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Objectives: To create a new phantom design to evaluate the real impact of artefacts caused 
by titanium on bone structures in cone beam CT images considering different positions and 
quantity of metals in the dental arch, with and without metal artefact reduction (MAR).
Methods: A three cylindrical polymethyl methacrylate (PMMA) plate phantom was designed 
containing eight perforations arranged to simulate the lower dental arch in the intermediate 
plate. Three titanium cylinders were positioned in different locations and quantities to test 
different clinical conditions and to quantify the impact of the metal artefact around five bone 
cylinders. Scans were carried out in seven different protocols (Control, A- F) in two cone beam 
CT devices (OP300 Maxio and Picasso Trio). Eight regions of interest around each cortical 
and trabecular bone were used to measure the grey value standard deviation corresponding the 
artefact expression in the Image J software. Both the artefact expression and the MAR effect 
were assessed using the Wilcoxon, Friedman (Dunn) and Kruskal–Wallis tests (significance 
level of 5%).
Results: For both devices, MAR was statistically efficient only for the protocols E, and F. 
Protocol F (three metals on the adjacent area of the analysis region) showed higher artefact 
expression when compared to the others.
conclusion: In conclusion, the new phantom design allowed the quantification of the metal 
artefact expression caused by titanium. The metal artefact expression is higher when more 
metal objects are positioned in the adjacent bone structures. MAR may not be effective to 
reduce artefact expression on the adjacencies of those objects for the devices studied.
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introduction

In the last decades, dental implants have been used in 
dentistry as an alternative in dental rehabilitation of 
partially or totally edentulous patients. Surgical plan-
ning is carried out by a meticulous clinical inspection 

and image examinations. Images acquired by cone beam 
CT (CBCT) is being widely used for more accurate 
quantification and bone quality evaluation.1–3 In this 
image modality, the volumetric projections are recon-
structed from a volume element (voxel) matrix. Each 
voxel represents a numerical grey value according to the 
linear attenuation of the structures. Due to the inherent 
characteristics of the technique, such as geometric and 
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energy principles and the presence of artefacts, these 
values have a great variability.4–6

Artefacts are structures in the reconstructed image 
and do not represent the real object.7 Many aetiologies 
have been reported and attributed to the CBCT devices, 
computational reconstruction, patients´ movement and 
beam hardening.8–10 The beam hardening phenomenon 
is one of the most prominent causes of artefacts, and 
it occurs when lower energy photons are absorbed by 
high- density materials such as dental implants, metal 
restorations, and endodontic fillings. This absorption 
increases the mean energy of the beam, producing 
streaks and dark bands. Due to this effect, the anatom-
ical interpretation and measurements may be impaired 
and consequently have a negative influence the implant 
planning.11,12

Strategies have been developed in many CBCT 
devices to reduce metal artefacts. Mathematical algo-
rithms called metal artefact reduction (MAR) are post- 
acquisition tools, and they were developed in an attempt 
to reduce noises caused by the artefacts, by using non- 
corrupted projections and discarding the projections 
affected by the artefacts or segmenting the corrupted 
projections firstly and then replacing using estimated 

values.13–15 The method used to reduce the metal arte-
fact will vary from a manufacturer to another. Thus, the 
metal artefact production and limitations on the MAR 
action should be considered when high- density material 
objects are already present in the dental arch, for this 
reason, great attention on the placement area and its 
adjacencies is needed on dental implant planning.16–18

In order to investigate the artefacts interference, some 
authors2,3,5,10,11,17 have evaluated image quality, measure-
ment accuracy and reliability by means of geometric 
phantoms, dry skulls and patient image database. Once 
the X- ray attenuation may vary from a structure or 
material to another because of their atomic number, the 
polymethyl methacrylate (PMMA) phantoms are used 
to create a homogeneous environment, and they are well 
described in literature.19–21 Due to its homogeneity, it is 
possible to quantify the artefact expression by isolating 
the tissues or the artefacts. Thus, this study aimed to 
create a new PMMA phantom design to evaluate the 
impact of artefacts caused by titanium on bone types 
(cortical and trabecular) in CBCT images considering 
different positions and quantity of metals in the simu-
lated dental arch, with and without MAR selection. 
This design may be useful to standardize the quantifica-
tion of the metal artefact impact when tissue thickness 
and different materials are being investigated.

Methods and materials

PMMA phantom design
The height of the PMMA phantom was obtained from 
measuring the height of the maxilla and mandible in 
occlusion of 10 dry skulls from the anterior nasal spine 
(anterior point on maxillary bone) and the menton 
(lowest point on mandibular symphysis). The diameter 
was obtained by measuring the distances from the lower 
incisors to the third molars of 10 dry mandibles then 
all the measurements were averaged (43.5 mm high and 
100 mm in diameter). Three cylindrical PMMA plates 
(100 mm in diameter and 14.5 mm high each) were held 
overlapping each other by acrylic cylinders (5.5 mm in 
diameter and 43.5 mm in high) that transfixed all the 
plates and positioned in the lateral perforations of each 
plaque (Figure 1).

The lower plate was the phantom base and had only 
the two lateral perforations 5.5 mm in diameter and 
7 mm deep (Figure 2).

The intermediate plate had 10 perforations, 8 simu-
lating the teeth mesiodistal distances of a human lower 
arch in the region of the first and second molars, first 
premolars and lateral incisors (Seven 5.5 x 14.5 mm and 
one 7.5 x 14.5 mm in the first right premolar region). 
Those distances were obtained from previous studies,22,23 
which evaluated the intermolar, intercanine and 
mesiodistal coronal distances (Figure 3). The other two 
perforations were located laterally to transfix the acrylic 
cylinders that would keep the plaques overlapped in the 
same position.

Figure 1 Side- view of the PMMA phantom and plaques in position. 
PMMA, polymethyl methacrylate.

Figure 2 Lower plate schematic drawing.
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The upper plate had the same perforations of the 
intermediate but horizontally inverted for the perfect fit 
between the plates and perforations. All the perforations 
had a depth of 7.5 mm (Figure 4).

During the image acquisitions, unused perforations 
were sealed with acrylic cylinders with 5.5 mm in diam-
eter and 22.5 mm high.

Sample preparation
Five bone cylinders (7.5 x 10.5mm) with trabecular and 
cortical bones from a fresh bovine rib were collected 
using an 8 mm trephine bur (S.I.N. Implantes, Sao 
Paulo, Brazil) at 30,000 rpm and abundant saline irriga-
tion by a dentomaxillofacial surgeon (Figure 5A).

In order to simulate a clinical condition, 10 CBCT 
scans of human mandibles without metallic objects in 
the arch and with the same parameters used in this study 
were assessed. The reformatted cross- sections were used 
to measure the buccal and lingual cortical plates on 
three portions of the long axis of the first premolar root. 

The mean thickness found was 2 mm, and the cylinders 
had the cortical bone and diameter adjusted using a 
cylindrical diamond bur with a high- speed handpiece 
in abundant saline irrigation. The representative bone 
cylinders were placed in the perforated space in the 
intermediate plate of the phantom (the one with 7.5 x 
14.5 mm) denominated analysis region (AR).

Titanium cylinders with 14.5 mm in high and 5.5 mm 
in diameter (S.I.N. Implantes, Sao Paulo, Brazil) 
(Figure  5B) simulated dental implants. The cylinders 
were placed at six different positions and quantities 
in the simulated dental arch, following the acquisition 
protocols (Table  1). In the protocols A, B and C the 
titanium cylinders were gradually inserted in the holes 
located in the opposite side of the arch were the bone 
cylinder was located considered the AR. In the proto-
cols D, E and F, the titanium cylinders were also gradu-
ally inserted in the adjacent side of AR.

CBCT acquisitions
CBCT acquisitions were performed using the OP300 
MAXIO (Instumentarium–Tuusula–Finland) and 
Picasso Trio (Vatech/E- WOO Technology, Seoul, Korea) 
devices at 90 kVp, 3.2 mA, voxel size 0.2 mm, and field- 
of- view of 8 × 15 cm and 8.5 × 12 cm, respectively. All 
five bone cylinders were scanned in the seven protocols 
with and without the activation of MAR. The algo-
rithms for each device were activated before the acqui-
sitions. The acquisition protocols are shown in Table 1.

The phantom was held in the same position for 
all acquisition protocols with the use of one custom 
diagram and the reference lines of the devices. Examples 
of acquired images are given in Figure 6.

Image analysis
A radiologist examiner assessed all 140 CBCT scans in 
Image J software (NIH, Bethesda, MD). The long axis 
of the cylinder determined the axial reconstruction for 
each bone level. The reformatted sagittal section was 
used to measure the distances from the endosteal surface 
plate until the middle point of the cylinder (3.25 mm) for 
the trabecular level and then 4.25 mm under the middle 
point the axial reconstruction for the cortical bone level. 
All the same axial reconstructions were used to measure 
the average grey value of eight standardized regions of 
interest (ROIs) positioned around the bone cylinder 
in the trabecular bone and lower cortical bone levels 
following the methodology of Queiroz et al24(Figure 7).

The standard deviation of the eight ROI averages 
represented the artefact expression around the anal-
ysis region in each protocol and then compared to the 
Control group. Higher SD of grey values represents 
greater artefact expression and worse image quality. 
After 30 days, 50% of the images were reevaluated to 
assess the reproducibility of the method. The other inde-
pendent variables (metal positions and quantity) were 
tested to evaluate their influence on the performance of 
the MAR algorithm.

Figure 3 Intermediate plate schematic drawing.

Figure 4 Upper plate schematic drawing.
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Statistical analysis
Shapiro Wilk test was used to observe data distribution. 
The artefact expression among the devices and protocols 
was assessed using the Wilcoxon and Kruskal–Wallis 
(Dunn) tests. The MAR effectiveness was assessed using 
the Friedman (Dunn) test. The significance level was 
set at 5% for all tests. All the statistical analyses were 
carried out using the GraphPad Prism 7.0 (GraphPad 
Software, La Jolla, CA) and the SPSS 25.0 (SPSS Inc., 
Chicago, IL).

Results

Picasso Trio (p < 0.0001) expressed more artefacts 
among the protocols independently of the MAR activa-
tion. For the protocols, D, E and F, the MAR activation 
showed significant differences on OP300 Maxio, and 
for Picasso Trio, the Protocols E and F had significant 
differences when compared to the other protocols, as 
shown in Table 2.

The Control group also showed lower artefact expres-
sion when compared to the others for both devices. For 
OP300 Maxio and Picasso Trio, protocol F showed 
significant higher (p < 0.0001) values in comparison 
with the other protocols, as shown in Figure 8.

When the region around different bone type was 
analysed (Figure  9) in all protocols it was possible to 
observe higher values for Picasso Trio (p < 0.0001) for 
cortical bone. In general, it was also observed that the 
cortical bone expressed more artefacts when compared 
to the trabecular bone for OP300 Maxio.

Discussion

CBCT acquisition and reconstruction algorithms may 
vary from a device to another. In the present study, two 
devices were used (Picasso Trio and OP300 Maxio), and 
there was a difference identified by the artefact expres-
sions values, which was also confirmed by previous 
studies using different devices.6,9,10,19 In addition to the 

Figure 5 Sample preparation. (A) Bone cylinder removal (B) Titanium cylinders.

table 1 Acquisition protocols, metal positioning and description

Protocol Metal positioning Description

Control AR No metal

A 1 One posterior titanium cylinder on the opposite 
side of the AR

  

B 1 and 2 Two posterior titanium cylinders on the opposite 
side of the AR

C 1, 2 and 3 Two posterior titanium cylinders and one 
anteriorly on the opposite side of the AR

D 4 One posterior titanium cylinders on the adjacent 
side of the AR

E 4 and 5 Two posterior titanium cylinders on the adjacent 
side of the AR

F 4, 5 and 6 Two posterior titanium cylinders and one 
anteriorly on the adjacent side of the AR

AR, analysis region.

http://birpublications.org/dmfr


 birpublications.org/dmfr49, 20190385

A new phantom design for metal artefact quantification in CBCT
Martins et al5 of  8

Figure 6 Examples of axial reconstructions (OP300 Maxio (A) and Picasso Trio(B)) without and with the use of MAR in the protocols for a 
boned sample. MAR, metal artefact rreduction.
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difference among the devices, the presence of artefacts 
in the reconstructed image may influence the visuali-
sation of anatomical structures. In the present in vitro 
study, a lower dental arch was simulated in a PMMA 
phantom, creating a homogeneous and controlled envi-
ronment making it possible to quantify the artefacts 
arising from titanium cylinders without other struc-
tures attenuation around the tissue or structure that 
is being analysed. Many previous studies have been 
conducted using a PMMA phantom for quality assur-
ance phantom in different dimensions.20 Steiding et al in 
2014 have designed a phantom containing five sections 
and one of them had nine holes (3 x 17.5 mm) for the 
evaluation of the artefact behavior and also inserted 
metal objects in different positions.21 The present study 
considered the dental distances of the human lower 
dental arch based on previous studies22,23 and titanium 
objects were inserted in different positions of the simu-
lated arch creating clinical scenarios by isolating the 
artefacts arising from the titanium and its attenuation 
in the bone types.

The X- ray attenuation is different from a structure 
to another due to their atomic number and the pres-
ence of high atomic number materials, such as titanium 
dental implants. The higher atomic number they have, 
the more artefact expression may be seen increasing 
the variability of the grey values, leading to a change 
of the image contrast and decrease the visualisation of 
structures.16 In the present study, a difference in X- ray 
attenuation was observed in the two bone types studied 
(trabecular and cortical bone) that were isolated by the 
bone cylinder in order to simulate an edentulous area 
before implant placement. Due to its higher mineral 
density, the cortical bone expressed more artefact 
when compared to the trabecular bone and it was only 
observed due the conformity of the present phantom. 
This reduction in the image quality may decrease the 
measurement accuracy and the visualisation of neigh-
bouring structures of high- density materials.

The artefact production is not restricted to the 
area surrounding the generator object only. Previous 
studies using human mandibles and CBCT images from 
patients25–27 have shown that this magnitude is reduced 
as further from the forming area. It was possible to 
observe that when the objects were inserted on the 

Figure 7 Eight ROIs in axial reconstructions in the vicinity of trabec-
ular and cortical bone.ROI, region of interest.

table 2 Mean grey values standard deviation for the image artefact 
expression for bone with and without MAR in different protocols

OP300 Maxio Picasso Trio

Protocol With MaR Without MaR With MaR Without MaR
Control 38 a 37 a 40 ab 39 b

A 38 a 37 a 46 b 45 b

B 39 a 38 a 47 b 47 b

C 47 a 45 a 57 b 54b

D 39 a 43 b 53 c 52 c

E 43 a 53 b 57 b 71 c

F 90 a 136 b 88 a 200 b

Different lowercase letters indicate the statistical difference between 
MAR activation and without MAR within each protocol.

Figure 8 Artefact expression for bone in the protocols.

Figure 9 Artefact expression for the cortical and trabecular bone 
vicinity.
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opposite area of the bone cylinders (In the protocols D, 
E and F), the artefact expression had a minor influence 
on the grey values for the bone. This finding may be 
due to the titanium artefact magnitude found by some 
authors who used titanium (Z = 22) and zirconium 
(Z = 40) implants.25,26 These materials have a different 
atomic number, and the zirconium implants generate 
more artefact expression than the metallic implants. 
The present study has only evaluated titanium since this 
is the most commonly used material and in bone types, 
once these structures are affected by the artefacts when 
those objects are already placed in different positions in 
the arch. We encourage future studies to investigate the 
effect of the artefacts from other high- density materials 
in different positions in the dental arch and their atten-
uation in structures such as teeth. A previous study27 
found differences when the implants were located in the 
anterior region; the present study showed higher arte-
fact expression on the adjacencies of the analysis region, 
which is already well known in the literature. Such 
difference may also be due to the sample selection of 
the previous study, which consisted of different patients’ 
exams with the different arch format, bone thickness 
and field of view. This way, the field- of- view (FOV) and 
energetic parameters used, and the X- ray attenuation 
may have been different from a patient to another.

The success of an implant depends on bone quality 
and quantity on the surgical site. This quantification 
may be carried out by imaging exams such as CBCT 
and multislice CT. When high- density materials are 
not in the FOV, CBCT may be used to quantify bone 
quality but not bone density due to the instability of the 
grey voxel values scanning parameters and tissue atten-
uation.2,5,28 Thus, it may vary from a device to another 
and the image resolution (partial volume effect). In the 
present study, the bone samples were affected by the 
metal artefacts when located in the adjacencies of the 
titanium cylinder (Protocols D, E and F). This interfer-
ence may lead to a decrease in bone quality quantifi-
cation, and consequently may decrease the anatomical 
visualization and under or overestimate linear bone 
measurements.11,12,16,29

Some alternatives are being studied in order to reduce 
artefact expression. Acquisition energetic parameters 

changes such as increasing kVp and activation of MAR 
tool are ways to reduce noise and improve image quality. 
This tool may vary from manufacture to another and 
the methods used. In previous studies,13–15,30 the algo-
rithm reduced significantly the grey value variability, 
which represents a greater homogeneity of the image. 
However, it was not observed in the present study 
around the bone cylinders when more metal was in the 
adjacencies for both devices (Protocols A, B and C) 
which can be attributed to the threshold of activation of 
the tool. However, MAR showed some positive results 
when titanium objects are positioned on the opposite 
area (Protocols D, E and F). These findings should be 
carefully evaluated when extrapolating the results of an 
in- vitro study on the grey values to a clinical condition 
because each patient interacts differently with the X- ray 
beam.

conclusion

In conclusion, this new PMMA phantom design created 
a homogeneous environment for the quantification of 
metal artefact expression related to titanium by simu-
lating a dental arch and using bone cylinders as a tissue 
reference. The artefact expression is higher when more 
metal objects are positioned in the adjacent bone struc-
tures in CBCT images. The MAR may not be useful to 
reduce artefact expression for both devices when more 
titanium objects are placed on the adjacencies of the 
bone. The effectiveness of the algorithm may vary from 
a device to another.
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