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ABSTRACT
Background: One major limitation of cone beam computed tomography (CBCT) systems is the presence of metallic artifacts.
Given the widespread use of metals in dental treatments and the diversity of CBCT designs, this study aimed to compare the efect
of aligned and lateral ofset detectors on metal artifact formation within the feld of view (FOV).
Methods: This in vitro cross-sectional study evaluated four CBCT systems—two with aligned and two with lateral ofset detectors.
A dry human skull phantom was scanned with various metallic objects (a titanium implant, a tooth with a chrome-cobalt post and
PFM crown, and a tooth with an amalgam restoration) placed in the FOV in two orientations (same vs. opposite side of the region of
interest [ROI]) and in three quantities (1, 2, or 3 objects). A polypropylene tube flled with dipotassium phosphate solution was
placed in the right frst premolar socket to simulate alveolar bone. Ten axial slices were analyzed using 1.5-mm circular ROIs.Mean
gray value (MGV) and standard deviation (SD) were calculated, where higher MGV and lower SD indicate lower artifact severity.
Data were analyzed with four-way weighted analysis of variance (ANOVA), and multiple comparisons were performed using
Games–Howell, Bonferroni, and t-tests (p < 0.05).
Results: Detector type, material, object location, and number signifcantly afected artifact formation. Aligned detectors showed
signifcantly higher MGV and lower SD, indicating reduced artifact severity (p < 0.001). Amalgam produced the most severe
artifacts, refected by the lowestMGVs, while cobalt-chromium yielded the highest variability (SD) (p < 0.005). Artifacts weremore
severe when metallic objects were on the same side as the ROI and increased with more objects. Several signifcant interaction
efects were observed (p < 0.05).
Conclusion: Detector type, metal composition, and the number and position of metallic objects within the FOV signifcantly
infuence artifact formation in CBCT images. Optimizing these factors can reduce artifacts and improve image quality.

1 | Introduction

Dental radiographs are essential tools in dental examinations and
treatments. Depending on the clinical need, various imaging
techniques are employed. With the increasing use of dental
implants for replacing missing teeth, precise evaluation of the

surgical site is crucial to minimize intraoperative and post-
operative complications [1]. High-quality imaging enhances
treatment success, making cone beam computed tomography
(CBCT) a preferred modality in dentistry due to its ability to
provide three-dimensional (3D) reconstructions of maxillofacial
structures [2, 3].
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CBCT has gained widespread adoption in dentistry due to its
advantages over conventional computed tomography (CT), in-
cluding compact device size, lower cost, high scanning speed,
submillimeter resolution, reduced radiation dose, isotropic
voxels, accurate image dimensions, and advanced reconstruction
software [4, 5]. It is widely used in implantology, oral and
maxillofacial surgery, endodontics, and orthodontics for di-
agnosis, treatment planning, and follow-up. However, despite
these advantages, certain factors can compromise CBCT image
quality and hinder accurate interpretation [6].

A key limitation of CBCT imaging is the presence of artifacts,
which degrade image quality. Among these, beam hardening
artifacts—caused by high-density materials such as titanium
implants, amalgam restorations, and metal prostheses—pose
signifcant challenges. These artifacts reduce contrast, obscure
anatomical structures, and complicate diagnosis. The composi-
tion, quantity, and positioning of metal objects directly infuence
CBCT image quality [7].

In recent years, the use of a small feld of view (FOV) has gained
popularity due to its ability to improve image quality and reduce
radiation exposure [8]. The FOV in CBCT imaging depends on
factors such as detector size, shape, and radiation geometry. For
imaging regions larger than the FOV, two methods are com-
monly employed [9]:

• Stitching method: Combines multiple scans but increases
radiation exposure in overlapping areas.

• Lateral ofset method: Uses asymmetric collimation to
capture half of the region of interest (ROI) per scan.

In CBCT systems with aligned detectors, the X-ray beam is
symmetrically centered on the detector, and the central ray
passes through the center of both the detector and the ROI. In
contrast, in systems using a lateral ofset detector confguration,
the detector is laterally shifted relative to the central ray, and the
X-ray beam is asymmetrically collimated to extend the efective
imaging area beyond the detector’s physical center. This con-
fguration allows imaging of regions outside the detector’s central
axis but may alter the spatial distribution of artifacts [9].

Although extensive research has examined FOV size and its
impact on artifacts, the infuence of detector type on metal-
induced artifacts remains unexplored. Given the widespread
use of metallic materials in dentistry and the diversity of CBCT

detectors, this study aims to investigate the efect of aligned and
lateral ofset detector types on metal-induced artifacts within the
FOV in CBCT imaging.

2 | Materials and Methods

2.1 | Sample Size

This study involved four independent factors: detector type (two
types), material type (three types), side (two sides), and number
of metallic objects (three levels), resulting in 36 possible ex-
perimental conditions. Since no closed mathematical formula
was available for sample size determination, a power analysis
was conducted using the analysis of variance (ANOVA) module
in SPSS (Version 2021). Based on a Type I error (α) of 5%, a Type
II error (β) of 20% (corresponding to a power of 80%), and an
efect size of 0.2, the required sample size per condition was
determined to be 20, leading to a total sample size of 720
(Table 1).

2.2 | Study Design

This in vitro descriptive–analytical cross-sectional study was
conducted using CBCT scans obtained from four diferent
devices.

2.3 | CBCT Devices and Settings

• Aligned detector:

◦ NewTom VGi (Verona, Italy): 110 kVp, automatic mA,
FOV 8 × 8 cm, voxel size 150 µm

◦ NewTom Giano (Verona, Italy): 90 kVp, 6 mA, FOV 8
× 8 cm, voxel size 150 µm

• Lateral ofset detector:

◦ Carestream CS8200 (Kodak, France): 90 kVp, 6 mA, FOV
8 × 5 cm, voxel size 150 µm

◦ LargeV Smart3D-X (China): 90 kVp, 6mA, FOV 8 × 8 cm,
voxel size 150 µm

2.4 | Phantom and Experimental Setup

CBCT imaging was performed on a dry human maxilla con-
taining three types of metallic objects placed within the FOV:

1. Titanium implant (4.8 × 10mm; Straumann, Switzerland)

2. Chrome-cobalt post with PFM crown (Neodontics,
Inc., USA)

3. Amalgam buildup (SDI, Victoria, Australia)

To simulate alveolar bone density, a homogeneous dipotassium
phosphate (K2HPO4) solution (1000mg/mL) was prepared and
placed in a polypropylene tube (0.2 mL volume, 15mm height,
5 mm diameter). The tube was positioned in the socket of the frst
premolar (#4) on the right side of the maxilla (Figure 1).

2.5 | Metallic Object Placement Confgurations

The metallic objects were arranged in six confgurations within
the maxillary sockets:

TABLE 1 | Distribution of sample size across detector types, metallic
materials, sides, and number of metallic objects.

Variable Sample size

Detector Aligned 360
Lateral ofset 360

Material
Amalgam build-up 240
PFM with Cr-Co post 240
Titanium implant 240

Side Left 360
Right 360

Number of objects
1 240
2 240
3 240
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1. Single metallic object in the socket of tooth #6 (right side)

2. Two metallic objects in the sockets of teeth #6 and #7 (right
side)

3. Three metallic objects in the sockets of teeth #6, #7, and #2
(right side)

4. Single metallic object in the socket of tooth #6 (left side)

5. Two metallic objects in the sockets of teeth #6 and #7 (left
side)

6. Three metallic objects in the sockets of teeth #6, #7, and #2
(left side)

To simulate soft tissue, the dry human maxilla was placed in
a PVC plastic container (25 × 15 × 6 cm) flled with water. The
positioning of metal objects (such as titanium implants) in the
maxilla is illustrated in Figure 2.

A control scan (without metallic objects) was performed for each
CBCT device.

2.6 | Image Analysis

A total of 72 CBCT scans were obtained and analyzed using
OnDemand software (Version 10.0.1). To quantify metal artifacts,
an ROI with a 1.5-mm diameter was defned at the center of the
dipotassium phosphate tube in the axial plane. Because CBCT
gray values are not standardized and vary depending on device
characteristics and reconstruction algorithms, mean gray value
(MGV) was used in this study as a relative metric for intrastudy
comparisons under controlled imaging conditions, rather than as
an absolute quantitative measure. The following gray value
parameters were measured:

• Maximum and minimum values

• Mean and standard deviation (SD)

These measurements were extracted from 10 consecutive axial
slices (1-mm intervals). The most coronal slice was 1mm apical
to the uppermost part of the dipotassium phosphate material,
while the most apical slice corresponded to the apex of the tube.
From these 10 slices per scan, repeated measurements were
collected under identical imaging conditions, resulting in a total

of 720 observations used for weighted statistical analysis. The
methodology for measuring gray values (such as titanium im-
plant) in scans is illustrated in Figure 3.

2.7 | Statistical Analysis

After determining the required sample size, the relevant data
were recorded and measured. Following data collection, statis-
tical analysis and graph plotting were performed using SPSS 26.
The Shapiro–Wilk test was used to assess the normality of data
distribution, and Levene’s test was employed to examine the
equality of variances. A weighted four-way ANOVA was con-
ducted to evaluate the main and interaction efects of four fac-
tors: material, detector, direction, and quantity. Because multiple
slice measurements were obtained from each CBCT scan, the
data had a clustered structure, with slices nested within scans. To
address this, a weighted statistical analysis was used to account
for the contribution of repeated measurements from the same
scan and to avoid overrepresentation of individual scans in the
analysis. MGV and SD measurements from consecutive slices
were treated as repeated observations within each scan under
consistent imaging conditions, and weighting was applied to
ensure balanced representation across experimental conditions.
Additionally, the Games–Howell and Bonferroni post hoc tests
were used for pairwise comparisons, while the independent
samples t-test was applied to compare the means of two in-
dependent groups.

2.8 | Ethical Considerations

This study was conducted in vitro using CBCT scans of
a phantom; thus, no ethical approval or informed consent was
required. Radiation protection protocols were followed
throughout the study. The study protocol was approved by the
university’s ethics committee (number:
IR.SBMU.DRC.REC.1403.038).

3 | Results

This study evaluated artifact formation in CBCT images from two
perspectives: (1) MGVs and (2) the SD of gray values.

3.1 | Efect of Detector Type

The MGV, where higher values indicate lower artifact severity,
was signifcantly higher in the aligned detector compared to the
lateral ofset detector (p = 0.001).

This indicates that, based on MGV, the artifact generated by the
lateral ofset detector is greater than that of the aligned detector.

Moreover, the SD was signifcantly lower in the aligned detector
group compared to the lateral ofset detector group (p = 0.001),
suggesting that the artifact intensity is more consistent and less
pronounced in the aligned detector (Table 2).

3.2 | Efect of Material Type

Regarding the type of metallic object, the MGV followed this
order: amalgam< cobalt-chromium< titanium, indicating
greater artifact severity in amalgam and lower artifact severity in
titanium. However, a statistically signifcant diference was only
observed between amalgam and titanium (p = 0.004), indicating
that, based on MGV, amalgam produced greater artifacts.

FIGURE 1 | Dipotassium phosphate (K2HPO4) solution in a poly-
propylene positioned in the socket of the frst premolar on the right side
of the maxilla.
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(a) (b) (c)

(d) (e) (f)

FIGURE 2 | Positioning of metal objects in the dry human maxilla. Titanium implants in the socket of the right maxillary frst molar (a), right
maxillary frst and second molars (b), right maxillary frst and second molars and lateral incisor (c), left maxillary frst molar (d), left maxillary frst and
second molars (e), and left maxillary frst and second molars and lateral incisor (f) in a dry human maxilla.

[ROI]: 12×12
Min: 218
Max: 251
Avg: 406.0
Std: 78.3

(a)

[ROI]: 12×12
Min: 341
Max: 580
Avg: 441.3
Std: 78.3

(b)

[ROI]: 12×12
Min: 279
Max: 571
Avg: 413.1
Std: 70.8

(c)

[ROI]: 12×12
Min: 328
Max: 543
Avg: 415.9
Std: 51.5

(d)

[ROI]: 12×12
Min: 284
Max: 607
Avg: 436.6
Std: 68.7

(e)

[ROI]: 12×12
Min: 319
Max: 565
Avg: 438.2
Std: 70.1

(f)

FIGURE 3 | Methodology for measuring gray values in CBCT scans. Titanium implants in the socket of the right maxillary frst molar (a), right
maxillary frst and second molars (b), right maxillary frst and second molars and lateral incisor (c), left maxillary frst molar (d), left maxillary frst and
second molars (e), and left maxillary frst and second molars and lateral incisor (f) in a dry human maxilla.
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The SD followed this order: titanium< amalgam< cobalt-
chromium. Statistically signifcant diferences were observed
between titanium and amalgam (p = 0.001), as well as between
titanium and cobalt-chromium (p = 0.001). These fndings
suggest that, based on SD, cobalt-chromium and amalgam
generate more artifacts than titanium (Table 2).

3.3 | Efect of Side

The MGV was signifcantly higher when the metal object was
placed in the opposite side (left) compared to the same side
(right) (p = 0.001), indicating reduced artifact severity in that
confguration. This implies that, based on MGV, artifacts were
less severe in the opposite orientation.

The SDwas signifcantly higher on the same side compared to the
opposite side (p = 0.001), indicating that the same side resulted
in greater artifact variability and severity (Table 2).

3.4 | Efect of the Number of Metallic Objects

The comparison of MGV across diferent numbers of metal
objects revealed the following order: 2 objects < 3 objects < 1
object, indicating that artifact severity was lowest in the single-
object confguration. A statistically signifcant diference was
found only between the one-object and two-object groups
(p = 0.032), suggesting that a single metal object produced the
least amount of artifact based on MGV.

For SD, the values increased progressively with the number of
objects: 1 object < 2 objects < 3 objects, indicating a correlation
between the number of metal objects and artifact severity
(Table 2).

3.5 | Interaction Efects Between Variables

Signifcant interaction efects were observed for certain variable
combinations:

3.5.1 | MGV

3.5.1.1 | Metallic Object Type and Placement Side.
When the metallic objects were positioned on the left side, the
MGV followed the order of amalgam< titanium< cobalt-
chromium; however, these diferences were not statistically
signifcant. In contrast, when the objects were placed on the right
side, the MGV followed the order of amalgam< cobalt-
chromium< titanium. In this confguration, the diference be-
tween amalgam and titanium was statistically signifcant (Ta-
ble 3) (Figure 4).

3.5.2 | SD

1. Detector and material: In the aligned detector, the SD of
gray values followed the order:
titanium< amalgam< cobalt-chromium. Statistically sig-
nifcant diferences were observed between amalgam and
titanium, as well as between cobalt-chromium and tita-
nium. In the lateral ofset detector, the SD followed the
order: titanium< cobalt-chromium< amalgam; however,
these diferences were not statistically signifcant (Table 4)
(Figure 5).
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2. Material and side:When themetallic objects were placed on
the left side, the SD of gray values followed the order:
titanium< cobalt-chromium< amalgam. When placed on
the right side, the order was titanium< amalgam< cobalt-
chromium. In both orientations, the diferences between
amalgam and titanium, as well as between cobalt-
chromium and titanium, were statistically signifcant
(Table 3) (Figure 5).

3. Material and number of objects: For amalgam, the SD of
gray values followed the order: 3 objects > 2 objects > 1
object, with a statistically signifcant diference observed
only between one and three objects. In the case of cobalt-
chromium, the order was 3 objects > 1 object > 2 objects,
with signifcant diferences between one and three objects,
as well as between two and three objects. For titanium, the
SD followed the order: 3 objects > 2 objects > 1 object;
however, none of the diferences among the groups were
statistically signifcant (Table 5) (Figure 5).

4. Number of objects and placement side: When metallic
objects were placed on both the left and right sides, the SD
of gray values followed the same trend: 3 objects > 2 objects
> 1 object. On the left side, none of the diferences among

the groups were statistically signifcant. However, on the
right side, signifcant diferences were observed between
one and three objects, as well as between two and three
objects (Table 6) (Figure 5).

No signifcant interactions were found between:

5. Detector and side.

6. Detector and number of objects.

4 | Discussion

Given the widespread use ofmetallic restorations and implants in
dentistry, this study aimed to evaluate the infuence of detector
type—aligned versus lateral ofset—on the extent of metal ar-
tifacts within the FOV in CBCT imaging, with the goal of op-
timizing image quality for clinical decision-making.

While prior research has assessed factors like the type, number,
and position of metal objects and exposure settings afecting
CBCT artifacts, the role of detector type remains underexplored
[10, 11]. Vasegh et al. [12] investigated artifacts using two de-
tector types, but their study focused on metallic objects posi-
tioned outside the FOV (exomass).

Most prior studies onmetal artifacts were laboratory-based, using
metal objects of uniform size and volume, which does not refect
the diverse clinical applications of metals in dentistry [11, 13, 14].
To better simulate clinical reality, this study uniquely evaluated
metal artifacts within the FOV using a dry humanmaxilla model,
providing more clinically relevant conditions.

Despite numerous studies on CBCT metal artifacts, there is no
consensus on standardized quantitative measures for their im-
pact on image quality [15]. Most research uses MGV and SD of
voxel values, where higher MGV and lower SD indicate fewer
artifacts. It should be noted that CBCT gray values are not
standardized and are infuenced by device-specifc factors, in-
cluding detector characteristics, reconstruction algorithms, and
scatter correction methods. Therefore, MGV should be inter-
preted as a relative indicator within the same study and imaging
conditions, rather than an absolute quantitative parameter.
Diferences in reconstruction processes may afect gray value
distribution independently of artifact severity, and this should be
considered when comparing results across diferent CBCT sys-
tems. This study assessed both parameters, aligning with Vaz-
concelos et al., who identifed higher SD as indicative of greater
artifact severity [16].

TABLE 3 | Games–Howell multiple comparisons for the interaction between side and material based on gray value mean and standard deviation.

Variables Mean SD
Side (I) Material (J) Material Standard error p value Standard error p value

Left Amalgam build-up PFM with Cr-Co post 36.9290 0.989 3.6018 0.871
Titanium implant 34.1156 0.894 3.2839 0.035

PFM with Cr-Co post Titanium implant 36.8154 0.959 3.5092 0.013

Right Amalgam build-up PFM with Cr-Co post 34.0121 0.997 4.8939 0.652
Titanium implant 32.9775 0.018 4.2783 0.003

PFM with Cr-Co post Titanium implant 37.9448 0.055 4.0348 0.001

825.0

800.0

775.0

750.0

725.0

Material

Side

Amalgam
build-up

a
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PFM with
Cr-Co post

Titanium
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FIGURE 4 | Interaction efects between variables based on mean gray
value (MGV). Higher MGVs indicate lower artifact severity and improved
image quality, whereas lower MGVs indicate increased artifact severity.
Diferent letters indicate statistically signifcant diferences between groups
(Games–Howell post hoc test, p < 0.05). Pairwise comparison: a, p = 0.018.
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In this study, FOV, kVp, mA, and voxel size were kept constant.
An 8 × 8 cm FOV was used for most devices, with one using 8
× 5 cm. Smaller FOVs are preferred to reduce patient radiation
dose and scatter, thereby improving image quality [8, 17, 18].
Consistent with prior research, using the smallest FOV
encompassing all metallic objects helped minimize noise and
gray value variability. Accurate selection of exposure parameters
is essential for balancing image quality and radiation dose in

CBCT imaging. Increasing tube voltage (kVp) increases the
energy and penetration capability of the X-ray beam, which
reduces beam hardening efects and image noise, resulting in
more homogeneous images. However, the relationship between
kVp and patient dose is not linear and depends on the combi-
nation of exposure parameters, including mA, exposure time,
and device-specifc optimization protocols. In some cases, in-
creasing kVp allows for reduction of tube current or exposure

TABLE 4 | Games–Howell multiple comparisons for the interaction between detector and material based on gray value standard deviation.

Detector Material Standard error p value

Aligned Amalgam build-up PFM with Cr-Co post 3.4091 0.253
Titanium implant 3.0005 0.001

PFM with Cr-Co post Titanium implant 3.0684 0.001

Lateral ofset Amalgam build-up PFM with Cr-Co post 5.1331 0.990
Titanium implant 4.5302 0.168

PFM with Cr-Co post Titanium implant 4.4431 0.113
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FIGURE 5 | Interaction efects between variables based on the standard deviation (SD) of gray values. Higher SD values indicate greater artifact
severity and increased gray value variability, whereas lower SD values indicate reduced artifact severity andmore homogeneous image quality. Diferent
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time while maintaining diagnostic image quality, which may
result in an overall reduction in radiation dose. Oliveira et al. [14]
reported that kVp has a greater infuence than mA on artifact
expression, with higher kVp producing more homogeneous
images and reducing artifact severity. Therefore, kVp should be
considered as part of an optimized exposure protocol rather than
an independent determinant of radiation dose. This principle is
consistent with the ALARA concept, in which exposure pa-
rameters are adjusted collectively to achieve adequate image
quality with the lowest possible radiation dose. Voxel size sig-
nifcantly afects CBCT image quality and metal artifacts, with
smaller voxels enhancing detail but potentially increasing arti-
facts, while larger voxels reduce artifacts at the expense of ac-
curacy [19–21]. This study used a 0.15-mm voxel size as the
standard resolution across all devices to balance these factors.

Another important consideration is the potential infuence of
system-specifc technical parameters on artifact expression.
Reconstruction algorithms vary among CBCT systems and may
signifcantly afect artifact severity, as diferences in beam
hardening correction, scatter reduction, and image processing
techniques can infuence gray value distribution and image
noise. These proprietary reconstruction processes are typically
not fully disclosed by manufacturers, making direct comparison
challenging. Additionally, imaging parameters such as FOV size
and exposure settings, including tube voltage (kVp), may also
infuence artifact formation. In the present study, a standardized
FOV (8 × 5 cm) and exposure parameters were selected based on
manufacturer recommendations and clinical relevance; how-
ever, these settings may interact with detector confguration and
system design. Higher kVp settings may reduce beam hardening
efects due to increased photon energy, while FOV size can

infuence scatter radiation and artifact distribution. Therefore,
the observed diferences in artifact expression likely refect the
combined infuence of detector confguration and system-
specifc acquisition and reconstruction characteristics rather
than detector geometry alone.

This study evaluated detector type, metal type, side of material,
and number of metallic objects.

4.1 | Impact of Detector Type

In the present study, metallic artifacts were evaluated using two
types of detectors. Based on MGV and SD, CBCT systems
equipped with aligned detectors demonstrated lower artifact
levels compared to systems using lateral ofset detectors under
the evaluated imaging conditions. Santaella et al. [22] also
compared aligned and lateral ofset detectors, reporting that
artifact reduction algorithms performed more efectively with
aligned detectors. Although the current study did not assess the
performance of metal artifact reduction (MAR) algorithms, their
impact could have been a relevant factor. In another study,
Santaella et al. [23] examined MGV and SD across diferent FOV
regions and found that lateral ofset detectors exhibited more
variability in SD compared to aligned detectors. While SD was
similar between the two groups in our study, the aligned detector
yielded signifcantly higher MGVs, indicating reduced artifact
levels. These fndings are consistent with previous research,
including the study by Vasegh et al. [12], which also showed that
aligned detectors produce fewer artifacts than lateral ofset de-
tectors. Given the limited number of studies comparing these
detector types, this investigation was deemed necessary.

4.2 | Efect of Metal Type

The present study demonstrated that titanium implants produced
the least and amalgam restorations the highest level of artifacts in
CBCT images. These fndings align with previous studies by Codari
et al. [19] and Bălută et al. [24], which reported that high-density
materials such as amalgam and cobalt-chromium generate more
pronounced metallic artifacts. This phenomenon is likely due to
diferences in physical and atomic properties, as materials with
higher density and atomic number cause greater beam hardening,
leading to dark and bright streaks in CBCT images. Kuusisto et al.
[25] also showed that increased radiopacity intensifes metallic
artifacts, suggesting a threshold efect at 20% radiopaque content.

Similarly, Saf et al. [26] reported that the type of metal object
located in the exomass region signifcantly afected artifact

TABLE 5 | Games–Howell multiple comparisons for the interaction betweenmaterial and number of objects based on gray value standard deviation.

Material Number of objects Standard error p value

Amalgam build-up 1 2 4.0092 0.403
3 5.7320 0.010

2 3 5.8213 0.110

PFM with Cr-Co post 1 2 4.7095 0.971
3 5.4262 0.014

2 3 5.4895 0.026

Titanium implant 1 2 3.9588 0.983
3 4.0502 0.974

2 3 3.9001 0.999

TABLE 6 | Games–Howell multiple comparisons for the interaction
between side and number of objects based on gray value standard
deviation.

Side

Number
of

objects Standard error p value

Left 1 2 3.4302 0.927
3 3.5254 0.470

2 3 3.5612 0.701

Right 1 2 3.5206 0.770
3 4.8166 0.002

2 3 4.8251 0.009
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severity, with the highest artifact levels seen in amalgam, fol-
lowed by cobalt-chromium and titanium—consistent with the
present study. However, Saf et al. [26] evaluated only one CBCT
unit, whereas the current study included four diferent devices.

Demirturk et al. [27] compared titanium and zirconia implants
and found that zirconia generated more artifacts. In our study,
zirconia was not included due to its lower clinical prevalence,
and titanium implants consistently showed the least artifact
based on both MGV and SD metrics.

In contrast, Vasegh et al. [12] found no statistically signifcant
diferences in artifact severity among various metals, despite
cobalt-chromium showing the highest values. They reported
equal MGVs among all metal samples and the control group,
attributing the outcome to diferences in metal volume. Notably,
their study used the same metal materials (in terms of size and
brand) as ours. Two factors may explain the discrepancy: (1) in
Vasegh’s study, metal objects were placed as exomass, and (2)
they were located farther from the ROI.

4.3 | Efect of Side

In addition to the type and composition of metal objects, their
spatial orientation signifcantly infuences artifact severity. In the
present study, metal objects positioned on the same side as the
ROI generated more pronounced artifacts—evidenced by lower
MGVs and higher SD—compared to those located on the op-
posite side. This fnding is consistent with the study by Martins
et al. [28], which had a comparable imaging protocol and showed
that metal objects closer to the ROI produce greater artifacts.
However, their study did not specifcally assess the statistical
signifcance of artifact diferences based on directional alignment
with the ROI.

Our results are also in line with those of Demirturk et al. [27],
who reported that the spatial position of metal objects markedly
afects image distortion. They found that exomass metal objects
caused more artifacts. While it is generally accepted that metals
within the FOV producemore artifacts, their study indicated that
under certain conditions—such as small FOV size, use of MAR
algorithms, and the presence of high atomic number materials
like zirconia—exomass metals can produce greater artifacts. This
underscores the importance of carefully considering imaging
parameters and clinical context in CBCT, particularly when high-
density materials are present.

Similarly, Vasegh et al. [12] reported that the highest artifact
levels (based onMGV and SD) occurred whenmetal objects were
placed on both sides of the ROI, and the lowest occurred when
objects were located on the opposite side of the ROI. Addi-
tionally, Santaella et al. [23] found that artifact levels tend to be
higher in peripheral FOV regions. Băluță et al. [24] also observed
increased artifact formation in the anterior regions and on the
lingual side of metal objects.

4.4 | Efect of the Number of Metal Objects

Another key variable examined in this study was the number of
metal objects present within the FOV. The results revealed that
an increase in the number of metallic objects corresponded with
a greater degree of metal artifacts. Previous studies have similarly
reported that a higher number of metallic items, particularly

within the exomass region, lead to decreased MGVs and in-
creased gray value SDs [26, 29, 30].

These fndings align with those ofMartins et al. [28], Vasegh et al.
[12], and Saf et al. [26], all of whom concluded that the presence
of multiple implants—either within the FOV or in the exo-
mass—intensifes artifacts and degrades image quality. This
phenomenon is likely due to increased X-ray beam interference
and more pronounced beam hardening in the presence of
multiple dense materials.

Several approaches have been explored to reduce metal artifacts
in CBCT imaging. These include the use of small FOVs, anti-
scatter grids, and adjustment of exposure parameters such as kVp
and mA, each demonstrating varying degrees of success [31].
Additionally, software-based MAR algorithms have shown
promise in minimizing artifact severity [32]. However, none of
these strategies has been entirely efective in eliminating metal
artifacts. For instance, Martins et al. [28] found that MAR per-
formance depends on implant positioning, while Candemil et al.
[9] reported that MAR algorithms in devices like PicassoTrio and
ProMax are only efective when the metallic objects are located
within the FOV.

It should also be noted that diferences between CBCT systems
extend beyond detector alignment and include variations in
exposure parameters, detector electronics, and proprietary re-
construction algorithms. These factors may infuence image
noise characteristics and artifact expression. Therefore, while
detector alignment appears to be an important contributing
factor, the results of this study should be interpreted within the
context of the specifc CBCT systems evaluated rather than
generalized solely to detector geometry.

4.5 | Limitation

This study has several limitations that should be acknowledged.
Although detector alignment was the primary variable of in-
terest, each detector type was represented by diferent CBCT
systems, which inherently difered in technical characteristics,
including tube voltage, mA control mode (fxed versus auto-
matic), FOV dimensions, and manufacturer-specifc re-
construction algorithms. These system-dependent factors may
have infuenced artifact expression and therefore represent po-
tential confounding variables. In particular, automatic mA
modulation adjusts tube current according to object attenuation
to optimize image quality, which may introduce variability
compared with fxed mA settings. As a result, the observed
diferences cannot be attributed exclusively to detector alignment
but rather refect the combined infuence of detector confgu-
ration and system-specifc imaging parameters.

The study was conducted in a laboratory setting using a dry
human maxilla phantom, which may not fully replicate clinical
conditions where soft tissue variability and patient-related fac-
tors can infuence artifact formation. Future clinical studies
using patient CBCT scans are recommended to improve external
validity.

MAR algorithms were not evaluated, and since MAR perfor-
mance varies across CBCT systems and detector confgurations,
future research should investigate their interaction with detector
alignment and artifact formation.

Radiology Research and Practice, 2026 9 of 11
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Finally, although eforts were made to standardize voxel size and
maintain clinically relevant exposure settings, subtle diferences
in acquisition protocols between devices may have afected ar-
tifact measurements. Additionally, multiple slice measurements
were obtained from each CBCT scan, resulting in clustered
observations rather than fully independent data points. Although
weighted statistical analysis was applied to reduce potential bias,
some degree of intrascan correlation may remain. Future studies
may beneft from using scan-level averaging or advanced sta-
tistical models, such asmixed-efects analysis, to fully account for
the hierarchical structure of the data.

5 | Conclusion

Within the limitations of this in vitro study, CBCT systems with
aligned detectors demonstrated lower artifact expression com-
pared with systems using lateral ofset detectors under the
evaluated imaging conditions. These fndings refect the com-
bined infuence of detector confguration and system-specifc
technical characteristics, including exposure parameters and
reconstruction algorithms, and should not be attributed solely to
detector geometry. Artifact severity was also infuenced by
metallic object type, number, and spatial orientation: amalgam
and cobalt-chromium produced greater artifacts than titanium,
and artifact intensity increased with the number of metallic
objects and when they were positioned closer to the ROI. These
results highlight the importance of considering both detector
confguration and system-specifc factors when interpreting
CBCT images in the presence of metallic restorations.
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