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Evaluating range of motion in cervical spine by the non-contact

measurement technology
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China; 4. Department of Orthopaedics, Changzheng Hospital, the Second Military Medical University, Shanghai
200003, China)

Abstract: Objective To develop an improved DIC (digital image correlation) algorithm suitable for measuring
large ROM (range of motion) of the cervical spine, as traditional DIC algorithm is not capable of accurately
measuring ROM of the cervical spine due to its large rotation angles. Methods An algorithm which allowed rota-
tion of the subset window was proposed to achieve robust correlation matching in the measurement. A new itera-
tive variable, which represented the orientation of the subset, was introduced and incorporated in the Newton-
Raphson iteration method together with the position variables ( x,y). By assigning an initial guess to these varia-
bles individually, the precise location and rotation angle could be determined in the deformed image. The preci-
sion of the proposed method was evaluated by translation and rotation experiments. Results The translation ex-
periment confirmed that the proposed method had the same accuracy as the traditional DIC, and the displace-
ment measurement accuracy was within 0. 5% . While the rotation experiment indicated that the proposed method
could measure the deformation at any angles with precision less than 0.5°. The method was then applied to the
measurement of ROM of cervical spine subjected to compressive loads and received good results. Conclusions
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Compared with the traditional DIC algorithm, the proposed method can achieve accurate measurement with large
ROM for cervical spine tests with different loads, and provide an effective means for assessing the stability and

physiological activities of cervical spine.

Key words: Digital image correlation (DIC) ; Cervical spine; Range of motion (ROM) ; Deformation
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Fig.1 Schematic of the image before and after rigid body motion (a) Reference image, (b) Target image after translation, (c) Target

image after rotation
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Fig.2 Displacement deviation of the measurement

AR [N AT LA 2 e Je Wy i 7 A ) WA Ao
oo 183 (a) AARBER IS5 KR, 18] 3 (b) i
PEFERS 60° 5 AL TR R, 725 2% RIS AT =ik
B— R iR X

FASIH G T IO /AMIBIR O 21 <21 (R,
FHAS PSR AY S O 10 K, I3 T 1 232
o B4 R S e 147 B 28 MR A
TEKFANE B T7 1) A DA RS . P S T 7 D i ik
TR XS e A2 18, B 43 i 00 8 - 03
PR BE B 52 R R, e KR a4 A E,



EREWMAOE $£28% F1H 2013£2A8
100 Journal of Medical Biomechanics, Vol. 28 No.1, Feb. 2013

(a) ZHER
B3 FiREshniErnE SR

Fig.3 Images of the planar plate before and after rotation (a)
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Reference image, (b) Image after counterclockwise rotation of 60°
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Tab.1 Calculation of the different rotation angles
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30 30.21 0.21 210 210.37  0.37
60 60.35 0.35 240 240.33  0.33
90 90.28 0.28 270 270.47  0.47
120 120.36 0.36 300 300.34  0.34
150 150.41 0.41 330 329.72  0.28
180 179.89 0.11
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Fig.4 Displacement distributions along the horizontal line
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Fig. 5 Full-filed displacement distributions presented with
grayscales (a) Horizontal displacement, (b) Vertical displace-
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Fig. 6 Cervical spine images (a) Before compression, (b) After
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