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Application of dual-energy CT to suppression of metal
artefact caused by pedicle screw fixation in radiotherapy: a

feasibility study using original phantom
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Emerging modern RT techniques such as intensity-modulated
radiation therapy (IMRT) and stereotactic radiosurgery (SRS) afford
options for the treatment of spinal metastases using higher prescribed
doses compared to those for palliative treatment, and can also be used
for the treatment of re-irradiation cases. When using these techniques,
the doses delivered to the spinal cord, which is a dose-tolerant organ,
should be accurately calculated for safety, especially in cases of re-
irradiation. However, for spinal metastases involving segmental and
component instability, spine surgery is usually required before adjacent
RT, to restore spinal stability and preserve its neurologic function.
Metallic spinal implants inevitably cause dark and bright streak
artefacts that obscure accurate CT images, which are used for modern
treatment planning. The metallic spinal implants of routine clinical
cases are usually made from titanium alloy. Dual-energy computed
tomography (DECT) is an emerging potent method for the reduction of
metal artefacts involving the acquisition of CT data sets from two
different x-ray spectra. The usability of DECT images for suppressing
metal artefacts of low-Z materials such as titanium-based pedicle
screws has been confirmed by several studies. Nevertheless, the
dosimetric advantages for low-Z metal spinal implants can be exploited
by the application of DECT images, although the potential benefits
remain unclear. k

The aim of the present study was to investigate the potential
dosimetric benefits of implementing artefact-suppressed DECT images
for cases involving metallic implants in spinal sites. The CT image data
and treatment plans were generated using an original heterogeneous
spinal phantom with inserted titanium-alloy pedicle screws. The
dosimetric comparisons were first performed using a conventional two-
directional opposed (AP-PA) plan, and then in a volumetric modulated
arc therapy (VMAT) plan, both of which are used to treat spinal
metastases in our institution. The results of AXB calculations using
different imaging options were compared with experimental
measurements including chamber and film dosimetries in the spinal
phantom.



Metal artefact-related dose errors have generally been reported to be
affected by the physical properties of the metals, the interaction of the
photon beams with the implants, and the algorithm used for the dose
prediction. The objective of the present study was to investigate the
dosimetric effects associated with metal artefacts at spinal sites caused
by pedicle screw implants fabricated from a low- Z titanium alloy. A
conventional AP-PA plan and complex VMAT plan were considered to
determine how the dosimetric effects were affected by different
interactions of the photon beams with the metal implants and their
associated artefacts. The treatment plans delivered to the original
spinal phantom used for the study were evaluated by AXB calculations
with respect to the modelling accuracy of the photon attenuation and
electron transport around and within the implant metal. An artefact-
reduction strategy using DECT images was found to be promising for
improving the dosimetric accuracy near the implants and inside the
spinal cord. Previous studies mostly investigated the dosimetric effects
near low-Z titanium rod implants, and the artefacts near the rods were
considered to have little effect on the calculation accuracy. The results
of the present study indicate that, although the pedicle screws were
made from low-Z titanium alloy, they had dosimetric effects inside the
spinal cord. Due to the specific geometry of the screws and their
location close to the spinal cord at the treatment site, the photon beams
interacted with the metal and associated artefacts, inevitably
increasing the complexity of the VMAT treatment plan and causing
greater dosimetric discrepancies, which are of clinical concern.

In this study, we investigated the feasibility of using DECT images
to achieve dosimetric benefits by suppressing artefacts due to metallic
pedicle screw implants at spinal sites. The treatment plans were
evaluated based on AXB calculations using an original spinal phantom.
The results of the conventional SECT approach revealed that, although
the pedicle screws were made from low-Z titanium alloy, the metal
artefacts still have dosimetric effects inside the spinal cord, which is of
clinical concern. Metal artefact suppression using the proposed DECT
approaches was found to be promising for improving the dosimetric
accuracy near the implants and inside the spinal cord.
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