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ABSTRACT 

 

Quantitative Evaluation of Metal Artifact Reduction in CBCT 

: Effects of Exposure Dose and Metal Direction 

 

 

Purpose: 

Various metal artifact reduction (MAR) methods for cone-beam computed tomography 

(CBCT) have been recently introduced, but there is a lack of information on how to 

quantitatively evaluate their effectiveness. This study aims to establish a standardized 

experimental method utilizing a quality-assured CBCT phantom, and to evaluate the 

MAR effectiveness by measuring the area of metal artifacts compared to MAR on/off 

for scanned CBCT images. 

 

Methods: 

A sedentex-CT phantom with multiple titanium metal rods inserted in both horizontal 

and vertical direction was scanned using a CBCT device. CBCT scans were repeated 

in three exposure protocol (standard dose, low dose, ultra-low dose) with the MAR 

function on and off. The area of metal artifacts on all acquired images was measured 

using ImageJ software to evaluate the effect of MAR. The differences in artifact area 

values between MAR on and off were statistically analyzed according to each exposure 

protocols and metal direction. 

 

Results: 

Artifact areas on CBCT images with the MAR function were significantly reduced 

compared to those without MAR across all exposure protocols and metal direction (P 
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< 0.05). The artifact areas showed the greatest reduction in the ultra-low dose protocol 

(80.3%, from 262.30 mm² to 51.72 mm²), followed by the low dose protocol (73.6%, 

from 331.59 mm² to 87.66 mm²) and the standard dose protocol (61.5%, from 358.28 

mm² to 137.83 mm²). The reduction rate was higher for the vertical metal direction 

(80.7%, from 276.96 mm² to 53.36 mm²) than the horizontal direction (63.3%, from 

357.82 mm² to 131.45 mm²). 

 

Conclusion: 

This study quantitatively demonstrates the performance of the MAR in consistently 

reducing metal artifacts in various radiation dose protocols and metal directions. In 

particular, the effect of percentage reduction was excellent when the exposure protocol 

with low radiation dose and the metal condition were vertical in the scanned CBCT. 

This established method, involving quantitative measurement of artifact areas, 

provides a valuable framework for future research in artifact reduction and potential 

optimization in clinical applications. 

 

 

 

 

 

 

 

 

                                                                                

Key words : cone beam computed tomography; metal artifact reduction; CBCT phantom; exposure 

protocol; metal directions; percentage reduction   
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1. INTRODUCTION 

 

Since the introduction of cone beam computed tomography (CBCT) devices into 

clinical practice in the early 1990s, they have been increasingly used in diagnostic and 

treatment planning in the dental field. The reason is that the technological 

advancement of the key components for image implementation has improved the 

image quality, with less radiation exposure and smaller equipment footprint compared 

to the multi detector computed tomography (MDCT). CBCT is a tomography device 

that positions the target object between a cone-beam x-ray generator and a flat-panel 

detector, obtaining image data by rotating the gantry once around the object and 

reconstructing uniform cross-sectional images. Compared to MDCT, which requires 

multiple rotations, CBCT achieves diagnostic imaging with relatively lower radiation 

exposure. However, due to the use of a dimensional flat-panel detector instead of the 

fan-beam x-ray and linear detector array in MDCT, CBCT generates 4-5 times more 

scattered radiation, resulting in lower signal-to-noise ratio and reduces contrast 

resolution (Zhang et al., 2007; Jacobs et al., 2018; Lim, Jung, & Lee, 2005; Korpics et 

al., 2016; Queiroz et al., 2017; Choi, Kim, & Hwang, 2006). 

In particular, when scanning metal materials using CBCT, such as stainless steel 

used to make prosthetics or titanium materials used to process implants, beam 

hardening and scattering occur. These artificial transformation are called metal artifact. 

(Queiroz et al., 2017; Choi, Kim, & Hwang, 2006) These metal artifacts can degrade 

the quality of images and act as a hindrance to the diagnosis of anatomical structures, 

thus reducing the accuracy of diagnosis and treatment plans. (Choi, Kim, & Hwang, 

2006; Park, Jeon, & Seo, 2023). The main types of artifact occurring are streak artifact 

and beam hardening artifact. Beam hardening artifacts occur between low-

permeability materials, such as metals, when lower-energy rays are absorbed and 

higher-energy rays pass through, causing energy shifts. This often causes certain areas 

around the metal to appear dark or shaded (Barrett & Keat, 2004; Washio et al., 2020). 

Streak artifacts appear as light streaks or dark streaks in the image and are typically 
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caused by photon starvation or x-ray scattering around high-density objects (Korpics 

et al., 2016; Washio et al., 2020). 

These artifacts can be mitigated by increasing the tube current and voltage to 

increase the number of photons, or generating high-energy photons to penetrate denser 

materials, thereby reduce noise and photon deficiency in the image. However, it is not 

generally suitable for application because it relatively affects the reduction of tissue 

contrast and increases the amount of radiation exposed to patients (Choi, Kim, & 

Hwang, 2006; Kunz et al., 2022). 

Therefore, Metal artifact reduction (MAR) techniques are widely used to minimize 

artifacts caused by metals for decreasing radiation exposure. Since its introduction in 

the 1980s, MAR has employed various approaches and continues to be developed and 

improved (Queiroz et al., 2017; Nazir & Mushtaq, 2024; Kalender, Hebel, & 

Ebersberger, 1987). Representative methods include iterative reconstruction 

techniques like expectation maximization and algebraic reconstruction technique, 

which correct incomplete data, as well as projection-based method that interpolates or 

estimates missing or distorted data (Yu et al., 2009; Boudabbous et al., 2015).  

Recently, artificial intelligence-driven deep learning MAR technology, which detects 

and optimizes artifacts automatically has become commercially available and is 

offered by many CBCT manufacturers (Yu et al., 2009; Boudabbous et al., 2015; Wang, 

Vannier, & Cheng, 1999; Ghani & Karl, 2020; Lee, Kim, & Cho, 2024). 

Various CBCT equipment offering MAR function have been introduced, there is a 

lack of information focused on standardized methods of effectiveness evaluation about 

MAR. Only some previous researchers used phantoms arbitrarily created or regions of 

interest (ROI) subjectively selected for metal artifact evaluation (Zhang et al., 2007; 

Jacobs et al., 2018; Lim, Jung, & Lee, 2005; Korpics et al., 2016; Queiroz et al., 2017). 

There are few studies analyzing the reduction effectiveness of metal artifact in CBCT. 

Thus the objective and standardized methods for metal artifact reduction evaluations 

in need. 
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This research aimed to establish a standardized method by quantitatively analyzing 

the measurement of MAR area on CBCT images using quality assurance (QA) 

phantom across three CBCT exposure protocols (standard, low dose, ultra-low dose) 

and different orientations of consecutive metal direction. We also perform 

effectiveness evaluation on scanned CBCT equipment. 
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2. MATERIALS AND METHODS 

 

2.1. Acquiring CBCT images 

 

All images were acquired using the T2 PLUS CBCT (T2 PLUS-CS, OSSTEM 

IMPLANT Co., Ltd., Siheung, South Korea). This system is a dental CBCT, consisting 

of an x-ray tube and an IGZO-type flat panel detector. It also includes a metal artifact 

reduction function based on deep learning-based metal extraction. 

In CBCT, parameters such as the field of view (15 × 9 cm), tube voltage (95 kV), 

and voxel size (200 µm2) were kept constant across all scans, while tube current, 

exposure time, and binning mode were adjusted according to the specific exposure 

protocols.  

CBCT was taken under various conditions to compare the difference in effectiveness 

of MAR. By default, we set up the exposure protocols: standard, low dose, and ultra-

low dose considering the difference in radiation exposure. We used the exposure 

protocol provided by the manufacturer, and the tube current and exposure time were 

changed, and conditions such as imaging field of view, tube voltage, angle, and rotation 

radius were fixed as shown in the following Table 1. 
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Table 1. CBCT exposure protocols  

Exposure 

protocols 
MAR 

FOV 

(cm²) 

Voxel size 

(µm2) 

Tube voltage 

(kV) 

Tube current 

(mA) 

Exposure 

time (s) 

DAP 

(μGy × m²) 

Standard 
Off 

15 x 9 200 95 6 22 238.7 
On 

Low dose 
Off 

15 x 9 200 95 6 10 111.4 
On 

Ultra-low 

dose 

Off 

15 x 9 200 95 3 10 53.3 

On 

MAR; metal artifact reduction, FOV; field of view, DAP; dose area product 

 

Images were reconstructed with raw data obtained by the protocol to obtain MAR 

on and MAR off images, respectively. The acquired images were stored in the form of 

digital imaging and communication (DICOM). 
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2.2. Acquiring QA phantom imaging 

 

To increase the reliability of evaluating MAR effects, scans were performed using 

CBCT QA phantom of a sedentex-CT (Leeds Test Objects Ltd, North Yorkshire, 

United Kingdom) with quantitative measurements. The phantom is about the head size 

and is made of cylindrical polymethyl methacrylate (PMMA). Cylindrical phantom of 

size of 16×16 cm. The phantoms are designed for use in image quality control of 

CBCT. The lower portion of the phantom (height: 22 mm) is composed of uniform 

PMMA. The top section features seven inserts holes (diameter: 35 mm, height: 140 

mm) positioned in arranged in a regular hexagonal pattern and around the center. 

(Figure 1) A total of nine image quality parameters can be tested, including 42 inserts 

of 13 types (diameter: 35mm, height: 20mm) and the bottom PMMA portion in Table 

2. 

In this study, we used beam hardening artifacts among the various inserts of the 

sedentex-CT phantom. Inside the insert, three cylindrical titanium bars of diameter of 

5 mm are arranged parallel to each other at 5 mm intervals. The metal bars are 17 mm 

long and the insert are wrapped in PMMA. The arrangement and position of the inserts 

followed the method suggested by the manufacturer. 
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Figure 1. Standard protocol for insert location of sedentex-CT phantom             .              

(A) Components of sedentex-CT image quality phantom (B) The sedentex-CT phantom used 

for evaluating metal artifacts in CBCT (C) Placement of inserts (D) The 'beam hardening 

artifact' inserts consisting of three cylindrical metals 
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Table 2. List of the parameters for image analysis and inserts 

Mode Field of view (cm²) Layer 

Noise/Uniformity The lower section of the phantom is uniform PMMA (density 

1.20 +/- 1.00%) 

5/6 

Geometric Distortion An array of 2.0 mm diameter, 3.0 mm deep Air / gaps are 

uniformly pitched at 10.0 mm intervals through one slice of 

the cylinder 

 

Spatial Resolution (LSF) PMMA/PTFE interface 4 

Spatial Resolution (PSF) stainless steel wire suspended in air 4 

LP/mm alternating Aluminum/polymer (XY) 3 

LP/mm alternating Aluminum/polymer (Z) 3 

Contrast Resolution 1.0, 2.0, 3.0, 4.0, 5.0 mm diameter Aluminum, PTFE, delrin, 

LDPE, Air, Water (PMMA) rods suspended in PMMA 

4 

Pixel intensity 10.0 mm diameter Aluminum, PTFE, delrin, LDPE, Air, 

Water (PMMA) rods suspended in PMMA 

3 

Beam Hardening Artefacts A line of three 5.0 mm diameter rods of Ti suspended in 

PMMA 
1 

Blank PMMA insert  2 

PMMA; methyl methacrylate, PTFE; Polytetrafluoroethylene, LDPE; Low Density 

Polyethylene 

 

The two beam hardening artifacts insert were placed so that successive cylindrical 

metal objects could face in different directions. The inserts were placed at the same 

height but left/right edge respectively. The position of the ‘beam hardening artifact’ 

inserts was taken to be seen in the middle based on height, taking into account the max 

FOV (15×9) of the imaging equipment. 

For all scans, the phantom was taken without moving from the same position. For 

each exposure protocols (standard, low dose, ultra-low dose), 8 scans were taken. The 

resulting dataset consisted of a total of 450 axial slice of CBCT, 5 slices were selected 

from the metal artifact area and 1 slice was selected from the PMMA area for reference. 
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The cylindrical metal is located between 213 to 298 slices among axial slices. (Slice 

interval: 0.2 mm, cylindrical metal acquisition area: 85 slices in total) (Figure 2) 

To select a representative slice, we identified the center slice of the artifact layer and 

used this to select two additional slices at equal intervals up and down. PMMA slices 

were selected for the criteria of the analysis. Six slices (5 analytical slices and 1 

reference slice) selected from each scan were stored separately for further image 

analysis. 

 

 

 

 



- 10 - 

 

 

Figure 2. Image acquisition using sedentex-CT phantom                   .       

(A) sedentex-CT phantoms_insert insertion direction (B) CBCT projection of phantom, Yellow 

Box: metal artifact layer, Yellow Dotted Box: PMMA layer (C) Axial slice image with region 

of interest (Yellow dotted circle) (D) Coronal slice image with region of interest, Yellow Line: 

analytical slices, Orange Line: reference slice 
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2.3. Image analysis of artifact area 

 

Considering the size of insert, the ROI was set in a 32mm diameter circle, and the 

measurement position was defined to be located in the center of the insert to be 

analyzed. 

The mean gray value and standard deviation were calculated by placing ROI in the 

center of the reference slice consisting of uniform PMMA. This value is set to the 

reference threshold and the value obtained by adding three times the standard deviation 

to the corresponding value is set to the maximum threshold and the value obtained by 

subtracting three times the standard deviation is set to the minimum threshold. The set 

maximum/minimum threshold was applied as a binary value of five analytical slices. 

The pixel values between the maximum and minimum threshold values were obtained 

by placing the ROI in the center of ‘beam hardening artifacts’ inserts in the analytical 

slice. The metal artifact areas were represented in black and the PMMA areas 

unaffected by the metal artifact were represented in white. (Figure 3) 

The area of white PMMA area without metal artifacts was excluded from the total 

area set as the ROI. In addition, the area of metal artifact was calculated excluding the 

cylindrical metal area and quantified using the following formula. 

Metal artifact area = 804.32mm²* – (804.32mm² x white area %) – 58.9mm²** 

*804.32 mm² = 32 mm diameter represents the total area of the circular ROI and 

**58.9 mm² represents the area of the cylindrical metal bar. 

ImageJ software (version 1.54g; NIH, Bethesda, MD, USA) was used for data 

acquisition. 
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Figure 3. Quantitative image analysis (A, B, C, D): Axial analysis slices showing circular 

ROI. (E, F, G, H): Axial analysis slices binary using a threshold, where black areas represent 

the cylindrical metal bars and associated artifacts while white areas correspond to the PMMA 

regions unaffected by the artifacts. (A, E): MAR off, low-dose exposure protocol, horizontal 

metal arrangement. (B, F): MAR on, low-dose exposure protocol, horizontal metal arrangement. 

(C, G): MAR off, low-dose exposure protocol, vertical metal arrangement. (D, H): MAR on, 

low-dose exposure protocol, vertical metal arrangement. 

ROI; region of interest, MAR; metal artifact reduction 

 

The reference axial slices of the CBCT data were imported into ImageJ software to 

generate images, and the ROI was defined as a 32 mm diameter circle in the center of 

the image using the 'Specify' function. (Figure 4) The ‘Clear Outside’ function was 

applied to remove all areas outside the ROI, then the ‘Measure’ function was used to 

obtain the average gray scale, standard deviation values and record the collected data 

for analysis. 
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Figure 4. Method of obtaining mean gray scale and standard deviation from reference 

slices (A) Setting the ROI (B) Erasing images other than the ROI (C) Data acquisition 

 

Analysis of CBCT data axial slices were imported into ImageJ software to create an 

image and the 'Specify' function was used to define a ROI with a diameter of 32 mm 

in the center of the vertical metal rods. The ‘Clear Outside’ function was applied to 

remove all areas outside the ROI. The image was binarized by entering the minimum 

and maximum threshold values in the ‘Threshold’ function. The percentage area 

(PMMA area unaffected by artifacts) was measured using the ‘Measure’ function, and 

the obtained data was recorded. (Figure 5) 
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Figure 5. Calculation of the white percentage area of the analytical slice (A) Set the size 

and position of the ROI (B) Delete the region other than the ROI (C) Apply the threshold to 

obtain binary slice image (D) Acquire data 
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2.4 Statistical analysis 

 

The above experimental method calculated and analyzed the area value of the 

artifact with a total of 480 slice data, 40 samples for each condition (Table 3). 

Statistical analysis was performed using SPSS software (version 25.0; IBM Corp., 

Armonk, NY, USA). Due to the non-parametric nature of the data, a Wilcoxon signed-

rank test was used to compare the artifact areas before and after the application of the 

MAR algorithm across different exposure protocols and rod direction. A significance 

level of p < 0.05 was considered statistically significant. The effect size was calculated 

using ‘Cohen's d’ to assess the magnitude of artifact reduction, interpreted based on 

standard guidelines (small: 0.2, medium: 0.5, large: 0.8). In order to objectively 

compare the differences in the effects of MAR measured differently for each imaging 

protocol, the percentage reduction value was defined and calculated using the 

following equation. 

Percentage reduction: (artifact area of MAR off −  artifact area of MAR on) / 

artifact area of MAR off × 100 

 

 

 

 

 

 

 

 

 



- 16 - 

 

Table 3. Selection of axial slice for metal artifact area calculation 

 
Exposure 

protocol 

Number of scan 

 (n) 

Metal 

direction 

Slice 

(n) 

Sample 

(n) 

Total 

(n) 

MAR 

on 

standard  8 
vertical 5 40 

240 

horizontal 5 40 

low dose  8 
vertical 5 40 

horizontal 5 40 

ultra-low dose  8 
vertical 5 40 

horizontal 5 40 

MAR 

off 

standard  8 
vertical 5 40 

240 

horizontal 5 40 

low dose  8 
vertical 5 40 

horizontal 5 40 

ultra-low dose  8 
vertical 5 40 

horizontal 5 40 
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3. RESULTS 

 

In this study, a total of 480 regions of interest were analyzed from 240 analytical slices. 

For image acquisition, a total of 24 raw CT data were acquired 8 times for each of the 

various exposure protocols (standard, low dose, ultra-low dose), then 48 images were 

acquired by reconstructing them into images without the MAR algorithm (MAR off) and 

images with the MAR algorithm (MAR on). Five analysis slices were selected from each 

image, and 120 slices without the MAR algorithm (MAR off) and 120 slices with the 

MAR algorithm (MAR on) were analyzed. For the ROI, data were obtained by specifying 

each slice with metal arranged vertical/horizontal. The evaluation process included 

various exposure protocols (standard, low dose, ultra-low dose) and direction of three 

consecutive cylindrical metals (horizontal and vertical). 
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3.1. Overall effect of the MAR 

 

To compare the data, the mean of the parameters for MAR off (480 samples) and 

MAR on (480 samples) was calculated to obtain the data. (Table 4) The average artifact 

area of 120 slices without the MAR algorithm was 317.39mm² (SD: 60.60mm²), and 

after the MAR algorithm was applied, it was confirmed as 224.99mm² (SD: 31.50mm²). 

The data were tested by the Wilcoxon signed-rank test and showed a statistically 

significant difference in the mean between the two groups. (p <0.05) 

Table 4. Measured artifact area, differences, and percentage reduction in overall 

  
MAR Off  

(mm²) 

MAR on  

(mm²) 

Difference 

(mm²) 

Percentage 

Reduction  

p-value 

Overall 317.39 ± 60.60 92.40 ± 55.27 224.99 ± 31.50 70.9 <0.05 a 

a Wilcoxon signed-rank test for comparison between MAR off and MAR on. p-value < 0.05 is 

considered as statistically significant. 
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3.2. Effect of the MAR according to radiation dose 

 

In all three exposure protocols, a significant reduction effect was confirmed, 

comparing the artifact area before and after the MAR algorithm. The average artifact 

area before application of the MAR algorithm was 358.28 mm² (SD: 40.28 mm²) in 

the standard exposure protocol; after application, it was reduced to 137.83 mm² (SD: 

57.16 mm²); after application, it was reduced from 331.59 mm² (SD: 50.78 mm²) to 

87.66 mm² (SD: 41.45 mm²) in the low dose exposure protocol; and after the ultra-low 

dose exposure protocol, the artifact area was reduced from 262.30 mm² (SD: 44.01 

mm²) to 51.72 mm² (SD: 21.61 mm²). Therefore, the decrease in percentage was 

confirmed as 61.5% at standard dose, 73.6% at low dose, and 80.3% at ultra-low dose 

mode, confirming a significant artifact reduction effect. (p <0.05) The data were 

validated by the Kruskal Wallace test for comparison. Data between each exposure 

protocol were tested by Mann-Whitney U test for comparison, and all the resulting 

values were statistically significant, with p-values <0.05 between the standard and the 

low dose, between the low dose and the ultra-low dose, and p-values <0.05, between 

the standard and ultra-low dose. (Figure 6) To compare the data, the percentage 

reduction of parameters was calculated for standard dose (160 samples: MAR off 80, 

MAR on 80), low dose (160 samples: MAR off 80, MAR on 80), and ultra-low dose 

(160 samples: MAR off 80, MAR on 80) to obtain the data. (Table 5)  
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Table 5. Measured artifact area, differences, and percentage reduction across exposure 

protocol 

Exposure 

protocol 
MAR Off 

(mm²) 

MAR on 

(mm²) 

Difference 

(mm²) 

Percentage 

reduction 

p-value a 

Standard 358.28 ± 40.28 137.83 ± 57.16 220.46 ± 36.35 61.5 <0.05 

Low dose 331.59 ± 50.78  87.66 ± 41.45  243.93 ± 22.14 73.6 <0.05 

Ultra-low dose 262.30 ± 44.01 51.72 ± 21.61  210.57 ± 24.42 80.3 <0.05 

a Wilcoxon signed-rank test for compare MAR On and MAR off in the Groups. p-value <0.05 

is considered as statistically significant. 

 

 

Figure 6. Comparison of metal artifact reduction according to exposure protocol (A) 

Measured artifact areas (mm²) across exposure protocol with the MAR algorithm activated and 

deactivated. Error bars represent standard deviations (* p <0.05, Wilcoxon signed-rank test). 

(B) Percentage reduction in artifact areas across exposure protocol with the MAR algorithm 

activated. (* p <0.05, Kruskal-Wallis test with Mann-Whitney U test) 
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3. 3. Effect of MAR according to metal direction 

 

The average artifact area before the application of the MAR algorithm was 

357.82mm² (SD: 45.78mm²) in the horizontal direction to decrease 131.45mm² (SD: 

50.26mm²) after application and decreased from 276.96mm² (SD: 44.53 mm²) to 

53.36mm² (SD: 23.09mm²) in the vertical direction. When comparing the decrease in 

the percentage, it decreased by 63.3% in the horizontal direction and 80.7% in the 

vertical direction, confirming the effectiveness of the MAR algorithm. The data 

showed a statistically significant difference in the mean between horizontal and 

vertical group with a p-value of <0.05 when tested by the Mann-Whitney U test for 

comparison test. (Figure 7) To compare the data, the percentage reduction of 

parameters was calculated for the vertical group (240 samples: MAR off 120, MAR 

on 120) and the horizontal group (240 samples: MAR off 120, MAR on 120) to obtain 

the data. (Table 6) 
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Table 6. Measured artifact area, differences, and percentage reduction across material 

direction 

Metal direction 
MAR Off 

(mm²) 

MAR on 

(mm²) 

Difference 

(mm²) 

Percentage 

reduction 
p-value a 

Horizontal 357.82 ± 45.78  131.45 ± 50.26  267.37 ± 97.19 63.3 <0.05 

Vertical 276.96 ± 44.53  53.36 ± 23.09  223.61 ± 24.62 80.7 <0.05 

a Wilcoxon signed-rank test for compare MAR On and MAR off in the Groups. p-value < 0.05 

is considered as statistically significant. 

 

 

Figure 7. Comparison of metal artifact reduction according to metal direction (A) 

Measured artifact areas (mm²) based on metal direction with the MAR algorithm activated and 

deactivated. Error bars represent standard deviations. (*p <0.05, Wilcoxon signed-rank test). 

(B) Percentage reduction in artifact areas based on metal direction with the MAR algorithm 

activated. (*p <0.05, Mann-Whitney U test) 
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4. DISCUSSION 

 

In this study, we quantitatively evaluated the effectiveness of the MAR algorithm in 

CBCT using a standardized quality assurance sedentex-CT phantom. The study results 

showed that metal artifacts were reduced by approximately 70% overall, and it was 

confirmed that the MAR algorithm effectively reduced artifacts across various 

exposure protocols and consecutive metal direction, demonstrating the efficacy of the 

MAR algorithm. 

This reduction in artifacts enhances image quality at the same radiation dose, 

providing visual improvement around areas adjacent to prosthetics. Therefore, it is 

expected that anatomical structures can be observed more clearly in clinical imaging, 

contributing to accurate diagnosis and effective treatment planning. 

In particular, the MAR algorithm demonstrated a MAR effect regardless of radiation 

dose, with the ultra-low dose mode notably showing the highest reduction rate at 

80.3%. This finding suggests that clinicians may have greater flexibility in choosing 

imaging settings, especially for patients where radiation exposure is a concern, such 

as children or pregnant women. Additionally, a low-exposure protocol can be 

beneficial for patients needing follow-up examinations to monitor their condition 

periodically (European Society of Cardiology, 2023; De Felice et al., 2019). 

In metal direction, vertical direction showed a higher MAR effect, but due to the 

limitation of FOV of the equipment used in the experiment, the horizontal direction is 

relatively close to the edge, which can cause a difference in MAR effect. In addition, 

the results may differ due to the difference in the distance through PMMA from the 

location (The direction in which the metal rods overlap) where the metal artifacts are 

most likely to occur when x-rays are transmitted. Although there may be differences 

depending on the location of the Metal, it is thought that there will be a reduction effect. 
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Technologies for dental digital equipment, such as intraoral scanners and 3D (Three 

dimension) printers, have rapidly advanced, and many dental clinics are now utilizing 

these devices. In particular, to perform implant surgery using a surgical guide, precise 

CT data for planning implant placement depth and angle, along with scan data for 

intra-oral placement, are essential. In this process, accurately aligning these two sets 

of differently acquired data is crucial. For precise alignment, it is important to 

minimize metal artifacts in the CT data to accurately capture reference points like teeth 

(Hama & Mahmood, 2023; Wang, Liu, & Deng, 2020; Shi et al., 2023; Apostolakis & 

Michelinakis, 2020). 

In the past, low computer performance caused significant delays in reconstructing 

scanned images. However, computers equipped with GPU (graphic processing unit) 

which is recently enable faster processing are available at lower prices. Utilizing GPU 

performance in image reconstruction can significantly reduce reconstruction time. 

With improved PC (personal computer) performance, it is now possible to process 

larger amounts of data in a shorter time, accelerating the development of additional 

image processing technologies, such as MAR. These advancements in computer 

performance and reduced costs have broadened the adoption of CBCT in general 

dentistry, no longer limiting its use to large hospitals (Ghani & Karl, 2020; Valente, 

António, Mora, & Jardim, 2023). 

The experimental methods used in this study are highly significant as CBCT with 

equivalent or FOV can be tested using quantitative standards with a standardized 

phantom. These standardized methods are expected to serve as valuable frameworks 

for future comparisons of various MAR algorithm performances. By consistently 

comparing and evaluating different metal artifact reduction methods and algorithms 

provided by numerous manufacturers, we can gain a comprehensive overview of MAR 

technology. 

Although these findings have been confirmed, this study also has some limitations. 

First, this study focused on evaluating artifacts caused about titanium only, a material 

commonly used in implants and abutments, by employing a standardized phantom. 

Consequently, the performance of MAR algorithms for other impermeable materials 
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used in dental treatments, such as zirconia, stainless steel, and gutta-percha, may differ. 

Furthermore, since this study mainly assessed the effects of metals on artifact 

formation, we did not explore the imaging benefits using measured and compared 

values of signal to noise ratio and carrier to noise ratio for each image. For a more 

comprehensive assessment in the clinical setting, further studies should include 

comparison of signal to noise ratio with carrier to noise ratio along with morphological 

resolution analysis with different materials. Finally, this study specifically evaluated 

the MAR algorithm using a single CBCT device and the results may differ for different 

CBCT systems. Future studies should replicate this evaluation across multiple CBCT 

devices to evaluate the generalizability of the effectiveness of the MAR algorithm. 
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5. CONCLUSION 

 

This study demonstrates the reduction effectiveness of metal artifacts when applying 

the MAR function according to radiation dose and metal direction and, in particular, 

the effect of percentage reduction was excellent when the exposure protocol with low 

radiation dose and the metal condition were vertical in the scanned CBCT. Therefore, 

we proposes the standardized experimental methods for quantitative evaluation of 

metal artifacts in CBCT. 
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ABSTRACT IN KOREAN 

 

콘빔 시티의 금속 아티팩트 감소 기능에 대한 정량적 평가: 

방사선량과 금속 방향에 따른 평가  

 

목적 

최근 콘빔CT를 위한 다양한 금속 아티팩트 감소 (MAR) 기법이 

도입되었지만, 그 효과를 정량적으로 평가하는 방법에 대한 근거나 실험 

방법이 부족하다. 본 연구는 정도 관리 팬텀을 사용하여 표준화된 실험 

방법을 확립하고 촬영된 콘빔CT 이미지에 대한 아티팩트의 면적 측정값을 

금속 아티팩트 감소 기능의 사용 전과 후를 비교하여 효과를 평가하는 것을 

목표로 한다. 

 

방법 

수평 및 수직 방향으로 3개의 원통형 티타늄 막대가 삽입된 sedentex-CT 

정도 관리 팬텀을 콘빔CT 장비로 스캔 하였다. 콘빔CT 스캔은 금속 아티팩트 

감소 기능 사용 전과 후를 세 가지의 노출 조건(standard, low does, ultra-low 

does)에서 각각 8회 반복 촬영 및 재구성하여 480 단면을 평가하였다.  모든 

이미지의 금속 아티팩트 면적은 ImageJ 소프트웨어를 사용하여 측정하였으며, 

각 노출 조건과 금속 막대 방향에 따른 금속 아티팩트 감소 기능의 사용 전과 

후의 아티팩트 면적 값 및 감소율의 차이를 통계적으로 분석했다. 

 

결과 

금속 아티팩트 감소 기능을 사용한 콘빔CT 이미지의 아티팩트 면적은 모든 

노출 모드와 금속 막대 방향에서 금속 아티팩트 감소 기능을 사용하지 않은 

면적에 비해 크게 감소하였다. (p<0.05). 아티팩트 영역은 ultra-low does (80.3%, 

262.30mm²에서 51.72mm²) 에서 가장 큰 감소를 보였고 low dose (73.6%, 

331.59mm²에서 87.66mm²)와 standard(61.5%, 358.28mm²에서 137.83mm²) 
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순서대로 감소 효과를 보였다. 수직 막대 방향(80.7%, 276.96mm²에서 

53.36mm²)이 수평 방향(63.3%, 357.82mm²에서 131.45mm²) 보다 효과가 높았다. 

 

결론 

본 연구는 다양한 방사선량 조건과 금속 방향에 따른 금속 아티팩트를 

감소시키는 알고리즘의 성능을 정량적으로 입증한다. 특히, 촬영된 

콘빔CT에서는 방사선량이 적은 노출 프로토콜과 수직 막대방향에서 감소율의 

효과가 우수했다. 아티팩트 영역의 정량적인 측정을 포함하는 해당 방법은 

향후 임상 분야에서 아티팩트 감소 및 최적화 연구를 위한 귀중한 틀을 

제공할 것이다. 
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