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Finite element analysis on the stress distribution in the lumbar 1 vertebral boby under different load-
ings/LIU Yandong, MAO Jingsong, SHI Xianming, et al/Chinese Journal of Spine and Spinal Cord,
2014, 24(9): 822-827

[Abstract] Objectives: To investigate the stress distribution in the body of lumbar 1(L1) vertebral under the
different types of compressive loading, and to study the stress distribution and its clinical meaning. Meth-
ods: Thin—slice CT scanning was performed on the thoracolumbar junction(T12-L2) of a 27-year—old healthy
male volunteer. The raw data of the CT scans were stored for further analysis. The 3D finite element model
of the thoracolumbar junction(T12-L2) was established by using the 3D software, Auto CAD system and AN-
SYS 6.0. This model was assigned for two different types of test, the axial compressive loading group and an-
teflexion compressive loading group. In the axial compressive loading group, different loads(400N, 600N, 800N,
1000N, 1200N) were exerted on the upper surface of T12 to simulate the axial stress. While in the anteflex-
ion compressive loading group, same loads but with additional 30N-m torque were exerted on the upper sur-
face of T12 to simulate anteflexion stress. For statistic purpose, the ligature between the lowest points of ver-
tebral endplates concaves was divided into 7 portions, and then the cancellous bone of the L1 vertebra was

divided into 7 layers, and each layer was separated into 9 zones. The average stress was measured on the 9
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zones in each layer of the 3 internal cancellous bone layers. Then the 9 zones were divided into 6 groups.
Group I: A1, A2, A3; group II: M1, M2, M3; group Ill: P1, P2, P3; group IV: A1, M1, PI; group V: A2,
M2, P2; group VI: A3, M3, P3. Under the same loading, the stress comparisons within the 9 zones were
made. The two—paired ¢ test was made on these values of the 6 groups, to study the stress distribution in L1
vertebral boby under the different loads. Results:
loading, among the group Ill: P2 with P1, P3, group VI: P1 with A1, M1, group V: P2 with A2, M2, group

VI: P3 with A3, M3, all showed statistical significance. But as for the data of group I, II, there was no

In the axial compressive loading group, under the same

significant difference by the two—paired ¢ test. In the posterior area of vertebra, the stress value of P zone
was the maximum compared with M zone, A zone. The stress value of P2 was maximum. In anteflexion com-
pressive loading group, under the same loading, among group I: A2 with Al, A3, group II: M2 with MI,
M3, group II: P2 with P1, P3, group VI: Al with M1, PI, group V: A2 with M2, P2, group VI: A3 with
M3, P3, all showed statistical significance. Among group [: Al with A3, group I[: M1 with M3, group III:
P1 with P3, group VI: M1 with P1, all showed no significant difference. In the anterior area of vertebrae, the
stress value of A zone was the maximum compared with M zone, P zone. The stress value of A2 was the
maximum. Conclusions: Under different loading, the stress concentration in the L1 vertebra cancellous bone
is evident. Under the axial compression loading, the stress concentrates in the middle of posterior edge of the

vertebral body. While under the anteflexion compression loading, the stress concentrates in the middle of an-

terior edge of the vertebral body.
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Table 1 The element types and material properties of

the model
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Figure 1 Posterior view of three—dimensional finite element model Figure 2 Ante-

rior view of three—dimensional finite element model Figure 3 Division of 9 statistical

zone cancellous bone (LI)(The line AB is the anteroposterior diameter of L1 vertebral can-

cellous bone surface. C and D is the 3 equal division points of the line AB. The line EF is the left-right diameter. G and H is

the 3 equal division points of the line EF. From point C and D , the two horizontal lines were drawn to the left-right edge of L1

vertebral cancellous bone. From point G and H, the two vertical lines were drawn to the anteroposterior edge of L1 vertebral

cancellous bone) Figure 4 9 statistical zone cancellous bone(L1): vertebra anterior 3 zones: Al, A2, A3; vertebra mid-

dle 3 zones: M1, M2, M3; vertebra posterior 3 zones: P1, P2, P3
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Table 2 The average stress value of 9 statistical zone cancellous bone(L1) under axial loading

N F1{E (Stress)
400N 600N 800N 1000N 1200N

HEMRHT X (Vertebra anterior zone)

Al 0.11£0.03" 0.120.03" 0.120.05" 0.13£0.05" 0.1420.05"

A2 0.13+0.042 0.150.072 0.1520.052 0.1620.05 0.18+0.052

A3 0.11x0.03% 0.120.057 0.12:£0.047 0.130.04% 0.14+0.05%
MEfR H X (Vertebra middle zone)

M1 0.14+0.05" 0.13+0.04" 0.14+0.05" 0.17+0.06" 0.19:0.04"

M2 0.09+0.03% 0.09+0.05% 0.10+0.06% 0.12+0.05% 0.15+0.04?

M3 0.13+0.04% 0.13+0.04% 0.13+0.06% 0.14+0.06% 0.24+0.03%
HEMAR ) X (Vertebra posterior zone)

P1 0.25+0.11% 0.31+0.12% 0.36+0.13% 0.44+0.16% 0.48+0.18%

P2 0.35+0.13 0.42+0.15 0.49+0.16 0.55+0.18 0.62+0.20

P3 0.25+0.09% 0.31+0.12% 0.37+0.13% 0.44+0.16% 0.50+0.18%

7D [l — 247 P1 X 4L P<0.05;Q5 i — i P2 Xt P<0.05 ;@5 [l —#fif P3 X L 4K P<0.05;@5 [d]— kv P2 X L4 P<

0.05

Note: @compared with P1 area of the same loading level, P<0.05; @compared with P2 area of the same loading level, P<0.05; (3

compared with P3 area of the same loading level, P<0.05; @compared with P2 area of the same loading level, P<0.05
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Table 3 The average stress value of 9 statistical zone cancellous bone(L1) under anteflexion loading

B S A (Stress)
400N 600N 800N 1000N 1200N

HEMHT X (Vertebra anterior zone)

Al 0.88+0.277 0.90+0.34" 0.99:+0.377 1.01x0.30% 1.06+0.38"

A2 1.08+0.32 1.13+0.35 1.20+0.36 1.26+0.37 1.33+0.38

A3 0.88+0.26" 0.90+0.33% 0.96+0.36" 0.97+0.37% 0.98+0.35%
Mt H X (Vertebra middle zone)

M1 0.43+0.102 0.50+0.14? 0.56+0.23% 0.72+0.25% 0.74+0.24%

M2 0.20+0.06% 0.22+0.08% 0.26+0.09% 0.23+0.10% 0.26+0.11%

M3 0.49+0.18% 0.58+0.18% 0.63+0.24% 0.64+0.15% 0.66:+0.24%
MRS X (Vertebra posterior zone)

P1 0.26+0.082 0.26+0.10% 0.30+0.10% 0.34+0.09% 0.44+0.17%

P2 0.05+0.01% 0.05+0.02% 0.06+0.03% 0.13+0.03% 0.20:£0.03%

P3 0.26+0.08% 0.27+0.08% 0.27+0.07% 0.32+0.11% 0.37+0.09%

H D5 R —#6 A2 X 5 P<0.05;Q5 | — 2 fiF Al X A P<0.05;@) 5 —#4F A2 X L P<0.05;@ 5 —# i A3 X i

P<0.05

Note: (Dcompared with Al area of the same loading level, P<0.05; @compared with A2 area of the same loading level, P<0.05;

(3compared with A3 area of the same loading level, P<0.05; @compared with A2 area of the same loading level, P<0.05
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