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 Abstract—CT assessment of postoperative spine is challenging 
in the presence of metal streak artifacts that could deteriorate the 
quality of CT images. In this paper, we studied the influence of 
different acquisition parameters on the magnitude of metal streaking. 
A water-bath phantom was constructed with metal insertion similar 
with postoperative spine assessment. The phantom was scanned with 
different acquisition settings and acquired data were reconstructed 
using various reconstruction settings. Standardized ROIs were 
defined within streaking region for image analysis. The result shows 
increased kVp and mAs enhanced SNR values by reducing image 
noise. Sharper kernel enhanced image quality compared to smooth 
kernel, but produced more noise in the images with higher CT 
fluctuation. The noise between both kernels were significantly 
different (P <0.05) with increment of noise in the bone kernel images 
(mean difference = 54.78). The technical settings should be selected 
appropriately to attain the acceptable image quality with the best 
diagnostic value. 
 

Keywords—Computed tomography, metal streak, noise, CT 
fluctuation.  

I. INTRODUCTION 

HE assessment of the postoperative spine after 
implantation of fusion or stabilization metallic devices is 

performed by a wide range of medical imaging modalities. The 
computed tomography (CT) is preferable modalities to obtain 
details imaging of bony part with accurate cross sectional 
anatomical view. However the CT assessment of postoperative 
spine may happen to be challenging due to occurrence of the 
metal-induced artifacts [1,2,3]. The artifacts can severely 
deteriorate the quality of CT images, resulted in obscure 
anatomical and pathological evaluation and mislead the 
diagnosis interpretation. 

The metal streaking artifacts in CT image are caused by 
attenuation of high dense metallic implant that lead to missing 
projection data and beam hardening [4,5].  
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The metallic object absorbed the incident beam causing 
insufficient photons to be detected (photon starvation), and 
generate incomplete projection profiles. As the missing data is 
converted into the reconstructed CT image, they will appear as 
bright and dark streak due to limited capability of common CT 
reconstruction algorithm to handle the missing data and 
inaccurate beam hardening correction [6]. 

In order to obtain an excellence image quality, knowledge 
on factors affecting the artifacts and technique to minimize the 
artifacts is crucially important [5,7]. Previous study have show 
that the streaking artifacts may be influenced by several 
technical aspects in the postoperative CT imaging setting such 
as tube current (in mA), X-ray kilovolt peak (kVp), 
reconstruction algorithm (kernel), reformatted thickness, 
hardware composition, geometry (shape), and position 
[2,5,8,9]. In this article, a phantom study was conducted and 
the magnitudes of streaks were examined by varying the 
acquisition and reconstruction parameters via images analysis. 

In this paper, analysis is done using both qualitative and 
quantitative observation. The quantitative part by statistical 
analysis is important due to limitation in human perception 
particularly in the ability to integrate the noise in images and 
conflict exists on individual decision criteria. Therefore, the 
influences of all the factors on reconstructed images were 
analyzed statistically by measuring CT attenuation, noise of 
streaking images. 

II.  MATERIALS AND METHODS 

A. Designation and Fabrication of Phantom 

A circular water-bath phantom was designed with dimension 
of 20cm x 15cm x 0.8cm and was made of clear polymethyl 
methacrylate (PMMA). A hole was drilled at phantom floor 
for the insertion of Teflon rod which was used to stimulate the 
composition of boney structures (spine). Two Teflon rods with 
50mm diameter and 168mm long were used. 

The first Teflon rod accommodates holes for a pair of 
Titanium and Stainless Steel rods. Both metal types are the 
common materials used for medical implants. The second 
Teflon rod hold a pair of spinal screws made up of Titanium 
that were inserted at 40° from the centre line, similar to the 
clinical procedure for spinal fusion.  
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B. Phantom Study  

 The phantom was filled with water to create a homogenous 
surrounding for the ease of attenuation fluctuation and noise 
measurement. The experimental setup of the phantom scanning 
is shown in Fig.1. All the phantom scanning was done using a 
Siemens SOMATOM Definition AS+ Computed Tomography, 
CT (Siemens Healthcare, Germany) at the Radiology 
Department in Hospital Universiti Sains Malaysia (HUSM) in 
Kelantan, Malaysia. The helical CT scanner has 64 rows of 
detectors, gantry speed of 0.3sec per rotation, and able to 
produce 128 slices per rotation. 
 All scans were done in abdominal sequential mode with 
field of view (FOV) of 230mm. All the phantom images were 
acquired using four different protocol by varying the 
acquisition parameters, the tube current and voltage (Table 1). 
The control images were acquired by scanning the phantom 
without metal insert followed by phantom scanning with metal 
insertion in the phantom.  
 
 

Fig. 1 The setup for phantom scanning in CT scanner 
 

C. Image Reconstruction  
 The axial cross-sectional images were reconstructed using 
the acquired raw data. All images data were reconstructed at 
standard resolution (512 x 512 pixels). The raw data obtained 
by the first and second protocol were reconstructed with 
common reconstruction kernel; B25s and B70s and slice 
thicknesses of 3.0mm and 6.0mm.  
  

 
The third raw dataset obtained from third protocol were 

reconstructed with four different reconstruction kernels (Soft-
tissues kernel; B25s-smooth, B31s-medium smooth, and bone 
kernels; B70s-sharp, B80s-ultra sharp), by reconstructed slice 
thicknesses of 3.0mm and 6.0mm (Table 1).  
 Subsequently, raw data obtained with protocol 4 were 
reconstructed by different reconstruction/slice thickness of 
2.4mm, 3.0mm, 6.0mm, 7.2mm, and 9.0mm. For both datasets, 
the acquisition was constant at 120KVP, and 200MAS. 

D. Metal Streak Analysis 

All the phantom images were viewed at CT workstation 
(CT Syngo Acquisition Workplace, Siemens Medical 
Solutions, Germany), which equipped with commercial 
software (Syngo 2010B version). The software is capable of 
defining region of interest (ROI) and calculating the mean 
attenuation in Hounsfield unit (HU) and standard deviation 
(SD) for each ROI.  

Analyzed images were all thresholded at the same window 
width (WW) and level (WL) for visual comparisons; abdomen 
setting – WW 300, WL 40 and bone setting - WW 1500, WL 
450. 

Overall, 50 streaking images were analyzed to obtain 1625 
attenuation measurements using ROI-based quantitative 
analysis. Standardized ROI of areas approximately 4mm2 were 
drawn on the selected control and various streaking images. 
The ROIs were set within dark streaking region and bright 
streaking region around the metal samples.  

All attenuation data were displayed as mean HU ± SD. All 
attenuation data were displayed as mean ± standard deviation 
which automatically measured using the Syngo CT Software.  
 Noise, σ in CT images was expressed as the standard 
deviation within the ROIs. The expression as given by 
Kalendar [10]: 

 
/O
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QS
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ε
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In equation (1), the CR is known as the reconstruction 

algorithm (filter / kernel), ε is the overall system efficiency, Q 
is the product of tube current – scan time (mAs), and S is the 
slice thickness. The ratio of Io/I refers to attenuation of the 
object. 

TABLE I 
SCANNING PROTOCOLS FOR PHANTOM STUDY 

Parameters Protocol 1 Protocol 2 Protocol 3 Protocol 4 

     
Scan mode Abdominal sequential Abdominal sequential Abdominal sequential Abdominal sequential 

No. of individual scans 16 16 8 10 

Acquisition settings 200 MAS; Different KVP 

(80, 100, 120, 140 KVP);  
120 KVP; Different MAS 

(100, 200, 300, 400 MAS) 
120 KVP;  
200 MAS 

120 KVP; 
200 MAS 

Reconstruction kernels Smooth & sharp kernel Smooth & sharp kernel Variouskernels  
(B25s, B31s, B70s, B80s) 

Smooth & sharp kernel 

Reconstruction thickness 3mm, 6mm 3mm, 6mm 3mm, 6mm Various thickness 
(2.4, 3.0, 6.0, 7.2, 9.0mm) 
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The signal-to-noise ratio (SNR) was calculated from the 
result of HU (signal) and noise obtained through phantom 
study, as stated by Paul et al [11].  

 

,

HU
SNR

Noise
=

σ
                              (2) 

 
For statistical analysis, the mean differences of CT 

attenuation, noise, and SNR were calculated and compared 
using statistical T-test performed by SPSS software. If the p-
value <0.05, the mean difference is considered as statistically 
significant. 

A correlation analysis was also conducted to study the 
relationship between the varying acquisition and 
reconstruction parameters with measured variables such as 
noise, CT attenuation, and SNR within the streaking region. 
Correlation is considered significant at p-value <0.05. 

III.  RESULTS 

 Our study shows that metal-induced artifacts appear as 
bright and dark bands (streaking) in the reconstructed images 
(Fig. 4). Streaks can be seen in two directions. The dark 
streaks were more prominent in the direction of the metal 
screw position (highest attenuation), whereas the bright streaks 
were more at the transverse direction of the screw.   
 The appearance of dark streak is due to beam hardening 
effects which produce high frequency projections, while the 
low frequency projections due to scattering effects appear as 
bright streak. 

A. Different kVp settings  

From the qualitative assessment of the images acquired by 
different kVp setting, it shows that streaking effect reduced 
with increased kVp. The bright streak area in the images was 
reduced using high kVp setting. 

Measured CT attenuation values were increased (4% - 24%) 
within dark streak and decreased (15% - 46%) at bright streak 
region. Image noise is reduced in the images with increased 
kVp setting with 13 -14% reduction.  

From the results, the influence of kVp setting on CT 
attenuation and image noise was more prominent in bright 
region compared to dark streak region. The mean difference of 
CT attenuation and noise are statistically significantly 
(P<0.001) in bright streak but demonstrated no significant 
different in dark streak region (P >0.05). 

The result also shows significant correlation between the 
kVp with CT attenuation and image noise (P<0.05) with strong 
negative correlation in CT attenuation (r = 0.98) and noise (r = 
0.97). The negative correlation means the CT attenuation and 
image noise decreased as kVp increased.  

Higher kVp also resulted in better SNR by increment of 2% 
in dark streak region and 5% increment in bright region as 
shown in Fig.2. From data previously published, it is 
recommended to use 140kVp for imaging of spines with metal 
hardware [2,8]. Conversely, with higher kVp used, the dose to 
patient will also increase. 

Fig. 2 Graph of signal-to-noise ratio, SNR (y) against reconstruction 
thickness (x) for different mAs setting in bright streak region. 

B. Different mAs settings 

Theoretically, higher mAs result in more photons to reach 
the detectors, result in less noise. From the reconstructed 
images, using higher mAs setting produced better image 
quality with less streaking artifacts. By increasing mAs, 
measured CT attenuation values were slightly increased 
(0.04% - 0.4%) within dark streak and decreased (0.26% - 
0.31%) at bright streak region. Image noise was slightly 
reduced as mAs increased with reduction of 0.43% -1.58%. 
Statistical analysis showed that is no significant difference 
(P>0.05) in mean of CT attenuation and image noise.  

For SNR value, it demonstrated that increased in mAs 
resulted in better SNR by slight increment of 3.3% in dark 
streak region and 0.3% increment in bright region. Figure 2 
show the increment of SNR with increased mAs measured in 
bright streak region. From the results, it showed that a change 
in mAs does not really influence the CT attenuation, noise and 
SNR due to its slight changes.  

Fig. 3 The signal-to-noise ratio (SNR) for different tube current 
(mAs) setting within the bright streak region 

C. Different reconstruction kernels 

 It can be observed that images reconstructed with sharp 
kernels (B70s and B80s) shows an improvement in spatial 
resolution, sharpness and edge detection with less streaking 
artifacts compared to images reconstructed with smooth 
kernels (B25s and B31s), as shown in Fig.4.  
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Fig. 4 The effect of 4 different convolution kernels; (A) B25s, (B) 
B31s, (C) B70s, and (D) B80s on metal streaking images. Images A 
and B are viewed using WL 40,WW 300 and images C and D are 

viewed using WL 450, WW 1500. 
 
With wider window to view image C and D (Fig. 4), the 

shapes and edges of spinal screws were better defined and 
delineation of Teflon rod and screws were also improved using 
sharp kernel. The streak regions (dark and bright streaking) 
were also visually reduced by sharp kernel. However, the 
reduction of bright streaking region was more prominent than 
the dark streak using the bone kernel. 
 From the statistical analysis, it showed that reconstruction 
kernels had no significant influence on the measured CT 
attenuation (P > 0.05), with small difference of 2.35 HU in the 
mean CT. The image noise measured in sharper kernel images 
was higher in streaking region (range = 108.0-184.0) as 
compared to smooth kernel (mean = 71.0 - 148.4). 

This finding indicated that sharper kernel significantly 
increased the images noise with wider CT fluctuation. The 
mean different of noise between both kernels were statistically 
significantly (P <0.05) with increment of 54.78 in images of 
sharp kernel compared to images of smooth kernel. 
Correspondingly, our findings also similar with previous 
published data which stated that image reformatted with sharp 
kernel exhibit increased noise as compared to smooth kernel 
[2,12]. 

D. Different reconstruction thickness 

The images reconstructed by different slice thickness shows 
different level of streaking severity. Thicker slice thickness 
produced less noisy image than thinner slice. 

Measured CT attenuation values increased by 52% within 
dark streak but decreased at bright streak region by 53% as the 
slice thickness increased. Image noise is reduced in the thicker 
slice images by 53% reduction. The statistical results shows 
that difference in noise are statistically significantly (P <0.001) 
in bright streak but demonstrated no significant different in 
dark streak region (P >0.05). 

For correlation analysis, result shows there is a significant 
(p-value = 0.001), positive high correlation (r = 0.993) 
between the reconstruction thickness and the CT attenuation in 
the dark streak region but negative high correlation (r = -
0.992) for bright streak region. 

The result shows significant correlation between the 
reconstruction thickness and the image noise (p-value = 0.002) 
with strong negative correlation (r = -0.985). The negative 
correlation means that the noise decreased as the slice 
thickness increased. 

From the results, it shows higher SNR as slice thickness 
become thicker by increment of 12.7%. Figure 4 show the 
increment of SNR as the slice thickness become thicker in 
bright streak region. Correlation analysis shows a significant 
strong correlation of SNR with the reconstruction thickness (p-
value = 0.017 and r = 0.941).  

Fig. 4 The signal-to-noise ratio (SNR) for different reconstruction 
thickness within the bright streak region 

IV.  CONCLUSION 

The scanning parameters should be chosen appropriately to 
achieve the acceptable image quality with the best diagnostic 
value. In the same time, we should avoid excessive radiation 
dose to patients throughout the examination.  

The image reconstruction techniques also play a major role 
in reduction of streaking artifacts. A good reconstruction 
technique with modification in windowing offers great solution 
for artifact reduction. 
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