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Fig. 2 Kinematic model of the C3~C6 cervical spine
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Fig. 1 Diagram of the structure of vertebra
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Tab. 1 Distance of the center of rotation
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Tab. 2 Coordinates of the markers in the camera coordinate system

Vs
B 1 2 3 4 5 6 7 8 9 10 11 12
A& FR (mm)
x 29.93 42.79 59. 81 69.12 41.07 53.07 64.74 75.18 22.58 36.76 53.62 68.47
v —2.68 —2.82 —7.77 —13.31 52.28 50.91 52.49 51.79 101.30 100.67 104.25 115.12
Z 35.53 34.72 38. 00 40.73 59.00 55.88 56.69 57.51 21.55 15.27 11.56 22.58
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Fig. 8 Rotation and Lateral flexion data graph

of C3~C4 cervical spine
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Tab. 4 Fluctuating value of the rotation angles of cervical spine

HUHE 1Y 6 0 B 1 & 1E J5 W 3 (K

C3~C4 23.4% 13.2%
C4~C5 31.9% 12.1%

C5~C6 17.7% 14. 6%
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On a New Measurement Technique of Lower Cervical
Spine Movement Based on Constraint Relation

ZHENG Wei-long', LI Lin-an', WANG Shi-bin', WANG Zhi-yong', SHI Nian-ke’, XUE Yuan®
(1. Department of Mechanical Engineering Mechanics, Tianjin University, Tianjin 300072, China; 2. Basic Medical College, Tianjin
Medical University, Tianjin 300070, China; 3. Tianjin Medical University General Hospital Orthopedics, Tianjin 300052, China)

Abstract: Accurate and stable movement parameters of each lower cervical spine joint is an important
basis of diagnosis of cervical spondylosis. Based on binocular vision principle, a movement parameter
measurement method of lower cervical spine join is proposed in this paper to meet the requirement of
cervical spine coupled constraint relation. Firstly, a kinematic model of lower cervical spine satisfying
the coupled constraint relation was established, according to the characteristics of lower cervical spine
moving around instantaneous rotation center and of the pattern of coupled motion. Secondly, markers
were arranged on anatomical landmarks of lower cervical spine (such as spinous process and transverse
process). Based on binocular vision principle (recorded by several cameras) and 3D-DIC technique,
the movement angles of each lower cervical spine joint, including flexion, extension, left-handed turn,
right-handed turn and lateral flexion etc, were directly measured without taking into account the
coupled constraint relation. Finally, according to the kinematic model of lower cervical spine
satisfying the coupled constraint relation, the motion angle curves of lower cervical spine were
revised. Analytic results of fluctuation range show that the measurement stability increases. Using
above-mentioned method, real-time measurement of lower cervical spine joint motion angle is realized,
which provids an effective means to stably measure lower cervical spine joint movement.

Keywords: kinematics of lower cervical spine; binocular vision; coupled motion



