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of ot Y el L77F A 4= JleH ol e /=
A2 334 Y Aol A% ZAE ded &
ATH5]. 22 WY mA|F2E Aot e Al 77he
3EA BAL M 22T - REY e/RE
9 & e HET, v, D= 33D 371l
L a5ttt G5E Y (tomography)> E2S dF H4o=
SN 4249 BAQAS BobA AFAdshe Ao =
Ao A91AA Ajaga A glo] wdE 33 23]
& FEs] HAT F7IHolvH6]. Bert Het F
E AES0l Ao A, &5 ZFet glon, FAL 24
29 334A EAE fdMe 4 FAHeass FED
T e Y=Y dSEY FHo] T Bl &
< oA} B ubge] Fo] dasitt 2Hgo)N F
& AREShE AR B o] WA spge] Zof &
FFS AT A= AstA stk AAER A Y] FY
A A LE w2 =S 78 T 5 oy RHET Y
7 Hrhs o] lh7). ol 88 4 e AAIRelA &
< ovRe g el XAo] 32k 2A|ghe| T3
of 7 A3 Fdo= AAd L7t EAY EES
E 5 9E 2L 39 5 4ot Rux shs oA AtoloflA
dojub= E84 AES AAs= Ao, tiire] 144
ol wet o] E@AY Aol &t} Y& Y AAS
S TE E 5 Ak XAMo] EFE TR o S5, 2E 4
& A 59 @40l FEEY o] dAE 449 dix
AolE el & & 4 UATHS] YIS ZFT o
29 XA Y2 BERI7E 2 2 ApelY XA FF
Aol & o] &3ttt AN o] 23 FrtEe B2 T
XA FF=7t Fe g0y 33 Wt vjeet
50| ZE BAx2H Y FAstl= €2 Aokl Utk

Frdizd e 2 & 5 de M2 F47IRe
asith XAo] 289 7PAE| A 2] AX = A& 7}
A+2) 73k (edge enhancement)@AYol2t 3t o] A& G4t
of o] &3t= AL YA = (phase contrast)Et3l Stk AA]|
Z Pz e SedzEn 84 sty 3eA dert
H]gE s 7PERE oA A7) AR 24 Zpol=
As) Z+ 25 FE T & o] XA FFET W2 23
= Wtk 783 7o E EEEA TH10]. X
A IS o83 bFet FA7IMEo] AdE Qi
A=} 427 Abo] Ael2 2A3H= Ak propagation)S]
A= [11,12], 2872 G4 (diffraction enhanced Imaging,
DEI) [13], ¥A| ok A (dark field imaging, DFI) [14], At
A (grating interferometer) F4[15] 5©] olo|tt. LAFE=
o] dHEE A8 Yelide MBS AdAE B &

—

by
=

+ Q= FYo] B aslt}. WARS (synchrotron radiation)=-
HARE7FE 704 WO L2 THEE ARpyo] ke vt
E o, HEHe F2 fyY Yoz XA, A, 7HAEA
Q| Mof o]2&= F Lt v g WS E3tskar Qi
o] FollA X-A& I 5ol 0.1nm FERE YARGO|A 7}
o] Z2 F9olth 3At BARETHE 7] oA WEE
£ XA dAdA ARgSte s=AelA BEEs XA
I B o g A AR Y 2717} Zar, whHo| 1
2, 292 JAE 7HAI Qlo] & HE=9 FHE
25 = T 5 3l 32k 223 L8
S uAESE G0l 7 AR Fdolth vzt =
714 7] A F- 2 (pohang accelerator laboratory, PAL)| 3A]
o WARE7EE77E 7HE Solm, XA A ERlolA g
SHHAE 22 = A4S 78 T o e Ao
of A 2ARE S0 et GHEAY ST
A 5 UATH16,17]. FAI T, At 9] Ay

2GS BHY 2 B2 Bje B Y28 7
T Zolehe Jidek 29 B Egska gt 2HoA
L gYEst AE FEEA gt 2e A =9
oh AR olefat WAL HFss] 9As) ht PHE
2 Agslgon BES A% v SRS} FotErks
AR stk of =R FAol oJg St 7t
o ol§8 AT, ot 2N BLT FARAL PO
2 o G4 BAS 9L ol4H FARAL Akl
WA s, XA SR SAAGE Gl 25 &4 9
o] BE R YA TR Bk EBH GATIEO

3AlY AT ERbeT ATl gt
WEAGAT TSR] 7
9

47] 4574 ol F (PLS I) 7B29 k13t o] F(PLS II) 6D
Heplof A sastict & Wil 25 FAAH
(bending-magnet beamline)o| ™ o] ¢} AF &2 7}
7} 25GeV (7HA & 3GeV)2t 100 mA°| ¢t FH-E oy
A HA7E 7~45KeVY ZXA WAZF-S ARSIt XA
o] TEI SHEUA B & Sl WAIEAST A4
32 HA5H7] 8 FiE AEo nAzEAEHe HEE
AdiE AXste] 10KeVET %2 iAo XAHS 4
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Fig. 1. Schematic drawing of the experimental setup. Unmonochromatic beam arrived from the bending magnet device (B) was reduced
to the beam size for matching the scintillator after passing the slit (S). The X-ray irradiated the object (O) positioned 34.8 m away from the
source. Visible-light images on the surface of CdWO4 scintillator (St) placed at a distance of 10 cm from object were reflected at 90 degrees
by a gold-coated mirror (M) and magnified by a microscope objective lens (X5-X20) (L). Finally, the images reached the CCD camera.

Fig. 2. Pictures of the cryo-tomogarphy devices. (a) The sample was directly exposed to liquid nitrogen stream. (b) The sample was em-

bedded in OCT compound.

HUATH FSEES Al FE2S x,y, 2z F2E A 2T
o] 7Hs3t 5271 (goniometer)7H F2HE TS HEFLH o)A
o] 2HFA 0.18° 7HH 22 180° FH3IHA 1,000%2] &
TdE 2 449 eE AIZEE 100~200ms &= 5}
ok BES FHsEA A7 A XS 7tEER L
Ho]E(CdWO4)Zo| &2 A347] (scintillator)o| Al 7}FA]
FAE WA ojnf) E23} 7] Ate] 9] A= 914
A 27t 2 Yehds 10em2 A5 AT 437 o @el
FAE 5,208) FetA =2 sdiste] CCD7H 2} (Vieworks
VM-11M5, Korea)2 BQH} (Fig. 1). 208] &= 2704
FEEA Y BFF 7= 17X 11 mmo|, FAF 7=
0.43 um, F7HE3S2 1.5 umo] it
2. x2HE SZXA

A AF Y AN AR, Roteagd g 7Y

A3 =32 & (collagen induced arthritis, CIA) A3 F
SR R, B4 AR AT 52 Ao
2 A EAUATERIL solch 2YERL Age
B9 Ago] BT B  oteha} o FEAM A5
ot 2 BEL 4% formalin® 2 1A% & TH5HY w7t
A o] Hob 4Co) BTt FANATERYL
$J3) YERE CCDAMulke] AR W 2712 A
2 g Aol 34 WEaAY, gl Y1 95
OCT (Jung Leica instument, Nussioch, Germany)2 2§ £
sk, Eatojoto] AR —T70°CE F-X] % isopentane (Jun-
sei chemical, Japan) oA <& YA &, G5
AE|o|X]of| EHETH FAH EE Y= 100K (- 173°C)
AL7AE AT S8 SeEYHA 9339 s &
2o] FALHE FASHL, & 9o Foli7t B71A &
T& SF9th(Fig. 2). BES %S o Y= SUs8t
EAE HF57] A3l EE2S o= 2 EZufjsto] HeA]

o o
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Fig. 3. Typical CT image (a) and three-dimensional micro-structural architecture (b) of the knee joint of collagen induced arthritis (CIA)
mouse model. The typical findings of CIA, destructive changes in bones (¥), and new bone formation (arrows), can be seen in detail. Scale
bar=1mm

Fig. 4. Phase contrast synchrotron micrographic images of mouse liver tissue, hydrated (a) and dried (b and c) samples. The edge enhance-
ment effect was disturbed by water (a), but it was increased after drying tissue samples. Scale bar =500 pum.
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Fig. 5. Comparison of X-ray phase contrast micro-CT images of the rat metatarsophalangeal joint of the 3rd toe according to the condition
of micro-CT, (a) non-frozen agarose embedded sample (b) directly frozen sample (c) and frozen OCT embedded sample. The tomographic
slices are on 3 sectional planes, horizontal plane (A and B), sagittal plane (C) and coronal plane(D) and the 3-dimensional volume-rendered
images (E). Panel B shows the differences of the thickness of articular cartilage (*), the wideness of joint cavity (Jc) and the lining of syno-
vial membrane (arrows) between each condition of microCT. Scale bar = 1 mm.

EAE ol&sto] A4 HFE AA 1,300 23+
TH Ao 2 BHEQTH Amira (VSG, USA.) AZE o] &
o] g3to] zF O dHILGES 34 IR A+4
st o, gl A 2 Lz tigh 793} (segmenta-
tion) g 5% AT ZAT Pkt o] T2 A
g g2 1459 YAarE oS o] gstHit.



a

Fig. 6. The tomographic slices of X-ray phase contrast cryo-microCT reconstruction images (A and C) and histologic images (B) of the
metatarsophalangeal joints of the 3rd toe of normal control mouse (a) and collagen induced arthritis (CIA) mouse model. The typical find-
ings of CIA, destructive change (arrows) in bone and pannus formation (*), can be seen in detail. Scale bar = 1 mm.

B FAoNA AZUm o] mhaot gFolR], W] Aw P4
T BEG % W nAHES TF T S Al 5
At §8ut A3 3HeA (pannus) FA 22 EH 229
Hake 2 B =R Gh(Fig. 3). 2 Yol Eof e 7
223 I k29 2 FAAS g A T
ZA R EA A 27 7F3HE] o] YRyt (Fig. 4). o] &
g Aol A A zA o 71 wol x3HE Eo| gz

2 gag Ao FEsqrt.
2. EEO| Y S7 $ WAL YA SHOMES
2

AR o] Bl 4T AR B FFS Fol7] 9
o EES QeV|2 shich AT AR WiLRES o

Ad2oA 55EF F T4 AAE AeolA 2529
< stlem, o]F F2E& Holu 0}7}3;‘3 SEufjsto] ]
TA AHE A @5EFE st F IAREE vlwst
Hoh T 24 2RolA Wo Fx= Z HJAT, HEA
=, o8, WEIE v T2 AT HwsiA AT
Gl A & FE = Ith(Fig. 5a and 5b). 3HR|9F 49 & 3
AAdZ FAY o, WEF &, =9 2822 AF
4% Aol Mol 5 2P o] B ST} Fig. 5b).
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Fig. 7. A tomographic slice of X-ray phase contrast cryo-microCT reconstruction image (a) and a 3-dimensional volume-rendered microCT
image (b) of a mouse eyeball. Ci: ciliary body, Co: cornea, Ir: iris. Scale bar =1 mm.
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Abstract : 3D histology is a imaging system for the 3D structural information of cells or tissues. The synchrotron
radiation propagation phase contrast micro-CT has been used in 3D imaging methods. However, the simple phase
contrast micro-CT did not give sufficient micro-structural information when the specimen contains soft elements,
as is the case with many biomedical tissue samples. The purpose of this study is to develop a new technique to
enhance the phase contrast effect for soft tissue imaging. Experiments were performed at the imaging beam lines
of Pohang Accelerator Laboratory (PAL). The biomedical tissue samples under frozen state was mounted on a
computer-controlled precision stage and rotated in 0.18° increments through 180°. An X-ray shadow of a specimen
was converted into a visual image on the surface of a CdWO4 scintillator that was magnified using a microscopic
objective lens (X5 or X20) before being captured with a digital CCD camera. 3-dimensional volume images of the
specimen were obtained by applying a filtered back-projection algorithm to the projection images using a software
package OCTOPUS. Surface reconstruction and volume segmentation and rendering were performed were
performed using Amira software. In this study, We found that synchrotron phase contrast imaging of frozen tissue
samples has higher contrast power for soft tissue than that of non-frozen samples. In conclusion, synchrotron
radiation propagation phase contrast cryo-microCT imaging offers a promising tool for non-destructive high
resolution 3D histology.

Keywords : 3D histology, Synchrotron radiation, Cryo-microtomography, X-ray propagation phase contrast,
Collagen induced arthritis

Correspondence to : Hong-Tae Kim (Department of Anatomy, Catholic University of Daegu School of Medicine)
E-mail : htackim@cu.ac kr



