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Numerical simulation on response of human spine with different
bone mineral density to landing impact

ZHOU Shuang-zhen'”>, ZHANG Xiong', MA Hong-lei’(1. School of Aerospace, Tsinghua Univer-
sity, Beijing 100084, China; 2. China Astronaut Research and Training Center, Beijing 100094, China)

Abstract: Objective To study the effect of bone mineral density (BMD) change on response of human spine to
landing impact by numerical simulation. Methods The three-dimensional material point model of human head
skull, cervical vertebrae, thoracic, lumbar vertebra, pelvis, ligament and disc was constructed from the compu-
ted tomography (CT) scanned images, and they were attached together as a human spine model and placed on
the backrest of the chair, which was constructed by the MPM3D program. The acceleration loading was applied
on the back rest of the chair to simulate the landing impact loading when the human spine model was laid on the
back of the chair. The different responses of human spine to landing impact were simulated by changing the BMD
and the corresponding elastic modulus. Results The general risk of injury y value of normal BMD was 1.589 3,
and when the BMD was reduced by 2%, 4%, 6%, 8%, 10%, respectively, y values were 1.608 6, 1.634 7,
1.641 0, 1.662 5, 1.680 5, correspondingly. Conclusions Under the same landing impact loading, the smaller
the bone mineral density, the larger the response of human spine to landing impact loading, and human body is
more vulnerable to injuries.
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Fig.1 The human spine landing impact model (a) and curve of

acceleration loading (b)
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Tab.1 Detailed data of the human spine landing impact model with different BMD

m/g
KiFHL

IEHBEE Wk 2% UK 4% Wk 6% W 8% W 10%
S 222 409 1576.33 1 544. 80 1513.28 1481.75 1450.22 1 418.70
ik 107 134 201. 69 197. 66 193. 62 189.59 185.55 181.52
kil 301 233 1420.39 1391.98 1363.57 1335.17 1306.76 1278.35
AR 275 160 436. 603 427.87 419.14 410.41 401.67 392.94
B 97 972 1 154.03 1130.95 1107.87 1084.79 1061.71 1 038. 63
B 150 715 177.898 177.90 177.90 177.90 177.90 177.90
LiAEEs 29 346 48.72 48.72 48.72 48.72 48.72 48.72
Fiis 147 552 8 889.03 8 889.03 8 889.03 8 889.03 8 889.03 8 889.03
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Tab.2 Material parameters for human spine with different BMD

E/GPa

W 2% W 4% W 6% W 8% I 10%

LKE 6.50 6.30 6.08 5.87 5.67 5.47 0.21
HiME  5.37 5.20 5.02 4.86 4.68 4.52 0.29
ke 3.26 3.20 3.09 2.98 2.8 2.78 0.29
MEME  4.20 4.08 3.95 3.81 3.68 3.55 0.29
e 420 408 3.95 3.81 3.68 3.55 0.29
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1.4 MPa, i $6 I F 1 1 msfl, ZE N 1. 66 x
10° kg/m?* A70H5 R FH 5 b A AS A 0 A7 4 3, 3ok
M1, 4 MPa, JHFA L R 0.4, 3 F9 1. 18 x 10°
kg/m® o RFTE R FH R B R AR AL R AT A 3 A
0 1 kPa, MM R 0.4 85580 1 x10° kg/m’,
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Fig.2 Variation of peak acceleration for different parts of human
body with BMD change
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Tab.3 Relationship of the acceleration peak for different parts of
human body and BMD change
TS BE WA 5 1 B BE D HE ) G R X
kB ay, =2.049 14x +6.756 58

LEPSES ¢
0.999 09

a,, =23 854. 166 67x* -4 596. 527 782" +
ik 0.996 70
263. 062 5x% 0. 474 9x +6. 553 79

Mo a, =1.801 29x +6.912 62 0.999 81
M ay, =3. 544 29x +6. 087 52 0.998 68
B a,, =3.294 14x+6.134 11 0.996 54
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Tab.4 y value of the different part of human body with different
BMD

i

W 2% 4% 6% 8% UK 10%

5

SkE 0.3195 0.3211 0.3242 0.3256 0.3281 0.3305
HWiME 0.3466 0.3593 0.3649 0.3626 0.3642 0.3700
Ma#E 0.3154 0.3182 0.3221 0.3259 0.3300 0.3342
J#ME 0.3114 0.3112 0.3187 0.3180 0.3273 0.3282
4 0.2964 0.2988 0.3048 0.3089 0.3129 0.3176

ik 1.5893 1.6086 1.6347 1.6410 1.6625 1.6805
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