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Does the size of an object containing dental
implant affect the expression of artifacts in cone
beam computed tomography imaging?
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Abstract
Background: Artifacts fault image quality but handling several factors can affect it. This study was conducted to
investigate the effect of object size on artifacts in cone-beam computed tomography systems.
Methods: Five phantoms, each containing a titanium implant in a sheep bone block, were fabricated of various sizes
ranging from XS to XL: The M phantom was the same size as the device’s field of view (FOV). The L and XL phantoms
were 20 and 40% larger than the FOV while the S and XS phantoms were 20 and 40% smaller than FOV, respectively.
Ballistic gelatin was used to fill the phantoms. Phantoms were scanned by NewTom VGI and HDXWill Q-FACE. The
mean and standard deviation (SD) of gray values in each 120 ROI was obtained by OnDemand software. The contrast
to noise ratio (CNR) was also calculated.
Results: The gray value in S and M phantoms were more homogenous. The lowest SD value (10.20) was found in S
phantom. The highest value for SD (125.16) was observed in XL phantom. The lowest (4.47) and highest (9.92) CNR
were obtained in XL and S phantoms, respectively. HDXWill Q-FACE recorded a higher SD and a lower CNR than New‑
Tom VGI (P < 0.05).
Conclusion: Object dimensions of the FOV size or up to 20% smaller provided better image quality. Since the dimen‑
sions of soft tissue in most patients are larger than the selective FOV, it is recommended that in CBCT artifacts studies,
an object with dimensions closer to the patient’s dimensions be used to better relate the results with the clinical
condition, because the sample dimensions affect the amount of artifacts.
Keywords: Artifacts, Cone beam computed tomography, Dental implant, Image quality
Background
Radiography is important in management of dental diseases [1]. Dental implants are extensively applied for
replacing missing teeth, because they help maintain
bone structure and restore the occlusal function [2].
Patients who have undergone successful implant therapy
must receive individualized, systematic and continuous
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supportive care for the peri-implant tissues [3]. Cone
beam computed tomography (CBCT) is a three-dimensional imaging used in dentistry and is considered as one
of the best imaging options for diagnosis [4, 5]. It not
only provides appropriate visualization of small bony
structure details, but also allows for the precise assessment of bone defects in all three dimensions [6]. The
CBCT has a higher spatial resolution, smaller radiation
dose, lower cost, and is more compact than MDCT [7].
CBCT has been successfully used in branches of dentistry such as endodontics, orthodontics and oral surgery [7]. Despite these advantages, CBCT has limitations
such as metal streak artifacts that influence the quality of
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CBCT images. Artifacts, known as any error in the image
that is not associated to the subject, are the main cause of
image quality reduction [8].
Metal artifacts are the most common factors causing
faults in the CBCT image diagnostic quality by decreasing the contrast of the image and obscuring essential
sections and adjacent structures for the implant site [9].
Metal artifacts are produced by high density objects primarily as a result of beam hardening, as well as other
factors like scatter and noise [10]. Beam hardening is a
phenomenon that occurs when the x-ray beam travels
from an object and the low-energy photons are absorbed
more than the high-energy photons. Depending on the
amount of X-ray absorption and further radiation attenuation due to the presence of a high density material, artifacts are most commonly presented as radiopaque and
radiolucent strips, or streak lines [11]. The artifact intensity relies on the atomic number, position, and number of
metal objects in the field of view (FOV) [12]. Several variables are involved in the occurrences of artifacts, such
as exposure conditions, pixel size, and FOV [13]. Other
factors such as beam quality and quantity, filter type, and
rotation arc also influence gray value, noise, contrast, resolution, and artifacts [14, 15].
Considering the importance of dental implants for
edentulous regions and the effects of artifacts on the
image quality, the purpose of this study is to see how the
size of an object of interest, containing dental implant,
affects the CBCT artifacts.

Methods
This in vitro descriptive-analytical cross-sectional study
was conducted with twenty scans of five imaging samples
using two CBCT units.
The preparation of samples

This study was conducted on CBCT images of an
implant placed in bone cube introduced subsequently
into five different sized custom-made phantoms. Cylindrical phantoms with various sizes containing a bone
block, filled with ballistic gelatin which simulated soft
tissues. The body of the phantoms was made of thin
plastic. The dimensions of the phantoms were measured by a caliper (Mitutoyo, Japan). All the phantoms
were 8 cm high with various widths, so the horizontal
dimensions of the phantoms were adopted to define
their sizes. The first phantom labelled as medium sized
(M) was fabricated with diameter of selected FOV in
CBCT (8 × 12 cm) and used as a base for fabrication of
other phantoms. The second and third phantoms were
20 and 40% larger than FOV and labelled as large (L)
and extra-large (XL) phantoms, respectively. The fourth
and fifth phantoms were 20 and 40% smaller than FOV,
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and labelled as small (S) and extra-small (XS), respectively. The dimensions of L phantom were similar to
bizygomatic sizes in adults (8 × 14.5) [16]. The XL, S,
and XS phantoms were of the following dimensions,
respectively: 8 × 17, 8 × 9.5 and 8 × 7.
Using a milling machine with water cooling, a cuboid
block of sheep mandible bone was prepared with
dimensions of 10 mm width, 10 mm length, and 12 mm
height. The center region of the top of the bone block
was marked. Titanium implants (BioHorizons® Tapered
HD dental implant) of 7.5 mm long with 4.5 mm diameters were placed into the prepared cavities inside the
bone block using the BioHorizons Commercial kit and
with the help of a periodontist. The central region on
the bottom of the phantom was measured using a caliper and then marked. The bone block containing the
implant was subsequently placed in center region of the
five phantoms and fixed with silicon molding material.
After bone block placement, the phantom was filled by
ballistic gelatin made as described in previous studies
[17]. The bone block was removed after each scan and
positioned into the central regions of other phantoms.
To standardize the region of interest (ROI) in images,
three aluminum makers were used with length of 3 mm
on three surfaces of the bone block for equalization of
axial sections in sagittal and coronal planes.
CBCT examination setup

The scans were obtained by an experienced radiology
technician using the New Tom VGI CBCT scanner
(Quantitative radiology, Verona, Italy) and HDXWill
Q-FACE CBCT scanner (Seoul, South Korea) with
exposure parameters for a standard patient as recommended by the manufacturer. The exposure settings of
New Tom VGI scanner were 110 kVp and 3.3–10 mA.
The HDXWill Q-FACE scanner was used with the fixed
exposure settings of 100 kVp and 4 mA. Both devices
were chosen with the FOV dimensions of 8 × 12, so
the size of FOV was fixed in different scans. Metal artifact reduction (MAR) was not activated in any of the
devices. The phantoms were positioned in the central
region of the FOV using the CBCT scanner’s laser indicator lights in three planes (X, Y and Z axes) and further confirmed on scout views. Each scan was taken
twice by each CBCT unit for all the phantoms. The difference between the received images was insignificant
(< 5.00%) for mean gray value (MGV) and standard
deviation of gray values (SD). In the case of discrepancy, the mean for the obtained images was defined as
sample.
The scans prepared by New Tom VGI CBCT scanner
and HDXWill Q-FACE are presented in Figs. 1 and 2.
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Fig. 1 The axial images prepared by NewTom VGI. A XS phantom, B S phantom, C M phantom, D L phantom, and E XL phantom

Fig. 2 The axial images prepared by HDXWill Q-FACE. A XS phantom, B S phantom, C M phantom, D L phantom, and E XL phantom

CBCT volume assessment

OnDemand 3DApplication software (Cybermed Inc.,
Seoul, Korea, version 1) was used to reconstruct scans
with voxel size of 0.1 mm in a standard arrangement
of Digital Imaging and Communications in Medicine

(DICOM). The OnDemand software was used to measure artifacts. All the investigations were conducted by
16-bite images. Circles with 2 mm diameters were used
as ROI by using histogram tools in OnDemand software.
Twelve ROIs were selected in four directions on bone
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block diameters. These diameters traverse from central region of implant (Fig. 3). ROIs were (1) four points
inside bone and 2 mm from external bone surface (B), (2)
four points inside gelatin, tangent on external surface of
bone, without including bone tissue (C), (3) four points
inside gelatin, 4 mm from external surface of bone (D). In
other words, B ROIs were located within the bone tissue,
C ROIs were the gelatin areas closest to the implant as
the metal artifact producing object, and D ROIs were further away.
The MGV and SD were recorded in each ROI. The SD
shows image noise and presence of artifacts. To standardize measurement for CBCT units, contrast to noise
ratio (CNR) was used, as follows [18]. To calculate contrast, the average MGV of the gelatin ROIs as a low radiodensity substance was subtracted from the MGV of the
bone ROIs, as a high radiodensity tissue for each phantom. Mean SD of ROIs in gelatin was considered as noise.

∆δ = MGV B − MGV

c, d

a = SD

c, d

All CBCT scans were evaluated by a calibrated oral
and maxillofacial radiologist. In this study, the subjectivity of the ROI selecting was the source of the bias. The
intra-observer agreement was calculated to confirm the

reliability. For this purpose, all the MGV and SD records
were evaluated twice at 2-month intervals using ICC
(intraclass correlation) test.
Data analysis

The data was analyzed by SPSS software (version of 26)
and descriptive data was quantified as mean ± SD. The
data was investigated for normality using the ShapiroWilk test. Since the data was normal, two-way and
three-way ANOVA pathway were used and P < 0.05 was
considered as significant. Multiple comparison Bonferroni correction was used for comparing phantom sizes
and ROI locations. To compare phantom sizes, SD differences were measured only in the gelatin region.
The MGV for 120 points were analyzed by Adobe photoshop software (22.3.1 version). To define color, highest
value was assigned for white color, and lowest value for
black color.

Results
Intra‑operator reliability

Measurements for the first and second replicates were
recorded, and intra-class correlation coefficients (ICC)
were established for all measurements. Most measures
demonstrated a high degree of reliability between the

Fig. 3 A schematic view of ROIs in axial section. White circle represents gelatin filled phantom. Gray rectangle shows bone cube with an implant
placed in its center. Dark gray rectangles at three surfaces of bone cube represent aluminum markers. Black circles show 12 ROIs
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first and second replicates with ICC values exceeding
from 0.83 to 0.95.
Mean gray value

The value range for ROI in gelatin (locations C and D)
and bone location (B) was defined separately (Fig. 4).
Gray shadows have a significant similarity in NewTom
compared to HDXWill. Gray shadows in gelatin region of
small and medium phantom were more homogenous.
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The overall SD

The lowest SD value (8.90) was found in S phantom, D
location and NewTom VGI CBCT. The highest value for
SD (436.87) was observed in XL phantom, B location and
HDXWill Q-FACE CBCT.
The three-way ANOVA analysis of the main effects
and interactions between CBCT units, phantom sizes,
and ROI location on SD showed significant effects for
ROI location (P = 0.000), phantom size (P = 0.000),
CBCT units (P = 0.000), ROI location×phantom size

Fig. 4 The results for MGV of ROIs in bone (left), and gelatin (right). Adobe photoshop software was used to make the image, which depicts the
numerical gray value of each 120 measured ROIs as various shades. Therefore, each cell represents a gray tone similar to the CBCT image. ROIs are
represented by columns, and phantom sizes are represented by rows. The cells at the top of the image are related to the HDXWill Q-FACE device,
whereas cells at the bottom shows the results of the NewTom VGI device. To make it easier to distinguish between different shades, the ROIs values
in gelatin (C and D) and bone (B) were defined separately
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(P = 0.000), phantom sizes×CBCT (P = 0.000), and ROI
location×Phantom sizes×CBCT (P = 0.000). The most
notable effects were related to phantom size (Eta = 0.765),
and ROI location (Eta = 0.760).
The results for Multiple comparison Bonferroni correction for comparison of phantom sizes showed significant differences between all the phantoms (P < 0.05)
except between small and medium phantoms (P = 1.00).
It should be mentioned that to compare SD between different phantom sizes, this parameter was measured in
ROI C and D. The lowest (10.20) and highest (125.16)
SD were obtained in S and XL phantom, respectively.
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The biggest difference was observed between small and
X-large (113.20). The values for SD in phantom sizes are
shown in Fig. 5.
The results for artifacts levels in ROI locations and
CBCT units are shown in Figs. 6 and 7. ROI location
showed significant differences between B, C and D locations. The results showed fewer artifacts in NewTom
compared to HDXWill CBCT (P = 0.03).
The overall SNDR

The two-way ANOVA analysis results of the main
effects of CBCT units and phantom sizes and their

Fig. 5 The SD in different phantom sizes (ns: not significant, *: p < 0.05, **: p < 0.01, ***: p < 0.001)

Fig. 6 The SD in different ROI location (*: p < 0.05, **: p < 0.01, ***: p < 0.001)
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Fig. 7 The SD in different CBCT units (*: p < 0.05, **: p < 0.01, ***: p < 0.001)

interactions based on SNDR showed significant
effects for phantom size (P = 0.000) and CBCT units
(P = 0.003). No statistically significant differences were
observed for phantom sizes×CBCT unit (P = 0.795).
The most notable effects were related to phantom size
(Eta = 0.896).
The results for comparing Bonferroni correction
between CNR and phantom size showed significant differences between all the phantoms (P < 0.05). The lowest
(4.47) and highest (9.92) CNR values were obtained in XL
and S phantom, respectively. The most notable difference

was observed between small and X-large (5.45). Figure 8
illustrates the mean for phantom sizes.
The results for CNR levels in CBCT units are shown
in Fig. 9. The results show significant difference between
HDXWill and NewTom (P = 0.008).

Discussion
Metal artifacts produced by dental implants influence
the image quality of anatomic structures and complicate
bone assessment for adjacent implants. Many studies
have investigated artifacts in CBCT, but there are issues

Fig. 8 The CNR in different phantom sizes (*: p < 0.05, **: p < 0.01, ***: p < 0.001)
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Fig. 9 The CNR in different CBCT units

in quantifying artifacts based on image quality [19]. The
qualitative assessment, based on the observer judgement,
is helpful in evaluating the decreased effects of artifacts
and diagnosis, but this assessment cannot compare
the efficiency of systems and cannot be used in quality
control.
It’s difficult to provide an objective and quantitative assessment of artifacts in CBCT [20]. There are no
standard parameters to determine the quantity of artifact
effects on voxel [21]. Studies have evaluated artifacts by
various parameters, such as MGV and SD of gray values,
and CNR [22]. The MGV approximates the radiopacity
and radiolucency produced by metals. Higher SD represents more noise and lower image quality, while CNR
shows effect of artifacts on image contrast and helps
compare CBCT units. A higher value for CNR shows
better image contrast and quality [23]. Although SD and
CNR provide valuable information, they require precise
interpretation, because voxel sizes and intrinsic noises
also affect image quality [24]. Furthermore, the gray
value of a CBCT image depends on various factors such
as exposure settings, the patient’s position, the device
model, and the ROI’s area or size. This may have an
impact on the results and impair their precision. According to recent studies, to reduce the undesirable effects of
inherent noise, the amount of streak artifacts decreased
by MAR was automatically counted in MATLAB using
canny edge detection, which is an approach that is less
dependent on the image’s gray value [20, 25].
Our results show that object sizes representing dimensions of patient soft tissue had significant effect on artifacts, such that objects equal to FOV and 20% smaller

than FOV had more homogenous MGV, higher CNR
and lower SD, resulting in less intense artifacts and better image quality. S phantoms produced better quality
images than M phantoms, but differences were insignificant. Objects larger than the FOV had more intense
artifacts. It has been proved that exomass, or objects outside the FOV that remain between the focal spot and the
receptor, influenced image quality. Artifacts related with
exomass directly influence voxel value and image noise
[26]. To decrease artifacts, it is better to apply larger FOV
in patients with larger size. It is essential to mention that
increasing FOV size may decrease image resolution. Our
findings are in agreement with results reported by Seet
et al. who showed that increased phantom size influences
CT value, while decreasing precision and image quality
[14]. Previous studies have reported that beam scatter
has a direct relation to object size, such that increased
object size augments beam diffraction [27]. This result
was confirmed in objects larger than FOV, however, in
XS phantom, higher SD and lower CNR were detected
compared to S and M sized objects. So, it can be assumed
that decreased soft tissue volume doesn’t necessarily
increase image quality. The existence of more artifacts in
XS objects compared to S and M objects could be related
to the fact that beam streaks does not cross over the borders of objects. Therefore, an artifact concentration could
be expected in smaller sized objects [28]. Spread of beam
streaks occurs in larger objects, further improving image
quality around the metallic material. This issue could be
applied to larger objects as long as it does not cause an
exomass artifact by overextending the selected FOV. To
prevent truncating the axial section data, manufacturers
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recommend using a FOV equal to the patient’s maximum
dimensions. However, imaging with FOV equal to object
dimensions also produces exomass artifacts. Very small
parts of medium phantom were positioned in exomass
on closer inspection. This shows CBCT sensitivity to exomass artifacts. A difference of 20 mm [2] in axial section
is enough for producing artifacts resulting from exomass
[14].
The results showed that ROI location also influences
image quality. The highest SD was observed in areas of
the trabecular bone that were intrinsically inhomogeneous. Knowing that artifacts cause appearance of regions
with lower gray values near the implant has helped in
preventing the diagnosis of false positive diagnoses of
peri implantitis [29]. It was reported that trabecular
microstructure parameters observed in micro-CT used
for quantification of artifacts are more appropriate than
SD of the gray values to evaluate artifacts in bones [22].
In our study, ROIs near the implant produced more SD.
In other words, artifacts were higher in locations close to
metal objects. Similar to our findings, previous studies
have shown that distance has a significant effect on the
production of artifacts, and increased distance decreases
artifacts [11, 30, 31]. Mancini et al. investigated three
ROI location (1.5, 2.5, and 3.5 cm) and demonstrated
non-significant difference for the SD in distances of 1.5
and 2.5 cm, while the SD was lower in 3.5 cm location
[32]. Fontenele et al. did not observe significant differences for artifacts and image quality in locations of 1.5,
2.5, and 3.5 cm [33].
The CBCT units had significant effects on the image
quality. Although the main purpose of this study was
to assess the effect of object size on the amounts of
produced artifacts, we could also make a comparison
between the two CBCT systems. However, the multifaceted nature of these systems, such as hardening, Voxel
size, voltage, the FOV and current intensity can affect
the obtained results [34]. NewTom VGI unit were characterized by less SD and more CNR, therefore less artifacts were observed in NewTom VGI unit than HDXWill
CBCT unit, which may be related to the higher kVp
value of the Newtom VGI CBCT scanner. Furthermore,
NewTom scanner has an automatic exposure system via
“safebeam sensor” which will adapt itself to the patient’s
factors. Probably, this is why by modifying mA in a NewTom device the image quality difference between phantoms of different sizes is much less than in a HDXWill
device. The fact that mA, as an interfering variant, could
not be fixed was a limitation of the present study. Codari
et al. also showed that the NewTom VGI system has better diagnostic power than the Picasso Trio system due to
its 360 degree rotation and increased data receiving ability [35]. Moreover, Kamburoğlu et al. showed lower beam
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hardening artifacts production in the NewTom VGI system than in the Promax system and suggested the use
of NewTom VGI systems for patients with multiple restorations, prosthesis, and implants [29]. The differences
in diagnostic value between different CBCT units are
mainly attributed to their resolutions [36].
In our study, dental implants were placed in sheep mandible bone blocks to simulate in vivo conditions. We used
ballistic gelatin to simulate soft tissue. Other studies have
used water, ice, wax, ultrasound gel, and acrylic resin
to simulate soft tissue [17, 37, 38]. A recently study has
introduced ballistic gelatin as the best simulator of soft
tissue [39]. Despite the inhomogeneous nature of human
tissue, we used homogenous materials for evaluating the
artifacts. Homogeneous materials have advantages such
as allowing for more precision in the estimation of gray
values. Most studies conducted on CBCT imaging are
done in vitro due to ethical considerations. Because of
FOV size and various exposure parameters, studies done
on patient’s image data fail to provide accurate information for specific variables. In vitro studies, like this
study, allow for precision in controlling interfering variables. Future studies can investigate voxel size, exposure
parameters, high-density materials in other positions in
dental arch, and an increased number of implants.
This study is an in vitro study and the data must be cautiously used under clinical condition because X-ray interferences are different in each patient [30]. In this study,
the dental implant was positioned in central region of the
FOV which may produce lower levels of noise compared
to marginally positioned metal object [40]. This study has
not examined the motion artifacts that can cause problems in clinical conditions. In addition, the exact effects
of artifacts on trabecular structures were not investigated
due to the intrinsic limitations of CBCT systems.

Conclusion
In conclusion, object size has significant effects on image
quality and artifacts. Objects equal to FOV and 20%
smaller than FOV produced images with better quality
and objects larger than the FOV had more intense artifacts. Firstly, since the dimensions of soft tissue in most
patients are larger than the selective FOV, it is recommended that in CBCT artifacts studies, an object with
dimensions closer to the patient’s dimensions be used
to better relate the results with the clinical condition,
because the sample dimensions affect the amount of artifacts and obtained results. Secondly, because the smaller
object (XS) was of poorer quality, the presence of more
soft tissue is expected to diminish the artifact, as long as
it is not larger than FOV. Thus, developing a soft tissue
simulator tool while using a larger FOV for specific diagnostic demands, may be recommended to reduce artifact.
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However, this recommendation requires further studies
in this field to determine its clinical value and importance. Imaging with NewTom VGI CBCT scanners can
be advised if a significant production of metal artifacts is
expected in the image.

Page 10 of 11

7.

8.

Acknowledgements
We would like to thank Dr. Mitra Ghazizadeh Ahsaie for her helpful assistance.
Authors’ contributions
Moshfeghi M. and Safi Y. designed and supervised the study process. Gandomi
S. performed data acquisition and investigation. Safi Y. and Moshfeghi M.
participated in the data analysis and interpretation. Gandomi Sh. drafted the
manuscript. Różyło-Kalinowska I. revised the manuscript. All the authors have
reviewed and approved the final article.
Funding
This research received no specific grant from any funding agencies.
Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study protocol was approved by the institutional review board of Shahid
Beheshti University of Medical Sciences (code no: IR.SBMU.DRC.REC.1399.016)

9.
10.
11.

12.
13.
14.
15.
16.

Consent for publication
All authors consent to publication of this manuscript.

17.

Competing interests
The authors declare that they have no competing interests.

18.

Author details
1
Department of Oral and Maxillofacial Radiology, School of Dentistry, Shahid
Beheshti University of Medical Sciences, Tehran, Iran. 2 Department of Dental
and Maxillofacial Radiodiagnostics, Medical University of Lublin, Lublin, Poland.
3
Department of Oral and Maxillofacial Radiology, School of Dentistry, Ahvaz
Jundishapur University of Medical Sciences, Ahvaz, Iran.
Received: 11 February 2022 Accepted: 13 June 2022

19.

20.
21.
22.

References
1. Yüksel AE, Gültekin S, Simsar E, et al. Dental enumeration and multiple
treatment detection on panoramic X-rays using deep learning. Sci Rep.
2021;11:1–10.
2. Renvert S, Hirooka H, Polyzois I, et al. Diagnosis and non-surgical treat‑
ment of peri-implant diseases and maintenance care of patients with
dental implants–Consensus report of working group 3. Int Dent J.
2019;69:12–7.
3. Todescan S, Lavigne S, Kelekis-Cholakis A. Guidance for the maintenance
care of dental implants: clinical review. J Can Dent Assoc. 2012;78:107.
4. Jacobs R, Salmon B, Codari M, et al. Cone beam computed tomography
in implant dentistry: recommendations for clinical use. BMC Oral Health.
2018;18:1–16.
5. Tyndall DA, Price JB, Tetradis S, et al. Position statement of the American
Academy of Oral and Maxillofacial Radiology on selection criteria for the
use of radiology in dental implantology with emphasis on cone beam
computed tomography. Oral Surg Oral Med Oral Pathol Oral Radiol.
2012;113:817–26.
6. Loubele M, Guerrero ME, Jacobs R, et al. A comparison of jaw dimen‑
sional and quality assessments of bone characteristics with cone-beam

23.

24.

25.

26.
27.

CT, spiral tomography, and multi-slice spiral CT. Int J Oral Maxillofac
Implants. 2007;22:446–54.
Faccioli N, Santi E, Foti G, et al. Cost-effectiveness of introducing conebeam computed tomography (CBCT) in the management of complex
phalangeal fractures: economic simulation. Musculoskelet Surg.
2020:1–9.
Różyło-Kalinowska I, Miechowicz S, Sarna-Boś K, et al. Analysis of vector
models in quantification of artifacts produced by standard prosthetic
inlays in Cone-Beam Computed Tomography (CBCT)--a preliminary
study. Postepy Hig Med Dosw (Online). 2014;68:1343–6.
Bechara B, Moore W, McMahan C, et al. Metal artefact reduction
with cone beam CT: an in vitro study. Dentomaxillofacial Radiol.
2012;41:248–53.
Boas FE, Fleischmann D. CT artifacts: causes and reduction techniques.
Imaging Med. 2012;4:229–40.
Machado AH, Fardim KAC, de Souza CF, et al. Effect of anatomi‑
cal region on the formation of metal artefacts produced by dental
implants in cone beam computed tomographic images. Dentomaxil‑
lofacial Radiol. 2018;47:20170281.
Parsa A, Ibrahim N, Hassan B, et al. Assessment of metal artefact reduc‑
tion around dental titanium implants in cone beam CT. Dentomaxil‑
lofacial Radiol. 2014;43:20140019.
Schulze R, Heil U, Groβ D, et al. Artefacts in CBCT: a review. Dentomaxil‑
lofacial Radiol. 2011;40:265–73.
Seet KY, Barghi A, Yartsev S, et al. The effects of field-of-view and
patient size on CT numbers from cone-beam computed tomography.
Phys Med Biol. 2009;54:6251.
Costa ED, Queiroz PM, Santaella GM, et al. Influence of scan mode (par‑
tial/full rotations) and FOV size in the formation of artefacts in cone
beam CT. Dentomaxillofacial Radiol. 2019;48:20180340.
Jantz RL, Meadows JL. Secular change in craniofacial morphology. Am
J Hum Biol. 2000;12:327–38.
Lopes PA, Santaella GM, Lima CAS, et al. Evaluation of soft tissues
simulant materials in cone beam computed tomography. Dentomaxil‑
lofacial Radiol. 2019;48:20180072.
Jadu F, Hill M, Yaffe M, et al. Optimization of exposure parameters for
cone beam computed tomography sialography. Dentomaxillofacial
Radiol. 2011;40:362–8.
Fontenele RC, Gomes AF, Nejaim Y, et al. Do the tube current and metal
artifact reduction influence the diagnosis of vertical root fracture in a
tooth positioned in the vicinity of a zirconium implant? A CBCT study.
Clin Oral Investig. 2021;25:2229–35.
Kim YH, Lee C, Han S-S, et al. Quantitative analysis of metal artifact
reduction using the auto-edge counting method in cone-beam com‑
puted tomography. Sci Rep. 2020;10:1–6.
Pauwels R, Stamatakis H, Bosmans H, et al. Quantification of metal arti‑
facts on cone beam computed tomography images. Clin Oral Implants
Res. 2013;24:94–9.
Min C-K, Kim K-A. Quantitative analysis of metal artefacts of dental
implant in CBCT image by correlation analysis to micro-CT: A micro‑
structural study. Dentomaxillofacial Radiol. 2021;50:20200365.
Gaêta-Araujo H, Nascimento EHL, Fontenele RC, et al. Magnitude of
beam-hardening artifacts produced by gutta-percha and metal posts
on cone-beam computed tomography with varying tube current.
Imaging Sci Dent. 2020;50:1–7.
Candemil AP, Salmon B, Freitas DQ, et al. Distribution of metal artifacts
arising from the exomass in small field-of-view cone beam com‑
puted tomography scans. Oral Surg Oral Med Oral Pathol Oral Radiol.
2020;130:116–25.
Khosravifard A, Saberi BV, Khosravifard N, et al. Application of an autoedge counting method for quantification of metal artifacts in CBCT
images: a multivariate analysis of object position, field of view size,
tube voltage, and metal artifact reduction algorithm. Oral Surg Oral
Med Oral Pathol Oral Radiol. 2021;132:735–43.
Candemil AP, Salmon B, Freitas DQ, et al. Metallic materials in the
exomass impair cone beam CT voxel values. Dentomaxillofacial Radiol.
2018;47:20180011.
Katsumata A, Hirukawa A, Noujeim M, et al. Image artifact in dental
cone-beam CT. Oral Surg Oral Med Oral Pathol Oral Radiol Endodontol‑
ogy. 2006;101:652–7.

Moshfeghi et al. Head & Face Medicine

(2022) 18:20

Page 11 of 11

28. Safi Y, Ghazizadeh Ahsaie M, Różyło-Kalinowska I, Ansari G, Tayefi M, Fazla‑
lipour M. CBCT and artifacts. Atlas of Cone Beam Computed Tomography:
Wiley Blackwell; 2021.
29. Kamburoğlu K, Kolsuz E, Murat S, et al. Assessment of buccal marginal
alveolar peri-implant and periodontal defects using a cone beam CT sys‑
tem with and without the application of metal artefact reduction mode.
Dentomaxillofacial Radiol. 2013;42:20130176.
30. Martins LAC, Queiroz PM, Nejaim Y, et al. Evaluation of metal artefacts for
two CBCT devices with a new dental arch phantom. Dentomaxillofacial
Radiol. 2020;49:20190385.
31. Benic GI, Sancho-Puchades M, Jung RE, et al. In vitro assessment of
artifacts induced by titanium dental implants in cone beam computed
tomography. Clin Oral Implants Res. 2013;24:378–83.
32. Mancini AXM, Santos MUC, Gaêta-Araujo H, et al. Artefacts at different
distances from titanium and zirconia implants in cone-beam computed
tomography: effect of tube current and metal artefact reduction. Clin
Oral Investig. 2021;25:5087–94.
33. Fontenele RC, Nascimento EH, Vasconcelos TV, et al. Magnitude of cone
beam CT image artifacts related to zirconium and titanium implants:
impact on image quality. Dentomaxillofacial Radiol. 2018;47:20180021.
34. Eliliwi M, Bazina M, Palomo JM. kVp, mA, and voxel size effect on 3D
voxel-based superimposition. Angle Orthod. 2020;90:269–77.
35. Codari M, de Faria VK, Ferreira Pinheiro Nicolielo L, et al. Quantitative
evaluation of metal artifacts using different CBCT devices, high-density
materials and field of views. Clin Oral Implants Res. 2017;28:1509–14.
36. Smeets R, Schöllchen M, Gauer T, et al. Artefacts in multimodal imaging of
titanium, zirconium and binary titanium–zirconium alloy dental implants:
an in vitro study. Dentomaxillofacial Radiol. 2017;46:20160267.
37. Kocasarac HD, Ustaoglu G, Bayrak S, et al. Evaluation of artifacts gener‑
ated by titanium, zirconium, and titanium–zirconium alloy dental
implants on MRI, CT, and CBCT images: A phantom study. Oral Surg Oral
Med Oral Pathol Oral Radiol. 2019;127:535–44.
38. Min C-K, Kim K-A. Reducing metal artifacts between implants in conebeam CT by adjusting angular position of the subject. Oral Radiol.
2021;37:385–94.
39. Nascimento EHL, Fontenele RC, Lopes PA, et al. Development of a model
of soft tissue simulation using ballistic gelatin for CBCT acquisitions
related to dentomaxillofacial radiology research. Dentomaxillofac Radiol.
2021;50:20200191.
40. Taylor C. Evaluation of the effects of positioning and configuration on
contrast-to-noise ratio in the quality control of a 3D Accuitomo 170
dental CBCT system. Dentomaxillofacial Radiol. 2016;45:20150430.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

