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Development of X-ray dark-field computed tomography
for three-dimensional visualization of human nipple
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Abstract

2016 £ FE T 4 M KEK-PF D BL-14B 35 X U BL-14C T T E 72 XERBEHET Y EREH VS Ta> 5 A b
CT (XDFI-CT) DBFHFIC KD, b FFLEEANAE D 3 RchE O R i b3 X Gl M i GE & a7z, EE
Nz XDFI-CT ZHWT, FLEMHREZ 60 fEfHRs U, FLEHNAER, FLESCHICBI 28O, FLENALED 3 X
TUZEMRLE 7R E 2 & L C & fz. ARTIE, XDFI-CT DR X U XDFI-CT Z W e b - LB A2 o B e
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1. FL&IC 2 60 SEBIHRGE U, FLEEANTLEER, FLBLmICB T 5
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LR A% 2 U BR 9 % FLEHTRAZ FLIR 2516 (NSM: nipple- W & N FLEEHRR A S EIC Y 9% 72 OHLO A%
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B2 E B ORRE TN TVE D [3-5], FKLDOWZET JA—=% (MC) THHFTL, k1 XX &R WHEF
BIAANZEDIFFICRENT END > TV 5B, EIEE, ZIEIRT %, E— LIEaR 25 d 25, RN ORER
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MEFLER (DCIS) MEAMIC | DOAMERRIPERT N7 Lave-case Si HAG T T 4% — (LAA) 1T AS
BB LWV (sick lobe BlFi) MFER I N[6], HFLIR
HEOHEN -FICEFT2AHNZ AL LT 52 &

» -3 == N - - USSR otr Analyzer
RIS L EEND B, TTT, KEEMFCOVTE  Sneioton Symmetic  Forward-
BEGR T B LTI LV, X-ray beam Laue-case difﬁacti011
. . 3 - Sample S1 crystal image
B DS N—T T, COWROE &, IS T = B
D 3 SOTHEERIIBNC AL T 2 C &, BRI ik o e N~
% T L2 HINC, 2012~ 2016 I T3 )L F—IIisds M°11°ﬁ.111'°mﬂti° - \ﬁ
collimator
Witk 7 + f > 77 % h 1) — (KEK-PF) BL-14B 15 X %S_mmeu.ic Diffaction
U BL-14C C, XMWHRITEERZACSETa> RS X S‘fgf’y'stﬂ;f image
I CT (XDFI-CT: X-ray dark field computed tomography) [8,
9] DFARZE D TET=, Fiz, 2016 H~ 2018 HITHIHMA Figure 1  Schematic image of XDFI-CT measurement system.
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Figure 2 Rocking curves obtained in the forward-diffraction and
diffraction directions behind Laue-case Si crystal.
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Figure 3 Comparison of nipple CT images between 2012 and 2016.

3. k MILEEHEEO S DIRIGEHFDIRET

b b ALUEHAEE 2012 4F 4 H D KEK-PF BL-14C D E—/\
2 A LN THID Tilsg SN Tze 2D HIGD X R HER
RIELEMZRE, BEYEHIGSEENEE > T a7
T N LTI EL, VERZRET 2DEES Tl
EMMoTze Fig. 3(a) 13F DY X N7 FLEHD XDFI-CT
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DI LAA 7 O T30 R T 2R R 9 R AE L 2012 EDLRT &
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Table 1 Differences of imaging conditions in nipple specimen before and after the improvement of the imaging system

Beam line PF BL-14C PF BL-14B
Imaging date 4/2012 11/2016
Double-crystal pre-monochromator  Si (220) Si(111)
Pre-monohromator
X-ray energy 35 keV 19.8 keV
Asymmetric Bragg-case Si (440) 0=10.2deg Si (111) a=5.4deg
Monochromator-collimator 6=10.6deg 05=5.73deg
Symmetric Laue-case Si (440) 170um thickness Si (111) 352um thickness
Analyzer 03=10.6deg 05=5.73deg
X-ray camera Photonics Science Same as left
X-ray FDI VHR 16M
Pixel size 7.4um
Binning 1x1 2x2
Exposure time @ 1 projection 70 sec 4 sec
Projection number 360 600
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Figure 4 Histological section with HE staining and XDFI-CT image at
the corresponding position of the section.

Figure 5 Three ducts with DCIS shown in arrows, merge at the tip of
the nipple.
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