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and tube current on cone-beam computed tomography artifact expression adjacent to
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ABSTRACT

Purpose: The aim of this study was to evaluate image artifacts in the vicinity of dental implants in cone-beam
computed tomography (CBCT) scans obtained with different spatial orientations, tube current levels, and metal
artifact reduction algorithm (MAR) conditions.

Materials and Methods: One dental implant and 2 tubes filled with a radiopaque solution were placed in the
posterior region of a mandible using a surgical guide to ensure parallel alignment. CBCT scans were acquired with
the mandible in 2 spatial orientations in relation to the X-ray projection plane (standard and modified) at 3 tube
current levels: 5, 8, and 11 mA. CBCT scans were repeated without the implant and were reconstructed with and
without MAR. The mean voxel and noise values of each tube were obtained and compared using multi-way analysis
of variance and the Tukey test (o =0.05).

Results: Mean voxel values were significantly higher and noise values were significantly lower in the modified
orientation than in the standard orientation (P <0.05). MAR activation and tube current levels did not show
significant differences in most cases of the modified spatial orientation and in the absence of the dental implant
(P>0.05).

Conclusion: Modifying the spatial orientation of the head increased brightness and reduced spatial orientation noise
in adjacent regions of a dental implant, with no influence from the tube current level and MAR. (Imaging Sci Dent

2024; 54: 191-9)
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Introduction

Cone-beam computed tomography (CBCT) offers a
3-dimensional evaluation of the oral and maxillofacial
structures. This imaging technique is commonly utilized in
dentistry when traditional radiographs are inadequate for
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certain diagnostic tasks due to structural overlap. When
the principles of justification and optimization are respect-
ed, CBCT can be considered as an aid in dental diagno-
sis.I* However, despite its numerous benefits, a significant
inherent drawback of CBCT is the occurrence of image
artifacts.

The presence of high-density materials inside and/or
outside the scanned region in CBCT has been identified as
a significant source of artifacts. These artifacts can appear
as hypodense and hyperdense bands and streaks, resulting
from X-ray beam hardening and photon starvation. Den-
tal implants, restorative materials, and endodontic com-
ponents, commonly found in the oral cavity, are frequent
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culprits behind these image artifacts. The deterioration
in image quality can affect areas surrounding the source
object, potentially compromising diagnostic accuracy.”®
Numerous strategies to reduce image artifacts have been
explored, including modifications to acquisition proto-
cols and the implementation of artifact reduction algo-
rithms.>®1? The tube current, also referred to as milliam-
perage (mA) level, is directly and linearly related to the
number of X-ray photons and therefore affects the noise
level in CBCT scans.

The degradation of image quality caused by artifacts is
observed in the path of X-rays that pass through an object,
which is the opposite of what occurs in back-projection
reconstruction. This technique is a mathematical method
used to reconstruct 3-dimensional (3D) images from var-
ious 2-dimensional (2D) X-ray projections taken around
the object being scanned. These projections are compro-
mised by the presence of high-density materials, which
introduce errors in the reconstruction of 3D images due to
diminished signal reception by the receptor.” Additional-
ly, most CBCT machines are designed in a way that results
in a predominantly axial distribution of artifacts. Conse-
quently, it is crucial to assess how the spatial orientation
of a patient’s head might influence the quantitative repre-
sentation of image artifacts near dental implants in CBCT.
Therefore, the purpose of this study was to evaluate the
potential impact of the patient’s head orientation, the use
of metal artifact reduction techniques, and the level of
tube current on the manifestation of image artifacts near a
dental implant in CBCT examinations.

Materials and Methods

This study was carried out as an experimental and pro-
spective investigation and received approval from the lo-
cal Institutional Research Review Board (protocol #56244
722.5.0000.5418).

Phantom preparation

A dry human skull was covered with a layer of MixD' to
simulate a patient’s soft tissues. MixD was custom-made
by blending fractional portions of 304 g of paraffin wax,
152 g of polyethylene, 32 g of magnesium oxide, and 12 g
of titanium dioxide, based on previously published meth-
odologies.'*"

A synthetic mandible composed of polyurethane and
barium sulfate (Nacional Ossos, Sao Paulo, Brazil) was
also used to construct the phantom. Two polypropylene
tubes of 0.2 mL were filled with a custom-made aqueous

solution of dipotassium hydrogen phosphate (KoHPO4)
with a concentration of 1000 mg/mL. K,HPOy is a salt
that has demonstrated a satisfactory ability to simulate
dental mineralized tissues.'®"”

The 2 propylene tubes and a titanium dental implant
with dimensions of 4 X 11 mm (Neodent, Curitiba, Brazil)
were installed in the left posterior region of the mandible.
To achieve perfect parallel alignment between the 2 tubes
and the dental implant, a virtual planning process was
conducted using BlueSkyPlan 4.9.4 software (BlueSky
Bio, Libertyville, IL, USA) and a surgical guide was man-
ufactured. One tube was positioned anterior to the dental
implant, while the other was positioned posterior to it (Fig.
1). The mandible was then affixed to the skull to simulate
the patient’s head.

Image acquisition

Using an OP300 Maxio unit (Instrumentarium, Tuusula,
Finland) operating at 90 kVp, with a voxel size of 0.125
mm, a field-of-view of 5% 5 cm and 3 levels of tube cur-
rent (5, 8, and 11 mA), 3 repeated CBCT scans were ac-
quired with the phantom head positioned in 2 distinct
spatial orientations relative to the X-ray projection plane:
standard and modified. Triplicate scans were obtained to
ensure the reproducibility of voxel values.

The standard spatial orientation was the same as that
used for patients, with both tubes and the dental implant
positioned upright, perpendicular to the axial plane (Fig.
2A). The modified spatial orientation was achieved by
tilting the phantom head 90 degrees backward, aligning
the tubes and dental implant parallel to the axial plane
(Fig. 2B). Subsequently, the dental implant was removed
from the mandible, and all CBCT scans were repeated. All
CBCT scans were then reconstructed both with and with-
out the activation of the metal artifact reduction (MAR) al-
gorithm. The position of the phantom remained consistent
in the CBCT unit for each spatial orientation and implant
condition to eliminate potential bias from voxel value
variability. Consequently, a total of 72 CBCT scans were
obtained, calculated as follows: 3 repetitions X 2 spatial
orientations of the head X 2 dental implant conditions (with
and without) X2 MAR activation states (with and with-
out) X 3 levels of tube current (Fig. 3).

Image assessment

The CBCT scans were exported in DICOM file format,
and those obtained with the phantom head in the mod-
ified spatial orientation were imported into OnDemand
3D software (Cybermed, Seoul, Korea). These scans were
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Fig. 1. Virtual planning model design. A. Cone-beam computed tomographic axial and panoramic reconstructions demonstrate perfect
alignment between the two regions and the dental implant. B. Photograph of the surgical guide, which is precisely adapted to the synthetic

mandible of the phantom.

Fig. 2. Photographs of the phantom head positioned in the cone-beam computed tomography unit, showing two distinct spatial orientations
relative to the X-ray projection plane: A. Standard orientation. B. Modified orientation.

then reoriented to align the longitudinal axis of 2 tubes
and a dental implant to match those in the standard spatial
orientation. From a practical standpoint, the axial anatom-
ic plane of the phantom head was adjusted from the origi-
nally acquired coronal reconstructions to axial reconstruc-
tions. Following this, all CBCT scans were individually
analyzed using Imagel/Fiji software (National Institutes
of Health, Bethesda, MD, USA). In the axial reconstruc-

tion at the most coronal level of the dental implant, a
circular region of interest (ROI) measuring 3 mm” was se-
lected at the center of each tube and extended through the
next forty slices in the apical direction, creating a cylin-
drical ROI. The macro tool in ImageJ/Fiji was utilized to
standardize the positioning of the ROIs. Mean voxel val-
ues and standard deviations were calculated to evaluate
image density and noise under different study conditions.
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Standard orientation Modified orientation
Without a dental With a dental Without a dental With a dental
implant implant implant implant

Without MAR

With MAR

Fig. 3. Cone-beam computed tomographic axial reconstructions as a function of the spatial orientation of the head, dental implant condi-
tion, metal artifact reduction (MAR) activation, and tube current.

The mean voxel value indicates the average grayscale in- randomly selected and independently evaluated by anoth-
tensity of the voxels within the ROI, while the standard er examiner.

deviation measures the variability of these voxel values,

which can be interpreted as noise in a homogeneous area. Statistical analysis

To assess reproducibility, 30% of the CBCT scans were A power analysis was conducted to ensure adequate
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Table 1. Voxel values of each region as a function of the spatial orientation of the head, dental implant condition, metal artifact reduction

(MAR) activation, and tube current (mA)

Anterior region

Modified orientation*

Posterior region

Standard orientation Modified orientation*

MAR mA
Standard orientation
Without dental implant ~ Without 5 1032+4.62
1027 +2.18
11 1027 +1.98
With 5 1032+4.62
8 1027 +2.18
11 1027 +1.98
With dental implant Without 5 669+2.72"
8 667+£1.59"
11 670+1.88"
With 5 849+2.79
839+3.49 "7
11 840+1.56""

1310£5.32 430+1.83 1409 + 1.89"
1306 +6.27 432+2.56 1426 £3.18°
1299 +1.25 4314134 1427 +£2.02°
1316+0.57 430+1.83 1410+ 1.15°
1309+5.83 432+2.56 1425 +5.30°
1303+1.26" 431+134 1427 +£1.99*
1188 +5.56T 453+1.96 1444 +5.43¢
1182 +2 44° 457+0.93 1457 +6.26°
1171£0.67° 455+1.83 1469 +3.64*
1189 +5.40"" 450+1.93 1445 £5.58°
1182 +2 .45 451+1.30 1457 +6.27°
1172+0.66° 452+1.56 1469 +3 .48°

*: P<0.05 compared to “standard orientation,” T.P<005 compared to “without dental implant,” t.P<005 compared to “without MAR.” Different letters
indicate a significant difference between tube current levels within the same conditions of orientation, dental implant, and MAR (P <0.05).

statistical power for detecting significant effects or rela-
tionships between variables, with a significance level set
at 5% (a.=0.05). This analysis took into account the min-
imum differences among the groups, the mean standard
deviation, and the number of repetitions per group, result-
ing in a power of 90% (0.90). The intraclass correlation
coefficient was utilized to assess the reproducibility of the
examination. Multi-way analysis of variance with the post
hoc Tukey test was employed to independently evaluate
the image density and noise across different conditions for
each region. These conditions included the spatial orien-
tation of the head, the presence of a dental implant, MAR
activation, and the level of tube current. All analyses were
performed using SPSS software version 24.0 (IBM Corp,
Armonk, NY, USA).

Results

The reproducibility, evaluated by the intraclass correla-
tion coefficient, showed excellent agreement, with a mean
of 0.98 (range, 0.97-0.99).

Table 1 displays the mean voxel values of the ROIs in
the anterior and posterior regions of the dental implant
under various study conditions. The mean voxel values
were significantly higher in both regions when using the
modified spatial orientation compared to the standard
spatial orientation, given the same dental implant condi-
tion, MAR activation, and tube current level (P <0.05).

The inclusion of a titanium dental implant resulted in sig-
nificantly lower mean voxel values in the anterior region,
regardless of the spatial orientation, MAR activation, and
tube current level (P <0.05). Typically, MAR activation
was associated with significantly higher mean voxel val-
ues in the anterior region when the phantom head was po-
sitioned in the standard spatial orientation and equipped
with a dental implant, regardless of the tube current level
(P<0.05). Generally, using 11 mA in the modified spa-
tial orientation resulted in significantly lower and higher
mean voxel values in the anterior and posterior regions,
respectively.

Table 2 presents the noise values in the anterior and pos-
terior regions under various conditions. Noise values were
generally lower in the modified spatial orientation com-
pared to the standard spatial orientation for both regions,
with significant differences noted in most cases (P <0.05).
The introduction of a dental implant resulted in significant-
ly higher noise values in the standard spatial orientation
(P<0.05). However, in the modified spatial orientation,
only a few cases exhibited significantly higher values
(P<0.05). The activation of MAR significantly reduced
noise values in both regions, but only in the standard spatial
orientation and when a dental implant was present, regard-
less of the tube current level (P <0.05). The tube current
level significantly affected noise values in most scenarios
involving the modified spatial orientation for both regions.
Typically, 11 mA resulted in significantly higher noise val-
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Table 2. Noise values of each region as a function of the spatial orientation of the head, dental implant condition, metal artifact reduction

(MAR) activation, and tube current (mA)

Anterior region

Posterior region

MAR mA
Standard orientation = Modified orientation Standard orientation Modified orientation

Without dental implant ~ Without 5 154+1.45 121+£8.97* 116+2.42° 87 +6.03%
149+3.99 115+ 1.86* 106+1.57° 84 +5.70™*

11 146+1.17 114 +437* 103+0.16° 78 £0.34°*

With 5 1544145 120+9.28* 116+2.42° 87 +5.69%

8 149+3.99 114 +2.14* 106+1.57° 79 +4.02°*

11 146+1.17 116 £4.20* 103+0.16° 78 £0.44"*

With dental implant Without 5 188+1.19" 115+ 145 130+1.79" 96+2.11°*
8 180+4.04" 129+ 14.96%* 123+1.51" 104 +£9.26>*"

11 180+0.34" 152 +720% 121157 126 +6.96*"

With 5 173+125'" 115 £0.94* 106+2.61" 96+2.46

16342231 129+ 14.96 100+0.58'" 104+9.53"

11 1624075 152 +7.10*" 96+1.09'" 126 +6.79%*

*: P<0.05 compared to “standard orientation,” T.P<005 compared to “without dental implant,” T P<005 compared to “without MAR.” Different letters
indicate a significant difference between tube current levels within the same conditions of orientation, dental implant, and MAR (P <0.05)

ues when a dental implant was present and significantly
lower noise values when absent (P <0.05). In the standard
spatial orientation, the tube current level significantly im-
pacted noise values only in the posterior region and only
when the dental implant was absent; in these instances, 5
mA led to significantly higher noise values (P <0.05).

Discussion

The impact of image artifacts on hindering or even in-
validating diagnoses in dentistry is well-documented in the
scientific literature.” '’ Hypodense and hyperdense streaks
can extend into the surrounding areas of high-density ob-
jects within the scanned region. The high attenuation and
dispersion of X-rays during CBCT scans can impair pri-
mary reconstruction, leading to decreased image quali-
ty."”'®! Diagnostic tasks such as the identification of ver-
tical root fracturesf’g’10 tooth resorption,s’7 and bone de-
fects® are particularly affected by the presence of arti-
facts. A previous study® has shown that image artifacts
arising from adjacent or distant dental implants can mim-
ic fracture lines and negatively affect the diagnosis of
vertical root fractures, potentially leading to unnecessary
tooth extraction. Another similar study’ found that apply-
ing MAR and adjusting the tube current were ineffective
for this diagnostic task. Regarding dental root resorption,
a prior study’ concluded that artifacts produced by teeth

restored with a metal post also hindered the diagnosis of
internal root resorption in adjacent teeth. Similarly, an-
other study reported impairment in the detection of exter-
nal root resorption due to artifacts generated near dental
implants. Furthermore, the assessment of bone defects
surrounding dental implants may be compromised by
the presence of artifacts generated by the implants them-
selves.”” The region surrounding high-density objects is
most strongly affected by image artifacts, which served as
the primary motivation for conducting the present study.
An increase in mean voxel values in the absence of a
dental implant with the modified spatial orientation may
indicate the indirect presence of hyperdense artifacts.
These artifacts likely originate from parts of the skull lo-
cated in the exomass, which is the area outside the field of
view, but still between the X-ray source and the image re-
ceptor.'®"” The decrease in noise values in the anterior and
posterior regions around the dental implant, when using
the modified spatial orientation, is likely due to the way
the X-rays are projected in relation to the high-density
object. The distribution of artifacts in the transverse plane
of the dental implant is minimized in the modified spatial
orientation because the original acquisition was in coro-
nal reconstructions, which results in fewer image artifacts
nearby. To the best of the authors’ knowledge, current
CBCT machines do not typically allow patients to adjust
their head positioning as suggested in this study. However,
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this experimental study yielded promising results by mini-
mizing artifacts, which suggests that manufacturers should
consider enhancing the flexibility of patient positioning
relative to the X-ray projection plane in future designs of
CBCT units.

A previous study suggested a slight tilt of the mandible
relative to the axial plane to assess its potential impact on
the expression of image artifacts. Interestingly, this adjust-
ment led to a reduction in the artifacts produced by dental
implants in the surrounding simulated soft tissue.”' Simi-
larly, Wanderley et al.** also modified the spatial orienta-
tion of the head to avoid artifacts generated by intracanal
materials in the diagnosis of root fractures. Nevertheless,
the authors concluded that this modification did not im-
prove the diagnosis of vertical root fractures. The authors
believe that the expression of artifacts in objects very
close to high-density materials, such as intracanal fillings,
is not influenced by head position adjustments due to the
potentially low occurrence of beam-hardening and bloom-
ing artifacts.” Conversely, in another study, Wanderley
et al.** evaluated the effect of the combined evaluation of
CBCT scans obtained in standard and modified spatial ori-
entations. They concluded that this approach improved the
diagnosis of vertical root fractures in teeth with intracanal
material.

The CBCT acquisition parameters significantly influ-
ence the manifestation of image artifacts. These param-
eters include tube current, tube voltage, C-arm rotation
degree, voxel and field-of-view sizes, and MAR activa-
tion.”>?>?” In this study, the tube current and MAR ac-
tivation were specifically adjusted to explore how these
changes affect the CBCT images when the head is posi-
tioned in two different spatial orientations. It is crucial to
note that the tube voltage and C-arm rotation degree were
constant settings on the CBCT unit used in this research.
It was observed that changes in the tube current level no-
tably affected the image quality at the modified position in
the presence of a dental implant. However, the variations
in noise levels did not exhibit a consistent pattern. This
inconsistency might be attributed to the presence of the
skull in the exomass at the modified spatial orientation,
which could increase scattered radiation.'®'” The increased
dispersion of X-rays, due to additional structures, might
account for the variability in noise levels under the same
conditions. Moreover, MAR activation effectively reduced
noise only in the standard position when a dental implant
was present. According to the authors’ hypothesis, MAR
did not influence the outcomes when the dental implant
was absent or when the head was in the modified spatial
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orientation. This lack of impact could be explained by the
minimal artifact generation in these scenarios, which did
not require significant reduction.

In light of the significant findings of this study, the au-
thors recommend further research to assess the impact of
modifying head spatial orientation in various clinical sce-
narios. For instance, an area of investigation could explore
whether changes in spatial orientation enhance the diagno-
sis of vertical root fractures in teeth adjacent to dental im-
plants. Additionally, altering the head’s spatial orientation
affects the areas exposed to X-rays. Therefore, it is also
necessary to investigate the effective dose of radiation un-
der different spatial orientations of the head.

Being an in vitro study, this research has inherent lim-
itations related to the simulation of internal soft tissues
and potential micro-movements. However, it is crucial to
recognize that the experimental protocol employed in this
study would not be feasible in human subjects due to the
repeated use of ionizing radiation. In this study design, it
was possible to conduct multiple CBCT scans and stan-
dardize both the sample and its positioning during these
scans, which was essential for the type of evaluation per-
formed. Furthermore, when interpreting the results, it is
important to account for potential variations in CBCT ma-
chine specifications and imaging parameters across differ-
ent manufacturers, as these may affect the effectiveness of
spatial orientation modifications in reducing artifacts.

The method proposed in this laboratory study involved
tilting the patient’s head back by 90 degrees to mitigate
implant-related image artifacts. However, this approach
may not be directly applicable in real clinical settings due
to practical limitations and patient discomfort. Despite
these challenges, our findings offer promising insights that
are of significant value to manufacturers in the imaging
technology field, contributing to an understanding of how
image artifacts form and appear. By demonstrating the
effectiveness of this method under controlled laboratory
conditions, we lay the groundwork for further exploration
and refinement.

In conclusion, modifying the spatial orientation of the
patient’s head typically enhances brightness and reduces
noise in the regions adjacent to a dental implant. The ap-
plication of metal artifact reduction and adjustments to the
tube current level, when the patient’s head is positioned
in this modified orientation, appear to have no significant
impact on the adjacent regions of a dental implant. Further
research is required to implement this methodology in di-
agnostic tasks.
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