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Abstract: The objective of current study is to investigate the knee joint response and to predict the occurrence
of knee injuries under two dynamic loading conditions. For this purpose, a FE model for pedestrian lower ex-
tremity with detailed anatomic structure was developed. Furthermore, material properties were defined for
this model based on the published literature data. Then, the simulations of knee joint dynamic response was
studied by means of cadaver experiments for knee impacts in shear and bending loads conducted by Kajzer et
al.(1997). The knee injuries occurred in the experiments was predicted as well. The simulation results indi-
cated that the dynamic response of lower extremity FE model well agreed with experimental data and the
knee injuries can be predicted in this FE model. This lower extremity FE model has good biofidelity and can
be used to carry out investigation of knee joint injury biomechanics in car collisions.

Keywords: Lower extremity FE model, knee joint shear experiment, knee joint bending experiment, knee
joint response, knee joint injuries
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Figurel. Human lower extremity FE model
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Figure2. Knee joint FE model
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Tablel THRERPFHMESHIEE

Tablel. Material parameters for bone in lower extremity FE model

B e b SR BRBE gy REEDBEER s

BT e IR 2000 15.3 0.29 0.100 1.7 [5]
B TUE e I 1000 0.338 0.3 0.010 134 [5]
A A
N i ikl 1100 0.616 0.3 0.0066 134 [6]
0 Ll 1100 0.298 0.3 0.0056 13.4 [6]
A -
JEATHE B A S5 Pt IR 1100 0.445 0.3 0.0053 134 [6]
B Eoai A 2000 12 0.3 0.100 25 [7]
SN Eoai M 1100 0.445 0.33 0.0056 13.4 [8]

SR Eoeii IR 2000 15 0.3 0.100 25 [71

RATHE KATAL Hp 1800 0.045 0.4 0.003 0.2 [8]
AR FEFE L i 1500 0.25 0.3 [7
JUL gk JB VU SKL R AR 1000 0.07 0.3 0.0534 0.144 [8]
Pk KAk AR 1200 0.12 0.4 0.0061 0.08 [9]
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Tablel THRAERIPEER. ABILR IS BUERE

Table2. Material parameters for skiny muscle and ligament in lower extremity FE model

o S % PR R . o o
Bk ARLRE Ckg/m®) (GPa) PRMREESEL SR
H%LE] Rl 1000 0.0292 G0:0.701MPa, G0:0.234MPa, B :100/s [10]
N R C1.7.85MPa,C2:0,C3:0.25MPa,C4:60.4MPa,Cs:307.5MPa
o R 1200 375 51:0.153,5,:0.026,53:0.348,T1:0.15,T2:11.715, T5:162.633s [6]
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Figure 3. The experiment and simulation setup for knee pure shear experiment
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Figure 4. The experiment and simulation setup for knee pure bending experiment

4 BRTATHIRREURMARE

614 INFATS Conference in Hangzhou, November 24-26, 2016



AL T B2l i se i rf, KB AN AR A AL — AT A SR 2 B, DA BEE xS0 45 SR X 52
Wi o [FIAE SO 38T it 400N (1038 BT, PR [ S R A AN ] e Al 2 ) [ 5 s A o B RS oo B s B S
Finpti a5 BL 40km/h 3 B2 b i R IBCERSG T IX ORI I8 T IR AR 2025 38 1 (3 i e, segid fE ik Pl
A P2 TX T ri A A B A A AR A SIEB0 e B LR BT SL AT BROTE AR N ] 4 s

3HER

BT A R AR A 2 TR 50 1 700 A 53 1 1 IR 5 RO 2 i, H & s fIAR #4350 178em
A1 78kg, FrLAESRE T B AR E SRR 50 AL I PR RO () R S5 8S. 16S. 6Bl 7B X 44N
PRSI B AR e s s, e Brmy s AR DL T AR Sge b i I B A EAR R 3 B . TURSEES BTl SR
Py 1 P, 22 [A] ()6 - It i) it 425K 1 SCHik[12].

Table3. Experiment record data for pedestrian knee joint pure shear and bending experiments
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Figure 5. Comparison of tibia displacement between FE simulation and experiment
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Figure 6. Comparison of tibia displacement between FE simulation and experiment
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Figure 6. Injury prediction in knee shear experiment simulation
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Figure 7. Injury prediction in knee bending experiment simulation
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