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— Abstract —

Study Design : A study on the development of an algorithm to enhance computed tomographic images

Objectives : The purpose of this study was to develop an approach to reduce the metal artifact that appears around pedicle
screws, and thus to facilitate the evaluation of pedicle screw positions on CT scan images.

Summary of Literature Review : Metal artifact caused by pedicle screws significantly reduces the interpretability of computed
tomography images.

Materials and Methods : We describe the development of an algorithm that processes CT scan images on a personal computer
using a digital image enhancement technique. The algorithm improves CT images by transforming image pixel values using a
proper transformation curve that takes into account the characteristic distribution pattern of metal artifact caused by pedicle
screws made of titanium alloys. We implemented this algorithm in a program that reconstructs the resulting images in arbitrary
planes and in axial, coronal, and sagittal planes. The software was tested with spiral CT scan images of 38 patients containing
190 pedicle screws.

Results : In all test cases, our algorithm generated images with less metal artifact, better soft tissue visualization and clearer
screw outlines than conventional bone setting. In addition, images reconstructed in arbitrary planes increase the convenience
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and confidence of localizing screw positions.

Conclusions : The algorithm effectively decreases metal artifact and improved pedicle screw localization.

Key Words : Computed tomography, Pedicle screw, Metal artifact, Digital image enhancement

0 1l
CT(computed tomogra-
phy) (metd artifact)
CT (Fig.
1A). (bone set-
ting) :
CT
(Fig. 1B).
(tissue contrast)
CT (personal comput-
er) , (digital image
enhancement technique)
(display)

g oo o oo

190 38 CT

. , 4CIS(Solco,

Korea), Diapason(Stryker, USA), CD horizon(Sofamor-

Danek, USA), Compact Cotrel-Dubousset(Sofamor-Danek,

USA), Synergy(Cross medical products, USA),
TSRH(Sofamor-Danek, USA) . CT

, CT
(slice thickness) 1~3 mm, (table feed)
2~4 mm/ (rotation time) 0.75~15 ,
(reconstruction incremental) 1~1.5 mm
. CT DICOM(digital imag-
ing and communication in medicine) 3.0

3

Fig. 1. Postoperative CT scan images in soft tissue setting (A) and bone setting (B) show metal artifact appearing around the pedicle
SCrews.
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Fig. 3. Two methods for analysis of Hounsfield numbers of CT scan images are shown. A. Pixel values are presented by a line pro-
file. B. Pixel values are tabulated.

- 989 -



3
C L
eyd
m =124 Inp'l.l‘l: Jari

Fig. 4. Pixel value remapping using the first curve is shown. The pixel values are converted to some other values according to the
curve (A). On the resulting image, metal artifact is reduced, and the screw outlines are displayed (B). It also provides better
visualization of soft tissue than the bone setting.
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Fig. 5. Pixel value remapping using the second curve (A) results in an image with clear outlines of both the screws and bony struc-
tures (B), which is more useful in determining screw position than the image produced by thefirst curve (C).
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Fig. 6. User interface of the fina program is shown. A. Images in axial, coronal, and sagittal
windows are displayed simultaneously, and lineindicators’ on each window interre-
late the image contents. B. Once the arbitrary plane reconstruction function is turned
on, and auser places aline on any of the three multi-planar reconstruction images, then
an image perpendicular to the plane and including the line is displayed on the right
lower window.
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