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A Method of 3D Vertebra Segmentation Based on Maximum Feature
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Abstract: Accurate segmentation of vertebrae has become more and more important for the diagnosis
and treatment of spinal diseases. After studying the change rule of some spinal CT image sequences
of normal people, we proposed a new vertebral segmentation algorithm based on vertebral area
change regulation. This method first calculates the area of vertebral region in the image after
pre-processing, then finds out the significant features for segmentation, uses image similarity of
continuous images to select the actual segmentation points, and finally extracts vertebral images from
image sequence for 3D reconstruction. The innovation of the method is that a new segmentation
algorithm based on the maximum feature and correlation of CT image sequence is proposed. The
experimental results show that the algorithm has a good segmentation effect on the CT image
sequence of lumbar vertebrae and the lower thoracic vertebrae of normal human bodies and it has a
high degree of automation. This study is of great significance to the morphological study of the spine

and the simulation of the scoliosis operation.

Keywords: computed tomography image sequence; vertebra segmentation; area change regulation;

three-dimensional reconstruction

B AL B EAR A A, B4 as R AU N R 2 . B2 R B
TEBACBEARSE S AN AT RN, Il AW, =4EEREORIAETED, HyisIT i

ks HE: 2018-06-19; XS HH: 2018-06-27

BEEWH: ExARFFEIEST EIH (61472466, 61572167, 61271123); [H 5K [ RFI I 4FHETH (61502136)

E—1EE: £ #(1994-), F, WARHBA, WEmsid. FER TR EGAE ., B4 L. E-mail: 2013214020@mail.hfut.edu.cn
BEEE: B 20979, &, ZEAEA, @i, W, S S0. FEA R ARIBEIG AT, E-mail: huoxing@hfut.edu.cn



1

OO, e —PEETRORERE R S HEMEE 5 41

AREJAWHRT, #E AT AR A B BRI K
J&o %, BREUGAEE T BN TR R A2
Be 27 TRE U 7T R A

HEH 70 #1 — EL A 5 2 BB A B A0 rh AT 9 14
H AN R A R IME B 2 45 R A AT 7T
HEETEAS . THENUA RIS W KR T 5548 B R
B R, TR AR E A S
B E, TAERRI RS, fE 15 5
FISON— TR R PR PERIAESS, [AIRHBIRSG] 1 KAt
TIFFE 3 MR 5 ) AL R F 7

TR, BEHE =4EF AR SFMEARRIT RS M
FTs ] AR = i AR 7R e R 7 1 58 2 Y
FLHURHE R T AR R = HER R W SO SR L

HEEFEB BRI INETEES: BT EE.
ERAILL 3 M BATHEE BB R
FBME AN DX I K i oY BT R Eh R AR
AU ME R X I 23 3790 B BB 5 3 (%
Bsk, FIFMEE s OZAT B S BT
TR S ST ME R g AL 5 B0 B F i asAl
FRIAERCHE 23 B0 7R B TR H L G e
iU i W R ST P 8 0 1 WA RPN S b
2 28: OM CT 8t MR ZZEBHIFCRMA T, E
LA THEAARRER A5 0E @MW EE A
AT, 7E 48 R PR X # R e,
B RINER BN 7 B RAEAEAEHRET, M
BRI SE R 22 B RO TR BARTE 4R
EABE R X BIE R, (BEERA R HE R
T,

HIsERI L, HATHER 859k, VM AEL R A
A2 ORI FEEMEEE L T 2%, S8 E = 2%
FEARS, BOREAR; @LBLHI MR 2R,
40 A e 23 I EAE X HE s @ B SRR
X, T"EMNLTHEZ . KU E 2 #07i%t
— BT ARALE,

WA RAEE R CT EFEH, RIAEEHE
FEEME 51, ME DX AR R R/ 2 B S AR
PERIRLER . BT AR Y 1 — M A IEH AR A
CT KEFp o rhbRad 73 31 58 BAHEE B 1 J57%,  FIH]
IEHAHER) CT Wz, L AL B LR
o TRHEFERE EEG REx ) E G
FRBREAT AR Ge v AU A 2], AR T AR A2 Ak iy
2T RALPARFAE AL, R R0 S AR AT I Fr (0 i ARAH
ACLRE SN % 75 3B TX BOARFAIE 55 B J 49 B 70 31
FER 2 B R SR BB R AT =, 1521

OB
I 2EFEZX

L1 iR, BiEuhd

AICH) o FITTEE S N AL ME X AR
I AARFAE i PR e A0 B R R R SR
4 M BRA: OF CT BB bmp BUEIF 4T
FEAALEE, R AEE S B ERRE: @i R KR
Fr o ok B PO ME B XS T AR, AR BRI AR AR 1L
ik, $RBCHZ E R RHE RO T IR, 1€
A TIMER 73 7 i @RI 7 LS e BB P 91 gk
1T ERUERIREL, 1S3 MR RGPS @it =
YN, 133 I
12 BEfgHLE

W1 CT BHEA 5 BT AL P, A30% DICOM
B= 2 BEUG F ks sURMR AR AT 7 R BES r prUO0%
W T RCFJTIE . ESRR CT B s 5 ab PR
bmp FUE, [FI 5 — L S H DA R AE TR

SRIEXT bmp K EUG T A HEAT —AEAL, DAY o
HAHLXERE, AJaZ R ARG, TR
BEAT R BER, HIREUTE N

g(m,n) = Median{f (s,t),(s,t) eW} )

Hr, w RUAREE NP LRESIEH s e
B8 Wb AR R AR m F n Ry R SERRT
BER AR AN BT BN & DR R ¢ WEE
ML A . DB SRR Je N i 3 e 178 o 1 1
BB RIEENEATH SR E, R)Eik
PO ERBRRE TR R PE. PEIENK
X ACER M 75 A AR SR, AE A ] REATL ISR 75 g [ o
REA RURI IS, DB B IS & RN
NEE, AR 99 KE . B 1 ARG TS
TRAL R ) 45 5

(a) FPEIEBHT
B 1 2 EuEss 52 0 KA

(b) HEIERE

N T RERRE 7 AR T, AP E IR



42 #if: CAD&CG GDC 2018 M

2019 4F

Jei s R PR A BT AE DX I HE R, 5 BT
A IR
1.3 HRKHHESIREN

25 3ok AL T DAAS B — R B A 3 A
TAEPEE, FEXPEET SR, B TR ELIE H A
FAERBU A BUE T8 P e X
SR AR 2RI IR, I H S ER AT R
Bt B, HoreE X T AR AR AR A Lok
B R BN R R, T DAZE i RS 1k il
28 b FIRIEA B RRFE S, S TR
ME 0055 121 ks FAR AR EG IR AR, A
RFAE 25 A e 2 Bt s s, DLy
E AT, WIEAREG 5 SR I SR B
1B, FFEHER YA,
1.3.1 B RB@ARTHE

RS A M i ARG, XIS R
X, HE TR XSO UR, Tk E BT
SRR, (AT OB S TS 2K R 255 1%
TN EUE R R X SR A . A S AT
18 B TR DX ST AR R RN

Wk iE e A R - iE R, HEEG R A
AR R SIS, AR BT BRI 5 X k)
AUE. B 2 R IEH AR CT BIF 5143 3] 506 ik
FAAR A 26

x10*

40
35t
3.0
25 ¢
Lol

E2
15}
R UM ,‘\‘\ Yy
o AR
LN N
R

05+t ,“‘V“"“:ﬂ“‘y,“,"'\ VY \

1.0 |

0

0 200 400 600 800 1000 1200
EgR

2 IEHEHE CT 741 B b e A AR AL h 2

132 ARSI S

28 b A1 T AR AR A4 pHh 28 1140 00 45 A 36 11E 7] 60
B (A 1 43 1) 0 A 7 A 1 T AR AR A it 28 11 08
b Mgk BRI R ST RN
(5SS < FG), L)< f(x,),x, <x<x,}(2)
Hr, x AEhg RS AAER; Ax) NTBUE, R
REAE AR TR /N T LA 5 TRV R R L

HTAZA7ERE S, EAAME, XA RRE

RA—ETI, NIRE T DD RIENE mpd,

R 2 NP R /N o B8 L e s —
BT, PR RRERE . B 3 R RAA
4

4.0
35
3.0}
2.5

5520,
= -

1.5}
1.0
o} YT

. | 1

!
NEYVYVS 150 0 D
0

0 200 400 600 800 1000 1200
K&

3 HEE AR A 2k b TR AR A

133 hig KA,
T I ATE P A AR HE T 0, P A
i ER WAL RUBEAT IR 8, DR T — AT
T BAACLRE A i) . 27 vk oot AR AN I 4 a6
RERAIEE b AT S AHLEEE a A1 e T
B SRAGI A R AE RS 5 B & B MER 70 &1 R
B YUY
(1) HR¥E G Fe Z 1 B PR K/, i 5
LB 3 Tk R 1B i R Tl R i . o IR TA] B
PRESRT 1, UEGAS AT S AR 3 K R BEAT
OB A ERRE AN T 1, DA RCHi fE AR RS — i
B0 3 5Kk EUGHEAT LU, FLR BRI R Z A [A]
BEOR/PS, DU S A AR R T AR L BE AR =, AN
Tiiik. RiE, 2Rl EEE a Ao PHERIXIR
area_a 5 area_c &R b IHER X 45 area_b [H &
AR R N, A5 2 E A XA RNl 7 R a A
¢ FOMER DX ELAE],  RD
{ratel =(area_a(\area_b)/area _a

€)

rate2 =(area _c(\area b)/area c

() 1538 2 MEeBlE, FIHIBME threshold SKF)
Wr ratel 1 rate2 BG4, 1&T threshold i
BEAC P ARAOREAR, AbT 2 Bt pad AL E, W
TEARFA M R UL =, IS — A
WHEB, BRI XA threshold 7EARYEEE
Z A TIPSR e 1, 2RI, 2 i B A] Rk
/N, threshold {HBR KA REAS 3 R IF I 73 FIBCR, R
P2 HEGH 3 FIRE R, WA T threshold BUE
RIAT, Hr, x NP Hh Eg Rl Rl bg R s, B



1M

OO, e —PEETRORERE R S HEMEE 5 43

threshold =0.182x ¢ +0.78 @)
K 4 Je AT 21 70 B AR =

x10*

40
351
30|/
25}
\1_‘35
20}
15}
10} Yl
VHWWM%NWMJfHHI
05 FpWIL® AEEE I
0

0 200 400 600 800 1000 1200

K&
Bl 4 Pt m I e I 45 R

1.4 BEGERFA=4EEEE

133 UG T H M 2 18] 58 FAb I 53 51 AU
FIFH 23 1 A o ) i e A B X, B e
f# H Marching-Cubes #3%, & J5$2 B 1 EHE
FPREAT Z4E s, 153300 B 5 I = 4EHE B .

2 SRIGZER

21 EBHESEIER

] 2 58 FRAE SR EX T JLZH DICOM V) A i, 5
IR T ARG IE HE AR I — R, R A SOk
1Ty EE, B S RAFIFRME R X aH5Em
PG AN S 0 UG 2 B 34T = e B, R sbesfE
MR E T & e A i, 188 T o EIEs R 55 hr
R RIXT .

Bl S EMEiE A — M aEg R, §24%H
ez A —YuE s . B RRE, KIIER
e LEE T6 7, #IFIRCREARIREA, 4rH]
W —BMEE 7 BT B R 4 mloE AR B E

3 BN BME B R BB (B FHE T P
HEX R, 7 BIRIROR ]SS, RENS IERRER R 031
RIFRHEE e FI LR, HIEEIN . i E
HEE BRI, AME R Z BITRI AR /N, HA T4,
Jir CAASC S T AR ADLEE e AR B 4 T 5 4% R 15 N
HER 70 0, T HAAFE BRTHEEME DX 35, A ME T 2 1]
Al EEAR R, HIE T PeZim B A AR AH oL
JE T AN D9 Wi A2 75 D9 00 B R AR A

() RIERELR (b)) KR HIL
5 WA EEENR

22 EHBHIEE LMSEIER

B. Glocker & NAABFFLAR AL 1 — LLIT I H
B CT BGEHRLE, HEGITFHMRE R B B3k
B G AR R A b o, (EANRZ M {5 Y 7 V5 AT
Gy BERBCERXS LA 6 Fs .

(a) JT A 5 P 5o & 17

(b) =R $ds 4 G R
B 6 2 MEEERERIN T



44 it CAD&CG GDC 2018 bk

2019 4F

TECE B AL 138 A0 AN IR 76 4541
B, MBI 45 AR IR B R P 41 B ER
PIARSCIFER HBEAT 1 35, FFHZ A A o
HESGE R 45 HBAE >N 2 4, —HEHFEAHE 5
AN E T . I AR R b S BRS A HE L
R A S 73 T Y A R R R S 6 A B AT
giit. K7 K8 2 HERM G E T

16

AR
= g
12+
10|
F=d
gr 8
#
6 L
4 L
gl
0
0 5 10 15 20 25
52
B 7 & MEHE ) S0 2H 43 F 1R
18
6 - A
O SR
14
12
& 10
Hr
& 8
6 L
4
i |
0
0 5 10 15 20 25
5

B8 AN FEEHE K S g0 41 73 H 1

Bl 7 fiEl 8 HhiE AR SR R, At
ARSI 7> B M HoE . WP ATLE 1, &
A TEHE 1 5250 241 7y B HE B B S S M i B 22
FEANK, WA EME RS2 00 40 72 SR . A SCH B2
IRIMH IR R B T 2 A SRI0  H SEBR A IHER
Hm Ao E A ME B AR 2 T AR DG, S T
T AN B TEME 0 S2 56 4 A 2 R B0 3R 0.961 9,
0.759 0. HHILAT L, 547 AR I EEAS 25 REEAE 1) S 56
I EE N E IR £
23 EMESEHELBID RS

T BAEA A RE FYE L, A SCkiE TR A
M2 B CT WS, BB ETE T4-L2 S HE
FEO S LA ™ 8 . R ARS8 A CT 7%
AT T8, ¥ BI4ERE R 5B AR 56
FEHET 70 E, G5 RAE 9 FoR.

() sl
B9 2 Bl EE R A HUxT E

(b) RO EIHHE

B 9k HI4IR, BIPRS00 H
iR, B 9b)R AR FI B, R,
ALY TTEAE S ™ 5 A DX B ROR AR
M, B EI PR R, R AL
BIEH K L2-L4 FEMERS 73, A HIH T A X 52 2
MOMER . JLIEA . 25 g HER B 4 CT A
ERBRE R 24, HmR AR, K
U AT FE A B 1 AOHE R Ak A BEAS 2 R A 1Y
7 FIRCR
24 SRIESRFTIERLLE

ZOCHRAE R, RBSCHR[31 5 A SR H 1)
BOLL. SCHR[3]26 — 2P E e W E w10 CT K&
BEAT IRIIFEAT 2031, RIS TR 5 ) XAt AT ik
Jis 3 i o 9 G pa s o AR TRl g, B A ik
752 K PR P AR X, R P R T R A
SEMER AT 5 R ARiC A R X E
3D MRS, SRFEFIH 3D 4fH, KA AR 40 1k 13 5
BRI EIRCR .

SGATTERIEL, SCHR[3AE 26— 20 R EAT Ab
B, RITFHEAT 3D BIGAMEE 1 B 1] B %
B, BEJEHEAT 3D AEMERT, SHER A A R
iy AR R AT T Atk ) —fE AL LS8
Pt IR B RGETTNREEAT RYUHEE 18
B, JF HE 5 M =480 A 2t — Dk
Y8, FTBAATREAER AR A —E .

DRI SCHR[3 T R BEAT T 3R 2E, IR DLRSEIXION
Z (B VAR N e V% T QLS SESE S (SR R



ERpt *

T, e — PR RO RO = HEMEE 23715 45

DR MG AE A 20 B S B e B DL T v D 1
b, SCERBIMI AR SCOIE U -

3 45 R B

A SCHEH B — PR T U A R AE A A A
N ETTE, RIS XIBALE CT BB T HIHr 3
AR, s 0 T R AR A o 2 o i AR AIE R (1) 7 2
XPHEE 73 B s AT AL . MR, ZITVARE
A T AR I A CT Ul B 51 35
Forr e BEAT BRI, X T IR 8 A (0 A T 35 LA
S EMESS 7> A B o RIBCR, e 7 H S8 B 1
FAHAEME B G I s = 4R T, A B TS T
Loy 8IT70, ARSTTERRIR & 1 70 B R o
%o T EB578), REE RIS 5 IR H A O HE
Ho ElHmEIgE =4 i@ 5 AR DG B
Hrwl, EEE . FAEM. GRS
J7 A # RS R AE

{HJ AR ST 5 VA TR AR B A DA R
TR RSy BB R E, BRI
X A X ARE 2%, B S HEE AR AL
NGB, A TR b3 DAR 5 ME B 18] (1) 40 1 55
FEH AT R B AE R B 7 ) b4 Bt R, X
TARPIRES FIME B AN BE 50 B Hh AL

BERTAR ST EATAER A R, fEE SR Fi
PR 2 4RI, LIS B M 20 1 s o 2k
fit, % 3D BEURHEATACEE, DA St E 2 E ) o %
P DL R0 25 it o A B 1

(Zi4t: B. Glocker 5 A A AR AL T —2FF
ARG AAE CT BRSE &)

2 % xx #f

[1] BAZILA, MIR A H.
intervertebral discs from spine MR images [C]//2014

Segmentation of lumbar

Innovative Applications of Computational Intelligence
on Power, Energy and Controls with Their Impact on
Humanity (CIPECH). New York: IEEE Press, 2014:
85-91.

[2] ZHAO L K, ZHENG S Y, WEI H T. Adaptive active
contour model driven by global and local intensity
fitting energy for image segmentation [J]. Optik -
International Journal for Light and Electron Optics,
2017, 140: 908-920.

[3] COURBOT J B, RUST E, Monfrini E. Vertebra

[11]

[12]

segmentation based on two-step refinement [J]. Journal
of Computational Surgery, 2016, 4(1): 1.
KIM Y, KIM D. A fully automatic
segmentation method using 3D deformable fences [J].
Computerized Medical Imaging and Graphics: the
Official Journal of the Computerized Medical Imaging
Society, 2009, 33(5): 343-352.

ATHERTYA J S, SARAVANA K G Automatic
segmentation of vertebral contours from CT images

vertebra

using fuzzy corners [J]. Computers in Biology and
Medicine, 2016, 72: 75-89.

CHENG E K, LIU Y X, WIBOWO H,
Learning-based

et al.
spine  vertebra localization and
segmentation in 3D CT image [C]/IEEE 13th
International Symposium on Biomedical Imaging (ISBI
2016). New York: IEEE Press, 2016: 160-163.

SUZANI A, RASOULIAN A, SEITEL A. Deep learning
for automatic localization, identification, and segmentation
of vertebral bodies in volumetric MR images [EB/OL].
(2015-03-18) [2018-06-29]. https://doi.org/10.1117/12.
2081542.

RASOULIAN A, ROHLING R, ABOLMAESUMI P.
Lumbar spine segmentation using a statistical
multi-vertebrae anatomical Shape+Pose model [J].
IEEE Transactions on Medical Imaging, 2013, 32(10):
1890-1900.

KOREZ R, IBRAGIMOV B, LIKAR B. A Framework

for automated spine and vertebrae interpolation-based

detection and model-based segmentation [J]. IEEE
Transactions on Medical Imaging, 2015, 34(8):
1649-1662.

LI C, MANTELL S, POLLA D. Design and simulation
of an implantable medical drug delivery system using
microelectro-mechanical ~ systems technology [J].
Sensors and Actuators A Physical, 2001, 94(1): 117-125.
ESCOTT E J, RUBINSTEIN D. Free DICOM image
viewing and processing software for your desktop
computer: What’s available and what it can do for you [J].
Radiographics, 2003, 23(5): 1341-1357.

ROSSET A, SPADOLA L, RATIB O. OsiriX: An
open-source software for navigating in multidimensional
DICOM images [J]. Journal of Digital Imaging, 2004,
17(3): 205-216.

CHUNG H COBXAS D, BIRDSELL L,
Automated segmentation of muscle and adipose tissue
on CT images for human body composition analysis [C]//

et al.

Medical Imaging 2009: Visualization, Image-Guided
Procedures, and Modeling. Bellingham: International
Society  for  Optics and  Photonics, 2009:
72610K-72610K-8.

Poilise, Bz, U4, & BT CT BENEHE
A EID). FEN LRSS NA, 2009, 4527):

237-239.



