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ABSTRACT

Purpose: This study was performed to evaluate the magnitude of artifacts produced by gutta-percha and metal posts
on cone-beam computed tomography (CBCT) scans obtained with different tube currents and with or without metal
artifact reduction (MAR).

Materials and Methods: A tooth was inserted in a dry human mandible socket, and CBCT scans were acquired after
root canal instrumentation, root canal filling, and metal post placement with various tube currents with and without
MAR activation. The artifact magnitude was assessed by the standard deviation (SD) of gray values and the contrast-
to-noise ratio (CNR) at the various distances from the tooth. Data were compared using multi-way analysis of variance.
Results: At all distances, a current of 4 mA was associated with a higher SD and a lower CNR than 8 mA or 10 mA
(P<0.05). For the metal posts without MAR, the artifact magnitude as assessed by SD was greatest at 1.5 cm or less
(P<0.05). When MAR was applied, SD values for distances 1.5 cm or closer to the tooth were reduced (P <0.05).
MAR usage did not influence the magnitude of artifacts in the control and gutta-percha groups (P >0.05).
Conclusion: Increasing the tube current from 4 mA to 8 mA may reduce the magnitude of artifacts from metal
posts. The magnitude of artifacts arising from metal posts was significantly higher at distances of 1.5 cm or less than
at greater distances. MAR usage improved image quality near the metal post, but had no significant influence farther
than 1.5 cm from the tooth. (Imaging Sci Dent 2020; 50: 1-7)
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Introduction

Artifacts impair the image quality of cone-beam comput-
ed tomography (CBCT) scans and may hinder the diagno-
sis of numerous conditions. Among the types of artifacts
on CBCT scans, those derived from the beam-hardening
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effect may critically impact diagnosis and are caused by
high-density materials located inside'” or outside’ the field
of view. Such materials include dental restorations and
metal crowns, dental implants, gutta-percha, and metal
posts. Restorations and crowns create artifacts at the level
of dental crowns, which may affect the diagnosis of carious
lesions,’ while the other materials generate artifacts at the
level of dental roots and alveolar bone, negatively influenc-
ing the ability of clinicians to detect conditions such as root
fractures,s’6 root resorptions,7 and bone defects.®

The production of artifacts in regions adjacent to high-

9,10
d.

density materials is relatively well understoo Howev-

er, recent reports have begun to address the spread of arti-
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facts to different regions of the CBCT volume.'? Further
investigation of this possibility is important for confirming
whether errors in the reconstructed data can affect the im-
age quality in regions distant from the artifact-generating
material.

Although the presence of metal posts and gutta-percha
is very common in dental examinations, until now, studies
investigating the magnitude of the artifacts in CBCT imag-
es have only focused on dental implants."**’ As different
materials produce artifacts of different magnitude and as
endodontic materials typically have a high atomic num-
ber," studying how the artifacts relate to these materials
throughout the volume of the CBCT scan is relevant. Since
the tube current is directly related to the administered radi-
ation dose, it should be set as low as diagnostically accept-
able.''* As the current is increased, image noise is expect-
ed to decrease, but no clear relationship with the presence
of beam-hardening artifacts has been found.""'® Metal arti-
fact reduction (MAR) tools are post-processing algorithms
developed by the manufacturers of some CBCT devices to
improve image quality during the reconstruction process by
reducing beam-hardening artifacts.'” However, information
on how such algorithms influence the image is limited.

As such, the aim of this study was to evaluate the magni-
tude of artifacts produced due to the beam-hardening phe-
nomenon by gutta-percha and metal posts in CBCT scans
obtained with different tube currents and with or without
the usage of MAR.

Materials and Methods

This study was approved by the local institutional review
board (protocol no. 07908919.7.0000.5418). The study
sample was composed of a partially dentate dry human
mandible and an extracted single-rooted tooth.

Sample preparation

The tooth was disinfected with 70% alcohol, was scaled
to remove calculus and soft tissue remnants, and had its
crown sectioned along the cemento-enamel junction with
a diamond saw (Isomet 1000, Buehler Ltd., Lake Bluff,
IL, USA). A root canal instrumentation was implemented
according to the MTwo (VDW GmbH, Munich, Germany)
protocol (size/taper: 10/0.04, 15/0.05, 20/0.06, and 25/0.06)
with distilled water irrigation between rotatory files. The
root canal was filled along its entire length using gutta-per-
cha and the endodontic cement sealer AH Plus (Dentsply
Sirona Endodontics, Charlotte, NC, USA) according to the
lateral condensation technique.

The root canal was subsequently prepared for metal post
placement by removal of the root filling from the initial
two-thirds of the root using #2 and #3 piezo drills (Peeso
Long Dirill, Dentsply Sirona Endodontics). The metal post
was molded using a direct technique with a standard dow-
el made of Duralay acrylic resin. A nickel-chromium (Ni-
Cr) post was cast using a FIT CAST-SB Plus alloy (Talmax
Ltda, Curitiba, Brazil). Metal post fitting was observed by
visual inspection and periapical radiography.

CBCT acquisition

Scans were acquired for each intracanal condition: after
root canal instrumentation without filling, 1 day after root
canal filling, and after metal post placement. For CBCT
scan acquisition, the right second premolar socket of the
dry mandible was enlarged to fit the tooth passively. A
block of homogeneous condensation silicone impression
material (Precise SX, Dentsply Sirona, Sao Paulo, Brazil)
was attached to the buccal cortical region of the mandible
to allow the selection of the same slice on the contralateral
side to serve as a control area for subsequent image anal-
ysis. The mandible was inserted into a plastic receptacle
and filled with water to simulate soft tissue attenuation
of the X-ray beam. This set was positioned in an OP300
Maxio unit (Instrumentarium Dental, Tuusula, Finland)
with the occlusal plane parallel to the horizontal plane.
The acquisition protocol consisted of a field of view of
6 cm X 8 cm, a peak kilovoltage of 90 kVp, and a voxel
size of 0.2 mm, with a total scan time of 17.4 s and an ex-
posure time of 6.09 s. Tube current was set at 3 levels (4
mA, 8 mA, and 10 mA) either with or without activation
of the MAR tool. As such, a total of 6 protocols were used
for each intracanal canal condition: 4 mA without MAR, 4
mA with MAR, 8 mA without MAR, 8 mA with MAR, 10
mA without MAR, and 10 mA with MAR. Each protocol
was performed 3 times for each intracanal condition, to-
taling 54 acquisitions (3 intracanal conditions X 3 mA lev-
els X2 MAR conditions X 3 repetitions).

Image assessment

For each volume, an oral and maxillofacial radiologist
used OnDemand3D software version 1.0 (Cybermed Inc.,
Seoul, Korea) to select the axial image corresponding to
the upper level of the block of homogeneous material posi-
tioned in the buccal cortical plate close to the artifact-gen-
erating material.

All axial images were exported as Digital Imaging and
Communications in Medicine files and were opened with
Imagel] software version 1.51 (National Institutes of Health,
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Fig. 1. A. A line was drawn perpendicular to the mandibular body and through the center of the artifact-generating object. B. 20°-step lines
were drawn above and below the perpendicular line, and 5 concentric semicircles were created with different radii (0.5-cm intervals). C. In
the regions of intersection between the lines and the semicircles, 24 square regions of interest (ROIs) of the same size were established. A
square ROI of the same size as the others was established in the silicone block, serving as the control area.

Bethesda, MD, USA). In each axial image, 24 square re-
gions of interest (ROIs) of the same size (2 mm X 2 mm)
were established at different positions and distances from
the root, using lines and semicircles as references (Fig.
1). Initially, a line was drawn parallel to the long axis of
the mandible body on the right side and passing through
the center of the artifact-generating object. A second line
was drawn perpendicular to the first line (Fig. 1A). Four
additional lines were then drawn at different angles to the
perpendicular line: 2 anterior (50° and 70°) and 2 posterior
(110° and 130°) (Fig. 1B). After establishing these lines, 5
semicircles centered on the artifact-generating object were
drawn, starting with a radius of 1.0 cm and increasing by
consecutive 0.5-cm increments. The ROIs were established
in the areas of intersection between the lines and the semi-
circles (Fig. 1C).

For the control area, an additional ROI with the same
shape and size was selected from the silicone block located
in the buccal cortical plate of the left mandible body. This
ROI was essential in the calculation of the contrast-noise
ratio (CNR) according to the equation described by Becha-
ra et al.in 2012:"

| Meangor— Meanconirol |
/ 2 2
SDROI + SDControl

For each ROI, the mean standard deviation (SD) of the
gray values was obtained. The ROI position was standard-
ized using the ROI manager tool within the ImageJ soft-
ware. All analyses were performed using 8-bit images. The
values obtained from the 24 ROIs were grouped into 5 ra-

CNR=

dial distances (1 cm, 1.5cm, 2.0 cm, 2.5 cm, and 3.0 cm) in
order to express the magnitudes of the generated artifacts
and the effects of the factors studied (Fig. 1C).

Statistical analysis

The analysis was performed using IBM SPSS Statistics
software version 24.0 IBM Corp., Armonk, NY, USA) and
GraphPad Prism version 7.0 (GraphPad Software, La Jolla,
CA, USA), with the significance level set at P <0.05.

The SD and CNR values were compared using multi-
way analysis of variance with the Tukey post-hoc test in
order to test the main effects of artifact-generating object
type, tube current, MAR tool usage (Fig. 2) and distance.
The null hypothesis was that the factors studied would
have no influence on SD or CNR values.

Results

Table 1 shows the mean SDs obtained at each distance
for each intracanal material with varying current and with
or without the activation of the MAR tool. Regardless of
distance, intracanal material, and MAR usage, a current of
4 mA was associated with a higher SD (P <0.05). For the
metal post group without MAR use, distances of 1 cm and
1.5 cm were associated with significantly greater artifact
expression than larger distances (P <0.05). When MAR
was activated, the values for the distances of 1 cm and 1.5
cm were reduced in the metal post group (P <0.05) and
did not significantly differ from those for the other distanc-
es (P>0.05). MAR usage did not significantly influence
artifact expression at any distance for the control and gut-
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8mA 10mA

with MAR w/o MAR with MAR

Fig. 2. Axial images represent intracanal materials (control in the first row, gutta-percha in the second row, and metal post in the third row)
with different tube currents (4 mA, 8 mA, and 10 mA) and without and with the application of a metal artifact reduction tool.

ta-percha groups (P>0.05).

Mean CNR values are shown in Table 2. For the con-
trol and gutta-percha groups, no significant differences
were observed according to distance and MAR activation
(P>0.05). However, a current of 4 mA was associated with
lower CNR values than either 8 mA or 10 mA in the con-
trol group and 10 mA in the gutta-percha group (P <0.05).
For the metal post group without MAR, all tube currents
showed significant differences, with the lowest CNR oc-
curring at 4 mA and the highest at 8 mA (P <0.05). In that
group (metal post without MAR), at the tube currents of
8 mA and 10 mA, CNR values were significantly higher
for ROIs located at larger distances. MAR activation only
yielded a significant increase in the CNR in the metal post
group with a current of 4 mA at the distances of 1cm, 1.5
cm, and 3cm (P <0.05).

Discussion

In the present study, the magnitude of artifacts arising
from gutta-percha and metal posts was evaluated. Artifacts
arising from metal posts were significantly higher in mag-
nitude at distances of 1.5 cm or less from the tooth. This
may have a relevant clinical impact in the assessment of
anatomical structures in the vicinity of teeth restored with

metal posts in CBCT scans taken for various diagnostic
purposes. A previous study' assessed the magnitude of ar-
tifacts originating from titanium and zirconium dental im-
plants and found artifacts from zirconium implants as far as
3.5 cm from the tooth. However, for titanium, the expres-
sion of artifacts occurred relatively close to the implant,
as observed for metal posts in the present study. The metal
alloy used for the metal post cast in this study was Ni-Cr,
the components of which have similar atomic numbers as
titanium (Ni, Z=28; Cr, Z=24; Ti, Z=22). This fact may
explain the similar behavior regarding artifact magnitude.

The finding that the use of gutta-percha had little effect
on the magnitude of artifacts may relate to its composi-
tion. Although one of the components of gutta-percha is
zinc oxide (Z=30), and zinc has a greater atomic num-
ber than Ni or Cr, there are also organic components in
gutta-percha (resin and wax), with extremely low atom-
ic numbers." Additionally, zinc oxide is less physically
dense (d=5.1 g/lcm’) than both nickel (d=28.9 g/cm’) and
chromium (d=7.2 g/cm3).

The 3 variables analyzed in the present study (tube cur-
rent, artifact-producing material, and MAR tool usage) can
affect CBCT image quality. They are related as follows:
lower tube currents and/or the presence of high-density ma-
terials tend to produce images with higher SD values and
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lower CNRs;1 in contrast, the usage of a MAR tool reduces
the variability of image gray values, " acting mainly in
areas where artifacts are more highly expressed (areas with
high SD and low CNR). When beam-hardening artifacts
are not present, however, MAR tool usage does not change
the gray values of the image.'®

The acquisition parameters of CBCT affect both the
magnitude of artifacts and the dose to which the patient is
exposed. As shown previously, increasing the peak kilo-
voltage can reduce artifact magnitude 2 However, the rela-
tionship between image quality and dose at various peak
kilovoltages is not stlraightforward.]2 As far as we know,
this is the first study to assess the influence of tube current
on artifact magnitude. Recently, a study assessed the im-
pact of tube current on metal post artifact formation in the
context of dental structures alone and concluded that tube
current did not affect artifact intensity."" Conversely, in the
present study, for every intracanal condition, a tube cur-
rent of 4 mA was associated with higher artifact formation
(higher SD and lower CNR) than currents of 8 mA and 10
mA, even when no artifact-generating material was pres-
ent. The difference in the ROI location evaluated in these
studies may explain the divergent results. Additionally, the
previous study did not use currents as low as 4 mA; instead,
only currents of 6.3 mA and 10 mA were evaluated.

In this study, image noise decreased with increased tube
current, as expected. The differences in SD between tube
currents observed in this study may also be attributed to
better image quality with lower noise. CNR values were
similarly affected by current, showing that an increase in
tube current from 4 mA to 8 mA was capable of decreas-
ing the magnitude of artifacts from metal posts.

For gutta-percha, which was associated with lower arti-
fact expression than metal posts, the effect on image quali-
ty was only significant when tube current was increased to
10 mA. However, considering that the impact of gutta-per-
cha on image quality is already much more limited than
that of metal posts and that tube current must be set as low
as possible due to its direct relationship with the radiation
dose, it is questionable whether increasing the tube current
in such cases should be recommended.

It is important to emphasize that the application of MAR
in CBCT imaging is a post-processing step and therefore
does not influence the radiation dose delivered to the pa-
tient, although it does increase the reconstruction time.'’
The use of MAR was effective only for the metal post in
the regions closer to the root, leading to similar SDs among
the regions at every tube current, but only leading to similar
CNR values at a current of 4 mA. The MAR tool has also

been found to be effective in the homogenization of gray
values in dental implant artifacts 2 Indeed, MAR acts when
pronounced artifacts are present in the image;z’10 therefore,
MAR was not expected to influence the control and gut-
ta-percha groups. However, there is no consensus in the
literature regarding the influence of MAR, as it does not
correct the gray values in the vicinity of dental implants,"
and its use has not been found to improve the diagnostic
accuracy of certain tasks.*?*?! Further studies should be
carried out to assess the true impact of MAR under differ-
ent circumstances.

Because a variety of materials are applied in dentistry,
information regarding the resulting artifacts must be ac-
knowledged to minimize the impact of these artifacts on
diagnostic tasks and to optimize image acquisition. The
metal alloy chosen for the present study was Ni-Cr, which
has been shown to produce artifact formation similar to a
silver-palladium alloy when alone in the dental arch." Ad-
ditionally, CBCT imaging with more than 1 artifact-gen-
erating object in the field of view has been shown to be
jeopardized by greater artifact expression due to photon
starvation.'"'®** Therefore, the magnitude of artifacts from
different alloys and the quantity in the dental arch should
be assessed in future studies.

In conclusion, an increase in tube current from 4 mA to
8 mA may reduce noise and metal post-related artifacts.
The magnitude of artifacts arising from metal posts was
significantly higher at distances shorter than 1.5 cm from
the tooth. Beyond that point, the magnitude decreased sig-
nificantly. MAR usage improved image quality in regions
close to the metal post; however, it did not significantly in-
fluence image quality at distances farther than 1.5 cm from
the tooth.

Conflicts of Interest: None
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