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Development and validation for finite element model of one-year-old
toddler head with detailed anatomical structures
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Abstract: Objective To explore the brain injury mechanism and enrich the database of human finite element
(FE) biomechanical model by developing the FE model of one-year-old toddler head. Methods Based on CT
data from Chinese one-year-old toddler head with substantial and detailed information, the head model with de-
tailed anatomical structure was constructed by using the medical software Mimics to get the head geometry data,
as well as the reverse engineering software to divide NURBS surface and build the geometric model. Finally, the
FE pre-processing software was used mesh the model. The FE model of one-year-old toddle head was validated
by data from anatomic and cadaver experiments, and was used for preliminary analysis on damage mechanism of
one-year-old toddler head. Results The FE model of Chinese one-year-old male toddler head was developed,
which included and distinguished the gray matter and white matter of brain and cerebellum, hippocampus, fonta-
nel, sagittal suture, coronal suture, brainstem and ventricles. The cadaver head static compression experiments
and drop experiments were reconstructed by using this head model, and the results showed that the FE model of
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head had similar mechanical properties with the cadaver, which proved the validity of the FE model. Simulation re-
sults showed that skull stiffness and skull injury severity varied with different compression rates. Conclusions The
FE model of one-year-old toddler head with detailed anatomical structures is of great biofidelity. The FE head mod-
el can be used to further investigate the detailed injury mechanism of deep brain tissues, especially for the closed
craniocerebral injury, which provides an effective way and tool for the related research and clinical application.
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Fig.1 Finite element model of 1-year-old toddler head

1.2 1 FILEXHERTERPMHSH

AR Sk B 25 UG (4 F1 2R b, AN TR Ry 2 41
SRR TN SRIENE LR B A 2 B T A A
IRUET T X ) ol A A AR ek £ #5005 21 280

FARB BRI 5, ZH EMNIET 1 2 LE %
TR B AR Ty IR R A AR SR IR I, K 4
PEAR 73, XoF A [ 45 K 73 S0 7 AN [ B9 g = J e (L
*12),

BT A IR I 40 TR T 4 R 45
F1 FHEAE RS 1043

Tab.1 Material properties of different components

R F E/MPa v o/ (kg -m™) BT YR PR
P B 2R W 1 134.750 0.220 2150 465. 000 675.44
INES 2R WP 8.300 0.490 1130 2.780 138.33
Lz L 16.700 0.420 1200 5.880 34.79
131NN Y A TE 0.042 0.490 999 — —
T T 3 I 0.012 0.499 1 040 0.004 2.00
[ SON T AN B FEHIL 31.500 0.450 1130 10. 860 105. 00
R P 5 FEEATT 11. 500 0.450 1130 3.960 38.33
PRINCE S i 408. 120 0.220 1130 167.260 242.92
RN 2t 354.830 0.220 1130 145.420 211.20
SR R | TR 2R 1 000. 000 0.220 2150 409. 830 595.23
®2 WARHFEMEM S
Tab.2 Viscoelastic material parameters for brain tissues
g p/ (kg +m™3) K/MPa G,/kPa G, /KPa B/s!
PN AN 3 1 040 2190 10.00 2.00 80
TR ST /I T T S A R A S RS A 2 21 1 040 2190 12.50 2.50 80

1.3 1% )LELTERITERMIIE

1.3.1 ATHIESHFPARERGEARIE FH
Pk 1 4 LA BROCHRL, 2% Loyd ™ iy 25
FE4R PRSI B R AR TCE T P T R 1
(i) , T8 A € 1) s 240 - T Sl MR, 068 S22 ol vk
R TN DS R AT ) R/ s Al I b= e AT T

FESUATIMPETET L 0.3/s F10. 1/ 85 58 b AR Uy 22
B R TR [y [ DA S T TR < 7 A
0.3/s F10. 1/ X1 45 V- ThT 04 AH AT R 4 33 52 53 5]
A 43,59 mm/s il 14. 53 mm/s, JE 45 & 3k K
(145.3 mm) [ 5% (WL 2) . iz A FROTH; 554
PAM-CRASH (1) {2 203l 1 2 e e e A 7SR i 4 #r o



EREYWHE $£32% H4H 200758 A
310 Journal of Medical Biomechanics, Vol. 32 No.4, Aug. 2017

n ﬁfﬁﬁ
i [ iR VE Sl
R i 250.3/s F10.1/s
Eéﬁ?ﬁﬂzﬁj
i

2 BESEHIBRHHESR

Fig.2 Simulation analysis on static head compression experiment
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Fig.3 Simulation analysis on 1-year-old toddler head drop impact
experiment  (a) Parietal drop impact, (b) Occipital drop

impact, (c¢) Frontal drop impact, (d) Vertex drop impact
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Fig.4 Static compression simulation result of the head at different

strain rates (a) 0.3/s strain rate, (b) 0.1/s strain rate
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Fig.5 Comparison of the mechanical response changes between
drop simulation and cadaveric experiment from different
height
(a) Frontal drop from 15 em height, (b) Occipital drop from
30 cm height
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Fig.6 Comparison of the simulation results of different height drop
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and the data of the cadavers

(a) 15 cm height drop, (b) 30 cm height drop
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