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Finite element study on knee injuries in the parachute landing

YAO Jie', NIU Wen-xin', WANG Yang', FAN Yu-bo', ZHAO Qin-ping’ (1. Key Laboratory
for Biomechanics and Mechanobiology of Ministry of Education, School of Biological Science and Medical Engi-
neering, Beihang University, Beijing 100191, China; 2. State Key Lab of Virtual Reality Technology and Sys-
tems, Beihang University, Beijing 100191, China)

Abstract: Objective To numerically simulate the half-squat parachute landing and analyze the mechanism of
knee injuries with the finite element method based on the data of the simulated parachute landing experiment.
Method The half-squat parachuting experiment was performed by 16 healthy volunteers. The heights of simula-
ted landing were 0.32 m, 0.52 m and 0. 72 m respectively. A three-dimensional finite element model of human
knee joint was developed based on magnetic resonance images. The kinematical data of the knee and the data of
the reaction force obtained by experiments were used to make a numerical simulation of the parachute landing
process. Results The stress level of the knee increased with the increase of the height. The lateral meniscus
and cartilage suffered greater loads than the medial ones. Obvious stress concentrations occurred in the anterior
cruciate ligament and the medial collateral ligament when the knee flexion degree reached the peak value. Con-
clusions The severe impact in parachute landing is the direct cause of injuries in parachute landing. The lateral
cartilage and meniscus are more likely to be injured, and the anterior cruciate ligament and the medial collateral
ligament are easier to tear when the knee flexion degree reaches the peak value.
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Fig.1 The histories of the impact force during parachute landing
from heights of 0.32 m, 0.52 mand 0.72 m

3.24 MPa, i Fj5EHh & LEZESMIEK B I NS o
A, S A AR 3 Z A AR B A2 T HZ 1
AT, P A JE 0 1 B th B 2 b 7 W B
TGN, 7E R A R B e E A (L 3) , B
SRR TAMUE A AR ASMU R |, It B S
BRV% R R RRE An . mE Ak, MK A AR B
N F7 BEE vk B KT RTES , T P A AR —
ERENEE.

T WFFE IR — B = BE T R g 43 B
BB AL TS BB, % 0. 72 m BRIE R ET
A B BT 8. B 4(a) BT LUE B, #E )8
J A B SR B (A I, PR A0 R0 L Bk R )
e ik V(B B KR 338N T K 24 66. 5% , FF1E
LA ARAET N I ETRE., B4(b)BRT
0.72 m Bk7& HF, A5 32 X )7 [ i 743 A F 25 TG 15
Blo 5 AR B 5 RL, 540 i AR B, J

(¢) 0.72 m Bki%

B2 mEhksskRr,EARMEERE LHENISH
Fig.2 The stress distribution of meniscus and cartilage when the impact force reached the peak value
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Fig.3 The stress distribution of meniscus and cartilage when the knee flexion degree reached the peak value
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Fig.4 The stress changes of MCL(a) and ACL(b) when dropping from 0.72 m
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