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Dual fluoroscopic image study on in vivo kinematics of cervical
spine

BAIl Jian-giang, XIA Qun, MIAQO Jan, HE Jin-liang, LIU Kai(Department of Spine Surgery,
Tianjin Hospital, Tianjin 300211, China)

Abstract: Objective To observe the obstacle of mandible to the cervical spine with the aid of dual fluoroscopic
imaging system, explore the optimal perspective methods of in vivo kinematics of cervical spine, and verify the
feasibility of cervical in vivo kinematic researches. Methods A dual fluoroscopic imaging system composed of
two C-arms placed in different angles was utilized. X ray images of the cervical spine for five healthy volunteers
(4 male, 1 female) with standing, flexion-extension, twisting and bending positions were obtained with the C-
arms in the angle of 90°, 60°and 45°, respectively. The obstacles of mandible to the cervical spine in different po-
sitions were compared and the obstacle degree of mandible to the cervical spine was evaluated to screen the opti-
mal perspective methods. The perspective images under conventional head rotation and coaxial trunk rotation
were collected during cervical twisting to compare the obstacle of mandible to cervical images. Results There
were significant differences in mandibular obstacle degrees among the three angles measured in standing, flex-
ion-extension, twisting and bending positions( P <0.05) . With two C-arms in 45°, the cervical spine was best im-
aged with the least obstacle. With two C-arms in 60°, significant differences could be found between the coaxial
trunk rotation and the head rotation group. Conclusions For in vivo kinematics study of cervical spine, the ob-
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stacle of mandible to the cervical spine can be minimized with C-arms of dual fluoroscopic imaging system in 45°,
and the coaxial trunk rotation can decrease the mandibular obstacle degrees as compared with the head rotation,

which satisfy the requirement of 2D-3D image matching.

Key words; Cervical spine; in vivo kinematics; Dual fluoroscopic imaging system; Mandible; Obstacles degree

FALIS Bl B RAS U AR AR PP 5
H 2B SR AER B, T EL X AT IR A MR R T
BT RESE FIEH A ki s =B Ik a s ks
RS AAEARBTTE . ASMIPSE EEERA A TZI K
FAKRA A TS AR 9 A 1 AT AR
IBEFTTERIXT T B AR R A BT ST, BB
R NBEEEFEHE NS 5T &R Z 6
HLH AR B AR AL T 0L, TERT S AR HE7E (A
ST I RA AT EMURE . HATE RSN AE
TERIZ ST TE BRI X KBEWRB RS, B
PR Af B0 R B A2 1R B A5 B 98IE, 45 B 2 O
HEH BN AR HEZ 3 22T 52 B A STk AR
i, ARG IR I BT T B A5 A 03 32 1 32
EEREPERBR S o TSUMETE (402 3h 2 B T 8 L
A8 , Hrp iR B A0 R R T S I ME B4 7 05 At
Mz sh= B, i T T SA B B, A B L A
BATE MR, T30 48 3 = 4k 1 JE 45 UG i PR A
BAYESZ BN , (SRR A B ICIE AT o BRI, Jifey
BRAG B R SR DL X 4% 35 WA 1T 45 L I T 9 46 A0
RIS, MZAF T2 A2 B A1 14 R LA 5 STk 4

e
1 #MR5EGZE

1.1 #MRIHR

B2 ~ 5 HRESEES B(Fa44, %1
&, V5 34.3 5 P {KE (68 £13) ke) ;3%
ZAERES AEEFREHFEZRSZK,

1.2 REiE&

P GRS 1 C7 BV AL ( Toshiba SXT-
1000A H Z%) ; CT #L ( Sensation 16 Siemens fE[F ) ;
Rhinoceros® ( Robert McNeel & Associates, S£E) =
Yy T 1 4k 4 ; MATLAB 7. 01 ( MathWorks, 3%
B s LA TROE X LR BRINEER S .

1.3 e
1.3.1 AZBHFAMT RREAA L N F A
B X XEMEAZGERIR WECTAF X LEMN

HLAH B X 2B R 55 (dual fluoroscopic imaging
system, DFIS) , 320K SUHETS shmf4b TR & “C” Y
B X BRI Z N 25 M &« C7 RVE K
PR Ie i 90° .60°FN 45° i B (JLIE 1) ;KT 45°
e £ B WA & SR K S W )R L BE B KGR TG
BSEBBCE, AN AE s T I B s , gk s
HEEMRBOR A R K TC 1k 58 8 A0 38 23 BUHE , 0w X
KIBEMKARNRRIT 45°, HRE X KRLHERE
EUR, IR IER &« C7 BV X 203 AL AE X AL
B AERRGIRE, RIEX —RGE RS

ZAEFHER, R TR Z SR B
Z i R IE P RAR T 5 BT A 1A or ek A
R (LR 1) o ZEWC7E 3 M BEALE T 25
TR 5 R R RTE B AR IEE BRI E AR
MijEiz3h, B DFIS [R5 R4 Bk 7 M0 # g X
LBEMENR, I8 P8 B 5 5% fk y DICM E{ Bitmap
R ATEIRGE (LA 2) .

ke G T AR R BRI R, TR A R e B 3
52 35 RS T 86T R K P e e A A K 1 T o K T
TR, 23 HIRE TR T BB ER , FHoR i
5§ ALy DICM B, Bitmap #% 2 H) X5 AT
BILRS
1.3.2 E3Hna s T HRIAARERES T HAH
ZHRBEFHRS GBS EHPEERE CT FHFELEMN
EM T T M BIHER R (2R 0. 625 mm, [B] R
0.625 mm, /3 ¥EZ 512 x 512 %) . HEFHHER CT
64 A\ Rhinoceros B4 1% B = 4B ) 218
B, ARAERAR B BT B A Y 2Rk e A% B 2
b, B X SRR AR 2 [ A THU G, HEAASR T match Ak
B T B ZHEPOR AR 7E = 4R ER AL
AR SR DFIS B3, 2 RES
— B CT =4 E RN Y 25 8] o7 &, #% PR3
HERRF 5 A8 47 L B AR ST AR 00 0] 5 WA - T S
X LB MR TE2ICH, BISCB — 4k - =4 ER M
VTR , T TEIUAE 3 A7 S5 10 T AR & Rz sh i fiL
i S R B SE R (E 3) o



EREMAYE $£27% $£28 2012F4HF
168 Journal of Medical Biomechanics, Vol. 27 No.2, Apr. 2012

Bl MXLEBEWNERMEE () REFARER(D) (FI, RGHREXFHEC"WESHS)
Fig.1 Position of dual orthogonal fluoroscopic imaging system (a) and schematic diagram of angles (b)
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Fig.2 Images obtained when two C-arms of DFIS placed in 45°
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Fig.3 2D-3D image matching of the cervical spine model
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