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Abstract. X-ray computed tomography (CT) is a powerful clinical diagnosis tool and has been used widely in many clinical
and biological settings. Metal artifacts, caused by high density implants, are commonly encountered in clinical CT applications,
thereby affecting the detection of abnormal structures and undermining CT’s diagnostic value. In this paper, we developed a
metal artifact reduction approach based on image segmentation and forward-projection. We further demonstrate the usefulness
of our approach by using a biomedical specimen consisting of muscles, bones and metals. Our aim is to remove the inaccurate
metal artifact pixels in the original CT slices and exactly reconstruct the soft-tissue using the forward projections with no metal
information. During the reconstruction, artifacts are reduced by replacing the metal projection using the forward projection.
The presented work is of interest for CT biomedical applications.
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1. Introduction

X-ray computed tomography (CT) has been used widely in diagnostic radiology since the invention by
Hounsfield in 1972 [1–26]. Because of its excellent performance on calculation speed and image quality,
filtered back-projection (FBP) [2] has been the most popular reconstruction algorithm employed in CT.
Theoretically, exact reconstruction can be obtained by the FBP algorithms if the ideal projection data
is acquired by the CT hardware. However, it is not possible in practice for various reasons. First, the
projection data is measured by a finite number of detector channels using finite beam-width over a finite
rotation interval. Second, an x-ray tube source emits a continuous spectrum resulting in a phenomenon
called beam hardening. Third, the measurements are noisy and involve scattered radiation. All these
factors contribute to CT imaging artifacts [10–13]. Fortunately artifacts due to these effects are usually
small, making FBP reconstructions are quite reasonable to accept.

However, the FBP reconstruction of highly-attenuated objects such as metal implants in soft-tissues
often contains streaking and star-shaped artifacts [5,14,22]. These artifacts tend to reduce image quality
and obscure valuable details. Therefore, effective metal artifacts reduction strategies are needed.
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During the last three decades, several approaches have been proposed to eliminate or reduce undesir-
able effects by metallic objects on CT images. These approached are referred to as metal artifact reduc-
tion (MAR) techniques. They can be classified into two major categories: iterative methods [3,4,7,8] and
the projection compensation methods [6, 9, 16]. The latter generates metal-free projection data and then
reconstruct a metal-removed CT image based on the FBP algorithm. However, this approach may distort
the resultant CT image and introduce new artifacts. On the other hand, iterative approaches can achieve
better image quality than the projection methods. However, they are based on some strict assumptions
and will become invalid once the assumptions are not met.

In this paper, a metal artifact reduction approach based on image segmentation and forward-projection
is proposed. The usefulness of this approach is demonstrated by a CT imaging experiment using a
biomedical specimen consisting of muscles, bones and metals. The presented work is of interest for CT
biomedical applications. This paper is organized as follows. In Section 2, the proposed approach is de-
scribed. In section 3, experimental results are presented and analyzed. Finally, conclusion and discussion
are presented in Section 4.

2. Methods and materials

The correction principle and the working procedure of the proposed MAR approach are depicted in
Figure 1. The basic idea is to remove the inaccurate metal artifact pixels in the original CT slices and
exactly reconstruct the soft-tissue using the forward projections with no metal information.

It consists of six steps, as described below.

2.1. Initial image reconstruction

A two-dimensional cross-section of three-dimensional object can be described by a complex refractive
index distribution n(x, y) = 1 − δ(x, y) + iβ(x, y), where x and y describe the coordinate system
of the sample. In x-ray CT, one measures the line integral of the imaginary part β by recording the
intensity image using x-ray detector. These line integral measurements are also called projection images.
Reconstruction algorithm aims to retrieve β from the measured projection images.

When the raw projection data with metal information are available after CT scanning, the initial CT
image can be reconstructed by the following FBP formula:

Fig. 1. The correction principle and the working procedure of the proposed metal artifacts reduction approach.
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βi(x, y) =
1

U2

∫ 2π

0
FT−1(FT (P (θ, s))× FT (h(s)))dθ. (1)

Where U is the geometrical factor determined by the scanning configuration of the CT systems. FT
and FT−1 are the Fourier transform pair. P (θ, s) represents the line integral measured by the detector
channel s at angular position θ. h is the ramp filter.

Figure 2 presents an example of initial CT reconstruction with metal artifacts, which is described in
detail in the "Experiment" section. It is apparent that some structural details are difficult to be recognized
due to the presence of metal artifacts.

2.2. Metal segmentation from initial CT image

As shown in Figure 2, the grey values corresponding to the metal pixels in the initial CT image are
much higher than those of soft tissues. Hence, by threshold technique, the initial image β(x, y) can be
segmented and a characteristic image βm(x, y) is obtained and defined as:

βm(x, y) =

{
1 ifβi(x, y) > threshold
0 otherwise.

(2)

Figure 3(a) demonstrates the metals segmented from the initial CT image. After segmentation, soft-
tissue and bones disappear from the image. In order to avoid the effect of noise on segmentation, a
Gaussian filter may be used to smooth the image before this operation. In addition, morphological image
processing operators, such as erosion or dilation, may be applied to the set of metal pixels to increase the
accuracy of the segmentation.

2.3. Metal trace identification

Based on the segmented metals βm(x, y) in Figure 3(a), the metal-trace in the projection space (θ, s)
can be identified by the reprojection method [2] and expressed by sm(θ), depicted in Figure 3(b).

sm(θ) =

{
1 for metal − trace
0 otherwise.

(3)

Fig. 2. The raw projection data with metals and the initial CT image.
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Fig. 3. The segmented metal and the trace in projection.

2.4. Projection interpolation and reconstruction with no metal

Now the projection data corresponding to the metal traces can be removed from the raw projection
data and then interpolated using linear interpolation method and the projection data adjacent to metals at
each angular position θ. This operation can be expressed by the following Eq. (4). The CT image with
no metal βc(x, y) are then reconstructed using Pc(θ, s) and the FBP algorithm in Eq. (1).

Pc(θ, s) =

{
P (θ, s) if sm(θ) = 0
LI(P (θ, s)) otherwise.

(4)

2.5. The forward projection calculation

The forward projection now can be produced by the re-projection method and expressed by

P (θ, s) =

∫
l(x,y,s,θ)

βc(x, y)dl. (5)

Where P (θ, s) is the forward projection and l(x, y, s, θ) represents the x-ray path.
Some constraints may be applied to the image βc(x, y) before the forward projection calculation to

improve the accuracy. For example, negative x-ray attenuation coefficient does not exist. So the gray
values of pixels, which has a negative value in the image, can be set to be zero.

2.6. Projection correction and reconstruction

After the forward projection operation, a new set of corrected projection data P c(θ, s) is created by
combining the raw experimental projection data P (θ, s) with the forward projection data P (θ, s). The
data corresponding to metals are replaced with the forward projection values. The data corresponding to
other structures are kept at the raw value. This operation can be expressed by

P c(θ, s) =

{
P (θ, s) if sm(θ) = 0
P (θ, s) otherwise.

(6)
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Table 1
The physical properties of the objects contained in the sample

Description Soft Tissue Bone Titanium Steel Molybdenum
Atomic Number(Z) 7.4 12 22 26 42
Density 1.0 1.9 4.5 7.9 10.2
Attenuation relative to water 1 2.5 9 19 46
Approximate CT value 0 1500 8000 18000 45000

Using the updated projection data P c(θ, s), new estimate of the CT image with no metal artifacts can
be generated by the FBP algorithm in Eq. (1).

The above six steps can be iterated for a given number typically from 1 to 20 or until convergence cri-
teria are met. The final image is then obtained by adding together the corrected image and the segmented
metals.

3. Experiment

In order to evaluate the validity of the proposed algorithm, an experiment was performed using a
biomedical sample. CT scanning was executed using an x-ray CT scanner with 160KVA small focus
x-ray tube from Germany YXLON and a flat panel detector Paxscan 2520 from USA Varian.

The sample consists of soft tissue, bones and metals. In which, three steel needles with different cross-
sections were inserted into the soft tissue and the whole sample was fixed in a plastic container. The
physical properties of the objects contained in the sample are shown in Table 1. It shows that the density
of Steel is much higher than that of soft tissue and bones. The scanning parameters are as follows: source-
object-distance 960 mm, source-detector-distance 1210 mm, detector channel size 0.254 mm, step angle
0.5◦ and the number of angular steps 720. Figure 4 shows the pictures of the adopted CT scanning system
and the sample.

Figure 2 shows the initial reconstruction image of the cross-section No.350, a typical slice, and its
corresponding raw projection data. Clearly, the initial image is full of streak and star-shaped artifacts
around the metals.

Figure 5 presents the CT images of some typical slices No. 350, 400, 450, 500, and 550 before and after
correction. Figure 5 (a) shows the initial reconstructed images without correction. Figure 5 (b) shows
the corrected image using the conventional linear interpolation method. Figure 5 (c) shows the corrected
image using our proposed method. The adopted threshold value for metal segmentation is 0.7 (In our
experiment, the pixel value is scaled to [0 1].). Four iterations are executed. By comparing Figure 5 (c)

Fig. 4. The adopted CT scanning system and the sample.
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Fig. 5. The CT images of some typical slices before and after correction. (a) displays the initial reconstructed images without
correction. (b) corresponds to the ones with the conventional linear interpolation correction. (c) is the result corrected by the
proposed method.

with Figures 5 (a) and (b), it is evident that the image obtained using our proposed technique contains
much fewer metal artifacts without image distortion, hence validating the presented method.

4. Discussion and conclusion

In this paper, a MAR algorithm is proposed and verified experimentally. Using our method, inaccurate
metal artifact pixels in the original CT slices were removed while precise reconstruction of the soft-tissue
was attained using forward projections with no metal information. Moreover, the proposed algorithm
can effectively reduce metal artifacts without producing distortions in the non-metallic regions, thereby
improving the diagnostic value of the image. Our work is of value to the medical and biological applica-
tions of x-ray CT. Of note, since our method requires manual adjustment of the segmentation threshold
value and the reconstruction parameters, future work is needed to optimize the automatic determination
of these parameters.
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