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Magnitude of cone beam CT image artifacts related to zirconium 
and titanium implants: impact on image quality
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orah Q Freitas

1Department of Oral Diagnosis, Division of Oral Radiology, Piracicaba Dental School, University of Campinas, Piracicaba, São 
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Objectives:  To evaluate the magnitude of artifacts related to titanium and zirconium 
implants at different distances and angulations and their impact on cone beam CT(CBCT) 
image quality.
Methods:  CBCT images were obtained before and after the insertion of titanium and zirco-
nium implants in a mandible on different CBCT units: Picasso Trio, ProMax 3D and 3D Accu-
itomo 80. Artifact was assessed by measuring the standard deviation (SD) of gray values and 
contrast-to-noise ratio (CNR) of 11 regions of interest (ROIs) at different distances (1.5 cm, 
2.5 cm and 3.5 cm) and angulations (65°, 90°, 115° and 140°) from implant region.
Results:  For titanium images, SD values did not differ from those of images without implant 
in all ROIs; however, some effect occurred in Picasso images as higher values were observed 
in ROIs closer to the implant (p < 0.05). Zirconium images showed higher SD values than 
the others in some ROIs for Picasso and ProMax (p < 0.05). In ProMax, the difference was 
observed even in the farthest ROIs from the implant. CNR values were not influenced by 
the ROI in Picasso, but presented lower values in ROIs closer to the zirconium implant for 
ProMax and Accuitomo.
Conclusions:  The quantity and magnitude of artifacts in CBCT are influenced by the type of 
implant and CBCT unit. Although they are more pronounced in regions closer to the implant 
and located at 90° in relation to the mandibular long axis, they can reach as far as 3.5 cm from 
the artifact-generator object.
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Introduction

Accurate pre-operative surgical planning and post-op-
erative evaluation are important steps for a successful 
dental implant rehabilitation. Cone beam CT (CBCT) 
is recommended by several oral radiology guidelines as 
a pre-operative examination for dental implants plan-
ning,1,2 whereas other guidelines recommend its use only 
in situations where there is clinical doubt about bone 

shape or anatomical borders,3 which happens in many 
cases. Therefore, this examination is widely used in 
Implantology in pre-operative evaluation. In contrast, 
CBCT is not a part of a routine protocol for implant 
post-operative examinations due to limitations inherent 
to the image formation process, which leads to artifacts 
formation and may hinder or prevent the proper diag-
nosis and/or analysis of the peri-implant site.4–6

Artifacts in CBCT images represent structures visu-
alized after data reconstruction, that do not corre-
spond to real features of  the evaluated object.5,7 Their 
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origin is related to the differences between real phys-
ical characteristics from the objects and its attenua-
tion coefficient which will be received by the detector, 
besides limitations from the CBCT unit itself, such as 
mathematical algorithm particularities in the retro-
projection used for the image reconstruction process. 
Moreover, the composition and positioning of  objects 
within the field of  view (FOV)  may interfere signifi-
cantly in this process.6–8

Among the several artifact types found in CBCT 
images, there are those caused by the presence of high 
atomic number and density structures, such as dental 
implant constitutive materials.5–7 One of the main factors 
responsible for image degradation from this type of arti-
fact is the beam-hardening phenomenon. High-density 
structures act as a filter, increasing the average energy 
of the radiation beam reaching the detector. This results 
in the production of an error in the data reconstruc-
tion that results in the deterioration of image quality in 
the vicinity of these objects, represented in the image as 
linear structures, bands and shadows organized along the 
projection.5,7,9 

In addition to beam hardening, the noise and 
dispersion effects also have an influence on the 
image quality.10 When associated, they tend to cause 
the formation of  artifacts such as cupping, streaks 
and dark bands between dense objects or streaks at 
sharp edges with high contrast to neighboring struc-
tures.11,12 This occurs because beam hardening and the 
noise effect induces an excessive gray values variation 
close to high- density objects, such as dental implant, 
resulting in drastically decreased values, producing 
images with reduced contrast and compromising diag-
nosis by obscuring nearby structures.13

Since the implants commercialized nowadays are 
made of  high-density materials, such as titanium and 
zirconium, the presence of  artifacts in their CBCT 
image is inevitable. Their production and effect 
around the artifact-generator object have been studied 
in previous years.5,6,9,13–15 However, it seems there are 
no studies showing how far the artifact production 
could reach or which type of  dental implant has 
greater advantages when evaluating its magnitude 
and, thereafter, the impact on CBCT image quality. 
Although previous studies have evaluated metal arti-
facts in CBCT images, the majority of  them have 
been qualitative ones and few studies have quanti-
tatively compared CBCT machines.9,16 This factor is 
relevant since the different machines available in the 
market may present significant technical differences, 
which interfere with their image quality and artifact 
formation.9,17 Additionally, besides the CBCT exam-
ination is not considered the first choice image for 
post-implant evaluation,1 dental implants included 
in the scanned region in examinations performed for 
other purposes can compromise the image quality. 
Hence, investigations about the magnitude from arti-
facts produced by different types of  dental implants 

in different CBCT machines are still needed in the 
literature.

Thus, the purpose of this study was to evaluate the 
magnitude of artifacts related to titanium and zirco-
nium implants and its impact on CBCT image quality 
using three CBCT units.

Methods and materials

This study design was approved by the local institutional 
research Review Board (protocol #2.163.038).

Sample preparation
The alveolar bone was prepared for dental implant 
placement in the region of the tooth 46 in two dry 
human mandibles. An epoxy resin-based tissue substi-
tute (ERBS) block (9 × 4  ×  4 mm) was fixed on the 
surface of the buccal cortical plate of each mandible at 
the middle level of the implant cavity to serve as a refer-
ence to select the axial images in which the evaluations 
would be performed. One axial slice image was chosen, 
being a first image in which the ERBS block was visu-
alized in the coronal-apical orientation. An additional 
ERBS block (18 × 10 × 7 mm) was inserted in the ante-
rior buccal cortical plate of the mandible aligned to its 
middle line and also at the middle level of the implant 
in height to serve as a control area. This was decided 
because the artifacts seemed to be pronounced in the 
ERBS block positioned closed to the implant in the 
pilot tests, which would impair its use as a control area.

4 × 11 mm titanium (Titamax, Neodent, Brazil) and 
zirconium oxide (Z-Look3, Z-systems, Switzerland) 
implants were alternately inserted in the mandibles.

Image acquisition
Picasso Trio 3D unit (Vatech, Hwaseong, South Korea), 
ProMax 3D (Planmeca Oy, Helsinki, Finland) and 3D 
Accuitomo 80 (Morita, Kyoto, Japan) units were used to 
scan the mandibles. The acquisition protocol and tech-
nical aspects of CBCT units are shown in Table 1. The 
parameters selected are in accordance with the manu-
facturer's recommendations of each CBCT unit as the 
optimal exposure setting for average adult patient.

Each mandible was placed inside a cylindrical plastic 
container (16 cm diameter) filled with water for soft 
tissue simulation5,18 and kept in position by the help of 
an impression material. The container was placed in the 

Table 1   Exposure protocols and technical aspects related to CBCT 
units

CBCT unit kVp mA
FOV 
(cm)

Voxel 
size

Exposure 
time (s) Frames

Picasso Trio 80 5 8 × 5 0.2 24 720

ProMax 3D 80 5 8 × 5 0.2 12 251

3D Accuitomo 80 80 5 8 × 8 0.2 17.5 640

CBCT, cone beam CT; FOV, field of view.
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center of the FOV and the images were acquired before 
and after insertion of the implants to generate three sets 
of images: a control set (without implant), a titanium set 
and a zirconium set. Figure 1 shows examples of axial 
views of groups and units studied. For each condition 
(without implant, with titanium or zirconium implant), 
three examinations were acquired to assess the study 
reproducibility, totaling 27 CBCT scans (3 experimental 
groups × 3 CBCT machines × 3 acquisitions).

Image analysis
To standardize the image selection in the proprietary 
viewing software of each CBCT unit, the axial slice corre-
sponding to the middle level of the implant height was 
selected using the ERBS block as reference. Then, the 
axial slices were exported to ImageJ software (National 
Institutes of Health, Maryland, MD) to obtain the 
mean and standard deviation (SD) of gray values in 11 

regions of interest (ROIs). The analyses were performed 
in 16-bits images. For standardizing the ROIs positions 
and covering the main region of artifact production, 
a line was determined in the center of implant image 
following the long axis of the mandible body; next, a 
line perpendicular to the first one (90°) was determined; 
last, three lines (two anterior at 115 and 140° and one 
posterior at 65°) 25° distant from each other were drawn. 
After, from the center of the implant, three semi-circles 
were drawn with radii of 1.5, 2.5 and 3.5 cm. Finally, 11 
square ROIs of 2.8 × 2.8 mm were established on the 
intersection of circles and lines (Figure 2). The macro 
function of Image J software was used to determine 
and analyze the same area in all images. Three different 
macros with the same pattern were recorded: one for 
each set of images of each machine.

Subsequently, an additional ROI with same size was 
determined on the ERBS block (Figure 2c) and served 
as a control area to enable the contrast-to-noise ratio 
(CNR) calculation, according to this formula12:

	
‍
CNR =

|MeanImplant −MeanControl|√
SD2

Implant + SD2
Control ‍

�

Statistical analysis
The analyses were performed using SPSS software 
v. 24.0 (IBM Corp., Armonk, NY) with a significant 
p-value < 0.05.

The SD and CNR were compared by analysis of 
variance (ANOVA two-way) with post-hoc Tukey test, 
in order to test the effects of the region and implants. 
The ANOVA was conducted independently for each 
machine; so their results were not matched. The null 
hypothesis was that the regions or implant presence did 
not have an influence on SD or CNR.

Figure 1   Examples of cropped axial views of “without implant”, 
“titanium” and “zirconium” groups acquired in units studied.

Figure 2   Determination of the ROIs to evaluate the magnitude of artifacts. (a) One line was determined in the center of implant image following 
the long axis of the mandible body. Four additional lines at angles of 65°, 90°, 115° and 140° in relation to the first were drawn passing through 
the central region of the implant. From this centered point, three semi-circles were drawn with radii of 1.5, 2.5 and 3.5 cm. (b) On the intersection 
of circles and lines, 11 square ROIs of 2.8 × 2.8 mm were established over three distance levels and four angles in relation to the implant region. 
(c) Final location of the ROIs and the additional CR were placed on the ERBS block. CR, control ROI; ERBS, resin-based tissue substitute; 
ROIs, regions of interest.
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Results

Standard deviation
Table 2 summarizes the results for the SD of the ROIs 
evaluated in the different groups and scanners tested. 
Regarding the effect of the presence of the implant, 
there were no differences between the control and tita-
nium groups for all ROIs and CBCT units (p > 0.05). 
In contrast, zirconium group had higher SD values (p 
< 0.05), especially closer to the implant for Picasso Trio 
(ROI 1), in several distances but at 90° from the implant 
for ProMax (ROIs 1–3, 5–6, 9–10), and in one isolated 
ROI for Accuitomo (ROI 5).

Regarding the effect of the region, the control group 
showed no statistical differences among all evaluated 
ROIs for the three CBCT units (p > 0.05). For the tita-
nium group, some effect was observed in images of 
Picasso since, although there was no difference from 
control group in each region, different values were found 
between the ROIs, which showed in general higher SD 
values in the regions closer to the implant. For the other 
CBCT units, there were no differences between the ROIs 
studied. For zirconium groups, there were significant 
differences between the zones of artifact production 
in the three CBCT units tested. In general, farther the 
region from the implant, lower was the SD, except for 
Accuitomo, ROI 5.

Contrast-to-noise-ratio

The CNR values according to different groups and 
scanners tested are shown in Table  3. Regarding the 
implant effect, the control and titanium groups showed 
no differences for the Picasso and ProMax (p > 0.05), 
but both had higher CNR than the zirconium group 
(p < 0.05). For the Accuitomo, there was no effect of 
implants on the CNR (p < 0.05).

The CNR was not influenced by ROI in the control 
and titanium groups for the three CBCT units (p > 
0.05), while the zirconium groups had variable results 
depending on the scanner. For Picasso, the CNR of the 
zirconium group was also not influenced by ROI (p > 
0.05). On the other hand, the zirconium groups of the 
ProMax and Accuitomo showed lower CNR values in 
the regions closer to the implant and in the central zone 
of artifacts production (notably in the ROIs 1 and 5).

Discussion

The expression of artifacts in the regions close to 
high-density materials on CBCT images has already 
been previously reported.5,8 Nonetheless, the present 
study is the first to evaluate the magnitude, that is, the 
intensity of the artifacts at different distances from 
their forming region, using three scanners and different 
dental implants for this purpose. In addition to the eval-
uation of artifacts related to titanium implants, which T
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are further investigated in the literature because of their 
longer use in Implantology, the present study also eval-
uated the magnitude of artifacts related to zirconium 
implants. This material has been increasingly used for 
presenting high biocompatibility, good osseointegration 
properties, fair success rates and for being metal free, 
which gives it high aesthetic results.5 As results, we found 
that different types of high-density materials and CBCT 
units present different behaviors regarding expression 
and magnitude of artifacts in CBCT images.

The use of human mandibles placed in cylindrical 
plastic container filled with water for simulation of 
attenuation and dispersion of X-ray beams through soft 
tissues is important for reproduction of an in vivo situ-
ation.5 Different mandibles have been used as phantom 
for the different units in this study. Although we recog-
nize that this is not the ideal study condition, since some 
possible interference on the raw data could be present, 
but was not investigated, all the images acquired in each 
CBCT unit were obtained using a single mandible and 
the same dental implants, positioned in a standardized 
region. In addition, the SD and CNR values were not 
directly compared between the CBCT units. Therefore, 
we believe the use of two mandibles did not affect the 
overall results and conclusions of the study.

The acquisition protocol used for each CBCT unit 
was selected according to the manufacturer's recom-
mendations as the optimal exposure setting for average 
adult patient, although it is known that the exposure 
parameters should ideally consider both patient features 
and indication related to specific diagnostic tasks in 
order to obtain dose reduction at a satisfactory image 
quality.19,20 The main technical differences between the 
CBCT units evaluated were the number of basis images 
and time of exposure. In a same CBCT unit, the higher 
the number of basis images, the better image quality is 
expected, because there are more data to reconstruct 
the images. Likewise, it has been shown that increases 
in kVp and mAs are related to a decrease in artifact 
production in CBCT images.5,9,14 In the present study, 
CBCT units were not directly compared because other 
factors are also related to image formation and artifacts 
expression, such as mathematical algorithms for image 
reconstruction and image receptor technology. However, 
according to our results, it seems that examinations with 
lower number of basis images produce more artifacts.

As in previous studies,5,9,16,21 the objective evaluation 
of artifact production in CBCT images was performed 
by calculating the SD of gray values and CNR. SD 
values allow a general estimation of darkening and 
brightening extension caused by high-density materials 
as measure by the variation of gray values. So higher 
SD value or higher variation indicates higher artifact 
production. The evaluation of the magnitude of arti-
facts was done through the comparison between values 
obtained in the regions closer to the implants and in the 
more distant regions, in different angulations. On the 
other hand, the CNR evaluation was made after the T
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selection of another region of interest located in ERBS 
block. This region was selected due to this material’s 
homogeneous density and, consequent, low internal SD 
(no artifacts).

In general, according to the SD and CNR values, 
the titanium implant did not produce very remarkable 
artifacts, except for some areas closer to the implant 
located 90° in relation to the long axis of the mandible 
body (ROI 1) in Picasso. Differently, other studies found 
massive beam-hardening artifacts arise for titanium 
implants.9,13,15 The difference between these findings can 
be attributed to the particularities of each study design, 
considering that only those areas adjacent or very close 
to the implant were previously analyzed,9,13,15 while here 
we evaluated the intensity of  these artifacts in greater 
distances to the implant.

On the other hand, zirconium implants behaved, in 
most cases, differently from other groups in all CBCT 
scanners, presenting higher SD values. Probably, the 
reason is related to the properties of this material, 
since the atomic number (Z = 40) is higher than tita-
nium (Z = 22). A tendency for artifacts to decrease with 
distance from the implant was expected and it was in 
fact observed. However, it is important to highlight that, 
although the artifact is more pronounced in the regions 
closer to the implant, it can reach as far as 3.5 cm from 
the artifact-generator object, depending on the scanner.

A previous study assessed the gray values at 0.5 mm, 
1 mm and 2 mm from the surface of the titanium, tita-
nium-zirconium or zirconium implant.15 Similar to 
our study, the authors concluded that the zirconium 
generated more artifacts than other types of implant, 
mostly in the regions closer to the implant. However, the 
furthest distance from the implants evaluated was 2 mm, 
which is still very close to the object. As explained previ-
ously, different from other studies that tested the artifact 
around the implant and its impact on implant-related 
diagnoses such as peri-implant fenestration and dehis-
cence,22,23 our main goal was to evaluate the artifact 
production when the implant analysis is not the reason 
for the CBCT requirement, but it still is in the FOV.

Similar to SD, the CNR values of control and tita-
nium groups of three CBCT units showed they are 
homogeneous images. Otherwise, the zirconium group 
behaved in an unusual way for each unit, but in general 
confirming the reduction of image quality in the regions 
located at 1–2 cm and 90° in relation to the long axis of 
the mandible body. Only Picasso Trio and ProMax 3D 
presented difference between implant types; however, 
the majority of ROIs showed lower CNR values for the 
zirconium group, corroborating its negative influence on 
image quality.

As previously stated, the literature presents a 
paucity of studies that have evaluated the effect of 
artifacts produced by high-density materials far from 
its source. In this sense, there are few previous studies 

that may be compared with our findings. Considering 
that we observed different behavior between the types 
of implants and the CBCT scanners, new studies eval-
uating the magnitude of artifacts produced by other 
metallic restorative materials in other machines should 
be performed. Since the intensity of the artifacts 
produced in CBCT images was higher in regions closer 
to the dental implants, further studies are needed to 
evaluate the interference of artifacts in the diagnosis of 
pathological conditions adjacent to the implant.

In a clinical context, our results suggest that the 
presence of dental implants either titanium or mainly 
zirconium, causes a decrease in the image quality even in 
distant regions of the site of installation. Consequently, 
they can affect the evaluation of other areas that are 
located near or far from the region where the dental 
implant is, proving that the artifacts are not restricted 
to the region near to high-density material. Thus, diag-
nostic capacity in other areas that are located far from 
the artifact-forming region may be difficult, and clin-
ical investigations are needed to better elucidate this 
hypothesis.

In addition, some authors observed that adjustments 
in exposure protocols in different clinical contexts may 
improve the CBCT image quality.5,14,18,24 However, it 
seems there are no data about the impact of changes in 
exposure protocol on magnitude of artifacts caused by 
the beam-hardening phenomenon. Thus, we encourage 
future studies to establish exposure protocols that 
promote a better relationship between exposure dose 
and quality in evaluation of CBCT images in regions 
surrounding implants.

Conclusion

Quantity and magnitude of the artifacts in CBCT 
images can be influenced by the type of dental implant 
and CBCT unit. Zirconium implants have greater dele-
terious effects on image quality. Although they are more 
pronounced in the regions closer to the implant and 
located at 90° in relation to the mandibular long axis, 
they can reach as far as 3.5 cm from the artifact-gener-
ating object. In view of spread of the use of CBCT and 
the importance of its artifacts in the clinical practice 
of dentistry as well as the variability of the results, the 
authors encourage the professionals to be aware of how 
the artifacts may be extensive in their own scanners, if  
they work with different units than those studied here.
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