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ABSTRACT

Introduction: Metal artifacts can degrade the image quality of computed tomography (CT) images which lead to er-
rors in diagnosis. This study aims to evaluate the performance of Laplace interpolation (LI) method for metal artifacts 
reduction (MAR) in CT images in comparison with cubic spline (CS) interpolation.  Methods: In this study, the pro-
posed MAR algorithm was developed using MATLAB platform. Firstly, the virtual sinogram was acquired from CT im-
age using Radon transform function. Then, dual-adaptive thresholding detected and segmented the metal part within 
the CT sinogram. Performance of the two interpolation methods to replace the missing part of segmented sinogram 
were evaluated. The interpolated sinogram was reconstructed, prior to image fusion to obtain the final corrected 
image. The qualitative and quantitative evaluations were performed on the corrected CT images (both phantom and 
clinical images) to evaluate the effectiveness of the proposed MAR technique. Results: From the findings, LI method 
had successfully replaced the missing data on both simple and complex thresholded sinogram as compared to CS 
method (p-value = 0.17). The artifact index was significantly reduced by LI method (p-value = 0.02). For qualitative 
analysis, the mean scores by radiologists for LI-corrected images were higher than original image and CS-corrected 
images. Conclusion: In conclusion, LI method for MAR produced better results as compared to CS interpolation 
method, as it worked more effective by successfully interpolated all the missing data within sinogram in most of the 
CT images. 
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INTRODUCTION

CT examination involving patient with metal objects 
which are present in CT images may give rise to streak 
artifact in CT images. The metal-induced artifacts appear 
as dark and bright lines emanating from the metal objects 
that may obscure the anatomical details around the 
metal objects on the CT image. In the presence of severe 
artifacts, image quality may be extensively degraded and 
important clinical findings and pathology in the vicinity 
of the metal objects may be obscured. The sources of 
the artifacts are due to beam hardening effects, photon 
starvation, scatter, and noise due to the attenuation by 
dense objects, and inaccurate reconstruction algorithm 
(1-3).

Several approaches have been proposed to reduce the 

appearance of metal artifacts in CT images. The simplest 
methods include discarding metal objects from the field-
of-view (FOV) during scanning, modification of image 
acquisition and reconstruction such as increasing kVp 
and mAs settings, using sharp kernel and extended 
CT-scale (ECTS) technique, gantry tilt angulation and 
dual-energy acquisition (4-10). The more complicated 
methods used post-processing algorithms which 
typically involve the use of mathematical solution such 
as filtering, interpolation and iterative reconstruction 
technique. The earliest method was introduced by 
Kalendar et al. in 1987 that was known as image-based 
approach (11). 

The more recent correction algorithm involves post-
processing technique that were applied on the raw 
image data (sinogram) and resulted in more accurate 
metal artifacts reduction (MAR). In more recent study, 
the MAR is applied in both sinogram and image domains 
and has showed significant reduction of artifacts (12). 
The proposed algorithms can be categorized into 
two groups which are sinogram interpolation (SI) and 
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iterative reconstruction (IR) (9). In iterative reconstruction 
methods, the projection data associated to dense objects 
are disregarded, and these values are replaced by 
projections estimations and the reconstruction is applied 
only for non-corrupted data based on image assumptions 
(13-16). The IR algorithm are more accurate and reliable 
for incomplete and noisy projection data as compared 
to SI method.
 
Recently, deep learning-based algorithm (deep 
MAR) has been proposed which is either applied on 
projection (DLP-MAR) or image (DLI-MAR) domains, or 
combinations of both domains known as dual-domain 
MAR (17-20). The deep MAR methods trained the deep 
network using both real and simulated datasets. Du et 
al., (2021) reported that the major problem with deep 
MAR methods is the domain gap problem which resulted 
in insufficient solution for metal artifact especially on 
dental dataset (18). 

However, the interpolation method is the most widely 
implemented for MAR as it is much more straightforward 
and less computationally expensive as compared to 
IR technique (9, 21). The sinogram interpolation (SI) 
technique is also known as projection completion. The 
SI technique directly corrects or replaces the corrupted 
projection data (due to metal object) in the sinogram 
domain by interpolation method. The replacement values 
are interpolated either from neighboring projections 
or from a mathematical model (22). Few interpolation 
methods have been proposed in previous studies such as 
polynomial interpolation, linear interpolation, wavelet 
interpolation, interpolation by contouring, cubic spline 
interpolation and sinogram inpainting (11, 21, 23-25). 
The interpolation process is computationally efficient, 
but it often generates new artifacts in the final images 
due to the interpolation errors (26).

The main limitation with SI approach is inaccurate 
segmentation problem that usually appear as under-
segmentation and over-segmentation of metal trace 
within the sinogram or projection data (18). In our 
previous studies, it has also been reported that the artifacts 
were not completely removed, or additional artifacts 
may be introduced due to incomplete interpolation of 
the projection data or sinogram (27-28). The missing 
data were not fully replaced in CT image with severe 
artifact that consist multiple or complex shaped metal 
objects. In this paper, two sinogram interpolation 
technique were investigated and the efficiency of both 
SI approach in the reduction of artifacts in CT imaging 
were evaluated using both quantitative and qualitative 
analysis. The cubic spline (CS) interpolation technique 
from our previous work were compared with the 
proposed Laplace-based interpolation (LI) techniques. 
The Laplace interpolation method is preferable because 
this method selects the smoothest possible interpolant 
among all possible partial differential solutions (29-30). 
 

MATERIALS AND METHODS

MAR Method
The proposed artifact correction technique consists of 
three main steps: (1) metal segmentation, (2) sinogram 
interpolation and (3) image reconstruction (as shown 
in Figure 1). Firstly, virtual sinogram, go was acquired 
from the original CT image, fo using Radon transform 
function. This technique was proposed by Abdoli et 
al., (2010) and it is preferable as it is simpler, and the 
correction was performed directly on projection data in 
sinogram domain (31). The first step is the thresholding 
technique to identify the corrupted data affected by the 
metal artifact and segment the metal region within the CT 
sinogram. Metal segmentation was performed directly 
in sinogram, which is more efficient than performing 
segmentation on reconstructed images. The segmentation 
is achieved by using the dual-step adaptive thresholding 
(DSAT) technique (27). In this technique, two threshold 
values were determined, which were threshold value 
of metal (T1) and threshold value of metal + bone (T2), 
as shown in Figure 1. The DSAT technique is based on 
local adaptive thresholding that selects an individual 
threshold for metal pixel based on the range of highest 
intensity values in its local neighborhood. The second 
thresholding, T2 was applied to retain the surrounding 
bone structures affected by metal artifacts on the final 
image. 

Figure 1:The overview of the proposed MAR algorithm

 
The second step is the sinogram interpolation (SI) method 
performed within the missing data of the segmented 
metal region in the thresholded sinogram. During 
interpolation, the segmented region is replaced by new 
values using an interpolation scheme. Two interpolation 
methods were applied and investigated, namely cubic 
spline (CS) and Laplace interpolation (LI) techniques. CS 
interpolation works by replacing the missing sinogram 
data using four neighboring pixels within the projection 
at each projection angle. In the LI method, pixels in the 
segmented region (missing data) were corrected using 
smooth interpolation from the surrounding pixels using 
the Laplace’s equation:
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index (AI) for each image was calculated to compare the 
effectiveness of both interpolation methods. The AI is 
defined as below (32-33):

                     (2)

AI is calculated based on SD values determined at ROIs 
near metal artifacts, SDROI(metal) and reference images 
without metal artifacts, SDROI(ref)  in phantom images. The 
calculated AI for both SI techniques were compared. A 
paired T-test was performed to determine the significant 
differences between both SI methods by calculating the 
statistical p-value.

Subjective Image Analysis
The qualitative assessment was performed using a 
blinded scoring technique that was carried out by 
two experienced radiologists with more than 5 years 
of experience in CT imaging. All the images were 
blinded and randomly organized during the qualitative 
evaluation by the radiologists. The two radiologists (R1 
and R2) were also blinded to the exposure parameters 
and system protocols. The images were evaluated 
using the same window settings (soft-tissue window). 
Qualitative improvement was assessed and compared 
on the original images with artifacts and corrected 
clinical images (by both SI methods). 

The radiologists scored all the clinical images 
independently by using a 4-point score based on 
previous studies (34-36). The blinded scoring was 
based on two characteristics of image quality which the 
degree and appearance of metal artifacts were evaluated 
based on score from 0 to 3 (0 = severe and prominent 
artifacts, 1 = artifacts are present but less prominent, 2 
= minor and faint artifacts, and 3 = no artifacts). The 
second characteristic is the conspicuity of anatomical 
structures adjacent to metal implants that was scored 
from 0 to 3 (0 = totally obscured, no or questionable 
anatomic recognition, 1 = minor visibility or faint 
anatomic recognition, 2 = anatomic recognition with 
low confidence in potential diagnosis, and 3 = anatomic 
recognition with high confidence in potential diagnosis). 
The statistical analysis was performed by determining 
the inter-observer agreement for subjective analysis 
using Cohen’s Kappa test. The results are classified as 
follows: poor (κ < 0.20); fair (κ = 0.21-0.40); moderate 
(κ = 0.41-0.60); good (κ = 0.61-0.80) and excellent 
agreement (κ = 0.81-1.00) (32). A negative kappa 
represents agreement worse than expected, or no 
agreement. The Kruskal-Wallis test was also conducted 
for further statistical analysis on non-parametric 
qualitative image assessment. The significant differences 
between the mean scores between both SI techniques 
were determined.
                              
                      

                          (1)

The LI method uses inward interpolation from the pixel 
values on the outer boundary of the metal regions, 
g

metal
. This algorithm computes the discrete Laplacian 

over regions and solves the Dirichlet boundary value 
problem. In Dirichlet problems, the LI function on the 
metal region boundary is equal to harmonic function, 
φ.30 Finally, the interpolated sinogram, g

int
 was 

reconstructed using back-projection method that was 
calculated by inverse Radon transform, in prior to image 
fusion. The metal+bone segmented image, f

bone
 was 

fused with the interpolated image, f
int

 to obtain the final 
corrected image, f

c
 (as shown in Figure 1).                

Images Collection
For verification of the MAR algorithm, CT data of 
phantom images and clinical CT images consist of 
different severity of metal artifacts were included in the 
study. A customized phantom from previous study was 
used to simulate the corrupted images due to metal-
induced artifacts.27 The phantom images consist of 
different positions of metal insertions and quantities 
of metal inserts (single and multiple rods) to simulate 
different artifacts severity. Both phantom and clinical CT 
images were scanned and acquired using the Siemens 
SOMATOM Definition AS+ CT Scanner (Siemens 
Healthcare, Germany) at Imaging Unit, Advanced 
Medical and Dental Institute (AMDI), Universiti Sains 
Malaysia (USM), Penang and Department of Radiology, 
Hospital USM (HUSM), Kelantan, Malaysia. 

For clinical images, a total of 7 images were archived 
and selected retrospectively from Picture Archiving 
and Communication System (PACS), at both centers 
using non-randomized purposive sampling. The clinical 
images were selected according to their degree of severity 
of metal streaks due to different metal implant such as 
hip prosthesis, spinal and surgical screws. This study 
has been approved by the human ethical committee of 
our university (Approval no. USM/JEPEM/16020045) for 
clinical data study. All CT images were reconstructed 
using a smooth kernel. 

Objective Image Analysis
The performance of the two interpolation, CS and LI 
methods to replace the missing part of thresholded 
sinogram were evaluated. The MAR validation was 
performed by evaluating the results of both interpolation 
methods qualitatively and quantitatively. Quantitative 
image analysis was performed using region of interest 
regions of interest (ROIs) statistical analysis at CT 
workstation. Few ROIs were drawn at few selected 
points within the artifact regions, and the mean and 
standard deviation (SD) of CT attenuation values in 
Hounsfield unit (HU) were measured. The artifacts 
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Subjective Image Analysis
Figure 4 shows the comparison of the original with both 
CS-corrected and LI-corrected images of few selected 
clinical CT images due to different metal prosthesis. From 
this figure, it can be observed that the corrected clinical 
images by LI method produced better image quality with 
reduced artifacts appearance as compared to CS method, 
except for clinical image 3. In both clinical image 1 and 
2, CS method shows severe new artifacts introduced in 
the final corrected images (second row of Fig. 4). The 
qualitative image analysis was evaluated using blinded 
scoring techniques between two radiologists, known as 
R1 and R2.

RESULTS

Objective Image Analysis
From the findings, it can be observed that different SI 
techniques performed differently in replacement of the 
missing data in the segmented sinogram, gsoft of the 
phantom images (as shown in Fig.2). Figure 2 shows 
the comparison of interpolated sinogram between CS 
and LI method on few selected phantom images. The 
interpolation performance is depending on the severity 
of the artifacts which is influenced by the shape and 
numbers of metal inserts in the original image, fo. In 
Figure 2, single metal rod will have simple sinogram and 
multiple rods will produce complex shape of sinogram, 
go. Both CS and LI methods are capable of successfully 
replaced all the missing data on simple segmented 
sinogram, gsoft  (as observed in phantom 1) in Figure 2. 
However, for more severe artifacts and complicated 
sinogram (as observed on phantom 2 and 3), LI method 
works more effectively by fully interpolated the missing 
data, gLI-int as compared to CS method, gCS-int (Fig. 2).
 
From the quantitative analysis on phantom images, 
the calculated SNR values for CS-corrected images 
were higher compared to LI-corrected images. These 
demonstrate that CS method produced image with 
less noise as compared to LI method. Figure 3 plotted 
the artifact index (AI) values for all corrected phantom 
images (by both CS and LI methods) in comparison with 
the original images. From this figure, it can be observed 
that most of the calculated AI values for LI-corrected 
images is lower than the original image, but few CS-
corrected images have higher AI than the original 
images. The mean ± SD of AI values obtained were 99.31 
± 44.57 (original image), 141.43 ± 119.41 (CS-corrected 
image), and 66.07 ± 23.89 (LI-corrected image). From 
the statistical analysis, it shows that the differences of AI 
values between original and LI-corrected images were 
statistically significant (p-value = 0.02), but there is no 
significant difference of AI values between original and 
CS-corrected images (p-value = 0.17).

Figure 2: Comparison of the interpolated sinogram using CS 
and LI methods on phantom images.

Figure 3: Graph of artefacts index (AI) for original images and 
corrected images by both CS and LI methods

Figure 4: Comparison of the original and corrected clinical 
images by both CS and LI methods.

The results for agreement between the two radiologists 
were obtained using Cohen’s Kappa test. From the 
results, it shows that there was no agreement between 
R1 and R2 scoring for the original image with low 
negative value (κ = -0.286). For corrected clinical 
images, there were moderate agreement between 
the scoring of the two radiologists for CS method (κ = 
0.429) and fair agreement between for LI method (κ = 
0.205) for the first characteristics of image quality. For 
second characteristics, there was disagreement between 
both radiologists scoring for the original image with 
low negative value (κ = -0.340). For corrected clinical 
images, there were moderate agreement between both 
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radiologists for CS method (κ = 0.571) and fair agreement 
for LI method (κ = 0.308).

For qualitative evaluation, the images were scored based 
on two characteristics: (1) conspicuity of the adjacent 
structures and (2) the appearance of metal artifacts. The 
quality scores (mean ± SD) given by both radiologists 
(R1 and R2) using the blinded scoring technique 
were summarised in Table I. The scores for different 
characteristics were also plotted for comparison, as 
shown in Fig. 5 and 6. For conspicuity of the adjacent 
structures, the mean ± SD of the scores were 1.08 ± 1.08, 
1.33 ± 1.23, and 1.75 ± 1.22 for original, CS-corrected 
and LI-corrected images, respectively. The average score 
for LI method is higher than CS method, which indicates 
better image quality produces by LI method. This proved 
that LI method work more effectively in the reduction 
of metal artifacts on the clinical images as compared 
to CS method. For comparative study between original 
and corrected images (by both SI), there is no significant 
different on the visibility of the anatomical structures 
adjacent to the metal prosthesis with p-value of 0.70 
and 0.30 for CS and LI methods, respectively.

For second characteristics which is evaluation of the 
appearance of the metal artifacts, the mean ± SD of the 
image scores were 0.25 ± 0.45 (original); 1.08 ± 1.00 
(CS-corrected) and 1.08 ± 0.79 (LI-corrected). From 
the results, it shows that the corrected images by both 
methods showed higher image scores as compared to 
original image. For comparative study between original 
and corrected images (by both SI), there is no significant 
different on the visibility of the metal-induced artifacts 
between original and CS-corrected images, with p-value 
of 0.08. However, the difference between original and 
LI-corrected images is statistically significant (p = 0.04).

DISCUSSION

From the results, it can be observed that both 

Table I: The quality scores (mean ±SD) using the blinded scoring technique by both radiologists (R1 and R2) based on the quality criteria

Clinical Images

Image Scores & Evaluation Criteria

Conspicuity of the adjacent structures Appearance of metal artefacts

Original CS-corrected LI-corrected Original CS-corrected LI-corrected

R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2

1 1 2 0 0 0 1 0 1 0 0 0 1

2 3 1 0 0 3 3 1 0 0 0 2 2

3 0 1 1 1 0 0 0 0 1 2 0 0

4 3 1 2 1 3 2 1 0 2 0 2 1

5 0 1 3 3 2 2 0 0 2 2 1 1

6 0 0 2 3 2 3 0 0 2 2 1 2

Mean
± SD 1.08 ± 1.08 1.33 ± 1.23 1.75 ± 1.22 0.25 ± 0.45 1.08 ± 1.00 1.08 ± 0.79

Figure 5: Distribution of scores by both radiologist (R1 and 
R2) for evaluation of conspicuity of adjacent structures.

Figure 6: Distribution of scores by both radiologists (R1 and 
R2) for the appearance of metal artefacts.

interpolation; CS and LI methods work well on simple 
thresholded sinogram or less severe artifacts (Phantom 
1) by fully interpolating the missing data, as shown in 
Figure 3. However, for more complicated sinogram with 
severe metal artifacts (Phantom 2 and 3), the CS method 
was less effective and not capable to fully interpolate the 
missing data in sinogram (in Figure 3). These will lead 
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sinogram. It is recommended for future work to include 
the comparative study of our proposed technique with 
the more recent approach, deep learning-based MAR 
methods and explore the potential of combining our 
proposed MAR with the deep MAR method.

CONCLUSION

This study described a method to reduce the metal-
induced artifacts and evaluating two sinogram 
interpolation methods. Our method is different because 
the corrupted data due to metal implant was segmented 
using dual-step adaptive thresholding instead of single 
thresholding that was based on global thresholding. 
The implementation of segmentation and correction 
directly on virtual sinogram obtained from Radon 
transform avoids the need for a complex computing of 
the original CT raw data. Moreover, our method could 
be potentially faster since the complex computing is 
omitted. In conclusion, the results of this study have 
demonstrated the ability of Laplace interpolation-based 
MAR method in suppressing metal-induced artifacts with 
significant improvement of image quality as confirmed 
by the quantitative and qualitative analysis. LI-based 
MAR method is superior and significantly reduced 
the artifacts compared to CS-based MAR method both 
objectively and subjectively. In summary, the LI-based 
MAR method is relatively a simple interpolation method 
that allows a significant improvement of images that are 
corrupted by metal artifacts.
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