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Abstract

In this study, a stress analysis is made for an ankle foot orthosis (AFO) in the view point of
structural stability. The investigated AFO is a solid and standard type. To analyze the stress distribution
on the neck of AFO, the maximum AFO angular translation data is obtained by gait analysis. The
material test of polypropylene is made to obtain the mechanical properties of AFO. The maximum
dorsiflexion appears at the midstance in the gait analysis. The experimental angular translation at the
top of AFO is about 10.3° at mid stance. Three models of AFO with different width of neck are
made and analyzed with ABAQUS 6.1. The stress levels and distributions of 3 different width(W,,
W=0.85W;, W;=0.60W;) AFO are investigated. As a result, the standard type(W)) appears to the
maximum stresses at the medial edge of cutout area surrounding ankle joint. The maximum stresses of
the narrower type(W2) are occured on medial edge and center of ankle. The narrowest type(Ws)
appears to the maximum stresses at center of ankle. The maximum stresses become smaller as ankle
width of AFO is narrower.
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Fig. 2 Photograph of ankle-foot orthosis (AFO)
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(a) dimensions of specimen

(b) shape of specimen

Fig. 3 Dimensions and shape of tensile specimen

Fig. 4 Experimental system of tensile test
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Table 1 Mechanical properties of polypropylene by
present test and references

Present test | References"”
Tensile modulus
1.07 1.032 ~1.720
(GPa)
Poisson's ratio 0.30 -
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Fig. 5 Stress-strain curve of polypropylene by
tensile test

7R HolEE fasrsid AHgstn 1 o
= A axgoz AL 74 Jte AA
H7He 73 Aoz 2ALEE ol A
2 SR AE o] e AEdA)

2 o b

22 B8 B4 MY

22.1 28 2M AMH dY

HF3(standard type) AFOZ 8433 RIP3
£ w9 AFO A%FS ¥otB7] Y3 A% 153cm,
AF 46kgd 200] oJAelw HuhH] FAdo] gl
AAQNE ez dut Bydl 2]F AFOY W
g A3

AFOY WE L2 Fig. 6(a)st &2 334 537 ¥
A A 28(Vicon140, OxpordAhE& o] &3td 3
3Rk o] FAE AYLE #AT F U= 44
o) Al o] gl FFoiAM Y o9 93
@Y 4A)E 24T 5 Ue A2y FH
X (accuracy)= 0.001°]t}, B3 42 Fig. 6(b)st
zo] HYHE whalste 479 wAMI~-MA7}
225 AFOE A PA7t 283 oA B3
s A|2E gilA e niA Q] YAt Hed T}
HeE 3 S4d9d



10 olg 4 - A7

M3 M4

(a) 3-dimensional motion (b) positions
of markers
on AFO

Fig. 6 Equipment of motion analysis

analysis system
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Fig. 7 Definition of dorsiflexion and plantarflexion
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Fig. 8 Dorsiflexion and plantarflexion of ankle

during gait

Table 2 Ankle flexion, extension angle(® ) with

AFO
Value
Angle MEAN SD C.V.
Initial Angle [A] 78.4 2.07 0.03
Initial Dorsiflexion
‘Angle [B] 68.7 1.98 0.03
Initial Plantarflexion
Angle [C] 83.8 2.03 0.02
Heel strike Angle [D] 77.3 3.35 0.04
Maximum Plantarflexion
Angle [E] 81.9 1.65 0.02
Maximum Dorsiflexion
Angle [F) 68.1 2.53 0.04
Plantarflexion Angle [G]| 83.1 1.53 0.01
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(b) case 2
Fig. 9 Finite element model of AFO with three
widths (W1, W2=0.85W1, W3=0.60W1)
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Table 3 Stress-Strain relation for FE analysis

Classification Strain Stress

Division (MPa)
1 0.01682 18.00

2 0.02869 22.89

3 0.04056 25.35

4 0.05243 26.70

5 0.06430 27.54

6 0.07617 28.09

7 0.08804 28.37
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