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Development of Phase Contrast Mammography
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We have developed a phase contrast imaging method using a practical mammography x-ray tube. In our

development, we formulated half width of edge enhancement due to phase contrast with the refraction

theory.

Then, we defined radiographic conditions for phase contrast mammography where the edge enhance-

ment overwhelms geometrical blurring caused by penumbra due to a focal spot of the x-ray tube. Under

the radiographic conditions, we have obtained phase contrast images of plastic cylinders and a simulated

grain of micro calcification with a screen-film system for mammography. We also simulated theoretically

the improvement of sharpness due to the phase contrast imaging.
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Fig. 1 A phase contrast x-ray image consists of phase contrast
due to refraction of x-ray beams in addition to absorption
contrast. The current practical medical x-ray images are
depicted with absorption contrast only.
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Table1 Values of & for 20-keV X-rays.
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Fig. 2 Schematic diagram of x-ray refraction for formulation of
edge enhancement caused by phase contrast. X-ray inten-
sity on an image plane, x, is formulated assuming that the
X-ray source is a point source and that the cylinder absorbs
no x-ray.
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Fig. 3 Intensity profile of X-ray for edge enhancement. The full
width at half amplitude, E, is defined as the distance across

the image plane between the two points at which 50% of
the peak and trough image intensities are encountered.
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Fig.4 Blur on an image plane due to penumbra caused by an X-ray
tube of the focus spot size D. The blur reduces the edge

718 B
ESC]]

e
~

*

effect.
N5, HEY A XE2D ETEE, TORENATD
e B RRKRXDLH IckRESN 5,

B=D-(R2/R1) (4)

THL—EDHELAY A XE D XHELAHAVS &

. RTDBILRT B E Ty VRIREED L. DWITidiE
B3 %,

5 Ty IUMRNEONIERN

Ty VMR AEE S ICE, £y VlmMEES X
s TRt s h T, PO AROIRTHEE SN BIET
I NITIE S 180, MR HER DARERIEE P AR O R ERRA 78
EchFEsEierS EdrE, Tl ERBRATESC
ENTX 3B,

E=S (5)

I Ty VRN A2 e 2 BB B,
bbb, KTERE SN S,

kE = B (6)
KIZIEOEKHTH O TOEMWKRE W ERMFITRENIC
LT =y VEHREPHEL Tz v VHilBHETE 2
CLAEBEKT L, CNL_ODRBETOMS & kIEE
Bk ohn s, HAHI2G) TR R2, (0 TIE R
M. TNZTNORERTFTH %,

6 FHEXBERETOT v SDHRREERE

EBICIZE) 77 VIEBROESY 4 X 0.lmm OIE
B X EE2HY, £ LT X ERHEIcR, B X
MR 7 « v CMH & 3L X #7518 BUK
MDI00 DR 7 ) =Y s 7 4 VAV AT LAERW, &
BRCHOW W ERIEZImMm, bmm D75 R F v 7 F 2 —
7. ZLThmmED T I RF v 2V E L,

Photo. 1 (@)l R1 =0.6m. R2=0m T. fEROEERK
EHBETh, ChicRy PHEXRLAB L,
Photo. 1 (b)i3 R1 =3m. R2=1.5m OfifHa > + 5 Z b
Rs R T, WEROIBIRIC T v VIEHENA LN 5,
Photo. 1 (C)DHLK 7Y v PEHIZBWT, 75 R F v
7 F a—THEONAIBEL, Tz oNMBHV T &
Wbirb,

TDEAHITLT, Rl & R2EEF(LEE T, LidD
Ty VHHRPHETE ZEIAE RS . (Fig.5)o T

42 KONICA TECHNICAL REPORT VOL. 15 (2002)



(@)

Photo. 1 (a) Contact mammography images of plastic cylinders and screws at R 1 =0.6m and R2 =0 m.(b) Phase contrast mammography
images of plastic cylinders and screws at R1=3.0m and R2 =1.5m. Note that the sizes of the photographic images were printed equal
optically for contact and phase contrast images.(c) Magnified image of the interface between plastic and air. Black and white tangents

are observed out and in the plastic cylinder image.
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Fig.5 Range of potential phase contrast imaging using a molyb-
denum tube of 0.1mm-focal spot size. R 1 is the distance
between the x-ray tube focal spot and the object. R2 is the
distance between the object and image plane. The range
for phase contrast imaging is out of the R1 and R2 dis-
tances for current mammography.
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Photo. 2 (a) A contact mammography image of a simulated
micro calcification grain with a diameter of 0.54mm at
R1=0.6m and R2=0m.(b) A phase contrast mammog-
raphy image of the micro calcification grain at R1=1
m and R 2=0.5m. The periphery of the grain image is
clear in the phase contrast image.
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Fig. 6 Visibility declines along with an increase of geometrical
blur. It is shown that V=0.04, then k=9 (kE=B).
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Fig. 7 Simulated modulation response for a 1 mm-plastic cylinder
image with a screen-film system of MD100-CMH. An in-
crease of frequency response in high frequency range is
notable for phase contrast imaging.
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Fig.8 Comparison of X-ray intensity profiles between calcula-
tions based on diffraction and on refraction of X-rays with
varying B values. The condition of calculations are R1 =
1 m, R2=0.5m, r=0.5mm with a 0.7 A-X-ray from a mo-
lybdenum tube assumed to (a) be a point source, (b) have
a 0.01lmm-focal spot size,(c) have a0.02mm-focal spot
size, and (d) have a 0.05mm- focal spot size.
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