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Abstract
Objective The aim of this study is to evaluate the efficacy of
metal artefact reduction (MAR) in different dental materials
with Picasso Trio cone-beam computed tomography (CBCT)
scanner.
Materials and methods Three imaging phantoms were
custom-made of acrylic resin. Each phantom presented three
cylinders of the same material: dental amalgam alloy, gutta-
percha or aluminium-copper alloy. CBCT scans were per-
formed on Picasso Trio unit with and without MAR, and ar-
tefact expression (standard deviation of grey values) was ob-
tained and compared by Kruskal-Wallis and Student-
Newman-Keuls (post hoc) (α = 0.05).
Results Significant reduction of artefact expression (p < 0.05)
was observed with MAR on areas around dental alloys. No
significant difference (p > 0.05) was observed with or without
MAR when gutta-percha was scanned.
Conclusion MAR was effective in reducing artefacts arising
from dental alloys on CBCT images.
Clinical relevance Dental materials of high atomic number
and density are widely used in dentistry and can produce ar-
tefact that compromise CBCT image. The present study dem-
onstrated that metal artefact reduction algorithm is an effective
tool to improve image quality.
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Introduction

Cone-beam computed tomography (CBCT) is an imagingmo-
dality with numerous applications and increasing acceptance
in dentistry. The possibility of having an accurate three-
dimensional treatment planning has brought important bene-
fits to some dental specialties, such as dental implantology,
orthodontics and oral and maxillofacial surgery [1, 2]. Most of
the current CBCT units are capable of producing high-
resolution images that precisely depict fine anatomical
structures.

In CBCT, the interaction of the polyenergetic X-ray beam
with dental materials of high density and atomic number, e.g.
dental amalgam alloy, dental implant, metallic post, gutta-
percha and orthodontic appliances, induces an error in the
recorded data that leads to distortions unrelated to the subject
studied and is known as image artefact [3, 4]. The formation of
CBCT image artefact may compromise the image quality [3,
5, 6] and increase in the interpretation time by obscuring an-
atomical structures in the region of interest, reduce the diag-
nostic accuracy and increase the interpretation [7, 8].

Metal artefact reduction (MAR) algorithms [9, 10] have
been developed with the purpose of reducing beam
hardening-related effects and improve CBCT image quality.
The Picasso Trio (Vatech, Hwaseong, Republic of Korea),
ProMax 3D (Planmeca, Helsinki, Finland) and Cranex 3D
(Soredex, Tuusula, Finland) are some of the CBCT units that
make available MAR algorithm. Generally, this algorithm is a
post-processing tool that works during image reconstruction
and has no influence on image acquisition. MAR has been
assessed on recent studies with regard to image quality [11,
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12]; however, the effect of MAR algorithm on different dental
materials remains unknown. Considering the great use of
highly X-ray attenuating dental materials and the importance
of producing CBCT images that positively contribute to the
diagnostic process in clinical practice, the aim of this study
was to quantitatively evaluate the in vitro efficacy of MAR
algorithm on CBCT images of three dental materials.

Materials and methods

Imaging phantom preparation

Three imaging phantomswere custom-made of three cylinder-
shaped dental materials (diameter, 5.4 mm; height, 5.4 mm)
arranged in an isosceles triangle (base, 58mm; height, 39mm;
Fig. 1) and surrounded by chemically activated acrylic resin
(CAAR) (VIPI, Sao Paulo, Brazil). The CAAR was poured
into a mould of a cylindrical polyvinyl chloride (PVC) pipe
(Tigre, Sao Paulo, Brazil) of 98 mm in internal diameter and
40 mm in height with a custom-made base of acrylic resin
sealing the bottom opening, with the dental material cylinders
submerged 20 mm above the lower edge of the imaging phan-
tom. To avoid air bubble formation, the imaging phantom was
kept in thermal polymerisation for 1 h at 4 bar of pressure.

All three imaging phantoms had the three cylinders made
of the same dental material: dental amalgam alloy Permite
(South Dental Industries, Bayswater, Australia), gutta-percha
(Denstsply, York, USA) or aluminium-copper (Al-Cu) alloy
Duracast MS (Dental Gaucho Marquart & Cia, Barueri,
Brazil). The physical density of each cylinder was calculated
based on Archimedes’ principle by using the analytical bal-
ance Discovery (Ohaus Corporation, Parsippany, USA) [13],
and the outcomes for dental amalgam alloy, Al-Cu alloy and
gutta-percha were, respectively, 10.6, 7.7 and 2.6 g/mL.

CBCT scanning

CBCTscans were performed by using the Picasso Trio CBCT
unit (Vatech, Hwaseong, Republic of Korea) at 80 kVp,
3.7 mA, scanning time of 24 s and voxel size of 0.2 mm,
and with each imaging phantom centred on an 80 × 80 mm
field-of-view. All scans were repeated with the use of MAR
algorithm. Volumetric data were reconstructed in the native
Ez3D (E-WOO Technology, Seoul, Republic of Korea) and
exported to DICOM file format.

Image analysis

A single examiner assessed all CBCT scans in OnDemand3D
software (CyberMed, Seoul, Republic of Korea; Fig. 2). On
axial reconstructions, six circular regions of interest (ROIs;
diameter, 5.4 mm) were selected around the middle height of
the three cylinders comprising a total of 18 ROIs. To deter-
mine the ROIs, the examiner selected the perimeter of the
circular-shaped sample (diameter of 5.4 mm) and drew a

Fig. 1 Schematic drawing of an isosceles triangle used as reference for
positioning the cylinders on the vertices

Fig. 2 CBCT axial reconstructions of imaging phantoms made of a
dental amalgam alloy, b gutta-percha and c Al-Cu alloy. Images on the
left and right sides are without and with MAR, respectively
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vertical line across its centre. This line served as a reference to
symmetrically arrange the upper and lower ROIs. Then, the
remaining four ROIs were placed such that they were tangent
to the circular sample area and to each other, as shown in
Fig. 3. The same ROIs were selected in an area under no effect
of the cylinder-related image artefacts (control area), 5.4 mm
below the lower edge of the cylinders. Standard deviation
(SD) of grey values was obtained from the ROIs around the
samples as a measure of artefact expression (grey value vari-
ability). Importantly, higher SD of grey values represents
greater artefact expression and worse image quality. After
90 days, 50% of the images were reevaluated to assess the
reproducibility of the method.

Statistical analysis

Data distribution and variances homoscedasticity were evalu-
ated by Kolmogorov and Smirnov and Bartlett tests, respec-
tively. Kruskal-Wallis and Student-Newman-Keuls (post hoc)
tests assessed the effect of the MAR algorithm on artefact
expression from the ROIs around the dental materials and
the control areas at a level of significance of 5%. The
intraclass correlation coefficient (ICC) assessed the
intraobserver reproducibility. All the statistical analyses were

carried out using the GraphPad Prism 6.0 (GraphPad
Software, La Jolla, CA, USA) and BioEstat 5.0 (Fundação
Mamiraua, Belém, PA, Brazil).

Results

The effect of MAR on artefact expression obtained for each
dental material is shown in Fig. 4. Significant differences were
observed between material and control ROIs irrespective of
MAR. Control ROIs with MAR and without MAR
(w/oMAR) did not differ among dental amalgam alloy
(p = 0.9429), gutta-percha (p = 0.6215) and Al-Cu alloy
(p = 0.0883). MAR also did not affect the material ROI of
gutta-percha (p = 0.9873). However, MAR significantly re-
duced the material ROI of both dental amalgam alloy
(p = 0.0098) and Al-Cu alloy (p = 0.0100). Comparisons
among dental material ROIs showed no significant differences
between dental amalgam and Al-Cu alloys for both MAR
(p = 0.9195) and w/oMAR (p = 0.2526) conditions. In addi-
tion, both alloy ROIs of MAR and w/oMAR significantly
differed (p < 0.05) from gutta-percha. Intraclass correlation
coefficient showed excellent reproducibility with an ICC val-
ue of 0.997.

Fig. 3 Partial CBCT axial image
with six circular ROIs located
around a sample of dental
material (Al-Cu alloy)
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Discussion

In clinical practice, dental materials of high physical density
and atomic number are commonly observed and induce the
occurrence of CBCT artefact. Artefact is a clinically undesir-
able phenomenon that can degrade the image quality and com-
promise the diagnostic process.

CBCT manufactures have focused on the reduction of arte-
fact with the development of new image data processing
methods and MAR algorithms [9–12]. In the present study,
MAR showed a positive influence only on CBCT images of
dental alloys with a significant reduction of artefact expression.
This represents a reduction of grey value variability and greater
homogeneity of the image [14], which suggests a real metal
artefact reduction. The fact that MAR did not reduce artefact
expression in the presence of gutta-percha could be explained
because this material did not produce enough image artefact to
be significantly reduced by MAR. The atomic number of the
main components of dental amalgam alloy are 47 (silver) and
80 (mercury) and Al-Cu alloy are 29 (copper) and 13 (alumin-
ium), while gutta-percha is composed of a portion of zinc oxide
(atomic number of zinc is 30) and isoprene rubber with a very
low atomic number. Additionally, the physical densities of the
cylinders used in this study were 10.6, 7.7 and 2.6 g/mL for
dental amalgam alloy, Al-Cu alloy and gutta-percha, respec-
tively. Different types ofMAR algorithms should be developed
to reduce artefact expression even when intermediate density
materials of high atomic number are present, considering that
image artefact arising from gutta-percha has shown to reduce
the diagnostic accuracy of CBCT in the detection of dental root
fractures [8]. Importantly, manufactures disclose limited infor-
mation on the operation of algorithms.

Bechara et al. [11], Bechara et al. [12] and Bezerra et al. [6]
have found similar results when assessing MAR in the

presence of a metallic sphere within the imaging phantom.
However, the assessment was restricted to a single area adja-
cent to the sphere whose composition was not revealed.
Considering the clinical importance of evaluating the entire
area adjacent to the artefact source because CBCT image deg-
radation can extend in all directions, the present study had six
ROIs around the object of study.

The application ofMAR algorithm on CBCTscans leads to
an increase in the reconstruction time. According to the in-
struction manual provided by Vatech, the manufacturer of
Picasso Trio CBCT unit, the extra time can be twice as long
when MAR algorithm is activated. It is important to highlight
that, in this particular CBCT unit, the MAR algorithm has to
be selected prior to image acquisition at no specific level.
Therefore, when dense materials of high atomic number are
in the field-of-view, the use of MAR algorithm should be
indicated to improve image quality.

Scientific studies that evaluate MAR on CBCT images of
different dental materials are scarce in the literature. The eval-
uation of the isolated effect of MAR on CBCT scans of dental
amalgam alloy, gutta-percha and Al-Cu alloy was only possi-
ble, in the present study, because many interfering factors
were controlled in vitro. Caution should be used when extrap-
olating the results of a laboratory study on CBCT grey values
to a clinical situation because each patient interacts differently
with the X-ray beam.

Conclusion

MAR should be used on CBCT scans of objects containing
dental amalgam and Al-Cu alloys due to its efficacy in reduc-
ing image artefact. Conversely, MAR is not recommended in
the presence of gutta-percha, because this would represent an

Fig. 4 Standard deviation grey
values obtained without MAR
(w/o) and with MAR from ROIs
of the control area (control ROI)
and around the dental materials
(material ROI) of the imaging
phantoms composed of dental
amalgam alloy, gutta-percha and
Al-Cu alloy. Central
bar =median;whiskers = first and
third quartiles
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increase in the reconstruction time without improving the im-
age quality.
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