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Development of an experimental device for measuring three-di-
mensional movement of the spine

JI Wei', WANG Xiang-yang®, XU Hua-zi*, CHI Yong-long*>, XU Hui’, SHENG Sun-

renz(l. The Second Clinical Medical College, Wenzhou Medical College, Wenzhou 325000, China; 2. Depart-
ment of Orthopaedic Surgery, the Second Affiliated Hospital of Wenzhou Medical College, Wenzhou 325100,
China)

Abstract; Objective To develop a set of loading device that can simulate the spinal movement in vitro so as to
carry out the biomechanical experiment on human spine. Methods Based on the principle of bearing, the rotary
locking device was designed and fixed on the loading plate, which was rotated to the position for testing and then
locked by the bolt before loading. And then, with the auto-loading power provided by the universal testing ma-
chine, the pure moment of flexion/extension, left/right bending and left/right axial rotation were applied on the
spine specimen to simulate the spinal movement in vivo. Finally, the position of the spine specimen before/after
loading was measured by the 3D scanner. With the loading device, the range of motion under these six loading
conditions for six fresh ( one-year age) porcine cervical spines (C2-C6) was tested, and precision of the loading
device as well as error analysis were testified by experiments. Results A set of experimental device for the
three-dimensional movement measuring for human spine was developed. Data of neutral zone and range of mo-
tion for the porcine cervical spine in six directions were acquired with the total measurement error being less than
3.5%. Conclusions The delicate design of this loading device could simulate the spinal motion in vitro and thus
achieve the rapid loading of the human spine. This is an inexpensive, simple and practical device, which can sig-
nificantly increase the test efficiency and has great application value in loading on the spine in vitro.

Key words: Human spine; Three-dimensional motion; Simulation; Loading; Biomechanics
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Fig.1 Schematic diagram of the loading device for spinal move-
ment

1 — External fixation frame, 2 - Lifting screw rod, 3 — Screw bear-
ings, 4 - Internal rotating frame, 5 - Gravity balance device, 6 -
Loading plate, 7 - Specimen, 8 — Flat vise, 9 — Mobile platform
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Fig.2 Rotating and locking device for the loading plate
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Fig.3 Experimental device for three-dimensional movement of
the spine
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Fig.5 Control process of the experiment for three-dimensional
movement of the spine
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R 3, M R e s iR 20 5 3.35% f1 0.58%

R1 FHESTREDEERFER (zxs)

Tab.1 Range of motion and neutral zone of the cervical vertebra
. JE i/ (°) LEAQ! et/ (°)
e NZ ROM NZ ROM NZ ROM
C2-C3 0.36 £0.14 7.28 +1.86 5.62+1.34 14.68 +2.78 0.42 +0.08 7.55+2.73
C3-C4 1.84 +£0.41 9.32 +£2.82 3.55+1.08 12.60 £3.16 0.42 £0.21 4.24 +£0.12
C4-CS 2.07 £0.26 10.27 £0.98 1.29 +0.52 13.59 +2.07 0.58 +0.24 5.19+1.03
C5-Cé 0.60 +0.16 8.80 £1.52 3.42 +0.50 13.13 +2.64 0.32+0.15 4.06 +1.40

*2 MIEHNEENITEEZANER
Tab.2 Differences between measured value and calculated value
in lateral bending

WEE/(°)
TR/ (N - m) HREME/ () BR’EP
Mean
2.5 14.37 0.23 14.76 2.64
2.0 12.42 0.06 12.82 3.12
1.5 10.26 0.06 10.68 3.92
-1.5 -10.17 0.03 -10.63 4.32
-2.0 -12.35 0.13 -12.79 3.44
-2.5 -14.41 0.20 -14.80 2.64
FIfE 3.35

*3 RERNEENITEEZANEZER
Tab.3 Differences between measured value and calculated value
in axial rotation

WEE/(°)
HlHE/ (N - m) HRE/(°)  RE%
Mean
2.5 8.06 0.03 8.13 0.86
2.0 5.56 0.07 5.49 1.28
1.5 2.33 0.04 2.32 0.43
-1.5 -2.37 0.02 -2.36 0.42
-2.0 -5.58 -0.04 -5.60 0.36
-2.5 -8.10 0.06 -8.11 0.12
FHE 0.58
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