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Fig. 1. X-ray tube focal spot size, SOD and SDD jointly determine the effective detector aperture size of the micro-CT system:

(a) Focal spot size is proportional to the effective detector aperture («); (b) ratio of SOD/SDD is proportional to the effective de-

tector aperture (o).
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Fig. 2. Penumbra effect of X-ray focal spot size.
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Micro-spot Ss
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with PFXRL

lat-panel
detector |

Kl 3 Micro-CBCT R4E, ARG M — 145G PFXRL HYRER & X TR — Dl e it 6 A — Al Sk P B R0 S 2 1

CBCT J5#&; (b) Micro-CBCT L&l ; (c) R H 19 PFXRL 54 5]

(a) Micro-

Fig. 3. Micro-CBCT system. The system consists of a microfocus X-ray source combined with a PFXRL, a rotating sample stage
and an amorphous silicon-based FPD: (a) Micro-CBCT schematic diagram; (b) desktop micro-CBCT system; (c¢) the PEXRL.

4 PFXRL i A A5 3] g e i i BE S, SDD iy
PFXRL H HAREE S b e P Al R0 i i A4 1 22 [
fIFEES. SDD 5 SOD i Al b BUER R GE K
FB YR R T AR R I 2 B AR TR S I
1 AR 2R G R R BORT DA BRAR 2R G A SO
FONFRAG 53 BRI/ B R B R &
(SURUGA SEIKI, KRW06360, H7), i EHLE#%
il 5K 235 25 g i 360°, BEsg UG Y R 4528 1 A i
b 1.8°. M BRI TUAERE X LRI, ¥
o FOAE R RS A HL 3 R/

Xf T PFXRL, A=A YA 1T/ 1 SR BER
AN AR R /WCSARE 5 R 25 A TR AT
ZRIH TAE A TFERI A4 8. 221 511 T PFXRL
REAR SR B 4 45T PEXRL (Y H 0B SF
ARSI R X e m b X R, BRI 544 H T
PFXRL M f& 5 20 R ARG % 1 25 bl X T 2R Ag
HINEXR.

# 1 PFXRL EASE
Table 1. Parameters of the PFXRL.

PFXRL
Length /mm 69.4
Input focal distance /mm 76.3
Output focal distance /mm 20.1
Diameter of IFS at 17.4 keV /um 169.2
Diameter of OFS at 17.4 keV /pm 46.7
Channel inner diameter of capillary at 104

input/output /um
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Fig. 4. Energy dependence of the output focal spot size and

convergence for the PFXRL, respectively.
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Fig. 5. Energy dependence of transmission efficiency and

gain in power density of the PFXRL, respectively.
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FIR 73 HER.

2.3 PEgellx
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BB, AR R G LR R G
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FH 59 # PR 2L (point spread function, PSF) ¥ .
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D 1Y) CT B AS IO B Ffr 326 8 % R X 5 (region of
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{2 (B 43 AT g — 250, B TR 25 i 35—
X S AL O SE &R . 9348, FDK S
RS, ek E R AR —
PE. Mg ER S WA RGP CT (E4EF3ME I
TIBENLEKTE . RURMERS (AAAE, S w5 s R
RGNS L RE . 206 BE BRI KA E R S0 % 42, B 2%
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Y. [FIEE, 2T PFXRL 89 Micro-CBCT &4iM4
25 (A R R, X B T PEXRL RSB/
) X SR BE RN, FEIH] X LB, dEimA
B HbRR SR S50

B 7 25 T I KBS L EE A B AT LA
KI, B H PEXRL (9 F G0 % L BE 43 B3 LR Al
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Fig. 6. Measured images and corresponding MTF of the mi-
cro-CBCT system with and without PFXRL: (a) With
PFXRL; (b) without PFXRL; (¢) MTF curves.
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Fig. 8. Uniformity response of the water phantom: (a) Reconstructed transaxial image of the uniformity phantom without using

PFXRL and radial signal profile taken from the green line; (b) reconstructed transaxial image of the uniformity phantom with us-

ing PFXRL and radial signal profile taken from the green line; (c¢) reconstructed transaxial image of the uniformity phantom with a
g g I g 3 g Y F

0.5 mm thick aluminum sheet as filter and radial signal profile taken from the green line. The CT values of air and water are nor-

malized to 0 and 50, respectively.
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Fig. 9. Noise response of the water phantom: (a) Without PFXRL (additional filtration: 0.5 mm Al); (b) with PEFXRL.
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Fig. 10. CT images of rats: (a) With PFXRL; (b) without
PFXRL.
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Fig. 11. Comparison of axial images of the anesthetized
mice: (a) With PFXRL; (b) without PFXRL.

4 % i

ARSI T —FPSEF PFXRL ) Micro-
CBCT RGHF/ NPy, & 5ext REHAT T
FEPEREIK, 552, LT PFXRL 9 Micro-
CBCT R G117 (8] 5B | X Eb BEE o B2 AU
Pi— A RS . i PEXRL AT Micro-

Spine

12 R/ BRI, PR A R X A 3 T PFXRL /Y
Micro-CBCT B4 . A~ BG4 % 56 3 17 B & A 7] L &2 81
RO R A ZE A . RS ((a), (d), (). AR ((b), (e),
(b)) FIZARTE ((c), (F), (1) BIRJBAR T 4% 15 [A) 1k A =3 1) 43
PR NG B SIS L. B P S A A A L B E S R
149 JUL PR R 0 A < AR ) B0 9 A mT AL TR R i R
AR B 7R 1 cm B TA] EE

Fig. 12. PEXRL-based Micro-CBCT images of the lung,
kidney and lower spine of the anesthetized mice. The win-
dow and level settings are varied in each image to allow

visualization of the structures of interest. Axial ((a), (d),
(g)) , coronal ((b), (e), (h)) , and sagittal ((c), (f), (i)) slices

qualitatively demonstrate isotropic spatial resolution, with
excellent soft-tissue contrast in each case. Bronchial struc-
ture within the lungs is clearly identifiable, the kidney is
well delineated from surrounding muscle and fat, and fine
detail in the vertebrae and intervertebral spaces is demon-
strated. The vertical scale in the images shows 1 cm spa-
cing.
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Micro cone-beam CT scanner based on
X-ray polycapillary optics”
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Abstract

In-vivo small animal imaging system is an important part of disease research and new drug development. It
is essential for living small animal imaging system to be able to provide the anatomical structure, molecular and
functional information. The X-ray micro cone-beam computed tomography (micro-CBCT) can perform
longitudinal study with a resolution of tens-to-hundreds of microns in a short imaging time at a relatively low
cost. Furthermore, it is easy to combine with other modalities to provide abundant information about small
animals. A key challenge to the micro-CBCT scanner is that its spatial and contrast resolution determined
primarily by the X-ray focal spot size, the detector element size, and the system geometry. Aiming to improve
the spatial resolution, contrast resolution, and imaging uniformity of the micro-CBCT system, we use the X-ray
polycapillary optics for adjusting the X-ray source. A micro-CBCT based on X-ray polycapillary optics with a
large field of view is constructed for the small animal imaging study. The micro-CBCT system is composed of
microfocus X-ray tube with an attached polycapillary focusing X-ray lens, amorphous silicon-based flat panel
detector, rotation stage, and controlling PC. The Feldkamp-Daivs-Kress (FDK) algorithm is adopted to
reconstruct the image. The system performances are evaluated. The magnification of this micro-CBCT system is
1.97. The results show that the spatial resolution of the system at 10% modulation transfer function (MTF) is
9.1 Ip/mm, which is 1.35 times higher than that in the case of no optics. The image uniformity deterioration
caused by hardening effect is effectively alleviated by filtrating the low energy X-rays with the X-ray
polycapillary optics and the contrast enhancement is more than twice. The anesthetic rats are imaged with this

micro-CBCT system in vivo and the practicability of the system in small animal imaging research is verified.

Keywords: X-ray polycapillary optics, micro cone-beam CT, X-ray imaging, modulation transfer function
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