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Development of a Finite Element Model for the Pedestrian Lower Limb
— Development and Validation of a Knee Joint Model —
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ABSTRACT

A finite element model for a human lower limb in a
standing position has been developed that connects long
bone models of a lower limb at the knee with ligament
models. The knee joint model incorporates both the
articular cartilage and the meniscus, which are deemed
to be important elements in the accurate prediction of
ligament loading. The model has been validated against
published lateral lower limb impact tests, and the results
showed that the model can accurately reproduce the
shearing displacement and bending angle of the knee
joint. In addition, comparison of the model with test data
on damage to four main knee ligaments showed that the
model was able to simulate the ligamentous damage that
had been observed in more than half of the test cases.
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Fig. 2 Typical stress-strain curve for knee ligament
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Fig. 10 Knee joint model

Table 1 Length of knee ligament used in the model
Ligament ACL PCL LCL MCL
Length (mm) 40 41 55 91

Table 2 Cross sectional area of knee ligament used

in the model
Ligament ACL PCL LCL MCL
Area (mm?2) 46 77 29 37
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Fig. 11 Schematic diagram of lower limb model
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Fig. 12 Test setup for dynamic response of knee joint
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Fig. 13 Model setup for knee joint validation
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15 Comparison between response corridor and simulation result in shearing setup at 20km/h for impact force,
shearing displacement and bending angle of the knee
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16 Comparison between response corridor and simulation result in bending setup at 20km/h for impact force,
shearing displacement and bending angle of the knee

8 100 20
= Response corridor

= Simulation

@
o

€
£ —
= - ol L
E 6 é S 10
5 60 g p
S 4 g & 0 =
§ % 40 -g \_\'-\/
(o)}
£ c s L
£2 £ -
c 20 @ 10
[
<
1 1 (D 1 1
1 1 _20
0 10 20 30 0 10 20 30 0 10 20 30
Time (msec) Time (msec) Time (msec)

17 Comparison between response corridor and simulation result in shearing setup at 40km/h for impact force,
shearing displacement and bending angle of the knee
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18 Comparison between response corridor and simulation result in bending setup at 40km/h for impact force,
shearing displacement and bending angle of the knee
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Fig. 19 Kinematics of the knee joint from FE simulation in shearing setup at 40km/h
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Fig. 20 Kinematics of the knee joint from FE simulation in bending setup at 40km/h

Table 3 Injury description in shearing and bending setup at 20km/h for both experiments and simulation

Shearing setup

Knee ligament
Test case
ACL PCL LCL MCL

Simulation |

218 ]

24S

258

29S8 |

* M : Ligament rupture, [1: Experiment, [1: Simulation

Bending setup

Knee ligament
Test case
ACL PCL LCL MCL

Simulation

23B

26B

27B |

30B |

Table 4 Injury description in shearing and bending setup at 40km/h for both experiments and simulation

Shearing setup

Knee ligament
Test case
ACL PCL LCL MCL
Simulation |
1S
8S ]
16S |

* Ml : Ligament rupture, [J: Experiment, C]: Simulation

Bending setup

Knee ligament
Test case
ACL PCL LCL MCL
Simulation | | |
3B | |
6B | | | | | |
19B | |
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