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Metal Streak Analysis with different Acquisition
Settings in Postoperative Spine Imaging: A
Phantom Study
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Abstract—CT assessment of postoperative spine is challenging The metallic object absorbed the incident beam ingus

in the presence of metal streak artifacts that caldteriorate the
quality of CT images. In this paper, we studied thffuence of
different acquisition parameters on the magnitudeetal streaking.
A water-bath phantom was constructed with metagriien similar
with postoperative spine assessment. The phantsrseanned with
different acquisition settings and acquired dataeweconstructed
using various reconstruction settings. Standardif@ls were
defined within streaking region for image analy3ike result shows
increased kVp and mAs enhanced SNR values by negluniage
noise. Sharper kernel enhanced image quality comparedntmoth
kernel, but produced more noise in the images witgiher CT
fluctuation. The noise between both kernels wemgnifcantly
different (P <0.05) with increment of noise in thene kernel images

insufficient photons to be detected (photon stéowat and
generate incomplete projection profiles. As thesinig data is
converted into the reconstructed CT image, theyapipear as
bright and dark streak due to limited capabiliticommon CT
reconstruction algorithm to handle the missing datad
inaccurate beam hardening correction [6].

In order to obtain an excellence image quality, Wledge
on factors affecting the artifacts and techniquenioimize the
artifacts is crucially important [5,7]. Previousidy have show
that the streaking artifacts may be influenced leyesal
technical aspects in the postoperative CT imagattjng such
@s tube current (in mA), X-ray kilovolt peak (kVp),

(mean difference = 54.78Jhe technical settings should be selecte
appropriately to attain the acceptable image qualith the best
diagnostic value.

reconstruction algorithm (kernel), reformatted khiess,
hardware composition, geometry (shape), and paositio
[2,5,8,9].In this article, a phantom study was conducted and
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|. INTRODUCTION

HE assessment of the postoperative spinéter

implantation of fusion or stabilization metallic wiees is
performed by a wide range of medical imaging maigali The
computed tomography (CT) is preferable modalit@sltain
details imaging of bony part with accurate crosstigral
anatomical view. However the CT assessment of pestdive
spine may happen to be challenging due to occuerefiche
metal-induced artifacts [1,2,3]. The artifacts caeverely
deteriorate the quality of CT images, resulted bsaure
anatomical and pathological evaluation and mislehd
diagnosis interpretation.

The metal streaking artifacts in CT image are caduse
attenuation of high dense metallic implant thatlléa missing
projection data and beam hardening [4,5].
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acquisition and reconstruction parameters via iragglysis.

In this paper, analysis is done using both qual#aand
guantitative observation. The quantitative part dtgtistical
analysis is important due to limitation in humarrgegption
particularly in the ability to integrate the noiseimages and
conflict exists on individual decision criteria. 8iefore, the
influences of all the factors on reconstructed iesagvere
analyzed statistically by measuring CT attenuatiooise of
streaking images.

Il. MATERIALS AND METHODS

A. Designation and Fabrication of Phantom

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

The first Teflon rod accommodates holes for a pir
Titanium and Stainless Steel rods. Both metal tygesthe
common materials used for medical implants. Theosgc
Teflon rod hold a pair of spinal screws made uitdnium
that were inserted at 40° from the centre line,ilamio the
clinical procedure for spinal fusion.
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TABLE |
SCANNING PROTOCOLSFOR PHANTOM STUDY

Parameters Protocol 1 Protocol 2 Protocol 3 Protocd 4
Scan mode Abdominal sequential Abdominal sequential Abdominal sequential Abdominal sequential
No. of individual scans 16 16 8 10
Acquisition settings 20As; DifferentkVp 120k VP, DifferentMAS 120K VP, 120KVP;

(80, 100, 120, 14QVP); (100, 200, 300, 400AS) 200MAs 200MAs
Reconstruction kernels Smooth & sharp kernel Smé&asharp kernel Variouskernels Smooth & sharp kernel

(B25s, B31s, B70s, B80s)

Reconstruction thickness 3mm, 6mm 3mm, 6mm 3mm, 6mm Various thickness
(2.4, 3.(, 6.0, 7.2, 9.0mm)

B. Phantom Sudy

The phantom was filled with water to create a hgemus The third raw dataset obtained from third protoegre
surrounding for the ease of attenuation fluctuatma noise feconstructed with four different reconstructioniads (Soft-
measurement. The experimental setup of the phastamming  tissues kernel; B25s-smooth, B31s-medium smooti, beme
is shown in Fig.1. All the phantom scanning wasedasing a Kernels; B70s-sharp, B80s-ultra sharp), by recanttd slice
Siemens SOMATOM Definition AS+ Computed Tomographythicknesses of 3.0mm and 6.0mm (Table 1).

CT (Siemens Healthcare, Germany) at the Radiology Subsequently, raw data obtained with protocol 4ewe
Department in Hospital Universiti Sains MalaysiaJ&M) in reconstructed by different reconstruction/sliceckhiess of
Kelantan, Malaysia. The helical CT scanner has @isrof ~2-4mm, 3.0mm, 6.0mm, 7.2mm, and 9.0mm. For botases,
detectors, gantry speed of 0.3sec per rotation, avid to the acquisition was constant at k¥, and 20@As.

produce 128 slices per rotation. D.Metal Streak Analysis

All scans were done in abdominal sequential modba w
field of view (FOV) of 230mm. All the phantom imagwvere
acquired using four different protocol by varyindet
acquisition parameters, the tube current and vel{@gble 1).
The control images were acquired by scanning trentaim
without metal insert followed by phantom scannirithwnetal
insertion in the phantom.

All the phantom images were viewed at CT workstatio
(CT Syngo Acquisition Workplace, Siemens Medical
Solutions, Germany), which equipped with commercial
software (Syngo 2010B version). The software isab#p of
defining region of interest (ROI) and calculatirige tmean
attenuation in Hounsfield unit (HU) and standardiiaton
(SD) for each ROI.

Analyzed images were all thresholded at the sameaw
width (WW) and level (WL) for visual comparisongyclomen
setting — WW 300, WL 40 and bone setting - WW 1504,
450.

Overall, 50 streaking images were analyreabtain 1625
attenuation measurementsising ROIl-based quantitative
analysis Standardized ROI of areas approximately 4mmere
drawn on the selected control and various streakimapges.
The ROIs were set within dark streaking region dnigjht
streaking region around the metal samples.

All attenuation data were displayed as mean HU + AD
attenuation data were displayed as mean + starckauidtion
which automatically measured using the Syngo CTvw&wé.

Noise, ¢ in CT images was expressed as the standard
deviation within the ROIls. The expression as given

Fig. 1 The setup for phantom scanning in CT scanner Kalendar [10]:
C.Image Reconstruction o=C, lo /1 )
The axial cross-sectional images were reconstlugging €QS

the acquired raw data. All images data were recoctstd at

standard_resolution (512 x 512 pixels). The ravadmtained In equation (1), theCr is known as the reconstruction
by the first and second protocol were reconstructeth 5 orithm (filter / kernel) is the overall system efficienc@
common reconstruction kernel; B25s and B70s andeslijs the product of tube current — scan time (mAgyl &is the

thicknesses of 3.0mm and 6.0mm. slice thickness. The ratio db/l refers to attenuation of the

object.
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The signal-to-noise ratio (SNR) was calculated frim
result of HU (signal) and noise obtained throughambom
study, as stated by Paul et al [11].

HU

SNR=———
Noise, o

(@)

For statistical analysis, the mean differences of C
attenuation, noise, and SNR were calculated andpaoed
using statistical T-test performed by SPSS softwHrthe p-
value <0.05, the mean difference is consideredastically
significant.

A correlation analysis was also conducted to sttluy
relationship  between the varying acquisition
reconstruction parameters with measured variableh @s
noise, CT attenuation, and SNR within the streakimgion.
Correlation is considered significant at p-value0g0

Our study shows that metal-induced artifacts appea
bright and dark bands (streaking) in the reconstdiémages
(Fig. 4). Streaks can be seen in two directionse Tark
streaks were more prominent in the direction of thetal
screw position (highest attenuation), whereas tighbstreaks
were more at the transverse direction of the screw.

The appearance of dark streak is due to beam magde
effects which produce high frequency projectiongjlevthe
low frequency projections due to scattering effeqgtpear as
bright streak.

RESULTS

A. Different kVp settings

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

Measured CT attenuation values were increased (2486)
within dark streak and decreased (15% - 46%) ghbstreak
region. Image noise is reduced in the images witheiased
kVp setting with 13 -14% reduction.

From the results, the influence of kVp setting o C
attenuation and image noise was more prominentrighto
region compared to dark streak region. The medardifce of
CT attenuation and noise are statistically sigaifity
(P<0.001) in bright streak but demonstrated no ifsogmt
different in dark streak region (P >0.05).

The result also shows significant correlation befvehe
kVp with CT attenuation and image noise (P<0.03hwtrong
negative correlation in CT attenuation (r = 0.98) aoise (r =
0.97). The negative correlation means the CT attiéow and
image noise decreased as kVp increased.

Higher kVp also resulted in better SNR by increnan2%
in dark streak region and 5% increment in brighgioa as
shown in Fig.2. From data previously published, ist
recommended to use 140kVp for imaging of spineh wietal
hardware [2,8]. Conversely, with higher kVp usdd tose to
patient will also increase.
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thickness (x) for different mAs setting in briglttesak region.

B. Different mAs settings

Theoretically, higher mAs result in more photonsréach
the detectors, result in less noise. From the &cocted
images, using higher mAs setting produced betteagen
quality with less streaking artifacts. By increa@simAs,
measured CT attenuation values were slightly irseda
(0.04% - 0.4%) within dark streak and decreased6@@. -
0.31%) at bright streak region. Image noise waghtl
reduced as mAs increased with reduction of 0.43%8%.
Statistical analysis showed that is no significdifterence
(P>0.05) in mean of CT attenuation and image noise.

For SNR value, it demonstrated that increased ins mA
resulted in better SNR by slight increment of 3.8%«dark
streak region and 0.3% increment in bright regieigure 2
show the increment of SNR with increased mAs mesakim
bright streak region. From the results, it showsat f: change
in mAs does not really influence the CT attenuatimsise and
SNR due to its slight changes.
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Fig. 3The signal-to-noise ratio (SNR) for different tuhearent
(mAs) setting within the bright streak region

400

C.Different reconstruction kernels

It can be observed that images reconstructed slithrp
kernels (B70s and B80s) shows an improvement iniagdpa
resolution, sharpness and edge detection with d&ssking
artifacts compared to images reconstructed with atmo
kernels (B25s and B31s), as shown in Fig.4.
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Fig. 4 The effect of 4 different convolution kersig{A) B25s, (B)
B31s, (C) B70s, and (D) B80s on metal streakinggesalmages A
and B are viewed using WL 40,WW 300 and images cCzuare
viewed using WL 450, WW 1500.

With wider window to view image C and D (Fig. 4het
shapes and edges of spinal screws were betteredefind
delineation of Teflon rod and screws were also owpd using
sharp kernel. The streak regions (dark and britfieaking)
were also visually reduced by sharp kernel. Howetee
reduction of bright streaking region was more prreent than
the dark streak using the bone kernel.

From the statistical analysis, it showed that nstaiction
kernels had no significant influence on the measu@¥
attenuation (P > 0.05), with small difference &%2HU in the
mean CT. The image noise measured in sharper kienages
was higher in streaking region (range = 108.0-1846
compared to smooth kernel (mean = 71.0 - 148.4).

This finding indicated that sharper kernel sigrifidy
increased the images noise with wider CT fluctuati®he
mean different of noise between both kernels wexsscally
significantly (P <0.05) with increment of 54.78 iimages of

For correlation analysis, result shows there isgaificant
(p-value = 0.001), positive high correlation (r =9@3)
between the reconstruction thickness and the Ghuation in
the dark streak region but negative high corretatfo = -
0.992) for bright streak region.

The result shows significant correlation betweere th
reconstruction thickness and the image noise (peval0.002)
with strong negative correlation (r = -0.985). Thegative
correlation means that the noise decreased as libe s
thickness increased.

From the results, it shows higher SNR as slicektigss
become thicker by increment of 12.7%. Figure 4 shbes
increment of SNR as the slice thickness becomekehiin
bright streak region. Correlation analysis showsigaificant
strong correlation of SNR with the reconstructibitkness (p-
value = 0.017 and r = 0.941).

3.55
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Reconstruction Thickness {(mm)

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

IV. CONCLUSION

The scanning parameters should be chosen appedpriat
achieve the acceptable image quality with the desgnostic
value. In the same time, we should avoid excessidetion
dose to patients throughout the examination.

The image reconstruction techniques also play amnraje
in reduction of streaking artifacts. A good reconstion

sharp kernel compared to images of smooth kernebchnique with modification in windowing offers gtesolution

Correspondingly, our findings also similar with yieus
published data which stated that image reformattéa sharp
kernel exhibit increased noise as compared to dmketnel
[2,12].

D.Different reconstruction thickness

for artifact reduction.
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