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Experimental and finite element study on the stress of thoracolumbar spine during backward fall/
ZHANG Xiaoxiang, SUN Peidong, WANG Zhe, et al//Chinese Journal of Spine and Spinal Cord, 2020,
30(9): 827-832

[Abstract] Objectives: To evaluate the local stress of thoracolumbar vertebra after falling by constructing
real backward falling down model based on the finite element loading condition obtained from volunteers.
Methods: A healthy volunteer (male, 27 years old, 175¢m, and 70kg) was selected, and the torso of the
volunteer was scanned by CT. Then the skeletal muscle model was established using the dynamic simulation
software Anybody Modeling System. The volunteers stood at a backward tilt of 30° and fell backward to
construct a human skeletal muscle model in the state of fall. The finite element model was established and
optimized based on the CT data of the volunteer. Applied 7.5N*m moment to simulate the range of flexion,
extension, left and right lateral bending and rotation, and validated the effectiveness of the model. The stress
point, stress conduction direction and stress value in the stress area in the backward fall state were collected
as loading conditions, and the finite element model of human thoracolumbar segment was given for finite
element analysis. Results: In the backward fall experiment simulated by Anybody Modeling System, the
volunteer fell backward unconsciously, and the sacrum was the first part to land; the total impact time
between the hip and the force platform was 1.14s, and the maximum impact force was 4056N; the model
took the ischial tubercle as the force loading point, and the sacral part was mechanically loaded to the upper

vertebral body along the long axis of the spine. The finite element results showed that the stress conduction
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was mainly concentrated in the T11-1L2 segment,

in which the average stress at the anterior edge of the

vertebral body was 16.6MPa, the average load of the upper and lower articular process was 25.4MPa, and the

average stress concentration at the lamina and the connection between the pedicle and the vertebral body was

26.2MPa. Conclusions: During falling backward, there was higher stress on the thoracolumbar segment, and

therefore the risk of fracture was higher.
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Figure 1 Markers were pasted on the front view and the back view of the human body. 4 markers were pasted on the

front chest and bilateral anterior superior iliac spine, 5 markers on the left and right sides of the lower extremities, 7

markers on the right and left arms and shoulders of the upper limbs, 2 markers on the front and back of the head, 7

markers on the back scapula,

posterior superior iliac crest and the spine Figure 2 Schematic diagram of simulated

fall, the volunteers tilted back 30°and the assistant distracted the subjects, loosened the traction rope without prepara-

tion, and simulated the fall



830 rf R A R B 2 R 2020 AR5 30 245 9 )

Chinese Journal of Spine and Spinal Cord, 2020, Vol. 30, No.9

J1o TU~L2 MEHTZF- 4 0 J) 16.6MPa; T11~L1
HE AR 5 ME AR H2 AL -2 0 1k 26.2MPa,  ER
HE R 565 58 - 24 3 fof 15 25.4MPa, 1 L4 5 BE 8 A
AR AR A B (B 5,%3),

3 g

TG T BRI 19 AR 9 ) 24 05 52 IR T AR ik
12 3z 2l B0 X LA 4 2 By 4 a B A 10 B RHR
P, S ECAH 7 B S B SR DL R —
FERERO AL R S0 b £ 45 R URE U A Bk
{3 1 10 25 25 M B 0 i AL, Jovk A 3t 0 W i1 Ik
i B v AL & = S BCR A TR 1AL

x1 BRMEEHEEME

Table 1 Properties of bone and ligament materials
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Table 2 Comparison of the range of motion of
thoracolumbar segment between this model and
Yamamoto’s model under 7.5N-m torque
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Figure 3 The Anybody modeling system simulated a backward
fall, in which the sacrococcyx was the first to land after the
fall, and then the torso and limbs were extended Figure 4
The mechanical loading diagram of the finite element model

showed that the force was loaded upward along the long axis of

Figure 5 a—c The picture showed the finite element results of the spine after the

fall. It can be seen that after the fall, the stress was mainly concentrated in the thoracolumbar segment of the spine, in

which the stress in the anterior edge of the vertebral body and the pedicle of the vertebral arch was larger
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