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Fig. 1 (Color online) (a) X-ray interferometers made in 1970. A small one shows surface roughness while a big one
looks smooth without saw mark. (b) Phase contrast system by use of an X-ray interferometer sitting on a Lang
camera (not shown). Scanning of a specimen and a film on a same scan table of the Lang camera was needed to
obtain a whole image of a specimen because of a relatively small cross section of the incident beam with approxi-
mately 50 um in width. S, M and A, element of the X-ray interferometer, means S for beam splitting into two
directions, forward and diffraction, M for mirror reflection so that two beam may meet at A and A for phase anal-

ysis, respectively.

(@)

P1 P2 R

Fig. 2 (Color online) (a) By introducing MC not only (b) P1 and P2 but also the 3" image R appeared. Size of
specimen is 7 mm in horizontal, 33 mm in height and 1 mm in thickness. In this system image (b) is available by a
single shot without simultaneous scanning of specimen and film.
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Fig. 3 (Color online) A system of phase contrast imaging using MC and LAA that are aligned in parallel. The forward
diffraction and diffraction image appears simultaneously if specimen is put in front of LAA; using these two im-
ages one can deduce refraction component. Under a certain thickness of LAA XDFI (X-ray Dark-Field Imaging)

is attained.
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Fig. 4 (Color online) Rocking curves calculated for FD (forward
diffraction) and D (diffraction) with an X-ray energy of
31keV, diffraction plane of (440) and LAA thickness of 150
um. In the rocking curve at its angle O the intensity of FD
becomes zero, while that of D becomes the maximum. When
a specimen is inserted in front of LAA refracted X-rays give
rise to X-ray intensity.
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t: unit tangential vector

r=r(s)

P

} s: arc length

v: unit normal vector

(®)

Fig. 5 (a) Ray propagation path represented by the arc length parameter s, which is a length from the origin O to a point

of interest P along the path. (b) CT geometry.
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KN PFEFLET 2 RTERKZ 3R TCHEETHSH &

Fig. 6 (Color online) (a) a conventional X-ray mammogram
showing right and left breasts of a patient with sclerosing
adenosis (SA). The major axis of ellipse in inset is approxi-
mately 4 cm. (b)US (ultrasonic) image with horizontal view
size¢ of 20mm, (cl1)XDFI-CT reconstruction image of
pathologic specimen taken with XDFI with a view size of 1.5
mm; (c2) H&E histopathological correlation with the x-ray
view of (cl), (d)3-D surface volume rendered view of the
pathology derived from XDFI-CT image of the tumor; small
ones correspond to healthy cells while gigantic ones cancer
cells. Its horizontal view size is approximately 1.2 mm.
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Fig. 7 (Color online) An XDFI cross-section of a human nipple
with size of 15mm in diameter, reconstructed by the
Laplacian-based algorithm using compressed sensing, illus-
trating the epidermis, sebaceous glands, lactiferous ducts
and collagenous tissue under phase-contrast imaging. The
number of projection views used is 360, which is much less
than the projection number required for the Nyquist sam-
pling theorem because the binning size of CT is 4872.
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Fig. 8 (Color online) Soft tissue of eye specimen showing all details due to XDFI. The horizontal length corresponds to
32 mm. (A) conventional CT of an eye globe; (B) and (D) anterior and posterior chambers of the globe using
XDFI; (C) histology of the same specimen. Legend: a—cornea; b-Iris; c—pupil; d—suspensory mechanism of the
lens; e-lens; f-retina; g—choroid; h—sclera; i—central retinal artery; j—fascicles of the optic nerve; k—optic nerve

sheath.

Fig. 9 Finger joint. (a) absorption contrast, (b) XDFI and (c)
tomosynthesis where tendon of the extensor digitorum is
clearly visible.
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Abstract Since 2002 X-ray dark-field imaging has been developed. This method will provide high quality im-
ages of human organs. It is expected so that this could help pathological diagnosis. Furthermore it
is expected so that this can be a tool to clinically check human health. In this article is described its
history and its future perspective.
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