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Purpose: CBCT has been shown to not only improve target localization in IGRT, but also to possibly

assess treatment response during a course of treatment, thereby empowering adaptive radiotherapy (ART).

However, scatter in CBCT leads to degradation in image quality. In this study we present a simultaneous

scatter reduction and correction method to improve CBCT image quality.

Methods: A 1-D grid placed between the source and imaging object was used as a beam-block for

simultaneous scatter measurement and data acquisition. The imaging data are obtained from the grid inter-

space regions while scatter is measured in the “shadow” regions. The grid also blocks incident radiation

partially and enabling direct scatter reduction. The uniqueness of our approach from other beam-block

techniques is that it utilizes the partially-blocked projection data obtained during scatter measurement for

CBCT image reconstruction. Imaging data in the grid penumbral regions are derived. Three imaging

modes, single-rotation axial, dual-rotation axial, and single-rotation helical modes, were used to

reconstruct complete sets of CBCT images from the partially-blocked projections with different

longitudinal resolutions.

Results: In comparison with conventional CBCT images of a CatPhan phantom, our technique improved

CT-number-linearity from 0.880 to 0.998 and contrast-to-noise-ratio (CNR) from 4.29 to 6.42,

respectively. Scatter-related artifacts were almost entirely eliminated. Full sets of CBCT images with

overall improved image quality were achieved for all three image modes. The single-rotation axial mode

used approximately half the imaging dose in comparison to conventional CBCT, albeit with slightly

degraded longitudinal resolution, which induced an error of 0.8±0.3 mm using rigid body image

registration.

Conclusion: Our proposed approach substantially improves CBCT image quality in terms of diminishing

scatter-related artifacts and improving CNR. It can be used to improve localization accuracy in IGRT at

reduced dose, and potentially for ART given the substantial improvement in image quality.


