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Analysis of Head and Lower Extremity Injuries of the 5t
Percentile Chinese Female Pedestrian in Different Angle
Collisions
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Abstract: An injury bionic model of 5" percentile female pedestrian, exhibiting the anatomical structures
and anthropometry of the Chinese human body, was utilized to simulate the pedestrian-car collision from four
crash angles. The injury mechanisms of the head and lower extremity of small-size female pedestrian were
analyzed. The results indicated that the injuries of the pedestrian withstanding the side crash were lower than
the crash from the face and back. The lower limb injuries from facing crash were severe compared to other
three crash directions; however, the head injuries from the back crash were severe. Furthermore, the
rotational motion of the head significantly affects head injuries in side crash. This study presents valuable
data for the research and development of pedestrian protection devices. It provides the theoretical
underpinning for optimizing safety performance evaluation methods of pedestrian-car collisions and treating
pedestrian injuries in traffic accidents.

Keywords: pedestrian collision protection; pedestrian-car collision; collision angle; the 5" percentile female;
injury bionic model
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Table 1. Validation simulation tests of the Chinese 5™ percentile female pedestrian injury bionic model
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Figure 1. (@) Chinese 5" percentile female pedestrian injury bionic model (walking posture), (b) Simplified car model
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(c) (d)
Figure 2. Test of pedestrian-car collisions at different crash angles (a) 0°collision, (b) 90 <collision, (c) 180 collision, (d) 270collision
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Figure 3. Pedestrian kinematic response in pedestrian-car collisions at different angles (a) 0<collision, (b) 90<collision, (c) 180 <collision, (d)
270<collision
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Table 2. Head kinematic parameters at different collisions angles
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Figure 4. Head-car contact force
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Table 4. Biomechanical parameters of the head at different collision angles
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Table 5. Dense bone strain in the long bones of the lower extremity
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5 JhE PN 0 £l #9041 MCL (Medial Collateral Ligament) . J& 22 X #J)47 PCL(Posterior Cruciate Ligament) PA & /¢ i #M
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Table 6. Knee ligament injuries
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Table 7. Variation of knee joint bending angle
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