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Fig.1 FE model of lower extremity at seated posture
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Table 1 Material parameters of lower extremity

Density/

Elasticmodulg

Poisson’s  Yieldstresg Failure

Material ~ Regions ] ) References
(kg-m3) GPa ratio GPa strain
femur shaft 2000 15.4 0.3 0.120 0.017  [5,27-28]
cortical  tibia shaft 2000 18.4 0.3 0.135 0.023 [5-6]
bone metaphysegpatella 2000 12.0 0.3 0.115 0.02 [9]
eplph){seal 2000 6.0 0.3 0.080 0.02 [29]
surfacicbone
pelvis 2000 15.3 0.3 0.120 0.017 [30]
femoral head 1200 0.9 0.33 0.0093 0.134 [7]
trabecular femoral neck 1200 0.616 0.33 0.006 6 0.134 [7]
bone intertrochanteric 1100 0.263 0.33 0.0037 0.134 [7]
tibig/ fibulg/ patella 1100 0.445 0.33 0.0056 0.134 [31]
pelvis 1100 0.336 0.33 0.0053 0.134 [30]
art|c.:ular condyle/ patellgfemoral 1800 0.045 0.40 0.003 0.2 [32-33]
cartilage  headacetabulum
tendon quadriceps 1200 0.643 04 0.06 0.135 [27, 34]
meniscus  knee 1500 0.25 0.3 — — [35]
skin lower extremity 1200 0.001 0.3 — — 9]
hip joint capsule 1200 0.12 04 0.006 1 0.08 [36]
ligaments  colateral ligaments bulk modulus : 375 GPa,; gro.und su.bstance ProPerties :
cruciate ligaments 1200 (?1 : 7.8.5 MEa;cz : 0 MPa; anisotropic properties inthe  [37-39]
fiber directioncs : 0.25 MPaics : 60.4;cs : 307.5 MPa
bulk modulus : 22 MPa; short time shear modulus :
fresh lower extremity 1000 0.701 MPa;long time shear modulus.284 MPa; [40]

decay constant : 100%
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Fig.2 Setting up of three-point dynamic bending test
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Fig.3 Femur dynamic 3-point bending simulation results against

test results
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Fig.4 Setting up of axial impact on knee-thigh complex test
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Fig.5 Comparison between the test results and simulation output
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Fig. 7 Boundary of femur in impact and cross-section of femur
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Table 2 Femoral fracture under axial compression-bending loading

Bending momenMg/Nm

Loading
0 100 200 400 600 676
axial compressiofr/kN 8.7 8.0 7.2 4.3 1.1 0
maximum bending moment b
_XI Y _I 9 y 323.8 327.6 312.6 191.8 48.2 0
axial compressiofNm
maximum deformation ity directiofmm 11.6 15.2 17.9 18.5 18.9 18.6
i f
distance l.)etween racture and femoral neck femoral neck 171 171 160.9 134.9
femoral distalmm
i bendi t at
m.ammum en |n.g moment a o o 381 388 408 443
failure cross sectiofiNm
maximum bending moment
296 285 239 149 74 63

at femoral neckNm
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Fig.8 Von Mises stress distribution undeftdrential loading condition (unit: GPa)
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AN INVESTIGATION OF BIOMECHANICAL MECHANISMS OF OCCUPANT FEMUR
INJURIES UNDER COMPRESSION-BENDING LOAD ¥

Jiang Xiaoqing Yang Jikuang"? Wang Bingyu* Zhang Weigang
*( State Key Laboratory of Advanced Design and Manufacturing for Vehicle ,Bldyan University Changshat10082 Ching)
(Department of Applied MechanicsChalmers University of TechnologyGothenburgd1296, Swedeh

Abstract Occupant femur fractures occur frequently under compression-bending load in the frontal crashes of passenge
cars. In order to explore the injury mechanisms and tolerances of occufamtsr in this load condition, a finite element
model of the lower extremity in the sitting posture was developed based on the anatomy of a 50th percentile male. Ther
the model was validated against two types of cadaver tests, including three-point dynamic bending test of the femur anc
the axial impact test on the knee-thigh complex. A study of femur fractures under compression-bending load has beet
carried out using an analytical model of the curved beam. Furthermore, six virtual tests were conducted using the validate
finite element model. The results show that the location of bone fractures and the tolerance of the femur depend on botl
bending load and axial compression. With the increasing preload of the bending moment from 0 to 676 Nm, the femur
fracture location was shift from the femoral neck to the shaft. Regarding the tests with fractures occurring in the femoral
neck, the tolerance of the femur is between 285 and 296 Nm. For the other tests with fractures located in the femoral shaf
the tolerance of the femur is between 381 and 443 Nm. The results indicated that the femur fractures always occurred &
the femoral neck in axial impact tests on the knee-thigh complex, but in real world car frontal impacts the femoral shaft
fractures can be observed frequently.

Key words car frontal impact biomechanics occupant femur fracturesnjury mechanism finite element methods
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