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composite simulation models of implants in vitro
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Objectives: The aim was to compare the intensity of artefacts in CBCT images caused by
different percentages of radio-opacifying material in composite simulation models of
implants. Titanium and zirconia models of implants were used as a reference for the
evaluation of the intensity of artefacts.
Methods: Seven different percentages of radio-opacifying BaAlSiO2 fillers were added to
composite resin to fabricate seven step wedges and simulation models of implants. Titanium
and zirconia simulation models of implants were also fabricated. Aluminium step wedge was
used as a reference for the measurement of grey values in intraoral radiographs. Step wedges
were exposed with a Planmeca Intra X-ray machine (Planmeca Oy, Helsinki, Finland). All
composite, titanium and zirconia simulation models of implants were exposed with
a SCANORA® 3D dental X-ray machine (Soredex, Tuusula, Finland). Images and grey
values were analysed with ImageJ software (National Institutes of Health, Bethesda, MD). To
demonstrate possible artefacts between all the simulation models of implants, the images were
also visually compared with each other using ImageJ software.
Results: Artefacts were clearly present in CBCT images caused by titanium and zirconia and
when the composite material consisted at least 20% BaAlSiO2. The intensity of artefacts
increased when the radio-opacity of the composite material increased.
Conclusions: Materials containing less radio-opacity produce less pronounced artefacts. The
cut-off point for artefacts is at 20% radio-opaque filling material in composite material.
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Introduction

CBCT is increasingly used in dentistry and maxillofacial
imaging in diagnosis, treatment planning and follow-
up.1–5 With CBCT, several artefacts may occur related
to the technique itself and the object being examined.
Artefact is any distortion or error in the image that is
unrelated to the object being examined. The most common
artefacts with CBCT caused by dense materials are beam-
hardening artefacts, extinction artefacts and exponential

edge gradient effect artefacts. Beam-hardening artefacts
appear as dark streaks adjacent to areas of high density.
The artefact occurs because the high density of the object
absorbs the lower energy photons while the higher energy
photons pass through to the detectors which results in the
beam becoming harder, that is, contains more wavelengths
of higher energy. Extinction artefacts are also caused by
highly absorbing material. Basically, extinction artefacts are
caused because of the rise of the absorption of mean en-
ergy.6 Exponential edge gradient effect artefacts occur when
the object is angular and much more radio-opaque than the
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surrounding structures. The exponential edge gradient ef-
fect artefacts are seen as lines towards straight edges in the
projection direction.6 The intensity of beam-hardening
artefacts was assessed in this study.
When CBCT is used in regions containing dense

objects, such as metal implants, artefacts may reduce
the diagnostic value in close proximity to implants.6,7

Knowledge of the presence, shape, intensity and typical
regions of artefacts will help in planning and interpret-
ing CBCT examinations. The radio-opacity of material
is dependent on the density of the material, that is, on
the atomic number of the elements used in the compo-
nents of the dental restorations or implants.8,9

In oral and cranial implantology, emphasis has been
put on the development of non-metallic implants, such
as implants made of composite materials.10–14 Com-
pared with metal implants, composite implants, espe-
cially fibre-reinforced composite (FRC) implants, are
low weight and provide possibilities to tailor mechanical
properties equal to those of the bone.15–17 In addition,
composite and FRC implants can be detected with CT
and MRI.14

CBCT examinations might be considered in the follow-
up of implants in the dental and maxillofacial region if
artefacts caused by the implants could be reduced or even
avoided. Therefore, the purpose of this study was to
compare the intensity of artefacts in CBCT images caused
by established materials such as titanium and zirconia and
seven different percentages of radio-opacifying material in
composite simulation models of implants. In addition, the
purpose was to find out how much the grey values near
composite implants differ from the metal implants and
what composite implants cause artefacts.

Methods and materials

Preparation of the step wedge mould
The mould for composite step wedges was made of Putty
Soft polyvinyl siloxane (Coltene/Whaledent, Altstätten,
Switzerland). A standard measuring scoop portion of
Putty Soft Base and Putty Soft Catalyst was mixed to
form a smooth mixture. The mixture was applied to
a round glass bowl (Figure 1a). An aluminium step wedge
was used to make a model for step wedges. The impression
material Affinis® Precious (Coltene/Whaledent) was spread

on the aluminium step wedge. This made it possible to
copy the shape of the step wedge. The aluminium step
wedge was then pressed so deep into the Putty mixture that
only the bottom of the step wedge was visible. The mixture
was allowed to harden for 3min (Figure 1a).

Preparation of the composite step wedges
Seven different kinds of composite step wedges were
prepared (Figures 1b and 2). Thermally polymerized
resin composite [bisphenal A glycidyl methacrylate (Bis-
GMA) (70%)1 tetraethylene glycol dimethacrylate
(TEGDMA) (30%)], 1% benzoyl peroxide (BPO), sili-
con dioxide (SiO2; 2%) and BaAlSiO2 were used for the
preparation. All step wedges contained different per-
centages of SiO2 and BaAlSiO2. The percentages of
fillers are shown in Table 1. Fillers were added gradu-
ally to the resin and mixed for 30 s in a speed mixer
(SpeedMixer� DAC 150 FVZ; Hauschild, Germany)
operating at 1700 rpm. Mixing was repeated three times
until the mixture was dense and easy to handle. The
composite mixture was applied into the step wedge
mould and pressed with a sheet glass so that the bottom
of the step wedge became flat. The composite mixture
was polymerized for 15 min in pressure curing unit
(Ivomat IP12, Ivoclar ag.; Schaan, Liechtenstein) at
100 °C in 200 kPa.

Preparation of the simulation models of implants
Seven different radio-opacity levels of composite cylin-
ders were prepared to simulate composite implants. The
percentage compositions of SiO2 and BaAlSiO2 were
the same as those of the step wedges (Table 1). The
mould for implant simulation models was made of
Lab Putty (Coltene/Whaledent). A standard measuring
scoop portion of Lab Putty and Lab Putty Catalyst was
mixed to form a smooth mixture. A titanium control
cylinder (20 mm in height, 3 mm in diameter) was put
into the Putty. The Putty mixture was allowed to harden

Figure 1 (a) The mould for step wedges, diameter 50 mm, height 10 mm; (b) zirconia, aluminium and the composite step wedges.

Figure 2 Dimensions of the step wedges that were used for intraoral
radiography and to study how materials correspond to each other.
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for 5 min. Composite mixture was polymerized for
15 min in pressure curing unit (Ivomat IP12, Ivoclar ag.)
at 100 °C, in 200 kPa. Composite simulation models of
implants were honed to the same dimension as the
titanium cylinder. Owing to increasing clinical use of
zirconia as dental implant and restorative material,
additional measurement was made with a zirconia cyl-
inder, which corresponded to the size of the titanium
and composite implant simulation models.

Radiographic imaging
Composite step wedges were exposed with the alumin-
ium step wedge using a Planmeca Intra X-ray machine
(Planmeca Oy, Helsinki, Finland) operating at 63 kV
and 5–8 mA (Figure 3). The intraoral sensor was
a solid-state sensor Planmeca Dixi (Planmeca Oy).
Focus–sensor distance was 24.5 cm, and exposure time
was between 0.08 and 0.20 s.

Composite, titanium and zirconia simulation models
of implants were exposed in groups of three and sepa-
rately in a Teflon® block using a SCANORA® 3D dental
X-ray machine (Soredex, Tuusula, Finland) operating
at 90 kV and 12 mA. The exposure time was 7.43 s.
Figure 4 shows how the implants were placed in the
Teflon block. The Teflon block was in the same position
during the exposures.

Image analysis
Intraoral radiographs were saved as JPEG images (8-bit).
The grey values of the composite step wedges were ana-
lysed with ImageJ software (Figure 3) which is an image
processing program developed at the National Institutes

of Health (Bethesda, MD). Each step of the composite
step wedges was compared with aluminium steps in
ImageJ as a pixel point analysis (Figure 3). For the
results, one average grey value of each step was used.

CBCT slices were saved as TIFF (16-bit) radio-
graphs. 1-mm thick axial CBCT slices were analysed
with ImageJ software. The grey values of the artefacts
were measured from the line (ImageJ) through the
implants (Figure 4). The histograms of the simulation
models of implants of CBCT slices were created from
this line with ImageJ software (Figure 5).

Results

Intraoral radiographs
Comparisons of the step wedges are shown in Figures 6
and 7, in which the intensity of the artefacts in CBCT
images and the corresponding materials that could
cause similar artefacts in CBCT images can be esti-
mated. Composite step wedges were compared with
aluminium steps (Figure 3), and based on these grey
values, a diagram was formed in which different mate-
rials of this study can be compared with aluminium
(Figures 6 and 7).

Table 1 The percentage compositions of BaAlSiO2 and silicon dioxide (SiO2) in the composite step wedges and composite simulation models of
implants

Composite step wedge/implant First group Second group Third group Fourth group Fifth group Sixth group Seventh group
BaAlSiO2 (weight%) 68 64 57 47 32 20 0
SiO2 (weight%) 0 6 14 25 38 49 74

Figure 3 An intraoral radiograph. Squares show the areas where grey
values were measured. For the results, a mean grey value of the square
area of the steps was used. (a) The composite step wedge. (b) The
aluminium step wedge.

Figure 4 The Teflon® block used in CBCT examinations. The black
line shows the direction of the histogram made of the axial CBCT slice
using ImageJ software (National Institutes of Health, Bethesda, MD).
The grey values of the artefacts were measured from this line. The
block has a diameter of 72 mm, height of 46 mm and slot diameter of
3.5 mm. Distance between the holes is 10 mm.
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CBCT images
Composite titanium and zirconia simulation models of
implants were compared in axial CBCT slices. Intensity
and location of artefacts can be compared in axial CBCT
slices (Figure 8). All the images had the same exposure
values, and analyses were performed on the same part of
the composite and metal simulation models of implants.
Next to the CBCT slices plot profile histograms are shown
(from ImageJ) in which the numeric values of grey level of
simulation models of the implants and artefacts between
the implants (Figure 8) can be followed. Plot profile his-
tograms give visual support to the grey value analysis.

Results of intraoral radiographs and CBCT images
Intraoral images showed that Implant 1 composite
model (Model 1) corresponded approximately to titanium
in grey values (Figure 6). The grey values of composite
Models 1 and 2 were close to each other (Figure 7). No
differences were found between these models in causing
artefacts in CBCT images. The composite Models 1 and 2
caused almost as intense artefacts as titanium in CBCT
images.

Composite models of Implants 3 and 4 (Models 3 and
4) corresponded approximately to each other in grey
values (Figure 7). The estimated grey value of enamel
was close to the composite models of Implants 3 and 4
(Figure 6). These composite models of implants caused
less intense artefacts than did titanium and composite
models of Implants 1 and 2. Composite model of Implant
5 (Model 5) had a lower grey value than did Models 3
and 4 (Figure 7) and caused less intense artefacts than
Models 3 and 4.

Composite Model 6 corresponded approximately
to aluminium (Figure 7). It caused less intense arte-
facts than did Model 5. Composite Model 7 did not
contain the radio-opacifying (BaAlSiO2) filling ma-
terial, and the grey values were lower than for any
other implant model. Composite Model 7 did not
cause artefacts.

Titanium and zirconia simulation models of implants
caused intense artefacts in CBCT images, especially
between the implants (Figure 8a). The plot profile dia-
gram next to the CBCT image (Figure 8a) shows that
compared with composite Implants 4, 5 and 6
(Figure 8c), grey values are lower between the titanium
implant models because of the more intense artefacts
between the titanium models.

Figure 5 An axial CBCT slice of Teflon® block with three implant
simulation models (white) used in the study. The white line shows
where the histogram was taken.

Figure 6 The results of intraoral radiographs. Grey values of aluminium step wedge (mm) on y-axis and 2-mm thick composite steps on x-axis.
The line shows the grey values of corresponding thickness of the aluminium step (y-axis) when composite steps are 2-mm thick. The percentage
amounts of BaAlSiO2 (x-axis) describe the amount of radio-opacifying material of the composite step wedges (Table 1). Estimated grey values of
corresponding thicknesses of titanium, enamel and dentin (modified from Whaites9) are also added. Composite implant Model 1 corresponds
approximately to titanium. Composite Model 4 corresponds to enamel and composite Model 6 corresponds approximately to aluminium.
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Discussion

Except for composite Model 7, which did not have radio-
opacifying material, all the composite implant models
caused artefacts in the present study. Even the smallest
amount of BaAlSiO2 (20%) caused slight artefacts. The
intensity of artefacts increased as the percentage of radio-
opacifying material increased, and 68% of radio-
opacifying material caused almost as intense artefacts as
titanium. Zirconia caused high-intensity artefacts that
deteriorated the CBCT image. When several implant
simulation models were placed in a row, the intensity of
artefacts between the simulation models was multifold.
The use of ,20% of BaAlSiO2 could have given more
information about the type and severity of artefacts. To
our knowledge, this is the first study to investigate the
effect of radio-opacity of composite material widely used
in dentistry. In addition to dentistry, the suitability of
composite materials in maxillofacial implants has recently
been studied.11,13,18,19

Post-operative radiographic controls of all kinds of
implants add valuable information, for example, for
evaluation of possible bone resorption around the im-
plant caused by inflammation or instability. CT or
CBCT is often the preferred examination. Therefore,
development of composition of implants that do not
cause disturbing artefacts might be interesting.

This study focused on the composite models and their
consistency of BaAlSiO2 that causes actual radio-
opacity. SiO2 was used in composite models as a filling
material. Composite models were prepared using ther-
mally polymerized resin composite [Bis-GMA (70%)1
TEGDMA (30%)] and 1% BPO that does not have any

radio-opacity. Methacrylate monomers such as Bis-GMA
and TEGDMA are widely used in dental resin-based
materials as well as in FRC implant designs used in cra-
nial and maxillofacial area, and were thus considered
appropriate for use in this study as well.19–21 In general,
dental resin-based materials are required to be bio-
compatible, adhesive, appropriate in terms of mechanical
properties,21–23 radio-opaque and antibacterial; in addi-
tion, polymerization shrinkage and water solubility should
be as small as possible.24–26 In cranial and maxillofacial
areas, resin-based composite implants are also supposed to
attach to the bone.15,18,27

Radio-opacity in dental resin-based materials is
obtained with radio-opacifying fillers such as BaO,
BaSO4, TiO2, SrO and ZrO2.

28–30 The radio-opacity is
basically dependent on the atomic number of the ma-
terial. As the atomic number increases, the number of
bound inner-shell electrons also increases. The approx-
imate difference for X-ray absorption for soft tissue is 7;
for bone is 12; for aluminium is 13 and for dental
enamel is 16 (modified from Whaites9).

This study examined artefacts affected by radio-
opacity of composite and metal simulation implants
using SCANORA 3D CBCT device. It seems that there
are differences between CBCT machines in producing
artefacts.31–34 Exposure conditions can have a great role
in producing artefacts by influencing the energy of the
photons; some studies have recommended imaging
techniques with high kilovoltage peak to decrease hardening
of the beams.31,35 Other factors that can have a role in beam
hardening include the amount of rotation of the machine,
the configuration of the X-ray beam and the type of the
algorithm used for data processing.36–38 In the clinic, it has

Figure 7 Grey values of the step wedges. All the step wedges (composite step wedges 1–7, titanium (Ti), aluminium (Al) and zirconia (Zr) step
wedges) in the same diagram show grey values on y-axis. The thickness of the step wedges is shown on the x-axis. Grey values are close to each
other between the composite Models 1 and 2 as well as 3 and 4. Grey values of the Model 7 are the lowest. The grey value of zirconia saturates at
the top; its linear growth ends at 2-mm thickness.
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Figure 8 CBCT slices showing different simulation models of implants and comparisons of artefacts. Next to them are plot profile histograms that were
compared with each other regarding the artefacts. These histograms visualize the differences of artefacts. (a) Three titanium simulation models of implants.
Artefacts (arrows) are clearly seen between the implants. (b) One titanium simulation model of implant. Artefacts are lighter than those caused by the three
titanium implants (a), and they are only seen near the implant. (c) Composite simulation models of implants 4, 5 and 6. Artefacts are seen, but they are
not as intense as those caused by titanium. (d) Composite simulation models of implants 4, 5 and 7. Artefacts are only clearly seen between Implants 4 and
5 (upper arrow). Model 7 does not cause artefacts (lower arrow). (e) Zirconia implant. Artefacts are intense. (b, c, e) Examples of artefacts that were
visually estimated are indicated by arrows.
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been suggested to decrease the field of view, change the
position of the patient’s head or separate dental arches in
order to avoid scanning the areas susceptible to beam
hardening.39 It has also been stated that the CBCT devices
should be optimized by enabling exposure factors that are
appropriate for artefact reduction and other image quality
parameters, finding a balance with the radiation dose.34

Measurements of radiographs in this study were
carried out using numeric values of grey level that
represented the intensity that artefacts caused at dif-
ferent distances from the objects studied. Previous
reports have also measured grey values around tita-
nium.31,34 The choice of the points for measurements
was carried out manually, which can affect the results.
On the other hand, the histograms showed that the grey
values were similar in regions that were not affected by
artefacts. Therefore, the comparisons of measurements
can be considered reliable.

In line with earlier reports, both metallic-simulating
models of implants, titanium and zirconia, caused high-
intensity artefacts. Investigation of imaging of artefacts
with NewTom® 9000 CBCT device (Quantitive Radiol-
ogy, Verona, Italy) and Philips MX 8000 multidetector
medical CT (Koninklijke Philips Electronics, N.V.
Eindhoven, Netherlands) showed that artefacts were
frequently observed in axial slices.38 Artefacts have been
shown to be always present near titanium implants.31,40

In these studies, the position of implant did not affect the
artefacts. However, the grey value reduction decreased
with increasing distance from the implant surface, which
is in agreement with the results of the present study.

In this study, Teflon was used as a background ma-
terial for all simulation models of implants. Teflon is
a homogeneous material and does not cause artefacts.
In Teflon, it was possible to drill places for simulation
models of implants. The round shape of the Teflon
block and the places for simulation models of implants
in a straight row was not the most ideal set-up. Thus,
the distances of the incoming X-rays were not the same
for every implant simulation model in the CBCT
examination.

It was previously reported that artefacts were less
pronounced in those in vitro studies where the tested
materials were placed in human teeth and jaws as
compared with homogenous plastic material. The den-
sity response in CBCT examinations depends on the
total mass inside and outside the area of interest.41 Less
pronounced artefacts could be explained by the presence
of complex anatomical structures, such as bone, teeth
and enamel, instead of homogenous background as in
this study. Anatomical structures seem to be able to
“hide” the artefacts.

Based on the results of this study, it can be concluded
that composite materials containing less radio-opacity
give less pronounced artefacts in CBCT examinations.
The cut-off point of artefacts is at 20% radio-opaque
filling material in composite implants. If the proportion
of radio-opaque filling material in composite implants
exceeds 68%, artefacts as intense as with titanium
implants can be expected. When several simulation
models of implants are placed side by side, the intensity
of artefacts becomes multifold.
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