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Spatial accuracy evaluation for the DIR using a non-rigid phantom that
ventilates air
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In validation studies involving CT pulmonary ventilation (CT-V) imaging, it is common to use human subjects
and sheep after institutional review board approval. Different moments of four-dimensional computed tomography
(4DCT) scans affect different types of respiration and respiration control. Consequently, preparation and study
regarding validation require longer times with higher costs, as well as involving uncertainty. Deformable image
registration (DIR) parameters affect the CT-V image; quality assurance (QA) of the CT-V image should be
performed to ensure the functional analysis of the CT-V image generated by using rapid development of the
DIR program. Thus, a QA tool for CT-V images is needed for validation purposes. In this study, we designed
and developed a non-rigid phantom that ventilated air to quantitatively evaluate the CT-V image and the spatial
accuracy of the DIR was evaluated. The phantom consisted of an acryl cylinder filled with polyurethane foam
designed to simulate pulmonic alveoli; a polyurethane membrane was attached to the inferior end of the phantom
to simulate the lung diaphragm. In addition, trachea-shaped polyurethane tubes were covered by the foam, and the
tubes passed through the outside of the phantom to enable gas exchange. Lung arteries were also modeled with
polyurethane and were located adjacent to the tracheal model. Two 3D-CT scans having the different movement
were performed at exhalation and inhalation image. The exhalation 3D-CT was deformed to the inhalation 3D-
CT with an in-house program using NiftyReg software. Six landmarks were assigned around the trachea and
lung arteries in the inhalation image and the deformed exhalation image. Target registration error (TRE) for each
landmark between the two images was calculated. The phantom exhibited a variety of displacements for each
landmark (1-17 mm). The mean TRE for small and large movement setups were 1.1 + 0.5 mm (Maximum: 1.8
mm) and 1.3 £ 0.5 mm (Maximum: 1.8 mm), respectively. The phantom has new features, namely 1) deformation
and 2) ventilation. The phantom evaluation indicates that our DIR program using the NiftyReg was well-tuned. To
assess the accuracy of CT-pulmonary ventilation, the phantom could evaluate special accuracy of the DIR. In our
future study, we will prove the effectiveness of the phantom for CT-V and also provide QA/QC program for DIR

as well as CT-V image.
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