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A prior-image-based metal artifact reduction method for cone beam CT
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2. School of Electronic and Optical Engineering, Nanjing University of Science and Technology, Nanjing Jiangsu 210094, China)

Abstract: To effectively suppress the artifacts caused by metal implants in the reconstruction process
of cone beam CT (CBCT) image, a prior-image-based metal artifact reduction method was proposed.
Firstly, the reconstructed image with metal artifacts was preprocessed by bilateral filtering, metal
threshold segmentation and tissue clustering to produce the metal image and the prior image without
metal information. Secondly, the metal image and prior image were respectively forward-projected to
produce the metal projection region and prior projection data. Then, the metal projection region was

interpolated by the prior projection data and the metal neighborhood projection data to produce the
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restored projection data. Finally, the CT image was reconstructed by the FDK algorithm and was

fused with the metal image to produce the final corrected image. To verify the performance of the

proposed algorithm, the metal artifact reduction experiments were carried out on the 3D Shepp-Logan

head phantom and clinical head CT data. The experimental results show that compared with the

commonly used linear-interpolation-based method and image-inpainting-based method, the corrected

image of the proposed method can keep the root-mean-square error to the minimum and the peak

signal-to-noise ratio to the maximum. This indicates that the proposed method can effectively

suppress metal artifacts while preserving image edge information.

Keywords: cone beam CT; metal artifact reduction; bilateral filtering; prior image; interpolation
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Fig. 1 Flow chart of cone beam CT metal artifact reduction
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3 02 (0.2200, 0, 0) 0.1100 0.310 0.22 18 0 10
4 02 (-0.2200, 0, 0) 0.160 0 0.410 0.28 18 0 10
5 0.1 (0, 0.3500, -0.1500) 02100 0.250 041 0 0 0
6 0.1 (0, 0.1000, 0.2500) 0.046 0 0.046 0.05 0 0 0
7 0.1 (0,-0.1000, 0.2500) 0.046 0 0.046 0.05 0 0 0
8 0.1 (~0.0800, ~0.6050, 0) 0.046 0 0.023 0.05 0 0 0
9 0.1 (0, -0.6060, 0) 0.0230 0.023 0.02 0 0 0
10 0.1 (0.0600, ~0.6050, 0) 0.0230 0.046 0.02 0 0 0
11 2.0 (0.4600,-0.1000, 0) 0.060 0 0.060 0.06 0 0 0
12 2.0 (~0.4800, -0.1000, 0) 0.060 0 0.060 0.06 0 0 0
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(a) 128th slice in the Z-direction
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(b) 115th slice in the Y-direction
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() X IF%E 185 EVI A
(c) 185th slice in the X-direction
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Fig. 2 3D Shepp-Logan head phantom. The image size is 256x256, the gray scale window is [0,1]
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Fig. 3 Projection data of the Shepp-Logan phantom at 90°.

The image size is 560x560. The gray scale window is JR S EARAEATAZ I, JREASCHY PIB-MAR ik
[0.0001, 3.3128] BEATRILE, S5 R 6 s .
(a) Z M58 128 )2V A (b) YIHI2E 115 BT A () X %8 185 2
(a) 128th slice in the Z-direction (b) 115th slice in the Y-direction (c) 185th slice in the X-direction

[l 4 Shepp Logan BB i 25 4 G . BRMBRSH R 256%256, K FEH A0, 1]
Fig. 4 Original reconstruction of the Shepp-Logan phantom. The image size is 256x256. The gray scale window is [0,1]

ol 19

(a) AL PE PG (b) <& A 7 B EHMR (c) Fei BB
(a) Bilateral filtered image (b) Metal threshold segmented image (c) Prior image
(d) 90°F L E KR (e) Hhin)H 2 EIE () RARIEERK
(d) Restored projection data at 90°  (e) Intermediate reconstructed image (f) Final corrected image

B 5 TSI KM% Shepp-Logan #5714 J& O 52 158 IE & B B 45 31
Fig. 5 Results of the different phases in the metal artifact reduction based on prior image for the Shepp-Logan phantom
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Fig. 6 Comparison of the metal artifact reduction results for the Shepp-Logan phantom. The column from left to right indicates

the 128th slice in the Z-direction, the 115th slice in the Y-direction and the 185th slice in the X-direction, respectively. The rows

from top to bottom shows results from LIB-MAR, IIB-MAR and PIB-MAR, respectively. The image size is 256x256. The gray
scale window is [0, 0.07]
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Fig. 7 Profiles corresponding to the 116th row in the 128th slice in the Z-direction of the Shepp-Logan phantom corrected by
different MAR methods ((a) The complete grayscale curve; (b)-(d) are the enlarged parts in (a), indicated by black dotted
rectangles)
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(a) Z2HEEB

(a) Reference image

(b) FEFEEG

(b) Original reconstructed image
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(c) Segmented metal image

(d) LIB-MAR Bl
(d) LIB-MAR image

(e) IIB-MAR K%
(e) IB-MAR image

(f) PIB-MAR E|1&
(f) PIB-MAR image

8 IRAREIERI S BN ELR. BB RS N 256%x256, K H N[0, 0.05]

Fig. 8 Results of metal artifact correction for clinical data. The image size is 256x256. The gray scale window is [0, 0.05]

%3 Shepp-Logan ARHIBANKFFA Rol £, F[E MAR
B3 R A9 RMSE #1 PSNR &

Table3 RMSE and PSNR values caculated on a single
Rol and all Rolscorresponding to different MAR
methods for the Shepp-L ogan phantom

LIB-MAR IB-MAR PIB-MAR
RMSE PSNR RMSE PSNR RMSE PSNR
Rol1 0.0047 450794 0.0078 40.1872 0.0027 55.4033
Rol2 0.0023 54.0542 0.0073 36.6008 0.0023 57.6106

RolI3 0.0036 459112 0.0083 43.5204 0.0022 58.3623
Rol 1~3 0.0035 48.3484 0.0078 40.1028 0.0024 57.1224

Rol

SEENT LR TE R A5 T 4 BB s 22 3 /) o 1E [
— Rol I, PIB-MAR HiEXF M [ PSNR {1 K;
EFTA Rol b, HXJRiff) PSNR A 57.122 4, 5
LIB-MAR Al 1IIB-MAR HiEM L, 20l$gm T
18.15%71 42.44% . iX K ] PIB-MAR Hi% B A i
)< Je8 O s 4 i i

3 4 8
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X IR AR, IR1G 6 R B X IR e 10 5 5 4L
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2 IE % . FIH =4 Shepp-Logan Sk A1 %)
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