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Effects from material parameters of craniocerebral tissues on
impact responses of child head

CHEN Yue, CUI Shi-hai, LI Hai-yan, HE Li-juan, RUAN Shi-jie ( College of Mechanical

Engineering, Tianjin University of Science and Technology, Tianjin 300222, China)

Abstract; Objective In view of the uncertainties of material parameters for child craniocerebral tissues, the
effects of such parameters on responses of child head under direct impact loads were investigated. Methods
The impact simulation experiments were conducted under direct impact loads by using a validated finite element
model of 3-year-old child head. Taguchi orthogonal method and variance analysis were performed to analyze the
material properties of craniocerebral tissues in child head. Results Elastic modulus of the skull had statistically
significant effects on impact responses of child head. With the skull elastic modulus increasing, the coup pressure
decreased significantly (P =0.000), whereas the contrecoup pressure (P =0.000) and maximum Von Mises
stress of the skull increased significantly ( P=0.000). The linear viscoelastic material parameters of brain tissues
also had statistically significant effects on impact responses of child head. With the increase of the short-time
shear modulus of brain tissues, the maximum shear stress of brain tissues increased significantly ( P =0.000)
whereas the maximum principal strain decreased significantly ( P=0.000). Conclusions These statistical analy-
sis results can provide references for selecting material parameter of craniocerebral tissues in finite element model
of child head, which will be helpful to improve diagnosis accuracy of brain injuries such as concussion difficult to
be definitely diagnosed when using brain CT images in clinic.

Key words: Child head; Finite element model; Craniocerebral tissues; Orthogonal experimental design; Head
impact responses
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Tab.1 Levels of factors selected for the computational experiment

design
K
HF
1 2 3
B SR B, /GPa 4.7 9.4 18.8
HEEMMERLR K,/ GPa 1.1 2.2 4.4
MR LUER T RWRE/ /Mg 10 20 40
B, G o/kPa K A R 12.5 25.0  50.0
1T 22.5  45.0  90.0
MRS RWRE /N 2 4 8
Bt —G ¢/ kPa KW 2.5 5.0 10.0
i+ 4.5 9.0 18.0
I R Y 80 160 320
ZH BRI 4, K, / GPa 2.19  4.38  8.76
o AR B i, K,/ GPa 2.19 438  8.76
Tl i B L S B, B3/ MPa 3.5 63.0  126.0
B AR i, B/ MPa 11.5  23.0  46.0
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Tab.2 Orthogonal experimental design with 9 factors and 3 levels

for each factor
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Tab.3 P-value of one-way ANOVA for each factor

28 E, E, G, G it B K, K, Ey E,
HIC 0.244 0.335 0.362 0.362 0.933 0.669 0.221 0.361 0.375
WA o EF 0.297 0.313 0.367 0.340 0.947 0.664 0.213 0.376 0.376
EE | 0.000 0.892 0.988 0. 849 0.903 0.599 0.992 0.936 0.996

fii PN R VA

XA 0. 000 0.685 0.152 0.435 0.924 0.978 0.943 0. 884 0.320
Jiii45 J% K Von Mises Jif /1 0.000 0.995 1.000 0.998 0.999 0.999 1.000 0.731 0.805
i 20 2R e R S AR 0.769 0.950 0.000 0.961 0.812 0.837 0.981 0.996 0. 840
[N SN ] 0.145 0.858 0. 000 0.796 0.421 0. 640 0.999 0.976 0.457

®4 FEIBER

Tab.4 Results of simulation experiments

i ‘ — 914 FE W kP R Von Mises  WALSURA  WRALBURA
s e /g P p— i J3/MPa S 51/ kba
| 5316 390. 14 476.54 -176.24 151.31 0.477 19.08
2 5392 392.35 503.00 —-180.35 147.68 0.496 17.85
3 5 384 392.10 525.11 -186.76 137.57 0.494 15.19
4 5 403 392.67 494 .56 -183.46 148.22 0.302 23.97
5 5392 392.35 509.43 -190. 65 137.98 0.326 23.47
6 5 384 392.13 514.04 -178.47 153.89 0.305 18.49
7 5 401 392.66 504.99 -195.19 137.83 0.188 30.33
8 5393 392.38 521.98 -181.87 153.72 0.164 24.00
9 5 385 392.14 554.06 -180.95 147.77 0.198 24.80
10 5 400 392.58 426.78 -217.05 118.99 0.328 27.14
11 5 385 392.11 422. 66 -224.04 117.22 0.359 26.91
12 5 401 392.61 413.11 -211.63 116.92 0.362 25.47
13 5 401 392.58 418.23 -238.68 117.81 0.201 30. 64
14 5 385 392.12 412.67 -219.75 117.49 0.178 26.15
15 5 401 392.59 410.43 -229.49 119.66 0.265 27.68
16 5 401 392.60 417.80 -213.61 117.81 0.504 20.88
17 5 386 392. 14 450.08 -213.88 119.89 0.522 19.85
18 5 401 392.60 412.12 -224.43 118.13 0. 644 21.35
19 5393 392.36 396.32 -249.36 111.31 0.221 34.16
20 5 395 392.40 394.32 -215.94 111.36 0.193 29.39
21 5 390 392.26 384.21 -242.15 110.53 0.266 29.93
22 5393 392.38 417.27 -188.50 111.50 0.453 19.96
23 5 395 392.43 379.69 -206.83 110.70 0.572 24.53
24 5 390 392.29 424 .27 -187.47 111.89 0.492 20.52
25 5 393 392.36 399.00 -214.99 110.63 0.322 25.19
26 5395 392.44 378.00 -226.33 111.46 0.389 27.26
27 5391 392.29 413.20 -198.26 111.44 0.354 21.99
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Tab.5 P-value of ANCOVA for each factor after controlling skull stiffness

S E, E, Gy G i B K, K, Ey E,
g 0.000 0.708 0.962 0.615 0.734 0.258 0.976 0.816 0.987
Fi5i PN R WA
S 0. 000 0.632 0.160 0.391 0.904 0.972 0.927 0.855 0.293
fi5i 15 Fx K Von Mises ij 1 0.000 0.984 1.000 0.994 0.998 0.998 0.999 0.398 0.517
x6 EFHENHVER G MM HTENTPER
Tab.6 P-value of ANCOVA for each factor after controlling G ,
SR E, E, G, G B K, K, Es E,
i 4 0 d R FE AR 0.045 0.447 0. 000 0.526 0.072 0.097 0.731 0.939 0.101
IS N il 0.000 0.124 0. 000 0.059 0.002 0.012 0.986 0.672 0.002
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