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Evaluation of streak
metal artifacts in cone beam
computed tomography by using the Gumbel distribution:

a phantom study

Yoshikazu Nomura, DDS, PhD,a Hiroshi Watanabe, DDS, PhD,a Nisha Gowri Manila, BDS, PhD,b

Sakurako Asai, DDS, PhD,a and Tohru Kurabayashi, DDS, PhDa
Objective. The aim of this study was to confirm whether streak metal artifacts (SMAs) between titanium implants on cone beam

computed tomography (CBCT) images could be evaluated by using the Gumbel distribution (GD). Moreover, the influence of dif-

ferent scan settings on SMAs was investigated.

Study Design. An iodine solution simulating dentin was placed between 2 titanium rods in an acrylic phantom. It was scanned by

using CBCT at 2 settings with nearly equivalent exposure doses (90 kV, 7 mA; 78 kV, 10 mA). The images were analyzed, and the

dependence of the voxel values in SMAs on GD was investigated with the coefficient of determination (r2). The location parame-

ters, indicating the strength of the SMAs, were calculated for each scan setting and evaluated with the Mann-Whitney U test. Sig-

nificance was established at p = .05.

Results. The SMAs on CBCT images depended on GD (r2 � .959). The SMAs with the 78 kV, 10 mA settings were significantly

smaller than those with the 90 kV, 7 mA settings (p < .01).

Conclusions. SMAs on CBCT images could be evaluated by using methods based on GD. The strengths of metal artifacts varied with

changes in scan settings, even at nearly equivalent exposure doses. (Oral Surg Oral Med Oral Pathol Oral Radiol 2021;131:494�502)
Cone beam computed tomography (CBCT) as used

in dentistry provides higher spatial resolution, lower

x-ray dose, and reduced cost compared with multidetec-

tor computed tomography (MDCT). CBCT is an essen-

tial tool that is often used for assessment and treatment

planning for dental implants, endodontic therapy, and

oral surgery.1-4 Therefore, various studies have been

conducted on the image quality of CBCT scans.

One severe limitation of CBCT is the presence of metal

artifacts. Image noise appears when a metal exists between

the x-ray tube and the detector during scanning.5 This phe-

nomenon results from the fact that the x-ray absorption

coefficient of metals is very high and leads to image recon-

struction problems.6 It is difficult to avoid the interference

from metal artifacts in CBCT images after titanium

implant placement. In particular, streak metal artifacts

(SMAs) appear in the area between 2 implants and often

adversely affect diagnostic accuracy. The SMAs between

titanium implants sometimes make it difficult to evaluate

root fractures, root resorption, or bone resorption.

The scan parameters of tube voltage and tube current

are adjustable in many CBCT devices.5,7 However, evi-

dence for the optimal scan setting to reduce SMAs quanti-

tatively is currently insufficient. Imai et al. described a

method to evaluate streak artifacts on MDCT images.8
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The profiles¡the value change of voxels between 2 posi-

tions¡perpendicular to the streak artifacts were investi-

gated and analyzed with a focus on the largest difference

between the CT numbers of adjacent pixels in each pro-

file. The largest differences in the profiles were dependent

on the Gumbel distribution (GD), which is one of the 3

types of generalized extreme value distributions.8-10

(Type I is GD, type II is the Fr�echet distribution, and type
III is the Weibull distribution.) An extreme value distribu-

tion is one of the continuous probability distributions,

sometimes observed as the distribution of the maximum

or minimum values of groups in particular circumstances.

In GD, a mode is indicated as a location parameter; the

values of the 2 groups dependent on GD can be compared

by using the location parameters. Imai et al. stated that

location parameters indicate the strengths of the noise

quantitatively.8 The characteristics of their method were

suitable to evaluate streak artifacts—quantitative, easy to

use in the comparison of various conditions, and insus-

ceptible to other artifacts.8,10-12 These authors also pre-

pared an evaluation procedure to confirm whether the

obtained data of the streak artifacts could be evaluated by

the method based on GD.8,10-12 Additional findings

regarding MDCT scans have been identified in the studies

derived from their method.8,10-15
Statement of Clinical Relevance

Optimized tube voltage and tube current may reduce

metal artifacts between titanium implants in cone

beam computed tomography without changing the

exposure dose. The metal artifacts can be evaluated

quantitatively by using the Gumbel distribution.
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To our knowledge, no study has analyzed CBCT

images with the use of GD. Moreover, it is unknown

whether the SMAs on the tooth root between 2

implants could be evaluated quantitatively on the basis

of GD. Hence, this study had 2 aims: to confirm

whether SMAs in CBCT images simulating the scan of

dentin located between 2 implants can be evaluated on

the basis of GD, and to investigate the influence of

changing tube voltage and current on the strength of

SMAs.

MATERIALS ANDMETHODS
Scan target
A phantom consisting of acrylic resin and water was

employed to simulate the human head in the present

study.4,7,16 We used an iodine solution to simulate the

CT or Hounsfield number (HU) of dentin. This is a

completely homogeneous material and allowed us to

reproduce the radiodensity of dentin. The heterogeneity

of a scan target can interfere with the evaluation of the

variations in voxel value caused by image noise.4

Iodine solution was also easy to obtain because it is

used as a contrast agent in radiology.7,16 Based on find-

ings from previous research and our preliminary

experiments, the solution concentration was set at

75 mgI/mL.17,18 The solution was placed into a poly-

ethylene box (height 42 mm £ width 16 mm £ depth

16 mm) and positioned between 2 titanium rods (diam-

eter 4 mm £ length 40 mm). The rods were located on

the left periphery in the water container (diameter 80

mm £ height 81 mm). Two acrylic columns (diameter

80 mm £ height 60 mm) were placed on and under the

water container; these were inserted into the circular

opening (diameter 82 mm £ depth 185 mm) of the

acrylic phantom (diameter 160 mm £ height 200 mm).

The central axis of the opening was positioned ahead

(29 mm) of that of the acrylic phantom. A diagram and

photograph of the phantom are shown in Figure 1.

MDCT scan to measure the HU of the iodine
solution
To validate that the CT number of the 75 mgI/mL

iodine solution was close to that of dentin, MDCT was

performed with a Somatom Sensation 64 unit (Siemens

Healthineers, Erlangen, Germany). The iodine solution

placed in the acrylic phantom was scanned once with-

out the titanium rods. The MDCT settings were

120 kV, 140 effective mAs, a pitch of 0.6, and a rota-

tion speed of 1 rotation/second, identical to the parame-

ters used for our clinical cases. The acrylic phantom

was laid on the bed of the MDCT scanner. Its front was

oriented above the bed. The central axis of the acrylic

phantom was set to the rotation center of the gantry.

The image data were reconstructed as axial sections

with a thickness of 0.6 mm by using the reconstruction
kernel H40s. The axial image at the middle level of the

iodine solution box was exported in the DICOM (Digi-

tal Imaging and Communications in Medicine) format.

The data were imported to a WEASIS Media Viewer

3.0.1 (Weasis Team), an open-source DICOM viewer.

The region of interest (ROI) with a round shape (diam-

eter 11 mm) was set on the iodine solution in the axial

image, and the average CT number was measured. The

iodine solution had a CT number of 1742 HU. Yampri

et al. reported that the CT number of dentin was 1100

to 2000 HU.17 Matsuyama et al. reported that it was

approximately 1,800 HU.18 Hence, the iodine solution

scanned in this study could be considered a valid mate-

rial to simulate dentin.

CBCT scan
A 3D Accuitomo FPD 8 (J. Morita Mfg. Corp., Kyoto,

Japan) was employed as the CBCT apparatus. The scan

settings were selected for a rotation of 360 degrees

(scan time: 17.5 seconds) and a field of view of 4 £ 4

cm for each CBCT scan. The following 2 settings with

similar radiation doses were selected for tube voltage

and tube current:

Setting (I): 90 kV, 7 mA, with a volume computed

tomography dose index of 3.59 mGy.

Setting (II): 78 kV, 10 mA, with a volume computed

tomography dose index of 3.58 mGy.

The acrylic phantom was scanned once with each

scan setting. The center of the iodine solution was posi-

tioned at the isocenter of the field of view in each scan.

The image data were reconstructed as axial images

with a slice thickness of 0.32 mm and a slice interval

of 0.16 mm and exported in DICOM format. The 10

axial images around the middle level of the iodine solu-

tion acquired with settings (I) and (II) were evaluated.

Analysis based on GD
The image data were analyzed by using GD on the

basis of the method described by Imai et al.8,12 The

procedure was as follows:

Setting of the profiles perpendicular to the artifacts. The

DICOM data were imported into the original software

developed by us with Delphi (Embarcadero, TX) and

Visual Studio (Microsoft, Redmond, WA). Through the

use of the software, 170 profiles with a length of 56 vox-

els were set on the iodine solution perpendicular to the

line connecting the 2 titanium rods in each axial image.

The contrast values of the iodine solution and the water

outside the SMAs were measured as a reference. Rectan-

gular ROIs (width 40 voxels £ height 120 voxels) were

set on the iodine solution (outside the region between the

2 titanium rods) and on the adjacent water to calculate

the contrast values. These profiles and ROIs were set by a

radiologist (dentist) with a doctoral degree in dentistry



Fig. 1. The acrylic phantom used in this study (diameter 160 mm £ height 200 mm). (A) Diagram of the phantom. (B) Photo-

graph of the phantom placed in front of the headrest of the cone beam computed tomography apparatus. A water container was

inserted (diameter 80 mm £ height 81 mm) in a circular opening. An iodine solution box (height 42 mm £ width 16 mm £ depth

16 mm) was placed between 2 titanium rods (diameter 4 mm £ length 40 mm) at the left peripheral location in the water container

to simulate the molar region.
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and approximately 10 years of experience in CBCT radi-

ology. The averaged voxel values were obtained in the

respective ROIs. The difference between the averaged

voxel values of the iodine solution and water was calcu-

lated and regarded as the contrast of the image. Each

position of the ROIs is shown in Figure 2.

Sampling of the largest difference between adjacent

voxel values in each profile. Because a profile con-

sisted of 56 voxels in this study, the absolute values of

the 55 differences between adjacent voxel values were

calculated, with the largest value extracted in each pro-

file. The largest value was divided by the contrast value

calculated from the iodine solution and water in each

image and recorded in each profile. The recorded val-

ues in each image were sorted in ascending order.

Hereafter, the group of values in the image is termed

x1, x2, ... x170.

Evaluation based on GD. To investigate whether the

values of x1, x2, ... x170 depended on GD, their confor-

mity with the following numerical expression (1) of

GD was evaluated:

F xð Þ ¼ exp�exp� x�bð Þ=gð Þð Þ ð1Þ
F(x): Cumulative probability when the largest differ-

ence in each profile is x

b: Location parameter

g: Scale parameter

A location parameter and a scale parameter indicate

the mode and variance of x in GD, respectively. Hence,

a location parameter can be treated as an index of the

strength of the artifact. Formula (1) is convertible by

applying the double logarithm to both the left and right
sides of the equation:

�ln�ln F xð Þð Þ ¼ x=g�b=g ð2Þ
If x1, x2, ... x170 were linearly related to �ln(�lnF

(x1)), �ln(�lnF(x2)), ... �ln(�lnF(x170)), x1, x2, ...

x170 could be considered to depend on GD according

to formula (2). The ideal values of F(x) can be calcu-

lated by using the mean rank method, and F(x) is con-

vertible as follows:

F ið Þ ¼ i= nþ 1ð Þ
i: Order of largest difference (1, 2, ... 170 in the pres-

ent study)

n: Number of samples (170 in the present study)

Hence, the dependency on GD could be evaluated by

plotting [x1, �ln(�ln(1/171))], [x2, �ln(�ln(2/171))],

... [x170, �ln(�ln(170/171))] and calculating a correla-

tion coefficient. This plotting is called the Gumbel plot.

If the plot shows linearity, x1, x2, ... x170 can be approx-

imated by GD. When the regression line of the scatter

plot is y = ax + b, the location parameter b of GD is

calculated as follows according to formula (2):

location parameterb ¼�b=a
The location parameter can be considered to indicate

the strength of the artifact. As above, the correlation

coefficients (r) and the location parameters were calcu-

lated in each slice produced with scan settings (I) and

(II).
Statistical analysis of the location parameters. The r2

(the square of the correlation coefficient or the coeffi-

cient of determination) was calculated to measure how



Fig. 2. Region of interest (ROI) settings to calculate contrast values and profiles on a streak metal artifact. (A) An original image.

(B) a. ROI for water. b. ROI for iodine solution. c. Position of 170 profiles (length 56 voxels) set on a streak metal artifact. The

directions of all profiles were perpendicular to the line connecting the 2 titanium rods. The difference between the averaged voxel

values in water and iodine solution was used to calculate the contrast in each image. The ratio of the largest difference of adjacent

voxel values in each profile to the contrast was used for the calculation of a location parameter.

OOOO ORIGINAL ARTICLE

Volume 131, Number 4 Nomura et al. 497
well GD predicts the largest differences between vox-

els. The Mann-Whitney U test was applied to the loca-

tion parameters (n = 10 in each setting) to evaluate the

difference in artifacts between the 2 scan settings.19

GNU R (R Development Core Team) was used for sta-

tistical analysis. Significant difference was established

at p = .05.

RESULTS
Profiles perpendicular to the SMAs
In this study, 3400 profiles (170 profiles £ 10

images £ 2 settings) were investigated, as shown in
Fig. 3. Examples of the profiles in this study. The x-axis indicates

profiles running near the center of the middle level of the iodine solu

ting (II): 78 kV, 10 mA. The largest difference between adjacent vo

ences between the adjacent voxel values were confirmed to be not g

the largest differences produced with scan settings (I) and (II) were

violet vertical lines.
Figure 3. The largest difference between the adjacent

voxel values was calculated in each profile; that is, all

the differences between the adjacent voxel values were

confirmed to be not greater than the largest difference.
Contrast between the iodine solution and water
The largest differences between the adjacent voxel val-

ues were recorded as the ratios to the contrast between

the iodine solution and water. The mean and standard

deviation (SD) of 10 contrast values measured from 10

images of scan setting (I) were 625.2 and 1.3,
the voxel position (0: Right; 55: Left). The graph shows the

tion in scan settings (I) and (II). Setting (I): 90 kV, 7 mA. Set-

xel values was calculated in each profile; that is, all the differ-

reater than the largest difference. In the graph, the positions of

40�41 and 38�39, respectively, as indicated by the green and



Table I. Voxel values of iodine solution and water, with calculated contrast values

Scan setting (I) (II)

Iodine solution Water Contrast Iodine solution Water Contrast

Mean 362.0 �263.2 625.2 384.8 �229.2 614.0

Median 361.9 �263.2 624.9 384.6 �229.2 613.8

Standard deviation 0.6 0.9 1.3 1.0 0.5 1.5

Maximum 363.1 �261.8 627.5 386.7 �228.4 616.5

Minimum 361.2 �264.9 623.8 383.5 �230.2 612.2

Note: Average voxel values of a 75 mgI/mL iodine solution and water in each axial image with the settings (I): 90 kV, 7 mA and (II): 78 kV,

10 mA. (Note that the “Mean” is the mean of the 10 averaged voxel values.) Contrast was calculated as the difference between the average voxel

values of the iodine solution and water in each axial image. The CT number (1742 Hounsfield unit) of the iodine solution was close to that of den-

tin as reported previously.
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respectively. Those of the images made with scan set-

ting (II) were 614.0 and 1.5, respectively (Table I).

Plotting based on GD
Plotting based on GD was performed for the 10 images

in each scan setting. The r2 ranged from 0.979 to 0.997

(median = 0.990) in scan setting (I) and from 0.959 to

0.994 (median = 0.989) in scan setting (II). The high r2

values indicated a very dependable relationship

between the largest differences in the profiles and

GD.20 Scatter plots of the axial slice at the middle level

with each scan setting are shown in Figure 4.

Location parameters as the strength of artifacts
The location parameters ranged from 0.089 to 0.096

(median = 0.092) in setting (I) and from 0.083 to 0.095

(median = 0.087) in setting (II). The box plots of the

data are shown in Figure 5. Results of the Mann-
Fig. 4. The scatter plots to confirm whether the largest differences

tion. The graph shows the data of the axial images at the middle lev

ting (II): 78 kV, 10 mA. The linear relationship (indicated by the h

evaluation of the streak metal artifact by using location parameters w
Whitney U test indicated that the location parameters

from setting (I) were significantly higher than those

from setting (II) (p = .003).

DISCUSSION
Metal artifacts are a severe limitation of CBCT. As

shown in Figure 6, which contains CBCT images from

our preliminary experiment, the SMA appears between

2 metal materials. This noise is often intense and can

impede accurate diagnosis.

In the present study, the homogeneous iodine solu-

tion between the 2 titanium rods was scanned with set-

tings (I) and (II) by CBCT to evaluate SMAs. With the

original software developed for this study, 170 profiles

perpendicular to the SMAs between the titanium rods

were analyzed in each image. The largest differences

between adjacent voxel values in each profile were

measured, and their dependency on GD was evaluated.
in the profiles on the image depended on the Gumbel distribu-

el with scan settings (I) and (II). Setting (I): 90 kV, 7 mA. Set-

igh coefficient of determination) indicated that a quantitative

as possible.



Fig. 5. Box plots of the location parameters in each image of the settings (I) and (II). ** p < .01. Setting (I): 90 kV, 7 mA. Setting

(II): 78 kV, 10 mA.
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Moreover, the influence of tube voltage and tube cur-

rent on the SMAs between the rods was investigated by

the location parameters as the strength of the SMAs.

The method employed in this study was based on

that described by Imai et al., who found that the streak

artifacts on MDCT images could be evaluated quantita-

tively by using GD.8,12 Furthermore, various findings

were revealed in subsequent investigations.10-15 The

characteristics of the method were suitable to evaluate

streak artifacts and were quantitative, easy to use for

comparison of various conditions, and insusceptible to

other artifacts.8,10-12

The method of Imai et al. took account of reducing

the influence of image noise unrelated to streak arti-

facts. The method was found to be reasonable for eval-

uation of streak artifacts for 2 reasons. First, the

influence of noise in different directions from streak

artifacts was reduced because the profiles were set per-

pendicular to the streak artifacts. Second, the influence

of other noise in the same direction as the streak arti-

facts was also reduced relatively because only the larg-

est differences of the adjacent voxels (at which the

influence of the streak artifacts seemed to be the stron-

gest) in the profiles were used to calculate the location

parameters. We consider that Imai et al. took advantage

of both the properties of the profile analysis and GD,

which is sometimes observed in the group of maximum

values.10 Hence, we believe that the method of Imai

et al. is reasonable for evaluating streak artifacts.

The method we employed in this study was almost

the same as that of Imai et al.; however, we made a

modification. They extracted the values of the largest
differences of CT numbers between adjacent voxels in

each profile, whereas we calculated the ratios of the

largest differences to the contrast between the iodine

solution and water. This was because the voxel values

in CBCT are generally less quantitative than the CT

numbers in MDCT.4 In fact, they varied depending on

changes in tube voltage, as shown in Table I. There-

fore, we had to adopt the standardized values for the

largest differences by calculating their ratios to the

contrast between the iodine solution and water. The

ROIs of the iodine solution and water were set near

the SMA because voxel values of CBCT depend on

the position in the axial image.16 Because our

method can be applied to both MDCT and CBCT, it

can be considered to be more generalized than that

of Imai et al.

We needed to confirm that the largest differences

measured from each profile in this study depended on

GD so that we could evaluate the strength of the arti-

facts by using location parameters. Thus, the r2 was

calculated between the largest differences and double

logarithms of the ideal cumulative probabilities in each

image (see Figure 4). The coefficient was very high in

each image of both setting (I) and setting (II), and the

largest differences depended on GD.8,20 As a result,

the location parameters were considered to indicate the

strength of the artifacts in the present study.

The location parameters of scan setting (I) were signifi-

cantly higher than those of scan setting (II) (see Figure 5).

The results indicate that the artifacts in dentin-equivalent

material placed between 2 titanium implants can be

reduced by adopting a lower tube voltage and a higher



Fig. 6. The cone beam computed tomography image of a 75 mgI/mL iodine solution placed in an acrylic phantom with/without

titanium rods, scanned in our preliminary experiment. (A) Without a titanium rod. (B) With 1 titanium rod. (C) With 2 titanium

rods. The streak metal artifact appears between the 2 titanium rods.
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tube current within a certain range when the radiation

doses are equivalent. We considered 2 explanations for

this phenomenon. The first was the characteristic change

in the photons of x-rays. Lower tube voltage and higher

tube current settings yield increasing numbers of photons

with reduced energy per photon. The optimization of the

balance between the number and energy of photons might

improve the image reconstruction problems that occur

when x-rays penetrate the titanium rods with their high

absorption coefficient. The second explanation was the

change in the scattered x-rays. Scattered radiation is one

cause of the degradation of image quality16 and decreases

with lower tube voltage.21 Its influence on the measure-

ment of the largest differences in this study may be non-

negligible.
Fig. 7. Examples of images with streak metal artifacts (SMAs). (A)

of the iodine solution scanned with setting (I): 90 kV, 7 mA. (B) A

the iodine solution scanned with setting (II): 78 kV, 10 mA. The w

voxel values of the iodine solution and water. The window width w

the iodine solution and water. Hence, the strengths of SMAs betwee

depths in the 2 images; the authors considered that the SMA in (A) w
The axial images at the middle level with settings (I)

and (II) are shown in Figure 7. Their window width

(the contrast of the images) and window level (bright-

ness) were adjusted to directly compare the artifacts of

2 images. The authors judged that the artifact produced

with setting (I) was somewhat stronger than that of set-

ting (II) visually. However, it should be noted that the

evaluation of image quality on paper depends on the

quality of the paper and the printer, the observer, and

the lighting. Similarly, the evaluation of image quality

on a computer monitor depends on the quality and the

settings of the monitor, the observer, and the lighting.

Unlike subjective evaluations, the procedure using the

location parameters in this study was a quantitative and

objective evaluation.
Axial image at the middle level (location parameter = 0.093)

xial image at the middle level (location parameter = 0.086) of

indow level of each image was set to the mean of the average

as set to the difference between the average voxel values of

n 2 titanium rods can be compared visually by using the gray

as somewhat stronger than that in (B).
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Metal artifacts are a significant issue in CBCT, and

various studies have broached this topic. Katsumata et al.

scanned blocks (10 £ 10 £ 20 mm) of various materials

(e.g., aluminum/copper) inside a water phantom by using

CBCT and evaluated the artifacts occurring inside the

block.22 They discovered that the artifacts were stronger

with higher tube voltage. This observation was compati-

ble with ours. Schulze et al. explained that metal artifacts

result from inconsistencies in the processing of CT image

reconstruction.6 They scanned a phantom of plaster simu-

lating a bone placed between 2 titanium rods located in a

water tank (diameter 95 mm) using CBCT with 2 settings

(80 kV, 4 mA; 90 kV, 4 mA). The decrease in voxel val-

ues on the plaster scanned with 80 kV, 4 mA was smaller

than that scanned with 90 kV, 4 mA. Pauwels et al.

scanned titanium and lead objects inside an acrylic phan-

tom by using 13 CBCT devices and measured the SDs of

the voxel values around the metal.5 They discovered that

with some CBCT systems, the SDs decreased signifi-

cantly when the radiation dose was increased. This result

suggests that the implementation of metal artifact reduc-

tion differs among CBCT manufacturers. Unlike these

studies, our current research investigated whether the dif-

ferences between 2 scan settings with nearly identical

exposure doses affect the strength of metal artifacts.

Bayrak et al. evaluated the effect of a metal artifact reduc-

tion algorithm and an adaptive image noise optimizer in

the detection of peri-implant dehiscences with CBCT.23

The GD-based method in the present study may be valu-

able when applied to the evaluation of such algorithms.

When designing in vitro experiments, researchers

should be aware of the properties of materials that

might be employed. In this study, we scanned an iodine

solution, which is homogeneous, easy to obtain, and

simulates the high density of hard tissue.16 In our previ-

ous study, a urethane phantom mixed with hydroxyapa-

tite was ordered as a scan target simulating cancellous

bone (with a density lower than that of dentin); how-

ever, the phantom contained air bubbles.4 Iodine solu-

tions have been shown in other studies to be a useful

material for making uniform and dense scan targets

with CT numbers equivalent to dentin.7,16,24,25

The limitation of this study was that the evaluations

were made with images acquired with only 1 CBCT

apparatus. We strongly believe that further research is

needed to test the generalizability of our findings.
CONCLUSIONS
The GD-based method of Imai et al. was suitable for

evaluating streak artifacts in MDCT scans, and this

study revealed that it could be applied to the evaluation

of SMAs produced on CBCT scans. At nearly equiva-

lent exposure doses, the scan settings of 78 kV and

10 mA caused weaker SMAs than those of 90 kV and
7 mA. These results might also apply to clinical cases.

The GD-based method may be useful for optimizing

scan settings to reduce metal artifacts in CBCT images.
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