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Abstract 

Introduction: Metal Artifact Reduction (MAR) processing has been clinically applied to computed tomography (CT) 

images using various methods. Iterative MAR (iMAR) is an algorithm for reducing metal artifacts from implants and is 

tailored to the type, shape, and imaging site of a metal object. Various implants have been targeted using iMAR; however, 

there are some implants and metals that do not have a dedicated iMAR. The potential of iMAR for managing such artifacts 

has not yet been explored. Utilizing iMAR in unavoidable extracorporeal metal artifact cases could improve diagnosis. 

We aimed to assess whether the iMAR reduces extracorporeal metal artifacts and enhances image quality.  

Material and methods: CT was performed on a whole-body phantom with electrocardiogram (ECG) electrodes attached. 

Images were obtained without the iMAR and with eight different iMAR processings. The CT value profiles were 

perpendicular to the direction of artifact generation, and the maximum adjacent CT value difference was extracted from 

each CT value profile as the largest variation. The cumulative probabilities for the largest variations were obtained, and 

the location and scale parameters were calculated from the cumulative probability plots. Kruskal–Wallis tests and multiple 

comparisons were performed on nine different images.  

Results: Regarding the 100 cumulative probability plots of the largest variations obtained from each CT value profile, the 

coefficients of determination (R2) for all cumulative probability plots were as high as > 0.84, indicating that the features 

of the extracorporeal metal artifact generated from the ECG electrodes evaluated in this study asymptotically approached 

a Gumbel distribution. The location parameters showed no significant differences among the nine processed images 

(p > 0.11), whereas the scale parameters showed significant differences for neuro coil, shoulder implant, extremity 

implant, and thoracic coil iMAR-processed images compared with controls (p < 0.05).  

Conclusion: iMAR may improve diagnosis by reducing extracorporeal metal artifacts and enhancing image quality. 
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Introduction 

In computed tomography (CT) images, shadows that do not 

naturally exist within the subject or the image may appear 

because of various factors, such as the subject itself, acquisition 

of projection data, and image reconstruction. These problematic 

shadows are collectively known as artifacts, which can cause 

inaccurate CT values and interfere with diagnosis. Measures to 

suppress these effects have been implemented in CT devices.1 

Artifacts caused by internal metals are among the factors that 

degrade image quality. Recently, metal artifact reduction 

(MAR) processing techniques using different completion 

processing methods have been applied clinically.2-5 Compared 

with images reconstructed using the filtered back projection 

(FBP) method, those that undergo MAR processing, which 

reduces artifacts, have higher image quality.2,6-8 Furthermore, 

artifacts are effectively reduced in images that undergo MAR 

processing compared with those processed using iterative 

reconstruction alone,9,10 and the usefulness of MAR processing 

has been reported in many cases, both in Japan and 

overseas.2-4,6-16 

 The iterative MAR (iMAR) process (Siemens Healthcare, 

Erlangen, Germany) is a MAR algorithm developed based on 

the sinogram inpainting method. The iMAR recovers the metal 

information in the sinogram that is lost in the CT image. In 

addition, it can select an optimized algorithm depending on the 
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Keiko Suzuki et al: iMAR and extracorporeal metal artifacts  Pol J Med Phys Eng 2024;30(4):189-196 

 190 

type of metallic implant to be targeted, the type of artifact, and 

the imaging site, making it possible to respond to various clinical 

conditions. The iMAR technology has been used to target 

several types of implants in the body; however, its use on other 

implants and metals remains unexplored. 

 The artifact reduction effects of iMAR on non-targeted metal 

implants have been reported in a previous study,7 and improved 

image quality achieved using other algorithms, despite the 

existence of a dedicated iMAR algorithm, has been reported in 

another study,11 suggesting that iMAR can also be used on other 

objects. There are currently no reports on the use of the iMAR 

for extracorporeal metal artifacts; however, based on our 

interpretation of previous studies, we suspect that there may be 

iMAR algorithms that can be applied to extracorporeal metal 

artifacts. 

 In clinical practice, depending on the patient's condition, 

examinations and interventions, such as examinations for 

emergency patients or the use of life-sustaining medical devices, 

are performed without removing metal-containing objects from 

the body. The images acquired in such cases are slightly 

disadvantageous. In addition, re-examination and re-scanning 

may increase patient and surgeon exposure. If iMAR can be used 

in cases in which extracorporeal metal artifacts are unavoidable, 

it can be used in a broader range of applications; in diagnostic 

imaging, iMAR can help reduce stress on the reader by 

improving image quality and diagnosis. Therefore, a search for 

more possibilities of using iMAR is required. 

 In this study, we aimed to determine the effects of different 

iMAR algorithms on artifact reduction for extracorporeal metal 

artifacts in CT images. 

 

Materials and methods 

Study design 

This was a phantom-based study and was therefore exempt from 

ethical review. 

 

Image acqusition 

We used a 128-detector multi-slice CT scanner (Somatom 

Definition AS+; Siemens Healthcare, Erlangen, Germany). 

Electrocardiogram (ECG) electrodes (Siemens Healthcare, 

Erlangen, Germany) were affixed to the trunk of a whole-body 

phantom (PBU-60; Kyoto Kagaku, Kyoto, Japan) as a source of 

metal artifacts for CT (Figure 1). The metal part of the ECG 

electrode was made of copper and nickel alloy. CT images were 

acquired under clinically used thoracic and abdominal scanning 

conditions: tube voltage of 120 kV, automatic tube current-time 

product, and rotation time of 0.5 s. Image reconstruction was 

performed using a field of view of 320 mm, slice thickness of 

1 mm, reconstruction interval of 1 mm, reconstruction function 

B36f, and the customarily used FBP method. Ten consecutive 

slices with artifacts were acquired and used as control images. 

Image reconstruction was then performed on the control images 

using eight different iMARs, including neuro coils, shoulder 

implants, extremity implants, thoracic coils, hip implants, 

pacemakers, spine implants, and dental fillings. 

 

Selection of artifact evaluation method 

In previous studies, visual score evaluation and the standard 

deviation (SD) of CT values were used to evaluate the 

uniformity of CT images when assessing metal artifacts.7,12 

Visual evaluation alone is not objective, and evaluation using 

SD combines potential image noise and artifacts, making it 

difficult to evaluate artifacts alone. The recent artifact evaluation 

methods include the Artifact Index (AI)15-17 and the Gumbel 

method.17-25 The AI evaluation is based on the SD of CT values 

and involves removing noise from artifact images. However, a 

noise image without artifacts is required to remove noise, 

making it difficult to apply the AI method in clinical practice. 

The Gumbel method focuses on the difference between the 

distribution of normally distributed noise and artifacts that 

follow a Gumbel distribution and can theoretically evaluate only 

artifacts.20 This suggests that the method can be applied to 

clinical images. Therefore, as a quantitative evaluation method 

for artifacts, we calculated quantitative values in the present 

study using the Gumbel method devised by Imai et al.18 

 

 

Figure 1. Phantom and ECG Electrode Affixing Diagram 

 

Calculation of quantitative value of artifacts 

using the Gumbel method 

The artifacts were evaluated using the Gumbel method, as 

described previously.18 A slice of the acquired image is shown 

in Figure 2a. First, a 40 × 100-pixel rectangular region of 

interest (ROI) was set in ImageJ, as shown in Figure 2b, to 

obtain 100 CT value profiles of 40-pixel length in the depth 

direction, which were drawn perpendicular to the direction of 

artifact generation on the image, and CT values were obtained.  
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Figure 2. Acquired image (control image). a. One slice of ten acquired images (control image), b. Position of the ROI setting 

 

Subsequently, the maximum value was extracted from the CT 

value differences between adjacent pixels in a 40-pixel-long CT 

value profile. The maximum value was defined as the largest 

variation. Similarly, the largest variation for each of the 100 CT 

value profiles in the depth direction of the artifact was obtained. 

A cumulative probability distribution chart was created by 

determining the cumulative probability for the 100 largest 

variations; then, the location and scale parameters, which are 

quantitative values, were obtained from the graph. Image J 1.52a 

(NIH) was used for image analysis. 

 

The Gumbel method 

In the Gumbel method, the CT value profile is first obtained 

perpendicular to the direction of artifact generation. This 

artifact causes the greatest variation in the CT values in this CT 

value profile. Therefore, the largest variation for each CT value 

profile was extracted as an artifact feature. Generally, the 

maximum random variable in a sample drawn from a population 

has been shown to follow an extreme-value distribution, and of 

the three distributions (Gumbel, Frechet, and Weibull 

distributions), artifacts are reported to be asymptotic to the 

Gumbel distribution.18 The Gumbel distribution is defined as 

follows: 

𝐹(𝑥) = 𝑒𝑥𝑝 [−𝑒𝑥𝑝 (−
𝑥−𝛽

𝛾
)] Eq. 1 

F(x): cumulative probability for random variable x 

β: location parameter 

γ: scale parameter 

The cumulative probability is obtained using the Mean Rank 

method.18 

𝐹(𝑥𝑖) =
𝑖

𝑛+1
 Eq. 2 

F(xi): cumulative probability for the i-th largest random variable 

xi 

n: number of samples 

The location parameter β represents the upper or lower limit that 

the random variable can take, whereas the scale parameter γ 

represents the range, or variability, that the random variable can 

take. The location and scale parameters were obtained by 

performing a double logarithmic transformation on the Gumbel-

defined equation. 

−ln{−(ln 𝐹(𝑥))} =
1

𝛾
𝑥 −

𝛽

𝛾
 Eq. 3 

The scale parameter can be calculated from slope a of the 

relationship y = ax + b, which is expressed by the linear equation 

shown in Equation 3, whereas the location parameter can be 

calculated from slope a and intercept b. 

γ =
1

𝑎
 Eq. 4 

β = −
𝑏

𝑎
 Eq. 5 

In the present study, the location and scale parameters were used 

as quantitative values for the evaluation of the artifacts. 

 

Statistical analysis 

The calculated location and scale parameters were compared 

among the nine groups in the control image and the eight iMAR-

processed images. Statistical analysis was performed using EZR 

(R-Vers. 2.6-1). The Kruskal–Wallis test was used for 

significance difference tests, and the Steel method was used for 

multiple comparisons. 
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Results 

A control image and eight different iMAR images are shown in 

Figure 3. Figure 3a shows a control image without iMAR, 

whereas Figures 3b-i show images reconstructed using eight 

different iMAR algorithms. 

 

 

 

 

Figure 3. Examples of control and iMAR processed images. a. non-iMAR image (control image), b. neuro coils, c. shoulder implants, d. 

extremity implants, e. thoracic coils, f. hip implants, g. pacemaker, h. spine implants, i. dental fillings 
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Figure 4. CT value differences between adjacent pixels in the CT 

value profile  
Figure 5. Gumbel Plot - Cumulative probability distribution plots 

for the largest variation 

 

 

An example plot of the CT value differences between adjacent 

pixels based on a 40-pixel-long CT value profile is shown in 

Figure 4. The maximum value in the graph was extracted as the 

largest variation. Figure 5 shows the plot results of the 

cumulative probability of the largest variation extracted from 

100 CT value profiles acquired similarly in the depth direction 

of the artifact. 

 The graph shows a plot of the cumulative probability against 

the largest variation for the first (upper), fifth (middle), and tenth 

(lower) slices from the head side of the 10 acquired images. The 

coefficients of determination for each of the three images with 

different slice positions were calculated as R2 >0.84, indicating 

a strong fit to the approximation curve. Therefore, the features 

of the metal artifacts generated from the ECG electrodes 

evaluated in the present study asymptotically approached the 

Gumbel distribution. 

 The median values of the location and scale parameters 

calculated using the Gumbel method from the control images 

and the images processed using each iMAR algorithm are 

presented in Table 1. 

 

 

 

Table 1. Location and scale parameters 

Type of iMAR location parameter scale parameter 

non-iMAR  1 Control images 22.17  13.57  

iMAR+ 

 2 Neuro coils 21.03  5.19  

 3 Shoulder implants 22.84  7.12  

 4 Extremity implants 21.93  5.91  

 5 Thoracic coils 22.85  8.00  

 6 Hip implants 22.01  7.55  

 7 Pacemaker 23.05  8.83  

 8 Spine implants 24.74  12.76  

 9 Dental fillings 24.43  12.78  
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A Kruskal-Wallis tests and Steel’s multiple comparisons as post-

hoc tests were performed to determine if there were significant 

differences in the location and scale parameters obtained from 

the 10 processed images. The location parameters were not 

significantly different between the images (p > 0.11), whereas 

the scale parameters significantly differed (p < 0.05). The results 

are presented in Table 2 and Figure 6. 

 The analysis results showed that the scale parameters were 

significantly lower in the iMAR-processed images of the neuro 

coils, shoulder implants, extremity implants, and thoracic coils 

than in the control images. 

 

Discussion 

In clinical practice, depending on the patient's condition, there 

are cases in which examinations and interventions must be 

performed without removing metal-containing objects from the 

body, resulting in artifacts in the images. In the present study, 

we compared the location and scale parameters of nine different 

CT images with extracorporeal metal artifacts; that is, images 

processed using eight different iMAR algorithms and those 

without iMAR processing. The results showed no significant 

differences in the location parameters among the images. 

Significant differences in the scale parameters were observed in 

images processed with four (neuro coil, shoulder implant, 

extremity implant, and thoracic coil) of the eight iMAR 

algorithms compared with control images, indicating a smaller 

scatter of artifacts. Therefore, the use of these four iMAR 

algorithms was effective in reducing the artifacts generated from 

the ECG electrodes attached outside the body. 

 In the present study, the iMAR was applied to extracorporeal 

metal artifacts that were not covered by the iMAR algorithm. In 

previous studies in which the dedicated MAR algorithm for 

specific implants was compared with other MAR algorithms, 

improved image quality was observed, even when other 

algorithms were used,11 and MAR algorithms that improved 

image quality for implants without a corresponding MAR 

algorithm were reported.7 Consistent with previous studies, the 

present study also revealed reduced artifacts when four different 

non-targeted iMAR algorithms were used. It is difficult to 

examine the iMAR algorithm in detail because it has only been 

partially disclosed; however, the neuro coil algorithm may have 

been effective in reducing artifacts because of the similarity in 

the size of the metal part of the ECG electrodes and the artifacts 

it generates. For the shoulder and extremity implant algorithms, 

the metal artifact shape was completely different from that of the 

ECG electrodes' however, similarities in the shape and intensity 

of the artifacts suggested that both algorithms were also 

effective in reducing artifacts. Regarding the thoracic coil 

algorithm, the size of the metal is similar to that of the ECG 

electrode in terms of the coil; however, because the background 

organs differ, the difference in the pattern of artifact generation 

is considered not to have led to the same reduction effect as that  

Table 2. Multiple comparisons of scale parameters using the steel 

method 

Multiple comparisons p value 

Control images :  Neuro coils 0.002 (<0.05) 

Control images :  Shoulder implants 0.010 (<0.05) 

Control images :  Extremity implants 0.013 (<0.05) 

Control images :  Thoracic coils 0.041 (<0.05) 

Control images :  Hip implants 0.051 

Control images :  Pacemaker 0.051 

Control images :  Spine implants 1.00 

Control images :  Dental fillings 1.00 

 

 

 

Figure 6. Multiple comparisons of scale parameters for each 

processed image 

 

of the neuro coil algorithm. In a previous study, the iMAR 

algorithm for large metal implants was more effective in 

reducing artifacts than the unique site-specific iMAR 

algorithm.11 However, in the present study, the iMAR algorithm 

for large metal implants, such as hip implants, was ineffective. 

Therefore, the present study highlights that the iMAR algorithm 

corresponding to sites where metal artifacts are expected to be 

strong or large is not always effective. 

 Notably, several similar previous studies have reported the 

importance of using a dedicated algorithm to obtain optimal 

results.11 The generation of artifacts at the bone-metal boundary 

due to the use of the MAR algorithm,12 underestimation of metal 

size,4 reduction of artifacts, and secondary effects of new 

artifacts, such as the generation of new artifacts4,15,26 have also 

been observed. Therefore, the method that best fits the situation 

should be selected, particularly when using iMAR for non-
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targeted metal artifacts, as in the present study. Furthermore, the 

iMAR of which implant is effective in reducing artifacts and can 

be applied should always be considered. 

 A possible reason for the lack of significant differences in the 

location parameters among the respective images is that the ROI 

settings were large for areas with prominent artifacts. If the plots 

contain many regions with small CT value differences between 

adjacent pixels, as in the present study, they are expected to be 

closer in the regions where the largest variation is small, as 

shown in Figure 5. This small value may have influenced the 

lack of significant differences in the location parameters. 

Therefore, we believe that it may be better to limit the size of the 

ROI to the area where the artifacts are most pronounced and 

evaluate it. 

 This study has some limitations. First, ECG electrodes were 

used as the extracorporeal metal, and only one location was 

considered. However, the electrodes could be affixed to several 

locations, and the location of the affixation is expected to vary. 

When the location of the electrodes is changed, the body part 

(organ) affected by the artifact may change, and the intensity and 

pattern of the artifact generation may also change. It is necessary 

to further examine whether the difference in the location of the 

electrodes affects artifact reduction when the iMAR is used. 

Second, only one type of ECG electrode was evaluated in this 

study. When attempting to use iMAR for metal artifacts 

generated from other ECG electrodes, it may be necessary to 

consider which iMAR algorithm can be applied, as the pattern 

of artifact generation is expected to vary depending on the 

product and material used. However, if the pattern of generated 

artifacts and the background structure match the conditions for 

the use of a particular iMAR algorithm, we believe that it is 

possible to consider different algorithms. 

In the present phantom-based study, the Gumbel method was 

used to evaluate the metal artifacts. According to Imai et al., all 

variations resulting from artifacts in CT images follow the 

Gumbel distribution.18 In previous studies on the quantitative 

evaluation of metal artifacts using the Gumbel method, streak 

artifacts, which are the main components of metal artifacts, were 

artificially generated and evaluated.18-21 To date, no studies have 

evaluated the applicability of the method used in the present 

study to clinical images; however, its applicability to clinical 

images has been suggested.22 Therefore, we plan to examine 

whether this evaluation method can be applied to clinical 

images, where CT values vary depending on the structure of the 

body owing to organs in the background of artifacts. 

 

Conclusion 

The iMAR algorithm may be effective in reducing artifacts 

outside of the preset range of use. In this study, a reduction in 

metal artifacts generated from ECG electrodes attached to the 

body was demonstrated. Therefore, iMAR may also be 

effectively used for metals outside the body. By verifying 

whether the iMAR can be applied to structures with complex 

backgrounds, such as clinical images, we expect that it will 

become even more valuable in the future. 
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