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Three-dimensional reconstruction of rabbit eye vessels based on
X-ray phase contrast imaging technique

ZHANG Lu, CUI Qian-gian, ZHANG Kun-ya, ZHAO Qiu-yun, QIAN Xiu-ging,
QUAN Hai-ying, LIU Zhi-cheng( School of Biomedical Engineering, Capital Medical University,
Beijing 100069, China)

Abstract; Objective To establish a three-dimensional (3D) visualization model for the vessel system of rabbit
eyes using X-ray phase contrast imaging( XPCI) technique, and observe the morphological characteristics of iris
vessels of the rabbit eyes. Methods Angiography on vessels of the New Zealand rabbit eyes was conducted
using Barium sulfate as the contrast medium. The projected images of in vitro rabbit eye samples with high preci-
sion were obtained by XPCI technique, and then converted to tomography images by filter back projection. The
3D reconstruction of the rabbit eyes was completed by commercial visualization software Amira 5.2.2. Results
The main blood vessels of the rabbit eyes were clear and coherent in the projection images, and the distribution
and trend of some small vessels could be observed, with the smallest distinguishable blood vessel diameter being
about 10 um. The 3D model for vessel network of the rabbit eyes was built after 3D reconstruction of CT scan im-
ages. The major arterial circle of the iris could be observed at level 4 branch structure of vessels in the fundus,
and the minimum diameter of vessels that could be identified was 40 um. Conclusions The vessels of the rabbit
eyes can be clearly observed and 3D visualization of vessel network can be constructed by using XPCI technique,
which would provide basis for the analysis on hemodynamics of blood vessels in the eye and reference for the
clinical study of glaucoma.

Key words: Phase contrast imaging; Vessel reconstruction; Three-dimensional visualization; Hemodynamics

IS B H#1:2012-12-26 ; f&[E H#A:2013-02-21

BEWE:FRARPAEE TS H (11102123, 31070840) , JbATTIHT 2 St 2B Tl i L5 H (KM 2011100 25009) , 4t 50T & 117 45 15
KA SRR B H (PHR201110506) , b5t [ 2ARM# 5415 H (3122010)

BIEEE BN, #24%, HE0s2E 505, Tel: (010)83911559 ;E-mail ; zcliu@ cemu. edu. cn,



% B, % ET XHEBAHERGRARNRRKDEEE

ZHANG Lu, et al. Three-dimensional reconstruction of rabbit eye vessels based on X-ray

phase contrast imaging technique 47

T OGHR IS DURFIEPE A BT 50 35 sl 22 5L K08
AU gl R B — ZHRE B, 8 5 IR R T
MR . BRI R E AT 75 6 IR 22 B0 8 aof 3
P KRR R B FEARAR 9 e ) H Y, A/ N DTBR AR |
Bk R AARSE . Bk HE IR AR W 2 5i i
— IR/ N RARE, I — o W A - DU R AR, W
SRIETE N P K BICAURSR T 4 . A A BRIT)s
T T IR P I A = GRS, TR I A, TR
PR A ML A 4R 31 3 27 2880, I % o K o
T E A, IR NS Bk I sh Z R SC &%
AT IR B R T OF AR SRR

I T B R Z A, IR _Ew i
TR AE 52 W T R A5 A8 A = 4E R 14
R R R A AR I B ik L 1 T
BOPHLIR M58, BRAS 2R AT B A I B4, i PR
WFFEFIZ e it R 0 S WA Y 3 B DR 1ML A 3
%2 (digital subtraction angiography, DSA) .CT Il % i&
% (computed tomography angiography, CTA) Fllf; 3t
PR 145 1304% ( magnetic resonance angiography, MRA)
MR R AT IR T B B R
M SRR, 8 5 FARIEAT, ARy mm 44,
SRTHR AR I0AE 8 T wom SRR /0N I A5, R o f15€ v ke 5y
i I T HR A A R AL R Y 1048, AR A 200 pm
e IRV RS RS i LABRAS IR i A Y =
YERSTAY X T HRER 04 Y 52, im IR b — i i iR
JIE G I A8 1 52 RS A 35 ¢ L A8 385 572 Dfe WL 45 R 1)
JIEE K28 R AT ER S 28 , Wb 3 52 AR AT LA B R
LA LS BL, {H A BE 2 BRI A8 1 B 25 27 4 AIE
RS Fpads i i R PR S AUL % i 30 A B BT 3
FTA ORS8RI 45 7, Sk i 3 F1 24 5 A
SR A O 2 BB AY , (EL H O T IR AR i 4 o 4
TEAY PR )2 b p A7 5 0E w6 A R AR
ML RE I A Z I, He T B IRER ) =4 i
R BES AR 43 IR P50 1M A8 A0 L SOE 2, —J i
AT BEAT L T 05 0 oA 5aE I, s — T
T T Ay MR K 1M A8 A I 2l ) 2 a0 B S AR

HAUG 8 E 1 =R EOARTE IR R E 2 rh 5 A
Ok B S IR 20 i 4 IR A
MBS AL B iy TIRAR A 40/ B2 A4
A 0T AR ARG B EORAR iy, ARUMEAS: 21 RS 1 457 7
=HERRL . SCHERL6-7 ] rp A TR ZH 2300 7 2 7

PR A BR T-00 J FORAS B (RS 2 AR 37 1 4 1Y
MISCHE S . Kagemann %5 i FH 2% AR 2 41
J#i (optical coherence tomography, OCT) =2 )R {T
T/NGE S5, {3 OCT AR X WL 52 2 R 5 15 19 1L 47,
Te e A IR AT Y FE . Calvo 25617 5 3ot 73 M
R R 4 BB MR VG Iff 47 109 — 4 TR, (HHR I IR
JRAR DX S8k /N HLJG 5 4 2 048 B9 = 4E A9 AL, Hann
A1 Micro-CT X 6 A AHR 8015, ©8 B 2 28 2 Hy
ANGRIFR 3 1078 8 A A 4 R I A I 2%
R T ARAS RS A A P ) = A B A5 R X5
LRI B UG E AN AR T BoR 4R iR 18 Y
B o

X SHR AR 5 BE i 1% ( X-ray phase contrast ima-
ging, XPCL)J2FI ] X 52k 5 i Wy i i e v 5 4
FRASE A S A R A Xof AR D B 4 g A7 FUAR 1, 3
TR A ARAL A BE AR Bl AR AR o AR R GE
HfE A A B (8 g REAS 3 FIAR DN A5 2R (WL 1) 6
Lol ik b A L0 2R B RS O B R A SN 257
REAS BN TR 02 T8 7 A il e i 25 i 98 % T 25 ity
Lo IS d BOAERR AL G R SR £5 , 5E iU
FAOE A FAL R e A8 1 . BAL SRR FOR
5, AR B R B AR A W) 3R 2 A — L 3 73
TR A% B A R S B
AL AP R A T B, W LT Bl W 2y
MEAEARAE mm K 9, 1A 7 48 B iR B AR AT LA
WL m G /N IAE 2 M At BE AR A B
g UL 1) 52 240 14 10065 B A T LUKE B0 20 9 ™ M
DA v 1 AR A A RO B

y y
wen A
\
ISt /
Yot 7 U
7 pam el

E1 XHEBAHERGEETEE
Fig.1 Schematic diagram of the setup for XPCI

FURG O T HR B A8 (Y X5 2 AR o 4 B A5 114

WFFE A i /D AR FH AR (4 BE AR B AR XS
MR BRI S EAT AR, ZRIBOT 20 A G HR Bk 1t A A — 4



EREMAE $£29% F1H 20145£2RA
48 Journal of Medical Biomechanics, Vol. 29 No.1, Feb. 2014

PR = ZER R HRAR L4 A4 — 2k ] LAY Bl I
55 TAEE N ZT5 00 222 OSSR BB ML A9 2544 , IR
R A B — e FE a] N — R A R T T 200
AN IR MLRRAS T A 2 2 ) A2 A A R e R R 2
L MRS B A SR A

1 #RFTTE

1.1 HEARHME
1.1.1 XA LY AR K5
B AL, SR R E R AT A (SR sh ) B
F DI i RSP U N o (e L AR | A 8
s Y AT 8= 2 ~ 3 kg @ HEH7E 2= M 5 (M
HEANBR) o IREEFZ R IE N 0.2 mg/mL [y L,
R N 0.2 mg/mL TR #4512 500
Ti AT 5 500 mL A= FER K IR A, ST 24k
ERIK, LABH L B
1.1.2 MRS &7 % SLRRITHE KRG EA
R A AR KOS M AT BB , S A B 3l ik i A i
S 20 mL, R FAETJE B AT R S A Bk A1
BB, BT 35% Y4 K S MRS b 181, I ik
AVKFINETR 4 CL-A7
1.2 BEBXR&E

RUG RS % 0 1 6 (SSRF) X 28 %
K Bs 2w YOG R 4wl (BLI3WL) (DL E 2),
BLI3WI )6 FRER LRIl 8 ~72 keV, H T 3K15
BAF A BGASOR , THAENT 1 bR REAR IO, Vv
TP R Sh RIS B T2 SR K Se i e
OB REARE T# A b, CCD RAE S St HEA
(1) X S e o — e e . th TR BRI
R RS 31 B R /0N 222 07 R G, AR 2 36 i i v
FIH KT EE CCD R85 (5. 9 pm/pixel ) FHEFEA
B R DA RE B I A 4T o
KR XS AR A 4 BE AR R = 4 g i R 38 5
CT AR B SHAR AL, [ FF 75 28 R A2 FE A TiE i 180°
(B UG, AR S 95 AU JAGORG B2 IR B R/ N 1) )
e SRR 9 m x 9 pm [HEISERAE CT $85%
B

SEUS SR - A0 G B ARG BG4
8K°H Optique Peter =533 X 548 CCD £ 4% , O
TFHER A 18 keV, BEIGHTH] 150 ms, FEAS 2845 5
() P 25 428 mm, CT G CR A2 8 FH L1 SRR Y

2 LR X HEBGRERNAAREGBGEER
Fig.2 Setup of X-ray imaging and biomedical application beamline

of Shanghai synchrotron radiation facility ( SSRF)

B [E] Photonic-Science 12/16bit 7k & X §F4k CCD
Migs (9 wm/pixel ) , CT 494 Z B &6 F g &=
25 keV ,BRGHFE] 12 ms, ¥ G5 0.32°%/s , FEAR S
PR 28 > [ R B R 1.2 m, SZ0 3 7 v ' V5 i o
T3 Bl I 1] O HE S & AE S0, T o O et P 2
SREI R A R . ARSI PR 1,49 nA
B 0. 938 nA, FEWLRE /DT 10% , BEHOLIR AL
PR BEOEIRIR A T g R ™

M T REARBUE K, SO RN BR ), $1 45
KB RN B & A4 3 Ik, Bk E)
4 mm; |RFRS S B REIRFE S 3 mm, CT 494 1
TP 4 W B EEIRFES) 3.3 mm (LA 3)

CCD
/

/#212

33 ch

B3 CTHENSNEBRHTEE

Fig.3 Schematic diagram of the stage movement during CT
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