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Fig. 1 An x-ray CT image of the third lumbar vertebra (A: outer
contour of the vertebral body, B: contour of the foramen, C:
contour of the trabecular bone region)
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Fig. 2 Process for extracting contour B shown in Fig.1 with
snakes: (a) original image, (b) differential image, (c) binary image
of (b), (d) edge-potential image, () initial contour, (f) extracted
contour

(@) (b)
Fig.3 Extraction of the contour of the vertebral body: (a) binary
image, (b) outer contour

(b)

Fig. 4 Extraction of the trabecular bone region: (a) original image
for potential calculation, (b) edge-potential for spongiosa

W2, WA ORI HIXLL T OFIETITS . i
HPIEE LT, =y Vi (K2 (b)) Z1ERL, Zh
\CBIMEAVER 2 0l U 7=, RO 7 F B O/ iR 2 Ei
BbED. WRBHERD D70, J5E % Eifg o g
DR LEH (x, y) = (278,372) £ T DMEREZBRET .
ZIT, AEHIZONTIE, 0=0DAEEFRNGET
OFFME L, @OWINGME LRGN EERTDH. <



LC, JFmEHIT60° <60 <300° DEEFANICKWT, &
R DANVERERER L 0 20 7 B4y, HEYE S TN IUHE &
V- EBROWNE A EET S, 2T, e oS, W
FEESY D=y OB L VEMHENE LA TH
5. EBIT, 600 <O <300" DHEIFASMC BTz HE 31T T
WHWET 5. FIREHCK 2 TH LI HELOERE % 20 B2 &
Voy, BIEES®D. T o%EREbEZHD (K 3
(a)) |ZHRMEZHAZ i L, snakes (2331} [T /¥
— L LTHWS ("4 (b). Zolmshilit <X, WasE
EESHi O 7= D IR (LFLOMERE DR &l
CLTHR W V7 LroMEHEE LTHREL,
snakes DT /LT Y XL ZHR & FARIZEH L, #HREE
RSHETWEIERE OB EE5.

4. INFA—HREH

AT T D 3 ORI A—2 2R L, &%
B CEHARIERE & A L. FPHEFLELYE S A R
BoFREE L, ZINLETIZHIWEHRI O[E L
0=0 (QIZEEFEY CHMT5) LEHETD (K5).

Z L CRAEZPICIEIC, HEICRIT 5 ER ] Lo
EORFHEZ90 <0<270° DEPHCHIH L7z (K 6 (a).
Z 2 CHEFLERES O NI & B R E R ESOSMUl OB 0 & L
7o, ZHEHEHMOBREMOELIFSAZ EICTDH. Z0
iz, MEEE SO OfE (K6 (b)) OEHfEE
b &, TNEEREROREESMEE EXT D, £z,
SRR I FEALEE (50%) ZATV, RO % B R
7o, MEFLERER D PRI & R 8 O Bl oo PR % B D BR
Wiz 6 (¢) OFEIIC YW CREERHEZ R, vk
B AR L L.

5. HREH L VEZOEG

HIER G, BEART T 47 39 A, BHERERSE 13
ANTHBD. X # CT HE Quantex (GE B AT 1 Iy
AT LR 2V, EBIE 120kV, AT A AE 10mm
T, HEEHEOHER PRI E Ay LEgb Lz T
S UHENT =B EZOEEHEHTE o278, K
L7- CT Bt % 5 (FICHER LT —B.7 4 L AITBEN T, 57
4 VHAY LD-4500 (=A%) ZH\TT 4 Xk
L7= (K1), BN L2t 557557 £ 7 &L,
PEEEL~ULLT 8bit, B 7 EAD KX X130.125%0.125mm
ThHd. AV TN CT EEROZER S REEIL 0.7mm 2
ETHDH, W EIT O 72D X7 1 v L EHN
B 7YV rLi-.

Fig. 5 Polar coordinate system for extracting a contour of the
foramen
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Fig. 6 Regions for calculating parameters: (a) vertebral body
(90° <0 <270°), (b) spongiosa, (c) cortical bone

Fig.7 Examples of extracted three contours (top: normal cases,
bottom: osteoporotic cases)
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Fig.8 Results: (a) accumulated density of vertebral body
(6=180°)> (b) mean density of the spongiosa, (¢) mean density of

the cortical bone
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Summary.

Shape recognition of the spine with snakes and its application for diagnosing
osteoporosis

Kazumitsu Kondou Koichi Ogawa Tomoaki Nagaoka Kiyoko Sakurai
Graduate School of Eng., Hosei University, Tokyo, Japan
Graduate School of Medical Science, Kitasato University, Kanagawa, Japan

Bone mineral density (BMD) is an index in the diagnosis of osteoporosis. But the BMD value sometimes does not
correlate to the prognosis of this disease. We have studied methods for diagnosing the osteoporosis by means of information
obtained from a CT image of the third lumbar vertebra. In this study we extracted outlines of various areas automatically
from the CT image and calculated three types of parameters useful to diagnose the osteoporosis. The snake algorithm was
applied to extract contour of the foramen and the trabecular bone region with a newly developed energy function, and it
succeeded in the automatic outline extraction with high accuracy. Moreover, clinical usefulness of obtained parameters was
examined with a statistical analysis.

Keywords.

osteoporosis, bone mineral density, x-ray CT image, snakes, contour extraction
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