
Introduction

Grating Interferometry
• Diffraction grating: Produces a periodic 

interference pattern (known as fringes)
• Patient distorts the fringe pattern
• Measure the fringe distortions to produce 

three unique images
Unique Image Contrast
• X-ray absorption decreases the average value 

of the fringe pattern (traditional X-ray)
• X-ray refraction shifts the fringe pattern 

(phase shift)
• X-ray scatter blurs the fringe pattern
• Reduces the fringe visibility

Produce Three Images
• Attenuation: X-ray absorption
• Same as a traditional X-ray image

• Differential-phase contrast: X-ray refraction
• Dark-field: Small Angle X-ray scatter (SAS)
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Background and Methods

Beam Hardening in Traditional X-ray 
Imaging
• The average X-ray energy increases 

with penetration
• Results in shadows and cupping 

artifacts
Polychromatic Intensity
• 𝐼 𝐸 = 𝑎! 𝐸 + 𝑎" 𝐸 𝑠𝑖𝑛 𝜙(𝐸)
• ̅𝐼 = ∫ 𝐼 𝐸 𝑆 𝐸 𝑑𝐸
Polychromatic Transmission and 
Visibility
• 0𝑇 = ∫𝑇 𝐸 𝑆 𝐸 𝑑𝐸

• The visibility spectrum, 𝑉 𝐸 = #!(%)
#"(%)

, is 
determined by diffractive effects

• Polychromatic visibility incorporates 
both transmission and scatter effects
• '𝑉 = ∫ 𝑇 𝐸 𝐷 𝐸 𝑉 𝐸 𝑆 𝐸 𝑑𝐸
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Clinical Applications of X-ray Interferometry
Lung Imaging
• Potential to improve sensitivity and specificity for lung cancer 

screening and diagnosis
• Improved imaging of other lung diseases, such as emphysema 

and fibrosis [2]
• Potential to replace certain indications for CT with radiographic 

interferometry
• Dark-field Computed Tomography
Breast Imaging
• Dark-field imaging to improve the detection and classification 

of microcalcifications [3]
• Differential-phase contrast images may improve detection of 

neoplasms, such as multifocal tumors [4]

Results

Left: Schematic of the Talbot-Lau Interferometer. Right: Comparison of 
attenuation (left) and dark-field (right) images for patients at full inhale (top) and 
full exhale (bottom), source: Urban et al [8]
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Demonstration of cupping and capping artifacts for each dark-field CT reconstruction technique using a line 
profile of the images with a small blur applied.  The computational phantom includes lung, bone, and soft tissue 
sections. The true energy-dependence of the dark-field signal is 𝑝! = 3.

Beam Hardening Artifacts in traditional CT6.  Left: cupping, middle: corrected, right: streaking.

Correction Strategy
• Incorporate a polychromatic model of 𝐷 𝐸 = 𝑒'()

• Power-law Distribution7, 𝜖 𝐸 ∝ "
%#$

, 𝑝 ∈ [2,4]
• Optimization forms a pseudo-monochromatic image (requires thickness 

maps, 𝑡*, determined from attenuation CT

?𝑄 𝑢, 𝑣, 𝜃 =
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X-ray interferometry has a wide variety of potential clinical 
applications, particularly in lung and breast imaging.  Analogous to 
beam hardening in traditional CT, visibility hardening in dark-field CT 
can result in artifacts such as cupping, capping, or remnant attenuating 
structures.  We have developed a new technique to account for visibility 
hardening in dark-field CT by incorporating a polychromatic model of 
the dark-field signal using a power-law distribution, producing pseudo-
monochromatic dark-field images.  
 This technique currently relies on an assumption of the energy-
dependence of the dark-field signal and known material thicknesses for 
attenuation-correction, but we anticipate the removal of these 
limitations through the inclusion of photon-counting detectors or dual-
energy CT.  However, the method outperforms alternative subtraction-
based methods even if there is slight model mismatch.

Source: TASMIP Calculator5

Source:  Custom Interferometry Simulator
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