box filled with water to provide
images similar to clinical situations by simulating soft tis-
sue (Fig. 1)."*

CBCT images were acquired on a CS 9000 3D unit
(Carestream Dental, Rochester, NY, USA) using the fol-
lowing exposure protocols: (1) 74kV/12mA; (2) 74 kV/10
mA; (3) 74kV/8 mA; (4) 74kV/6.3 mA; (5) 70kV/12 mA;
(6) 70kV/10 mA; (7) 70 kV/8 mA; and (8) 70 kV/6.3 mA.
The voxel size and FOV were fixed at 0.100 mm and 5
cm X 3.75 cm, respectively, for all exposure protocols.

Each tooth was scanned 4 times using each protocol.
The first scan was made without any intracanal material,
and it was followed by scans with a gutta-percha cone,
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a fiberglass post, and a gold alloy post placed in the root
canal (Fig. 2). The resultant dataset was exported as Dig-

ital Imaging and Communications in Medicine (DICOM)
files and saved with a code corresponding to the tooth,
root filling status, and parameter protocol used.

Artifact quantification
Each DICOM file was read on the scanner’s native
software (CS3D imaging software, v3.1.9; Carestream
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Fig. 1. A human skull is coated
with a 5-mm-thick layer of wax to
simulate soft tissue, then immersed
in a in a styrofoam box filled with
water. The skull is positioned in the
cone-beam computed tomography
unit while taking the image.

Fig. 2. Axial cone-beam computed
tomography images show a tooth
with the 4 root filling conditions
that were studied. A. Empty filling.
B. ProTaper F5 gutta-percha point.
C. Type 1II gold-alloy post. D. Pre-
fabricated fiberglass post.

Dental Inc., Rochester, NY, USA) and the most represen-
tative axial slice of the middle third of the studied root
was selected and exported as a DICOM image. DICOM
datasets were decompressed with the CS3D imaging soft-
ware tool before they were imported into the software,
because GNU Image Manipulation Program (GIMP) (ver-
sion 2.8.14. The GIMP Team, USA https://www.gimp.
org/) and ImagelJ (National Institutes of Health, Bethesda,
USA, http://rsb.info.nih.gov/ij/) cannot open compressed
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Fig. 3. Quantification of the hypodense area of image artifacts is performed with a limited threshold using ImageJ tools. A. Axial image
of the tooth selected for artifact quantification. B. Hyperdense area selected based on the manually determined threshold range. C. Hyper-
dense area determined by ImagelJ selection according to the threshold range. D. Resultant value of the selected area.
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Fig. 4. Quantification of hyperdense of image artifacts is performed with a limited threshold using ImageJ tools. A. Axial image of the
tooth selected for artifact quantification. B. Hypodense area selected based on the manually determined threshold range. C. Hypodense area
determined by ImageJ selection according to the threshold range. D. Resultant value of the selected area.

images.' The axial image was imported into GIMP, and
a fixed region of interest (ROI) encompassing the entire
root area, except for the root canal space and its corre-
sponding filling material, was selected using the ‘analyze
particles’ and ‘bare outlines’ tools. The removal of the
filling material was performed manually based on the
empty tooth images (CBCT images obtained of the tooth
without any filling material) given that no standardized
segmentation method was appropriate.l

The resulting ROI images were set to an 8-bit scale (256
gray values), saved with a black background, and import-
ed to ImageJ version 1.48 (National Institutes of Health,
Bethesda, MD, USA, http://rsb.info.nih.gov/ij/). Within
the selected ROI, the standard deviation of all pixel values
was determined. The threshold tool of Image] was used
to determine the hypodense areas of image artifacts with
a limited threshold according to the evaluated image pixel
values (a minimum of 2 and a maximum of 159 pixels)
(Fig. 3). The same steps were used for hyperdense artifact
quantification, except that the threshold of the hyperdense

artifacts was different (a minimum of 158 and a maximum
of 255 pixels) (Fig. 4). After establishing the artifact ar-
eas, the remaining tooth areas were also calculated for all
teeth based on the total area of the empty tooth (cross-sec-
tional tooth images without any restorative material in the
root canal).

For the objective analysis, 480 evaluations were done,
corresponding to 15 teeth scanned using 8 different pa-
rameters and 3 filling materials, as well as a control group
(empty teeth without any restorative material within the
root canal). As the limited threshold of the fiberglass
posts’ density was equal to the threshold of the remaining
tooth area, the operator could not distinguish it from the
teeth or separate it using the software tools. The hyper-
dense and hypodense artifact images were not detected
in the images of fiberglass posts, so it was not possible to
carry out the quantitative analysis in this group. The con-
trol group behaved like the fiberglass group. The empty
teeth images (control group) were used to measure the to-
tal teeth areas.
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The areas corresponding to hypodense artifacts, hy-
perdense artifacts, and the remaining teeth area were ob-
tained. Calculations based on the images of teeth without
artifacts (control) were then made in order to calculate
the percentages of hypodense and hyperdense artifacts, as
well as the percentage of tooth images without alteration
(remaining teeth). This calculation was based on the val-
ue of each area divided by the total area of the tooth. The
percentage of the tooth image that was not affected by the
filling material was calculated by dividing the remaining
tooth area by the total tooth area of the control tooth im-
age (empty tooth image).

Qualitative analysis of artifacts

Two trained and calibrated oral and maxillofacial ra-
diologists individually performed qualitative analysis to
evaluate the artifact patterns in the CBCT images.

Eight DVDs (DVD-R 4.7 GB; Sony, Zaventem, Bel-
gium) with 30 acquisitions in a random order were given
to the observers. The images were visualized using CS
3D Imaging Software (Carestream Dental, Rochester, NY,
USA), displayed on a 24-inch Ultra Sharp DELL (24 Ul-
traSharp Monitor; U2412M, Dell Inc, Austin, USA) color
monitor in a quiet room with dimmed light. A maximum
of 15 volumes were evaluated per day with a minimum
interval of 24 hours. For the subjective analysis, 480 vol-
umes were assessed per observer, corresponding to 15
teeth scanned using 8 different parameters and 3 filling
materials, as well as a control group composed of images
of empty teeth. Zooming, brightness, and contrast settings
were left to each observer’s preference.

Gutta-percha, fiberglass, and gold alloy posts artifacts
were graded to define the artifact pattern using an adap-
tation of the scores developed by Vasconcelos et al.,’ as
follows: absence (0), moderate presence (1), or high pres-
ence (2) for hypodense halos (dark bands), thin hypodense
lines (dark lines), and hyperdense lines (streaks). The
empty teeth images were also graded as a control group
due to the possible effects of the different parameters on
artifact formation.

Data analysis

For quantitative artifact analysis, data were computed
and analyzed using SPSS version 20 (IBM Corp., Ar-
monk, NY, USA). The exposure parameters for CBCT
image acquisitions (kV and mA) and the material used for
intracanal filling (metal post and gutta-percha) were used
as independent variables. The percentage of image arti-
facts, as well as the percentage of remaining tooth in im-
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age and the percentage of tooth image not affected by the
filling material were considered the response variables.

Two-way analysis of variance (ANOVA) was performed
to detect statistically significant factors, or interactions
between them, that interfered with the response variables.
Post-hoc comparisons for CBCT exposure parameters
were done using the Tukey honest significant difference
(HSD) test. The difference between metal and gutta-per-
cha was analyzed using the Tukey independent test. The
significance level was set at 5% (P < .05).

For the qualitative artifact analysis, since scores were
used, data were analyzed using 2-way ANOVA, followed
by the post hoc Tukey test, to detect statistically signifi-
cant factors or interactions between them that interfered
with the response variables. The Dunnet test was also
used to compare the presence of hypodense lines, bands,
and streaks between the images obtained using different
parameters and the control group images acquired with
the exposure protocol of 74 kV and 12 mA. The signifi-
cance level was set at 5% (P < .05).

Results

The kappa coefficient values for the interobserver anal-
ysis were 0.867 for hypodense halos, 0.946 for hypodense
lines, and 0.981 for hyperdense lines (streaks) in the qual-
itative analysis.

For the qualitative analysis, statistically significant dif-
ferences were only found between the filling materials,
but not among the exposure parameters analyzed (Table 1).
The mean scores for hypodense halos were 0.00 for the
fiberglass post and control group, 0.571 for gutta-percha,
and 1.804 for metal posts. For hypodense lines, the mean
scores were 0.037 for the control group, 0.342 for fiber-
glass posts, 1.083 for gutta-percha, and 1.913 for metal
posts. For hyperdense lines, the mean scores were 0.033
for the control group, 0.333 for fiberglass posts, 0.879 for
gutta-percha, and 1.916 for metal posts.

For the quantitative analysis, no statistically significant
interactions were found among the exposure parameters
that were studied, considering all the response variables
analyzed. Statistically significant differences were ob-
served for the filling materials, which significantly influ-
enced the percentage of hypodense and hyperdense arti-
facts, as well as that of the tooth image preserved (both
percentage of remaining tooth in image and the percentage
of tooth image not affected by the filling material). No in-
fluence of CBCT exposure parameters (kV and mA) was
detected for any variable that was considered (Table 2).
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Table 1. Distribution of qualitative evaluations regarding the presence of hypodense halos, hypodense lines, and hyperdense lines, accord-
ing to the type of materials and exposure parameters

Hypodense halo Hypodense lines Hyperdense lines (streaks)
Materials Parameters Absence Moderate High Absence Moderate High . Moderate  High
presence  presence presence  presence presence  presence

Empty 74kV, 12mA 30 0 0 30 0 0 30 0 0
(Control) 74kV, 10mA 30 0 0 30 0 0 30 0 0
74kV, 8 mA 28 0 2 28 0 2 28 0 2

74kV,63mA 28 0 2 28 0 2 28 0 2

70kV, 12mA 30 0 0 30 0 0 30 0 0

70kV, 10mA 30 0 0 30 0 0 30 0 0

70kV, 8 mA 30 0 0 30 0 0 30 0 0

70kV, 6.3 mA 30 0 0 29 1 0 30 0 0

Gutta-percha*  74kV, 12mA 15 15 0 2 27 1 7 23 0
74kV, 10mA 13 17 0 0 29 1 6 24 0

74kV, 8 mA 14 16 0 0 27 3 6 21 3

74kV, 63 mA 16 14 0 0 28 2 7 21 2

70kV, 12mA 14 12 4 0 25 5 5 21 4

70kV, 10mA 12 16 2 0 27 3 4 24 2

70kV, 8 mA 13 15 2 0 27 3 6 22 2

70kV, 6.3 mA 14 16 0 0 26 4 4 23 3

Metal post* 74kV, 12mA 0 8 22 0 5 25 0 4 26
74kV, 10mA 1 8 21 0 2 28 0 2 28

74kV, 8 mA 0 7 23 0 2 28 0 2 28

74kV, 63 mA 0 7 23 0 2 28 0 2 28

70kV, 12mA 0 4 26 0 2 28 0 2 28

70kV, 10 mA 0 2 28 0 2 28 0 2 28

70kV, 8 mA 0 3 27 0 2 28 0 2 28

70kV, 6.3 mA 1 4 25 1 2 27 1 2 27

Fiberglass 74kV, 12mA 30 0 0 18 12 0 20 10 0
post* 74kV, 10mA 30 0 0 20 10 0 20 10 0
74kV, 8 mA 30 0 0 20 10 0 20 10 0

74kV,63mA 30 0 0 20 10 0 20 10 0

70kV, 12mA 30 0 0 20 10 0 20 10 0

70kV, 10mA 30 0 0 20 10 0 20 10 0

70kV, 8 mA 30 0 0 20 10 0 20 10 0

70kV,63mA 30 0 0 20 10 0 20 10 0

*P < .05 compared with the control (empty)

Discussion

An artifact is any distortion or error in the image that
has no relationship to the subject being studied," and for
CT images specifically, artifacts are any systematic dis-
crepancies between the CT numbers in the reconstructed
image and the expected CT numbers based on the true
coefficient of linear attenuation of the studied object.”'®
Those artifacts appear in CT images as dark bands, dark
lines, and streaks.

A diverse range of artifacts has been observed in CT
and CBCT images, due to effects such as beam harden-
ing, scattering, quantum noise (poison noise) and photon
starvation. These effects result in different types of image
degradation, which can range from streaks radiating from

the metallic object to darkening of its surrounding area
and even the total loss of gray values between proximate
metallic objects.'

As metal artifacts may impair diagnosis, previous stud-
ies have evaluated the presence of metal artifacts in dif-
ferent scanning situations; 1.36.7.11,14,17-19

of reducing their presence using different filters and arti-
59.20-23

and the possibility

fact reduction algorithms.

According to Chindasombatjareon et al.,'” higher tube
voltages (kV) were associated with smaller artifact ar-
eas; however, increasing the tube current (mA) had no
predictable effect on the artifact area, in agreement with
a previous study.”* However, Barrett and Keat'’ stated
that one could minimize the effects of photon starvation
by increasing tube current (mA), but at the patient’s cost,
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Table 2. Percentage of hypodense artifacts, hyperdense artifacts, and dental image preserved values for the studied exposure parameters

and filling materials.

Remaining tooth

Hypodense artifact

Hyperdense artifact in image Tooth image not affected by

Parameters in image in image (streaks) the filling material
Metal (A) Gutta (A) Metal (A) Gutta (B) Metal (A) Gutta (B) Metal (A) Gutta (B)
74KV, 12 mA 4844+09°  473+10° 356+10*° 399+1.1° 160+0.7° 12.8+04° 587+1.9* 540+1.6°
74kV, 10 mA 485+10° 464408 346+10° 400+08° 169+06° 13.5+04° 58.8+1.5° 504+12°
74KV, 8mA 473+12° 474+10°  358+1.1* 393+09° 168+05 132+04° 594+1.7° 544+19°
74kV,63mA  50.1+1.1°  468+12° 327+1.1° 390+13"> 17.1+06° 14.1+05° 643+19° 57.1+2.8°
70kV, 12mA 500+£1.1° 48.1+12° 328+12* 385+10° 172406° 133+04° 62.8+14° 529+1.7°
70kV, 10 mA 497409"  485+09°  327+09*° 367+10° 176+06° 148+05" 62.6+1.5° 54.1+1.8°
70kV, 8 mA 51.8409°  46.0+07° 325+10° 401406 157+06° 13.9+05" 675+1.9° 537+15°
70kV,63mA  50.6+09°  46.7+07° 326+10*° 41.1+08> 167105  12.1+04° 653+1.6" 543+13°

Uppercase letters indicate a statistically significant difference between materials (P < .05). Different lowercase superscript letters within the same material

indicate statistically significant differences among parameters (P <.05).

since an unnecessary dose was administered when the
beam passed through less attenuating parts. Shulze et al.*
found visible artifact reduction in the range between 120
and 140 kV, but this difference did not effectively reduce
the artifacts in clinical situations. In this study, different
scanning parameters did not affect the perception of arti-
facts in the images as assessed objectively or subjective-
ly; however, the maximum tube voltage used was 72 kV
and the maximum tube current was 12 mA, lower values
than a previous study.'® Using higher levels of kV and
mA, leading to a greater radiation dose, to avoid image
artifacts was not justified when using CS9000 3D.

The cupping artifact, a type of beam-hardening artifact,
has been described in previous studies, but controversy
remains regarding it. According to Vasconcelos et al.,” the
cupping artifact is a distortion of the metal object. Previ-
ous studies™” described a beam-hardening cupping effect;
as the beams became harder, their attenuation decreased,
so the beams were more intense when they reached the
detectors than would be expected if they had not been
hardened. With a cylindrical phantom, a profile of the CT
numbers would display a characteristic cupped shape,
affecting the metal and non-metal regions in the recon-
structed image. This effect was more prominent in large-
FOV image acquisitions,'” and did not cause a distortion
in the metal image at its edge, but did cause a distortion
in its inner portion. In CBCT images from small FOV
scanners, the cupping artifact was indistinguishable from
other artifacts in the images.

To avoid confusion among observers trying to distin-
guish among various artifact types, the authors decided
that it was best to divide artifacts into general categories
referring to how they appeared in the images: hypodense
halos, hypodense lines, and hyperdense lines. Vasconce-

los et al.” reported better interobserver and intraobserver
agreement for streaks and hypodense halo artifacts than
for cupping artifacts, varying from moderate to almost
perfect. This could be due to the difficulty of distinguish-
ing cupping artifacts. In this study, the agreement was
almost perfect for all subjectively evaluated artifact cate-
gories.

Artifacts can always be observed in the vicinity of tita-
nium implants. When compared to situations where im-
plants are not present, increased gray values are present in
the buccal and lingual proximity of all implant sites; and
regions with reduced gray values can be observed along
the axis of the jaw.” That can be explained by the fact that
CT images are acquired with polychromatic X-ray sourc-
es, which means that when an X-ray goes through metal
objects, low-energy X-ray photons are absorbed, and the
remaining high-energy photons are not easily attenuat-
ed, which leads to beam-hardening effects such as dark
bands and lines between metal structures.® This type of
artifact can be commonly seen in dental images between
2 implants or 2 metal posts positioned in the same jaw, in
close proximity to each other.*

In this study, hypodense artifact areas were larger in
gutta-percha images than in metal post images for the
quantitative analysis; however, in the qualitative analysis,
metal posts had a higher score for hypodense halos and
hypodense lines. The hypodense artifact areas for metal
posts varied from 32.5% to 35.6% of the total tooth imag-
es, indicating a substantial image loss due to hypodense
metal artifacts, in agreement with previous studies.'”'°
Hypodense artifacts may mimic disease. For example,
when they originate from root-canal filling material, they
can mimic root fractures, whereas dark bands around den-
tal implants can mimic loss of osseointegration.”” Thus,
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such artifacts can negatively affect the accuracy of the
diagnosis if one is not familiar with their occurrence in
images where high-density materials are present.

Human jaws are heterogeneous structures composed of
diverse types of hard and soft tissues.” In this study, the
soft tissues were simulated using wax, water, and a styro-
foam box, which may be a limitation, as it is known that
the density response in CBCT scanners depends on the
total mass of all structures positioned inside and outside
the FOV;>" however, trying to simulate soft tissue so the
images will be as similar as possible to patients’ images
makes this methodological approach more realistic than
using acrylic phantoms alone. The presence of anatomical
structures influences the gray-value measurements of the
jaw bones in CBCT due to the heterogeneity of the human
jaws.

Chindasombatjareon et al.'" compared CBCT and CT
artifact areas using an acrylic phantom and metal cubes
of aluminum, titanium, cobalt-chromium alloy, and type
IV gold alloy, and found that using the same exposure
parameters, the type IV gold alloy metal cube presented
larger artifact areas, especially for hyperdense (white)
artifacts. The same authors found that CT showed larger
artifact areas than CBCT in most conditions; however,
for hyperdense artifacts, CBCT images with a low tube
current and low tube voltage can present larger artifact ar-
eas. In this study, the metal used to manufacture the metal
post was a type III gold alloy, which also presented larger
hyperdense artifact areas.

Tools in ImageJ have been used before to quantify met-
al artifacts in CBCT and CT in different ways."”""** This
study used an adaptation of the methodology of Pauwels
et al.,1 derived from van der Schaaf et al.,27 which has
been used before to quantify artifact areas.'™"" The areas
and percentages of the tooth affected by hypodense and
hyperdense artifacts are relatively accurate when studying
the effect of artifacts on image quality due to the nature of
CBCT images, in which pixel intensity is heterogeneous,
especially in clinical situations where all structures of the
oral and maxillofacial region interfere in the CBCT im-
age 11228

The cone beam geometry yields additional challenges in
artifact reduction compared to CT reconstruction.' Bezer-
ra et al.” found that activating the Picasso Trio artifact
reduction system did indeed reduce artifacts; however, it
had a negative impact on vertical root fracture detection
in teeth with a metal post. Significant artifact reduction
should be based on a special mathematical modeling of
the existing physical image acquisition process in place of

post-processing of the incorrect results obtained from raw
reconstruction algorithms25 that may in some cases impair
diagnosis. Although previous studies®~" have found im-
age quality improvements when using artifact reduction
algorithms, other studies found similar results between
CBCT images with and without artifact reduction algo-
rithms or enhancement filters for different diagnostic pur-
poses, 202131
tion algorithms cannot be justified.

The quantitative assessment of CBCT artifacts has gen-

indicating that the use of metal artifact reduc-

erally been done in one or more slices, which could be
a limitation. The ideal evaluation would incorporate the
entire CBCT volume, as is done for the qualitative assess-
ment. Isolating artifacts three-dimensionally has been a
challenge. It could be done by means of segmentation, but
separating the artifacts from the metal object in this image
modality is rather difficult. New segmentation software
programs should be tested in order to isolate whole metal
artifacts from the whole image volume.

Different exposure parameters did not seem to affect
the degree to which artifacts were observed objectively
and subjectively in CBCT images; however, the metal
post and gutta-percha intracanal filling materials did in-
fluence both types of artifact assessments. Three-dimen-
sional quantitative artifact studies are needed to evaluate
the artifacts from the whole image volume.
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