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Metal Artifact Suppression from Reformatted Projections in Multi-
slice Helical CT using Dual-front Active Contours
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Abstract— Metallic implants may cause severe artifacts in
CT exams. Suppression of metal artifacts remains to be a very
challenging problem, in which metal region segmentation is one
of the most important steps. We proposed a novel, semi-
automatic segmentation algorithm based on the dual-front
active contour model and the boundary mapping strategy to
detect the metal regions on reformatted projection data, and to
effectively eliminate/suppress metal artifacts on reconstructed
images. Experimental studies on clinical hip and shoulder CT
exams demonstrated that the proposed method was able to
segment multiple metal implants more accurately relative to
threshold-based methods. The artifacts caused by dense metal
implants were better suppressed.

I. INTRODUCTION

Artifacts induced by metallic implants significantly degrade
the image quality and limit the diagnostic value of CT
images. Iterative reconstruction methods [1, 2] are either
difficult to implement in combination with the standard
reconstruction algorithms in modern CT scanners or are
computationally expensive for the large data sets generated
by multi-slice CT scanners. Adaptive filtering has also been
used with the purpose of reducing the streaking artifacts
caused by photon starvation [3, 4]. Most of the metal artifact
suppression methods are based on the strategy of projection
modification. One procedure involves the segmentation of
metal regions in reconstructed images [5-7], while the other
involves the direct segmentation of metal shadows in raw
projection data [8-11].

In projection modification methods, the major challenge
lies in the accurate detection of metal regions either on the
reconstructed images or on the raw projection data. Up to
now, manual segmentation or simple thresholding methods
are commonly used. Typically, one 64 multi-slice helical CT
scan contains 40,000-70,000 projection views for a chest-
abdomen-pelvis helical scan. It is very challenging to detect
multiple metal implants on each projection frame (typically
in the size of 672x32) due to the large amount of metal
fragments. Yu and coauthors utilized a gradient-based
thresholding method to detect the metal regions on
reformatted projections, which are created from the helical
projection data in multi-slice helical CT [12]. Since each
reformatted projection is formed by combining data from the
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same view angle over the full longitudinal scan range, all of
the metal objects in the scan range show up in every
reformatted projection. The shape, location, number of
objects, and region information of metal implants can be
easily recognized from a single reformatted projection,
which makes the metal detection much easier than those
methods that perform metal detection on each single
projection frame. In addition, there is another nice property
of the reformatted projection data was not discovered yet in
Yu’s work. Since the rotation angle difference between
adjacent reformatted projections is very small (about 0.07°),
all the characteristics of metal objects only change slightly
between adjacent reformatted projections. The segmented
metal boundary on the previous projection is a perfect
initialization that can be refined to obtain the accurate metal
boundary on the current projection. Repeating this
procedure may facilitate the segmentation on all the
reformatted projections.

In this paper, we proposed a novel technique to suppress
metal artifacts, which was based on a new boundary tracking
algorithm that utilizes the dual-front active contour model
and the boundary mapping strategy to extract metal regions
on each reformatted projection efficiently and accurately.
Then, a Delaunay triangulation is applied to fill the metal
shadows. Finally, the modified projection data is load back
to a scanner to reconstruct the diagnostic CT images.
Experimental results on clinical cases show that the
proposed algorithm can provide accurate segmentation of
metal implants, and suppress metal artifacts successfully.

II. METHOD AND MATERIALS

A. Reformatted Projection and Pitch Correction

In multi-slice helical scan, we created the reformatted
projections by combining all the frames with the same
projection angle every 360° over the full longitudinal scan
range. After a reformatted projection is created, the shape of
the metal might not be continuous due to pitch factors. In
order to provide reasonable and undistorted metal
projections for the following procedure, we corrected pitch

factors. When p > 1, we processed it as if p = 1. However,
when p <1, we ignored the data inside the overlap region

on the first of every two projection frames and generated a
reformatted projection without overlapping regions.
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B. Metallic Object Extraction

As discussed in Introduction, the shape, location, number
of objects, and other characteristics of metal implants can be
easily recognized from a single reformatted projection.
Moreover, the shape and location of the metal structures
only change slightly between continuous reformatted
projections. Based on these observations, we proposed a
novel, semi-automatic boundary tracking algorithm to
extract the metal implants from 2D reformatted projection
sequences. This boundary tracking algorithm consists of
boundary mapping and boundary extraction. The flowchart
was shown in Figure 2. First, the metal object is extracted
either manually or through an automatic method on the first
2D reformatted projection. Then, the segmented boundary is
mapped to the next continuous slice, and set as the
initialization of the dual-front active contour models
(DFAC). By utilizing the DFAC model, the boundary curve
mapped from the previous slice is propagated to the actual
metal object boundary in the current slice within only a
couple of iterations. The boundary mapping step and the
boundary tracking step are repeated until all reformatted
projections are processed and the metal implant is extracted
on all the projections [13].

Choose one slice in the series

N2

Define an initial boundary of the
interesting metal object

Dv<

Using Dual-front Active
Contours to extract the object
boundary

Satisfy with the
result?

Mapping the result
to next slice

All slices are
processed?

End of the process

Figure 2. Flowchart depicting the steps to extract metal objects on
2D reformatted projection sequence.

Usually, metal structures only change very slightly in
continuous projections. So the actual boundary obtained
from the previous slice is a prefect preliminary boundary of
the metal object in the current slice. Here we use a dual-

front active contour model [14] to refine the preliminary
boundary to the true metal implant boundary in each
reformatted projection. The purpose of dual-front active
contour model is to minimize an energy function in order to
find “a potential weighted global minimum partition curve”
within an active region, and then iteratively change the
active region until the final objective is obtained. As shown
in Figure 3, dual-front active contour model is an iterative
process including the dual front evolution and active region
location.
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Figure 3. Iteration process of the dual-front active contour model.

For metal segmentation in this study, since the true
boundary on the current slice is very close to the
initialization, the mapping of the metal boundary in the
previous slice, the boundary refinement can therefore be
treated as a problem to find the optimal minimal partition
curve which minimizes the energy functional related to the
metal boundary in a narrow active region. By setting
appropriate potentials based on the properties of reformatted
projections, the potential weighted minimal partition curve
can be equal to the metal implant boundaries. Only a couple
of iterations need to propagate the initialization to the real
boundary since they are very close to each other. Also, since
the dual front evolution tries to find the global minimal
partition curve within a specific active region instead of the
whole image, the degree of this globalness may be changed
easily by adjusting the size of active regions. This property
enables a flexible way to extract metal implants with
different sizes and shapes. Furthermore, one of the nice
properties of dual-front active models is its capability to
handle topology changes of the detected object during the
iterative process just like standard level set evolutions. We
can detect several disjoint objects with only one initial
curve, which is very suitable to detect multiple metal
implants such as bilateral hip prosthesis because the metal
regions might be connected or separated on different
projections during the whole 360° rotation.

C. Metal shadow interpolation and image reconstruction

After the metal object was detected and removed from
each reformatted projection, a 2D interpolation was
performed to fill metal shadows [15, 16]. In order to
improve the computational efficiency, the interpolation was
done only on a small region that includes the metal
projection region plus a margin of 10 pixels. Before
interpolating metal shadow regions, a median filter (size of
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5%5 pixels) operator was applied to remove the isolated high
value projections in the small region for smoothly
interpolation. The 2D interpolation is based on a Delaunay
triangulation of the data that uses Qhull [16]. The use of
Qhull method is to accommodate the irregular shape of the
metals possibly present in the reformatted projections. After
the removal of the metal projection on the reformatted
projection, the corrected raw data were written back to the
original format before the pitch correction and loaded onto
the scanner to perform the image reconstruction.

III. RESULTS

We evaluated the method using clinical exams performed on
64-slice CT scanners (Sensation 64, Siemens, Germany).
Figure 4 and Figure 5 showed the metal extraction and
interpolation results from a contrast-enhanced abdomen CT
exam. The patient had two dense metal implants in hips. The
scanning parameters were as follows: 120 kVp, detector
collimation 32x0.6 mm with double z sampling, rotation
time 0.5 second, helical pitch 1.2, and quality reference mAs
240. The images were reconstructed with a slice thickness of
5 mm and a B40f kernel. As can be seen, the continuity of
boundary structures in the area of interpolated projections
was maintained and the artifacts were removed. Figure 6
showed the reconstructed axial, coronal, and sagittal images
based on the original and corrected projection data from the
same patient data in Figure 5.

Figure 4. The metal boundary extraction on 6 different angles of the
reformatted projections around the whole 360° rotation for a routine
abdomen CT exam. The order of different angles is from left to right,
and up to down.

Figures 7 and 8 showed the results from another patient
study. This patient had a single shoulder implant. The
scanning parameters were as follows: 140 kVp, detector
collimation 32x0.6 mm with double z sampling, rotation
time 1.0 second, helical pitch 0.45, and quality reference
mAs 350. The images were reconstructed with a slice
thickness of 5 mm and B40 kernel. As can be seen, streak
artifacts originating from the metal were dramatically
reduced with the proposed method. The shape of this
shoulder metal implant is very simple while the background

is complex due to the high attenuation of the shoulder.
Especially when scanning along the lateral direction, the
projection of two shoulders led to very bright regions that
were similar to the metal region. Under this situation, it is
very difficult for a threshold-based method to accurately
extract the metal region. In contrast, when using the method
proposed in this paper, the extraction result from the
previous projection provided a good initialization for
processing the current projection. The propagation principle
also restricted the distortion of metal shape by setting
narrow active regions. It was easy to extract metal structures
from more than 4000 reformatted projections by utilizing
simple parameter settings. This example illustrated the
benefit of the proposed method on extracting metal
structures from complex background.

(®)
Figure 5. An example of 2D metal extraction and interpolation to remove
the metal projection. (a) Reformatted projection with metal regions. (b)
The updated projection data with metal extraction and metal shadow
interpolation.

(b)
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Figure 6. Three example slices at sagittal, coronal, and axial planes
from metal artifact reduction of the same CT exam as in Figure 5. (a)
before correction, (b) after correction.

(a) (®)

Figure 7. An example of 2D metal extraction and interpolation to remove
the metal projection in a shoulder CT exam. (a): Reformatted projections
with labeled metal regions and the boundary extraction. (b): The updated
projection data with metal removal and interpolation.

(b)

Figure 8. Two axial slices from metal artifact reduction of the same
CT exam in Figure 7. (a) before correction, (b) after correction.

Iv. CONCLUSIONS

We proposed a novel technique to suppress metal artifacts
in multi-slice helical CT by utilizing an image segmentation
algorithm based on dual-front active contour models and
boundary mapping strategy. The innovation of this method
includes two aspects. First, the novel dual-front active
contour model provides an efficient and stable strategy for
metal segmentation from reformatted projections. Second,
the shape, location, and other characteristics of metal
structures on reformatted projects provides a good guidance
for the 2D boundary mapping and segmentation strategy,

which makes the metal segmentation based on the dual-front
active contour model and the subsequent data correction
more stable and consistent throughout the full dataset.
Experimental studies on clinical hip and shoulder CT exams
demonstrated that the proposed method was able to segment
the metal implant more accurately relative to threshold-
based methods. As a result, the artifacts caused by dense
metal implants were better suppressed.
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