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Synchrotron Radiation Imaging of Female Breast Tissues Using Phase
Contrast Technique
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Purpose: X-ray microscopy with synchrotron radiation might
be a useful tool for novel x-ray imaging in the clinical and la-
boratory settings. This technique provides detailed images
of internal structures non-invasively. It also has the potential
to resolve some of the limitations of conventional breast imag-
ing. We evaluated high resolution synchrotron imaging of
breast tissues from normal breasts and breasts with fibroade-
nomas and cancer.

Methods: A new x-ray microscope was installed on the 1B2
beamline of a Pohang Light Source, at a third generation
synchrotron radiation facility in Pohang, Korea. The phase
contrast x-ray energy was set at 6.95 keV and the x-ray beam
was monochromatized by a W/B4C monochromator. Formalin-
fixed or unfixed female breast tissue from normal breast as
well as breasts with fibroadenomas and carcinoma were at-
tached onto the Kapton film. The sample was positioned 25 m
away from the beam source. The x-ray image of the sample
was converted into a visual image on the Csl (Tl) scintillation
crystal, and magnified 20 times by the microscopic objective
lens. After an additional 10 fold digital magnification, this visual

image was captured by a full frame CCD camera.

Results: The monochromated x-ray microscopic images of
female breast tissue from normal breast, fibroadenoma and
carcinoma cases were evaluated. The total magnifying power
of the microscope was X 200. This synchrotron radiation im-
aging enabled us to observe detailed structures of breast tissue
without sample preparation such as staining or fixation.
Conclusion: Using monochromated synchrotron radiation, the
x-ray microscopic images of the normal breast and breasts
with fibroadenomas and cancer were obtained. From the im-
ages obtained, the x-ray microscopic imaging of breast tissue
with synchrotron radiation appears to have great potential for
clinical and research purposes such as oncology studies, early
detection of cancer and as an aid to the pathological diagnosis
in the future.

Key Words : Breast, Microscopic imaging, Phase contrast imaging, Synchrotron
radiation
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Synchrotron Radiation Imaging of Female Breast Tissue
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Fig 1. The layout of the 1B2 beamline optics. A x-ray microscope
was insalled on the 1B2 beamline of a Pohang Light Source, at a
third generation synchrotron radiation facility in Pohang, Korea.
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Fig 2. Normal breast tissue. This is the monochromated synchro-
tron image of normal breast of premenopausal woman. It shows
normal ductal structures (arrows), fat tissue (arrowheads) and
supporting fibrous stroma. The specimen is 2.7 x 1.6 mm in size,
30 um thick, unfixed.

Fig 3. Fibroadenoma. This is the monochromated synchrotron
image of fiboroadenoma of premenopausal woman. It shows homo-
geneous densities with characteristic fibrous connective tissues
(arrows) and stromal proliferation. The specimen is 1.2 x0.4 mm
in size, 30 um thick, unfixed.
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Fig 4. Breast cancer. This is the monochromated synchrotron image
of breast cancer of postmenopausal woman. It shows typical his-
topathologic findings of breast cancer such as stromal proliferation
(arrowhead), loss of ductal structure, infiltrating tumor cells into
adjacent fat tissues (arrows). The specimen is 2.3 1.4 mm in size,
10 um thick, formalin-fixed.



Synchrotron Radiation Imaging of Female Breast Tissue

T-&O 8 He| AL Gl AT Ee] T A7 7} A st
Zlo] ZLom sk S nhS = AdsiA o83k o= 9l
e AYAL i}, E3E 13w0) =& 1 Rk e AHG 5
& 7HX] AL QlojA 53] A2 EAlol gk At IS Alsd
= qlon, gAY PR ez 54, ahs9] 2ol glo] W
FE 7 HBY 59 B4 7HAAL 9le],
gk ole] Aol Fe3tFYo® o 8=aL §lck (10)
53] 2 deolA HAREE 183t Fdolw, 19954 Bu—
rattini 5-(4)°] ARES o83t FH B/ 7150l thsf WaEst o]
S ofe] 7Hx] 7 o ® fHF 22| Ak Yol Aeo] ol F
o]Z|aL It} Phase—contrast imaging (PCI), diffraction—
enhanced imaging (DEI), phase—interference contrast (PIO),
super magnification imaging (SMI), x—ray dark—field imag—
ing (XDFI), x—ray fluorescence (XRF) 5 @8] 7}A] 7|§e] &
TEAL Q=T I1) 2 Aol Al ARSS AR QAL # 7 (ph—
ase—contrast imaging)% 71 & sholc}, ol A= BARY
< ol-&sto] 1o WS B A=l Wl sHARE L 47t
WA grom] A|A o g =0 vt glo] oA AEA Alw=gt
7oA 2 A &7} Qletar st

AR it dnlde A Hlo] ZA1E SashHA A7)
10] QPJALE ol8slo] A4 Wi FElE 7HAISelA Hrt, 7]
2 Yele YA A mie- B 2] A2 Blo] EAlE
A o) A71= 2 (refraction)2t 2 (diffraction)of] 7|28kl
om, 1Esk= Adwat S1EsHA] o Aol FdEe] EA419
LLxlof|A] A7) 1] @S Folhfjo] AstelA |Eckal). 1+
A B EAG HER FlollA A2 SR} 'HA]7] 1He] AL
7HYR 7R B @717 Eolxic, whebA AEg 31t
=S 7 =S A EA]7] 1He] ARlE HEeolokRlth (1)
Fulvia 5@ 2419} &A7] 11 A& 2 m= 8130w, Mi-
chiel 5(14)0.7-2.5 m Afo|2 2-3I3It}, = AtollA= o
A7 82 BES ARgSto] GAs B& 9ol & dAFolA= A
FL=E71E o-8sto] 7RAI3kE 4= CCD 7Hilek= &Ysisle

HE

L
L

o

9\)]\
£ Ao A TR o241} o=l A9 CCD et

of AAksteE ol 7| gyt B

o=

olnf, 0.2 um =] Feteln] Aol Lt s
=)

4
o YN BN HES A2 Gk
22jo] BABAI YARBS )87 SH AvlFL
z

o] 7A2) glof 24 RS o] el 1efz

=
o
)

1o
)
flo

Bdooft et rlr e L
I g

el e
x
)

of
0
in)
rr
o
2
>
ofN
fo
ot
10
10
i
Y
rC
4o &
=
o
pa)
o

T o= P S=] [e] T
oM FrEls WA 2AREl vlsh @AsHA Wokthal 5191
o, Arfelli (3 YARY SVIAF QollM o] WAV 2=ARE

0] 0.6 mGy= 7

N
o
o}
iy
2
%
12
off
i
o
E
)
I3
N
N
B
i)
2

2
3 QA0 e fEA) FO] AL 10 ymek 30 ym
3t olle] @t FAL SRR,
itk Al Slelrt nt %
Holl o] e 7] 9

FpzAe] wlA

ol

)
v
(o]
i
z
N
N,
o
e
of
o

o BN
o
1o
=)
>
i
Gl
ke
o2
st
>
%0

T
Y2
- oX
X Hl
o |
o\ Jo
2
o)
o
o
N
N
”
i=)
o)
=2
2
i_!"

2
_O|L
2]
2
in}
4
X
fo ro
BN

-
BN
of
ox
ftlo
ne.
o
N
pacs
o
paus
Q
N
=
i
i

Job o o),
Ly
- ox O o1
oRonl:)oii
L:(oﬂ_g
rloo%:‘_ﬂo\l
o & ]
PQQON-E
A;‘J%rzilg
2 e
>,ORQ_>|:L\3
b L

2
R
4oy Jo
- or ME

o o2 3R 7
oZ:_a—Ql’Nrﬂ
lﬁ—n:‘p‘iom
X
1-}42'2“- oo oY
Jﬁaﬁ‘:@:{gﬁ
=5 0 h
2 ET NI
E«lﬂ o & ol
—.~_l"

2 o 2

=

>
=y
N
[t
d)
iy
g
4
pacs
2
Ty
ok
<
B
=2
[>
r>~
40
ox
oty OF
D4 o
pacs
o
;

N
4o 2R

e E
3]

1o

=

T

=
>~

%

l

32
filo
pod)
o



44

O SR U 7143 U PARTE 018 B

- o pEs
W2 AR ] A8k oo PR A 8l

o
N

[¢] o I
TAZE o, FA A AEol AEEAL Qs AR B
FeolAE A= wEjle] R 8 9] 2AdE
AT 4= ke Aolet (15) E3H A A S AR ©5E
=(16, 17)°14e} o] ArtepdgEgolu A7l s g T
K d

A 215 7)%0ILt 3D G4l Ay e Ahg sk

Bho] 2k 9 Aol e E2S F 4 9 A0 JlehEich

1. Ministry of health and welfare, Republic of Korea. Annual report of
the central cancer registry in Korea (2002.1.-2002.12.), 2003.

2. Longo R, Pani S, Arfelli F, Dreossi D, Olivo A, Poropat P, et al. Mor-
phological breast imaging: tomography and digital mammography
with synchrotron radiation. Nuclear Insturments and Methods in Physics
Research A 2003;497:9-13.

3. Arfelli F, Bonvicini V, Bravin A, Cantatore G, Castelli E, Palma LD,
et al. Mammography with synchrotron radiation: Phase-detection tec-
hniques. Radiology 2000;215:286-93.

4. Burattini E, Cossu E, Maggio CD, Gambaccini M, Indovina PL, Ma-
1ziani M, et al. Mammography with synchrotron radiation. Radiology
1995;195:239-44.

5. Lee CH, Weinreb JC. The use of magnetic resonance imaging in breast
cancer screening. J Am Coll Radiol 2004;1:176-82.

6. Orel SG, Schnall MD. MR imaging of the breast for the detection, di-
agnosis, and staging of breast cancer. Radiology 2001;220:13-30.

7. Youn HS, Jung SW. Observations of a human hair shaft with an x-ray
microscope. Phys Med Biol 2005;50:5417-20.

8. Choi CH, Kim HT, Choe JY, Kim JK, Youn HS. Application of sy-

nchrotron radiation imaging for non-destructive monitoring of mouse

Young Ju Jeong, et al.

rheumatoid arthritis model. AIP Conference Proceedings 2007;879:
1952-5.

9.Jheon SH, Youn HS, Kim HT, Choi GH, Kim JK. High-resolution x-ray
refraction imaging of rat lung and histological correlations. Microsc
Res Tech 2006;69:656-9.

10. Arfelli F. Synchrotron light and imaging systems for medical radiology.
Nucl Instrum Meth Phys Res A 2000;454:11-25.

11. Ando M, Bando H, Chen Z, Chikaura Y, Choi CH, Endo T, et al. 2D
and 3D refraction based x-ray imaging suitable for clinical and pa-
thological diagnosis. AIP Conference Proceedings 2007;879:1899-902.

12. Hwu Y, Hsieh H, Lu MJ, Tsai WL, Lin HM, Goh WC, et al. Coher-
ence-enhanced synchrotron radiology: Refraction versus diffraction
mechanisms. J Appl Phys 1999;86:4613-8.

13. Arfelli F, Assante M, Bonvicini V, Bravin A, Cantatore G, Castelli
E, et al. Low dose phase contrast x-ray medical imaging. Phys Med
Biol 1998;43:2845-52.

14. Michiel MD, Olivo A, Tromba G, Arfelli F, Bovicini V, Bravin A, et
al. Phase contrast imaging in the field of mammography. In: Medical
applications of synchrotron radiation: Springer-Verlag; 1998.p78-82.

15. Dill T, Dix WR, Hamm W, Jung M, Lohmann M, Reime B, et al.
Intravenous coronary angiography with synchrotron radiation. Eur J
Phys 1998;19:499-511.

16. Longo R, Pani S, Arfelli F, Dreossi D, Olivo A, Poropat P, et al.
Morphological breast imaging: tomography and digital mammo-
graphy with synchrotron radiation. Nucl Instrum Meth in Phys Res
2003;497:9-13.

17. Betz O, Wegst U, Weide D, Heethoff M, Helfen L, Lee WK, et al.
Imaging applications of synchrotron X-ray phase-contrast micro-
tomography in biological morphology and biomaterials science. L.
General aspects of the technique and its advantages in the analysis

of millimetre-sized arthropod structure. J Microsc 2007;227:51-71.



