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        Abstract— Metal artifacts are one of significant problems 

in computed tomography (CT). The streak lines and air gaps 

arise from metal implants of orthopedic patients, such as 

prosthesis, dental bucket, and pedicle screws that cause 

incorrect diagnosis and local treatment planning. A common 

technique to suppressed artifacts is by adjusting windows, but 

those artifacts still remain on the images. To improve the 

detail of spine CT images, the variable thresholding technique 

is proposed in this paper. Three medical cases of spine CT 

images categorized by the severity of artifacts (screws head, 

one full screw, and two full screws) were investigated. Metal 

regions were segmented by k-mean clustering, then 

transformed into a sinogram domain. The metal sinogram 

was identified by the variable thresholding method, and then 

replaced the new estimated values by linear interpolation. The 

modified sinogram was reconstructed by the filtered back-

projection algorithm, and added the metal region back to the 

modified reconstructed image in order to reproduce the final 

image. The image quality of the proposed technique, the 

automatic thresholding (Kalender) technique, and window 

adjustment technique was compared in term of noise and 

signal to noise ratio (SNR). The propose method can reduce 

metal artifacts between pedicle screws. After processing by 

our proposed technique, noise in the modified images is 

reduced (screws head 121.15 to73.83, one full screw 160.88 to 

94.04, and two full screws 199.73 to 110.05 from the initial 

image) and SNR is increased (screws head 0.87 to 1.88, one 

full screw 1.54 to 2.82, and two full screws 0.32 to 0.41 from 

the initial image). The variable thresholding technique can 

identify the suitable boundary for restoring the missing data. 

The efficiency of the metal artifacts reduction is indicated on 

the case of partial and full pedicle screws. Our technique can 

improve the detail of spine CT images better than automatic 

thresholding (Kalender) technique, and window adjustment 

technique. 

      Keywords—metal artifacts reduction, pedicle screws, spine 

CT, computed tomography, variable thresholding 

 
I.INTRODUCTION 

 
     Artifacts arising from metal implants called metal 

artifacts or streak artifacts [1] are common problem of 

computed tomography (CT) images. There are two 

methods for reducing artifacts. The first method is by 

making adjustment to the image acquisition: such as 

adjusting windows, soft-tissue reconstruction algorithm, 

and adjusting parameters; higher kVp, higher mAs [2-3]. 

The second method is by using adaptive algorithm such as 

interpolation of the missing data on the edges of metal 

sinogram of CT images [4-6] and iterative reconstruction 

[7]. In this paper, we present a variable thresholding 

technique to reduce metal artifacts of spine CT images by 
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identification of the metal sinogram, interpolation of the 

missing data at the boundary of the sinogram, and 

reconstruction of the image by filter back-projection. 

II. MATERIALS AND METHODS 

 

     All study subjects receiving typical spine treatments 

were scanned by fan beam CT scanner (GE Light Speed 

VCT: 64-slice). The images are in DICOM file format. 

Three cases of spine CT images (screws head, a full screw, 

and two full screws) were investigated. 

 

The proposed method consists of following four steps. 

A. Segmentation of metal regions 

      The metal artifacts of spine CT image in DICOM 

format are divided into metal regions and non-metal 

regions by k-mean clustering [8], our proposed technique 

distinguishes different material into five classes; air, soft 

tissue, normal tissue, bone, and metal. After segmenting 

the data into five classes, we set two new groups; metal and 

nonmetal regions (air, soft tissue, normal tissue, and bone) 

from the initial image. Then the metal regions image and 

the nonmetal regions image were projected forward into 

the sinogram domain. 

 

B. Computation of the sinogram shape 

      From A., we find the suitable boundary of metal only 

sinogram by using the variable thresholding, this algorithm 

is based on computing a moving average along scan lines 

of an image to compute a threshold at every point (u,θ) of 

metal sinogram as following; 

Variable thresholding [9] is Stu,θ = aσu,θ + bmu,θ   
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     Where, St (u, θ) is the variable thresholding sinogram, 

a and b are constants, mu,θ and σu,θ is mean and standard 

deviation of the set of pixel contained in a neighborhood of 

metal sinogram Sm(u,θ) 

 

 

 

 

C. Estimation missing data 

      The values in the areas of variable thresholding 

sinogram St(u, θ ) are replaced by linear interpolation using 

values of adjacent pixels at the edges of metal corrupted 

areas at an angle(θ ) of step B. 

 

D. Image Reconstruction 

     The modified sinogram obtained in C. is back 

projection by filtered back projection. Finally, the metal 

regions obtained in A. are added back to the reconstructed 

image of modified sinogram to produce the final image. 

 

IMAR(x, y) = IreM(x, y)  Im(x, y). 
    Where, IMAR(x, y) is the reduced-metal-artifacts image, 

IreM(x, y) is image reconstruction of modified sinogram, 

Im(x, y) is metal regions image. 

 

E. Evaluation of image quality 

    The image quality of the proposed technique (set at soft 

tissue window; window width (504) and level (56)), the 

automatic thresholding (Kalender) technique [4] (set at soft 

tissue window; window width (504) and level (56)), and 

window adjustment technique that adjusted soft tissue 

window to bone window (window width (3295) and level 

(569)) was compared in term of noise and signal to noise 

ratio (SNR). The circle of region of interest (ROI) size 40 

pixels diameter pressed on critical organ (thecal sac) was 

noise measured and SNR was measured as following, 

(N1 −N0)/σ0 

     Where, N1 is the mean pixel value in the ROI within the 

object (thecal sac), N0 is the mean pixel value in the ROI in 

a background area (soft tissue), and σ0 is the standard 

deviation of pixel values in the background (soft tissue) 

ROI.  

  

Figure 1 Noise and SNR Measurement. 
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III. RESULTS 

 

     To evaluate the performance of the proposed method, 

we compare the proposed technique with the automatic 

thresholding (Kalender) technique, and window 

adjustment technique. In case of partial pedicle screws 

(Fig. 2), the results were slightly different between our 

technique and the automatic thresholding (Kalender) 

technique. Our method noticeably reduces metal artifacts 

with slight shadow after pedicle screws as shown in Fig. 

3(d) and 4(d), whereas the automatic thresholding 

(Kalender) technique cannot effectively reduce air gap and 

streak artifacts as evident by the distorted spine structures 

close to metal objects in Fig. 3(c) and 4(c). The results of 

the adjusting windows technique are shown in Fig. 2(b), 

3(b), and 4(b). It shows the clear object of pedicle screws 

but metal artifacts still remain on the images with the same 

noise and SNR as the initial images (Table 1 and 2). Our 

technique resulted in less noise than initial images and the 

adjusting windows technique, but slightly higher than the 

automatic thresholding (Kalender) technique (Table 1). 

The SNR of our technique is higher than that of the initial 

images, automatic thresholding (Kalender) technique, and 

adjusting windows technique (Table 2). 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 

 

 

 

Table 1 Results of Noise Measurement 

 

Object 
Initial 
Image 

Window 
Adjustment 

Kalender Propose 

screws 
head  

121.15 121.15 83.18 73.83 

one full 
screw 

160.88 160.88 73.69 94.04 

two full 
screws 

199.73 199.73 57.96 110.05 

 
Table 2 Results of SNR Measurement 

 

Object 
Initial 
Image 

Window 
Adjustment 

Kalender Propose 

screws 
head  

0.87 0.87 1.70 1.88 

one full 
screw 

1.54 1.54 1.25 2.82 

two full 
screws 

0.32 0.32 0.24 0.41 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) (b) (c) (d) 

(a) (b) (c) (d) 

Figure 2 (a) The Initial Image of Screws Head, (b) The Window Adjustment Technique, 

(c) The Automatic Thresholding (Kalender) Technique, (d) The Proposed Technique. 

Figure 3 (a) The Initial Image of One Full Screw, (b) The Window Adjustment Technique, 

(c) The automatic thresholding (Kalender) technique, (d) The proposed technique. 
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IV. DISCUSSION 

 

     The results of this proposed technique show that our 

technique can reduce metal artifacts of spine CT image of 

both partial and full pedicle screws. Regarding the image 

quality, our technique resulted in higher level of noise than 

the automatic thresholding (Kalender) technique 

potentially because of the very different data (minimum 

and maximum of CT number) of our technique compared 

to the automatic thresholding (Kalender) technique. 

Nevertheless, our technique shows better SNR than that of 

the automatic thresholding (Kalender) and windows 

adjustment technique. 

 

V. CONCLUSIONS 

 

     It has been shown that our method improves the image 

quality of the final images and can reduce metal artifacts 

by precisely identifying metal sinogram. 
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(a) (b) (c) (d) 

Figure 4  (a) The Initial Image of Two Full Screws, (b) The Window Adjustment Technique, 

(c) The Automatic Thresholding (Kalender) Technique, (d) The Proposed Technique. 
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