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a b s t r a c t

Introduction: Metal artifact reduction (MAR) technology cannot fully eliminate metal artifacts from
metallic devices in computed tomography (CT) images. Hence, it is important to investigate the optimal
acquisition parameters and post-processing techniques. This study aimed to devise a novel evaluation
method for images containing metal artifacts from titanium seed implants and identify the optimal energy
level for virtual monochromatic imaging (VMI) to reduce metal artifacts and enhance signal detectability.
Methods: Post-brachytherapy CT scans are a clinical example of the effects of metal artifacts. Therefore,
we focused on the pelvic region, including the prostate, and created a phantom with simulated radio-
active seeds that were inserted into the prostate region. We investigated the relationship between metal
artifacts and monochromatic energy levels (35e200 keV at 5 keV intervals) using a dual-energy CT
systemwith deep learning (DL) and MAR algorithms. Metal artifacts were investigated using the Gumbel
evaluation method, which quantitatively evaluates artifacts, and contrast detectability was assessed
using the contrast-to-noise ratio (CNR) and a newly devised contrast-to-artifact ratio (CAR).
Results: The location parameter, representing the physical index of metal artifacts, was the lowest at
65 keV. CNR and CAR achieved the highest signal detectability at 70 and 65 keV, respectively. VMI at
65 keV provided an optimal balance. When two images with similar CNR values were assessed using
CAR, the resulting difference aligned consistently with the visual evaluation findings.
Conclusions: VMI at 65 keV with DL and MAR reconstructions is the optimal acquisition parameter for
reducing metal artifacts and improving signal detectability. Additionally, CAR can be used to evaluate
images affected by metal artifacts.
Implications for practice: CAR is useful for evaluating the effect of metal artifacts on signal detection.
© 2025 The Authors. Published by Elsevier Ltd on behalf of The College of Radiographers. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The use of metal devices within the body, such as artificial joints
and implanted heart devices, has recently increased,1,2 as has the
number of X-ray computed tomography (CT) examinations for pa-
tients with metal devices. Metal devices exhibit extremely high
linear attenuation coefficients, resulting in the rapid attenuation of
X-rays. This attenuation causes X-ray beam hardening and photon
starvation, producing metal artifacts in the CT images. These arti-
facts, characterized by image defects around the metal and the
appearance of black and white streaks on the image, pose signifi-
cant challenges in diagnostic imaging. Since the introduction of
metal artifact reduction (MAR) technology in 2010,3e6 notable
improvements have been observed in addressing the inaccuracies
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in imaging and information caused by artifacts from metal devices.
Furthermore, most reports7e11 on MAR have used dual-energy
modes, such as the dual-source CT system (Siemens Healthcare,
Forchheim, Germany) and virtual monochromatic imaging (VMI)
obtained from a fast kilovoltage switching CT system (GE Health-
care, Waukesha, Wisconsin, USA), which are effective in reducing
metal artifacts. Recent developments include a CT system that in-
tegrates a fast voltage-switching mode with deep learning (DL)
technology.12 The VMI obtained from this system may offer further
potential for MAR applications.

Currently, the quality of radiological images, such as CT images,
has been evaluated based on both subjective and quantitative as-
sessments. One representative index for the quantitative evaluation
of image quality is the contrast-to-noise ratio (CNR). CNR is a
physical index for evaluating contrast detectability and is defined as
a quantitative measure of the effect of noise on signal detection.
Contrastingly, there is no index for evaluating the effect of metal
artifacts on signal detection, and only subjective evaluation is
performed. Therefore, it is useful to derive an index for evaluating
the effect of metal artifacts on signal detection, and the impact of
artifacts on signal detection can be evaluated by replacing the noise
component with an indicator related to the artifacts.

In this study, we devised a new evaluation index, the contrast-
to-metal artifact ratio (CAR), and investigated the optimal mono-
chromatic energy level of VMI in CT images of metal-containing
objects.

Methods

Phantom design

CT scans performed after brachytherapy are a clinical example of
the effects of metal artifacts on image quality. Post-brachytherapy
CT scans were performed the next day and one month later after
brachytherapy at our institution to identify the location of the
radioactive seed implants, confirm that the radioactive seed im-
plants did not deviate from the prostate, and evaluate the dose
distribution for radioactive seed implants using CT images. Accu-
rate delineation of the prostate gland from surrounding organs,
such as the rectum, bladder, and urethra, is essential.13 However,
metal artifacts from radioactive seed implants often cause image
defects, complicating each organ's precise tracing. Therefore, this
study focused on the pelvic region, including the prostate, and a
phantom was created to simulate this region. Fig. 1 shows a sche-
matic of the target analysis used in this study. The phantom was
designed to mimic both the soft tissue and prostate region. Agar
was used as the base material to simulate soft tissue and prostate
regions.

As shown in Fig. 1, the agar that simulated soft tissue was placed
in an elliptical container with dimensions of 290 � 225 mm and a
thickness of 120 mm. The prostatic region was centrally located in
the container. In many studies, iodine contrast medium has been
used to adjust CT values to simulate soft tissues and organs of the
body. However, contrast media cannot simulate energy-
independent soft tissues because the absorbed X-ray dose varies
with energy. Therefore, we reproduced energy-independent soft
tissue by mixing sucrose-dissolved water within the agar and
varying the sucrose water concentration to achieve a soft tissue CT
value of 10 Hounsfield units (HU), and the CT value of the prostate
region was set to 50 HU. Fig. 2 shows the monochromatic energy
dependence of the image contrast for VMI, which was defined as
the difference in CT numbers between the simulated tissue and
prostate. The image contrast was almost constant regardless of the
monochromatic energy and was estimated to be approximately 40
HU (50 HU -10 HU). Furthermore, the characteristics of the image

contrast did not vary before and after the phantom study. The CT
numbers of human soft tissue are known to remain almost con-
stant, regardless of monochromatic energy. Therefore, our
abdominal phantom exhibited a monochromatic energy depen-
dence similar to that of soft tissues.

In this study, ten titanium radioactive seed implants (Sera
AgX100; Nihon Medi-Physics, Tokyo, Japan) without I-125,
measuring 4.5 � 0.8 mm, used in prostate cancer brachytherapy,
were prepared as generation sources of metal artifacts and inserted
into the prostate region of the abdominal phantom. The CT image in
Fig. 1 represents the metal artifacts originating from radioactive
seed implants.

VMI acquisition

Phantom imageswere acquired using the dual-energymode of a
320-row area-detector CT system installed at our institution
(Aquilion ONE Nature Edition Ver. 10.12; Canon Medical Systems,
Tochigi, Japan). The acquisition parameters are presented in Table 1.
After acquiring the raw data, the reference material image was
reconstructed using the DL reconstruction (DLR) and MAR

Figure 1. Representation of the phantom used in this study. The phantom simulated
soft tissue and prostate tissue. Titanium simulated radioactive seeds for brachytherapy
were inserted into the prostate region.

Figure 2. Monochromatic energy dependence of image contrast. The graph indicates
the image contrast between ROI1 and ROI2 for each energy level. The image contrast
was approximately 40 HU at each energy level.
ROI, region of interest; HU, Hounsfield units.
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algorithms. Subsequently, VMI ranging from 35 to 200 keV at 5 keV
intervals were generated from the reference material image using a
medical-image-processing workstation (Vitrea Ver. 8.10; Canon
Medical Systems, Tochigi, Japan). The VMI was converted to a
Digital Imaging and Communication in Medicine file for artifact
analysis.

Analysis method

Fig. 3 shows an example of an image used to evaluate metal
artifacts, which appear as black and white streaks originating from
the metal substances. In the present study, the region of interest
(ROI) measurement was a square of 40 � 40 pixels set on the CT
image (Fig. 3). Forty CT value profiles obtained from ROI1 mea-
surement were used to analyze the metal artifacts. Metal artifacts
were evaluated using the Gumbel evaluation method devised by
Imai et al..14e17 The Gumbel evaluation method, an analysis tech-
nique based on the Gumbel distribution,18 focuses on the extreme
values. The metal artifacts were evaluated by block sampling the
largest CT value variations within the ROI measurement and using
location parameters as physical indicators. A brief description of
this method, adapted from Imai et al.,14 is as follows: The largest

difference between adjacent CT values, which is the value calcu-
lated from the CT value profile in each profile, was used as the
random variable (x). The cumulative probability function for x,
denoted as F(x), is expressed as

FðxÞ¼ exp
�
� exp

�
�x� b

g

��
(1)

where b and g are the location and scale parameters, respectively,
with the location parameter corresponding to the mode and the
scale parameter corresponding to the variance of the distribution.
The unknown cumulative probability function can also be esti-
mated using the mean rank method18,19 with “order statistics.”
Thus, the largest difference between adjacent CT values was ar-
ranged in ascending order: x (1)� x (2)�…� x (40), and F (x(i)) was
computed as

F
�
xðiÞ

�
¼ i
nþ 1

(2)

where n is the sample size (40 in this study). The location param-
eterb and the scale.

Table 1
Summary of computed tomography (CT) acquisition and image reconstruction parameters.

Acquisition and reconstruction parameters

CT System 320-row area-detector CT (Aquilion ONE: Canon Medical Systems)
Scan mode Dual Energy Helical Scan
Detector cofiguration 0.5 mm � 80 rows
Tube voltage (kVp) 80 and 135 kVp (Rapid kV switching method)
Target standard deviation value for automatic exposure controla 8 (for 0.5 mm thickness images)
Helical pitch 65.0
Rotation speed (s/rotation) 0.5
Acquisition field-of-view (mm) 350
CTDI: (mGy $ cm) 14.9
DLP: (mGy $ cm) 123.40
Reconstruction method Deep Learning Spectral Reconstruction
Reconstruction kernel AiCEb Body Mild
Reconstruct slice thickness (mm) 2.0
Reconstruct field-of-view (mm) 120
Image matrix 512 � 512
Energy level of VMI reconstruction (keV) 35-200 (5 increments)
Clinical Applications Metal artifact reduction (SEMARc)

a Automatic exposure control estimates the image quality level in terms of the standard deviation of CT numbers (SD, noise level) and determines the tube current.
b AiCE: Advanced Intelligent Clear-IQ Engine.
c SEMAR: Single Energy Metal Artifact Reduction.

Figure 3. The location of the ROIs placed on the analyzed image. Target CT images, which obtained using the dual-energy CT scanner with deep learning technology, analyzed metal
artifacts and signal detectability. The measurements ROI1 and ROI2 were set in regions on the analyzed image that simulated soft tissue and the prostate, respectively.
ROI, region of interest; CT, computed tomography.
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Parameter g was estimated by line-fitting on the Gumbel plot
and used as a physical index for evaluating metal artifacts on CT
images.

Evaluation of signal detectability by CNR

Signal detectability, which is the ability to distinguish an image
signal on a CT image, was quantitatively assessed using the CNR,
which measures the difference between image signals and noise.
CNR, a physical index of contrast resolution, is defined by Equation
(3) and is often used in clinical settings.

CNR¼ CT ROI1 � CT ROI2
Noise SD

(3)

where CT ROI1 is the mean CT number of ROI1, CT ROI2 is the mean
CT number of ROI2, and Noise SD is the standard deviation of the CT
values in ROI2. The CNR for each monochromatic energy level was
calculated using the following formula.

Evaluation of signal detectability by CAR

In this study, we devised a new physical index, the CAR, to
evaluate the effect of metal artifacts on signal detectability. The CAR
is defined similarly to the CNR but uses the location parameter of
the Gumbel evaluation method as follows:

CAR¼ CT ROI1 � CT ROI2
Artifact value

(4)

where CT ROI1 is the mean CT number of ROI1, CT ROI2 is the mean
CT number of ROI2, and the artifact value represents the location
parameter of ROI1. The CAR at each energy level was calculated
using the following equation.

Results

Fig. 4(a) illustrates the largest difference between the adjacent
CT values for each monochromatic energy. In the Gumbel plots, the
largest difference between the adjacent CT values was on the fitted
straight line. Regardless of monochromatic energy, Pearson's cor-
relation coefficients were estimated to be r ¼ 0.977e0.992. These
results indicate that metal artifacts can be statistically modeled
using the Gumbel distribution. Fig. 4(b) depicts the relationship
between the location parameter and the monochromatic energy. A
minimum was reached at 65 keV in the energy dependence of the
location parameters. Fig. 5(a) and (b) show the CNR and CAR as
quantitative indices of the contrast detectability for the virtual
monochromatic energy level, respectively. The CNR and CAR values
for the virtual monochromatic energy level are also listed in Table 2.
The evaluations of CNR and CAR revealed that the highest signal
detectability was achieved at 70 keV for CNR and 65 keV for CAR.
These results showed that the signal detectability improved by
reducing metal artifacts, making the VMI reconstructed at 65 keV
suitable for detecting image signals obscured by metal artifacts.

Figure 4. Result of Gumbel evaluation method. (a) Gumbel plots of the largest difference between adjacent CT values. The largest difference between adjacent CT values obtained at
energy levels of 35, 50, 65, 130, and 200 keV in ROI1 were plotted on the Gumbel probability paper. This plot is called the Gumbel plot. (b) The energy dependence of the location
parameters of the Gumbel method. This graph depicts the relationship between location parameter and monochromatic energy level.
CT, computed tomography; keV, kiloelectron voltage; ROI, region of interest.

Figure 5. Relationship between contrast detectability and monochromatic energy level. Energy dependence of (a) CNR, which is generally used, and (b) CAR, which is newly
devised.
CNR, contrast-to-noise ratio; CAR, contrast-to-artifact ratio.
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Discussion

The Gumbel evaluation method was used to evaluate the metal
artifacts. The location parameter, a physical index that quantifies
the extent of metal artifacts, was the smallest at 65 keV. Further-
more, when the actual images were verified (Fig. 6(a), (b), and 6(c)),
visual confirmation revealed that the VMI at 35 and 135 keV was
affected by artifacts from the simulated radioactive seed implants,
whereas the VMI at 65 keVwas the least affected. This suggests that
the 65 keV energy effectively reduced the metal artifact effects.
However, this finding differs from those of previous studies.
Notably, Meinel et al.8 confirmed that the optimal energy for tita-
niumwas 140 keV in subjective and objective assessments of metal

artifacts in phantom VMI. Furthermore, an investigation of the ef-
fect of reducing metallic dental artifacts in clinical VMI recon-
structed by the MAR algorithm reported that the margin and
internal architecture of metallic dentures were more clearly
delineated in higher-energy images than in lower-energy images.7

Another study evaluatedmetal artifacts caused by pedicle screws in
patients with scoliosis and found the optimal energy range to be
between 110 and 140 keV.10 We postulated that the difference in
results from these studies was due to several factors, including the
difference in the generation sources of metal artifacts and the use of
DL technology in the CT system used in our study. This technology
recovers missing projection data and estimates complete data
when switching between two high and low tube voltages.
Furthermore, the DLR algorithmwas applied to reduce noise in the
low-voltage data, resulting in highly accurate projection data with
reduced noise. Because this technology differs from conventional
dual-energy CT systems, we believe that a noise-reduced reference
material image improves the accuracy of metal extraction and re-
duces metal artifacts, leading to differences in the results. However,
conventional systems lack the advanced image reconstruction ca-
pabilities of the DLR.

The contrast detectability of the CNR and the proposed CAR
were also evaluated. The results showed that the CNR and CARwere
lower at 35 keV and higher at 65e70 keV, and decreased thereafter
as the energy increased. Visually, signal detectability was reduced
by VMI at 35 keV owing to artifacts, whereas VMI at 65 keV showed
improved performance. Thus, the present study indicates that
65 keV is a useful energy band that offers the lowest metal artifacts
and highest signal detectability. Furthermore, in dual-energy mode
imaging, VMI in the 65e70 keV energy band is equivalent to
120 kVp image in single-energy mode.9 This energy band is widely

Table 2
Results of quantitative evaluation for contrast detectability using contrast-to-noise
ratio (CNR) and contrast-to-artifact ratio (CAR) at virtual monochromatic energy
level. keV: kiloelectron volt.

keV CNR CAR keV CNR CAR keV CNR CAR

35 0.64 0.39 95 2.75 1.62 155 1.94 1.14
40 0.90 0.55 100 2.56 1.50 160 1.92 1.13
45 1.25 0.77 105 2.46 1.44 165 1.91 1.12
50 1.74 1.10 110 2.37 1.39 170 1.89 1.12
55 2.51 1.68 115 2.29 1.34 175 1.88 1.11
60 3.62 2.70 120 2.22 1.30 180 1.87 1.10
65 4.62 3.87 125 2.18 1.28 185 1.85 1.10
70 4.82 3.75 130 2.12 1.24 190 1.85 1.09
75 4.30 2.85 135 2.07 1.22 195 1.83 1.08
80 3.72 2.30 140 2.03 1.19 200 1.83 1.07
85 3.31 1.99 145 1.99 1.17
90 3.00 1.77 150 1.95 1.15

Figure 6. target VMI obtained at various monochromatic energy levels; (a) 35 keV, (b) 65 keV, and (c) 135 keV. The bottom row shows VMI at (d) 55 keV and (e) 100 keV, which CNR
was almost equivalent. Value of CNR and CAR are shown. (Window level: 50 HU, Window width: 320 HU)
VMI, virtual monochromatic image; keV, kiloelectron voltage; CNR, contrast-to-noise ratio; CAR, contrast-to-artifact ratio.
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used in routine clinical practice as a substitute for 120 kVp, which
has been the standard since the advent of CT. Therefore, clinicians
can make diagnoses without discomfort because they are familiar
with single-energy mode images.

Based on these results, we recommend that the optimal scan
parameters include the use of noise-reducing image reconstruction
algorithms, such as DLR, to enhance metal extraction, apply MAR
algorithms, and utilize VMI at 65 keV in dual-energy mode. These
measures are essential for acquiring images with minimal metal
artifact influence and high signal detectability. The highest peaks
for CNR and CAR were observed at 70 and 65 keV, respectively.
Similar trends across energy levels indicate that CAR can be used to
evaluate the signal detection capability. Fig. 6(d) and (e) show ex-
amples of images used in this analysis, showing VMI at 55 and
100 keV, respectively. The CNR values were almost equivalent:
2.51 at 55 keV and 2.56 at 100 keV (Table 2). However, the CAR
values differed, with 1.68 at 55 keV and 1.50 at 100 keV, respec-
tively. Visually, the VMI at 100 keV displayed more metal artifacts
and a rough texture, which negatively impacted the signal detect-
ability. Thus, the proposed CAR may provide a more reliable
assessment of signal detectability in images affected by metal
artifacts.

This study had some limitations. First, the structure of the
phantom used was significantly different from that of a human
body. In clinical practice, metal artifacts may occur in the presence
of various structures, such as bones, which may present different
characteristics. Therefore, using a phantom that closely resembles
human anatomy could yield more clinically relevant information.
Second, in clinical CT examinations, not only titanium radioactive
seed implants but also other metal devices, such as joint implants
and metallic dental prostheses, are sources of metal artifacts. These
metal devices may have different characteristics of metal artifacts
from radioactive seed implants. Third, in this study, the effect of
metal artifacts on contrast detectability in a simplistic phantom
was quantitatively evaluated using the derived CAR. However, this
index has not been applied to the evaluation of metal artifacts in
clinical CT images. Additionally, no image reading examinations,
such as the Likert scale and Receiver Operating Characteristic (ROC)
analyses, were performed. Therefore, further investigations are
necessary to provide clinical value to our study. Finally, the image
acquisition method involved VMI reconstructed from raw data
obtained using the dual-energy mode. When imaging is performed
using a conventional tube voltage of 120 kVp, continuous X-rays
cause an energy shift, commonly known as beam hardening, as
they pass through the subject. To address this, CT manufacturers
have implemented image quality compensation techniques,
including the correction of CT numbers using algorithms and arti-
fact reduction methods. Therefore, while the effect of metal arti-
facts on image quality may differ between VMI and conventional
polychromatic CT images reconstructed using DLR and MAR algo-
rithms, this study did not compare them. These limitations should
be addressed in future studies.

Conclusions

In this study, we introduced the CAR as a new physical index for
evaluating the impact of metal artifacts on contrast detectability
and investigated the relationship between metal artifacts and
monochromatic energy levels using a dual-energy CT scanner with
DL. Consequently, the CAR was useful for evaluating the effect of
metal artifacts on signal detection. Furthermore, we identified the
use of noise-reducing image reconstruction algorithms, such as
DLR, metal artifact reduction processes, and VMI at 65 keV, as
optimal acquisition parameters for acquiring images with high
signal detectability and minimal metal artifact influence.
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QUESTIONNAIRE 
A4(26) Part 1 of 2  

Devising a novel evaluation method for computed tomography images containing metal 
artifacts from titanium seed implants: Application to virtual monochromatic imaging 

energy optimization 
INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• All questions have only ONE correct answer  

Question 1: Which one of the following was NOT one of the 
aims of the study? 
 

A: Comparing CT and MRI for prostate imaging 
B: To devise a novel method for evaluating metal 

artifacts from titanium seed implants  
C: To identify the optimal energy level for VMI to 

reduce metal artifacts and enhance signal 
detectability  

D: None of the above 
 

Question 2: Which imaging technique was optimized in this 
study? 
 

A: Single-energy CT 
B: MRI 
C: Virtual monochromatic imaging (VMI) 
D: Ultrasound 

 
Question 3: What type of metal implant was simulated in 
the phantom? 
 

A: Titanium radioactive seed implants 
B: Dental screws 
C: Hip prosthesis 
D: Cardiac stents 

 
Question 4: What region of the body did the phantom 
simulate? 
 

A: Thorax 
B: Pelvic region including the prostate 
C: Brain 
D: Spine 

 

Question 5: Which material was used to simulate soft 
tissue in the phantom? 
 

A: Silicone 
B: Gelatin 
C: Saline solution 
D: Agar mixed with sucrose water 

 
 
 
 
 
 

Question 6: What does CNR stand for? 
 

A: Contrast-to-resolution ratio 
B: Contrast-to-radiation ratio 
C: Contrast-to-noise ratio 
D: Contrast normalization ratio 

 
 
Question 7: What new metric was introduced in this study? 
 

A: Contrast-to-artifact ratio (CAR) 
B: Artifact-to-noise ratio 
C: Metal-to-signal ratio 
D: Artifact suppression index 

 
Question 8: What statistical method was used to evaluate 
metal artifacts? 

 

A: Gumbel evaluation method 
B: ROC analysis 
C: ANOVA 
D: Chi-square test 

 
Question 9: What does the location parameter in the 
Gumbel method represent? 
 

A: Image contrast 
B: Physical index of metal artifacts 
C: Noise level 
D: CT dose 

 
Question 10: What was the optimal energy level for CAR? 
 

A: 55 keV 
B: 70 keV 
C: 110 keV 
D: 65 keV 

 

 
 
 
 

THE END 



1 
A4(26) Part 2 of 2 

QUESTIONNAIRE 
A4(26) Part 2 of 2 

Devising a novel evaluation method for computed tomography images containing metal 
artifacts from titanium seed implants: Application to virtual monochromatic imaging 

energy optimization 
INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• All questions have only ONE correct answer  

Question 1: What CT system was used in the study? 
 

A: Siemens SOMATOM 
B: GE Revolution CT 
C: Canon Aquilion ONE 
D: Philips iCT 

 
Question 2: What was the tube voltage configuration? 
 

A: 100 and 140 kVp 
B: 80 and 120 kVp 
C: 90 and 130 kVp 
D: 80 and 135 kVp 

 
Question 3: What was the slice thickness used for 
reconstruction? 
 

A: 2.0 mm 
B: 3.0 mm  
C: 1.0 mm 
D: 5.0 mm 

 
Question 4: What reconstruction algorithm was applied? 
 

A: Filtered back projection 
B: Iterative reconstruction 
C: Deep learning reconstruction (DLR) 
D: MAR only 

 
Question 5: What was the image matrix size? 
 

A: 256 x 256 
B: 512 x 512 
C: 1024 x 1024 
D: 640 x 640 

 
Question 6: At which energy level was the location 
parameter lowest? 
 

A: 70 keV 
B: 55 keV 
C: 65 keV 
D: 100 keV 

 
 
 
 
 
 

Question 7: What was the highest CNR value recorded? 
 

A: 4.82 
B: 3.62 
C: 4.30 
D: 5.00 

 
Question 8: What was the approximate image contrast 
between ROI1 and ROI2? 
 

A: 20 HU 
B: 30 HU 
C: 50 HU 
D: 40 HU 

 
Question 9: Which energy level showed the most visual 
reduction in metal artifacts? 
 

A: 35 keV 
B: 135 keV 
C: 65 keV 
D: 100 keV 

 
Question 10: What was a key limitation of the study? 
 

A: Lack of CT dose data 
B: Phantom did not replicate human anatomy 
C: No use of contrast media 
D: Use of outdated CT system 

 
 

 
 
 

THE END 
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