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Abstract: Objective To predict and assess biomechanical responses and injury mechanisms of the thorax and
abdomen for small-sized females in vehicle collisions. Methods The accurate geometric model of the thorax and
abdomen was constructed based on CT images of Chinese 5" percentile female volunteers. A thoracic-abdominal
finite element model of Chinese 5" percentile female with detailed anatomical structure was developed by using
the corresponding software. The model was validated by reconstructing three groups of cadaver experiments
(namely, test of blunt anteroposterior impact on the thorax, test of bar anteroposterior impact on the abdomen,
test of blunt lateral impact on the chest and abdomen). Results The force-deformation curves and injury
biomechanical responses of the organs from the simulations were consistent with the cadaver experiment results,
which validated effectiveness of the model. Conclusions The model can be used for studying injury mechanisms
of the thorax and abdomen for small-sized female, as well as developing small-sized occupant restraint systems
and analyzing the forensic cases, which lays foundation for developing the whole body finite element model of
Chinese 5" percentile female.
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Fig.1 Developing process of the 5 percentile female thoracic-abdominal finite element model (a) Extracting geometric
model, (b) Partitioned surface slice, (¢) The 5" female thoracic-abdominal finite element model, (d) Bone geometric

model correction
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Tab.1 Material parameters of the 5™ percentile female thorax and abdomen

p— ek —— %‘FE‘/ AR R e JR LS Vi il tj%zé?f)]
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Jili % o PU3h B FE T sk 2 000 12 000 0.30 77.05 — — —
liliREg/NiNES NI AR BRIG i 1 000 40 0. 45 1.8 — — —
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e BN S N AR BRIG it 1 000 40 0. 45 1.8 — — —
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Fig.2 Design on the validation test of thoracic-abdominal finite element model (a) Test of

blunt anteroposterior impact on the thorax, (b) Test of bar anteroposterior impact on the

abdomen, (c¢) Test of blunt lateral impact on the chest and the abdomen
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Contact force-deformation curve in validation and cadaver test (a) Test of anteroposterior blunt loading
on the thorax, (b) Test of anteroposterior bar impact on the abdomen, (¢) Test of blunt lateral impact on the

chest and abdomen
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Fig.5 Contours of the maximum first principal strain of abdominal viscera in validation test of bar anteroposterior impact on the

abdomen (a) Liver, (b) Spleen, (c) Left kidney, (d)Right kidney, (e) Large intestine, (f) Small intestine

A7 P N ) o e v ol S R SR T, R SR
BRI D 2.7% o HIE 6 (a) /] W, i B %
JiH e KRB E N B 23K B RN AL, Z2 A
LR TT R B B 2 Ak e A BT, XS P RS R
(R BR 5 008) &5 58 — B, i &l 6(b)~(e)

S

(a) g

(b) i
Ee6 MEHMNEEREDERIELSHPMESRKEENTSNERERAE1EINT=E

Fig.6 Contours of the maximum plastic strain of ribs and the maximum first principal strain of visceral organs in validation test of
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