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Development of Femoral Bone Model of Human Body for Simulation of Side Falls
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(Ji Su Park - Sang-Mo Koo - Choong Hyun Kim)

Abstract — Due to the increasing needs of anti—fall device for elderly, it is required to develop the test rigs for fall
simulation. The femoral bone model consists of silicone and steel is used as an effective device to simulate falls. In this
work, we propose five different femoral bone models and analyse them by using a commercial FEA tool. It has been
shown that two kinds of simplified models exhibit the simulated side falls with an error range of “1% in the impact load
of femoral neck compared with full model. Especially, the upper tissue model is found to provide us with the best
efficient test environment, attributable to its simple structure.

Key Words : Falls, Femoral bone model, Impact load, Femoral neck, FEA(Finite-Element Analysis)
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Table 1 Specification of the femoral bone model

Parameter Value
Femoral head offset [mm] 41.1
Femoral head diameter [mm] 49.9
Femoral head position [mm)] 54.0
Mediolateral extracortical width [mm] 28.0
Neck-shaft angle [°] 126.2
Anteversion angle [°] 18.0
Q-angle [°] 17.0
Hip circumference [mm] 950.0
Thigh circumference [mm] 540.0
Mass

Femoral Bone

Base plate /
0.000 0.100 0.200 (m) .
[ S Se—
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Fig. 2 FEA model of femoral bone
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Table 2 Results of the FEA

Model type|  Non- Molded Vertical tissue Cover Upper tissue
Thick. of tissue [mm]| tssue tissue 16 20 24 tissue 20 24 28

Impact force [ N | 7,887 6,620 6,832 6,615 6,307 6,570 6,495 6,370 6,240
Femoral neck shear force [ N | 5,515 4,482 4,692 4,529 4,390 4,862 4,871 4,714 4,563
Peak time [ ms | 15 18 17 17 18 16 18 20 21

Impact load - -16.06% | -13.38% | -16.13% | -20.03% | -16.70% | -17.65% | -19.23% | -20.88%
Attenuation [%]

Shear force - -1873% | -14.92% | -17.88% | -20.40% | -11.84% | -11.68% | -14.52% | -17.26%

22 8% 2 A=A

HE RddAe “3194 wygduces dgdEe $485
ol Tastn= M, A48 EE nlgI(base plate) &
Aol % %(Steel)._ wWoFele] A Axz2 de

FZ(Dragon Skin AlO).‘li z+7y BAFSEIYE dEH ST
(femoral head)®} HEF3IE HEoAe vlungxs 383
o nEAEE 0062 HgsdrHb]l £33 QEIFS AR
= A A H(support) = BRI A o] BE ko]
ARSI BAE A e Ao JHAgE

23 AU B
gEE dAKGDE dEis 95olE ddss 9
24 G ol HeloA wAAE SHoln =

W WAl FA8E0l o] GTell 7hsiA A |tk Abgre]
FEEE 3.0:1.0m/s RS olM[514-16]. o w IA AxZ
o] FH3kE dUAE 2847600] FFl U=

2 dAFoAE GT ¢ Ax4ol Fig. 29 #Zo] AE
100mm<e] 10kg#2] Y& AFA7F 35m/s9 =2 Y3
St A 61.25]9] AUAE tE R A= Aoz 7HA 3
3 A S et

AAS FalA diEHze] nAHEHE MY utE e ddy
= 4385 (impact force)¥} WEE ZFolA WA= A
@3} (femoral neck shear force)e ZZ 1zsta AzxZ

T hE FAFFES vwsdn,

]

2.4 sioqZ 3 nl

4251 Table 29 Fig, 49 HERASIE, ole] e
AzAo] gl A% Ul o FAskz UHB 7
¥ oAdddee A7 788N 5,515N5L§ et o

molded tissue model®] %ol 6,620N3} 4482N o 2 A Z+

7 160695 1873%9] S5 a4 47t BAH] Azl A
L FARFES BT 5+ AUt

Table 20 A4 vertical tissue modelS R GT $1%
2 FAZE 20mmel A E =] T4 uEHE A
Astsol Z+2 6616NF 4529N°C. 24 molded tissue
model®] 79} vl & w 27 -0.08%%F 1.05%9] <
A5 HAFa ) o= GT 9 AxA FAZ 543t
o} vertical tissue model®} molded tissue model®] 72
TG FAFTES ML des I =k

T N

958

9000
O Impact force [N]
= Femoral Neck Shear Force [N]

8000 —

7000

6000 -

5000 -

14000

3000

2000

1000 -

24 mm 20 mm 24 mm 28 mm

vertical tissue cover tissue, upper tissue

O3 4 &= 220 E HHotE5n HE=HF H™Etst
Fo| ¥zt

Fig. 4 Variation of impact load and femoral neck shear
force with the type of femoral bone models.
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Impact force [N ]
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Flesh Thickness [ mm ]
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Fig. 5 Impact force history for three cases of trochanteric
soft tissue thickness (=16, 20, 24mm) variations
under same impact energy of 61.25J for vertical

tissue model.
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