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Abstract: Spinal instability known to be related to low back pain. However, the quantitative definition of spinal
instability has not been established because there is a lack of consensus regarding clinical and radiological studies. In
addition, the major factors affecting such instability have not been elucidated, although disc degeneration, disc injury,
ligament injury, and isthmic defects are considered to result in such problems. In this study, individual and combined
influences on spinal instability with a three-dimensional finite element model of a one-level lumbar spinal motion
segment were investigated, under the assumption that the rotation and translation in the sagittal plane under flexion and
extension represented the instability indices. The results could be helpful in understanding the causes and mechanisms
of spinal instability in the lumbar spine.
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Fig. 1 Finite element model of lumbar spine; (a) intact
(14,735 nodes; 20,291 elements), (b) ligament
deficit (14,735 nodes; 20,283 elements) (c)
isthmic defect (15,482 nodes; 25,598 elements)
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Fig. 2 Loading and boundary conditions; A = anterior
direction, P = posterior direction.
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Table 1 Rotation angle and percentage in L4-L5 under flexion-extension
Loading Normal SSL ISL SSLAISL Isthmic
1t Rotati Rotation Rotation Rotation Rotation
condition e(l)nagllg " PR angle PR angle PR angle PR angle PR
Casel 8.3° 0.0% 8.8° 6.4% 9.4° 13.2% 10.3° | 24.6%* | 12.5° | 50.8%*
Case2 8.3° 0.8% 8.9° 7.4% 9.4° 13.8% 10.3° | 24.9%* | 13.2° | 59.4%*
Case3 11.8° | 42.7%* | 12.8° | 54.5%* | 13.6° | 64.6%* | 15.1° | 83.3%* | 18.8° | 127.6%*
Case4 11.8° | 42.4%* | 12.7° | 53.8%* | 13.5° | 63.4%* | 15.0° | 81.4%* | 19.2° | 132.4%*
PR = percentage of rotation angle; *= unstable status
Table 2  Sagittal translation and percentage in L4-L5 under flexion
Loading Normal SSL ISL SSL+ISL Isthmic
condition | Translation PT Translation PT Translation PT Translation PT Translation PT
Casel l4mm | 39% | 1.6mm | 44% | 1.8mm | 49% | 2.1mm | 5.7% | 2.7mm | 7.2%
Case2 l.6mm | 43% | 1.8mm | 48% | 2.0mm | 53% | 23mm | 6.1% | 2.7mm | 7.2%
Case3 40mm | 10.7% | 44mm | 11.9% | 4.8 mm* | 12.8% | 5.4 mm* | 14.4% | 6.7 mm* | 17.9%
Case4d 41mm | 11.0% | 4.5 mm* | 12.1% | 4.8 mm* | 12.9% | 5.4 mm* | 14.5% | 6.6 mm* | 17.8%
PT = percentage of sagittal translation; *= unstable status
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