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The Stress Distribution Property on the Customized
Ankle Foot Orthoses During the Gait Period

Young Chul Choi”, Kun Min Rhee” and Hwa Soon Choi”~
ABSTRACT

An ankle-foot orthosis(AFO) is a brace for persons with gait disabilities to support or replace the function of ankle
joint. Ankle-foot orthoses(AFO's) are usually prescribed to alleviate the drop-foot by constraining the excessive plantar
flexion. The shape and the strength of the AFO are often based on 'trial and error' due to a lack of knowledge of the
stress distribution in the AFQ. In this study, an improved stress-freezing method was proposed to measure the stress
distribution characteristics in the AFO. As a result, a photoelastic material with low freezing temperature was developed
to measure the stresses under a person's direct contact loading condition. The three-dimensional stress-frozen
photoelastic models of AFO's for five stages of stance phase such as heel contact, foot flat, mid stance, heel off, and toe
off were produced. The results of photoelastic analysis revealed that the stresses developed in the AFO were varied
considerably from tensile to compressive or vice versa, during walking. At the posterior part of ankle joint in the AFO,
the maximum compressive stress of 1.81MPa was observed in the mid stance, and the maximum tensile stress of
0.74MPa was observed during heel contact. The overall stress levels in the AFO's were low in the toe off phase. The
results suggested that the posterior part of ankle joint might be the most fragile part in the AFO.

Key Words : Ankle foot Orthosis (T8F2] 2.2 7]), Photo-elasticity (3 44 & §), Stress freezing method (38 &
2%)
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Fig. 1 Plastic AFOs : (A) Posterior Leaf Spring: PLS
(B) General Type AFO (C) Shoe Type AFO
(D) Allowed Knee Joint AFO (E) Insole AFO
(F) Specimen AFO for This Study
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Table 1 The Physical Property of Photo-elastic Material
(epoxy T-01) & Polypropylene
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Stress (this study) (Borg-Warner
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Fig. 2 Sensitivity of Photo-elasticity —Material
Development of This Study [N]: Load
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Fig. 3 Developmental Process of Experimental Model
(A) Silicon Mould for Molding (B) The Division
of Mould (C) The Completion of Models
@ T-01 Epoxy Model @ Polypropylene
Specimen AFO
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Fig. 4 Heating Temperature & Cooling Cycle for Freezing
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Fig. 7 Flange Patterns of Photo-¢lasticity at Foot Flat
Position
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Fig. 8 Flange Patterns of Photo-elasticity at Mid Stance
Position
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Fig. 9 Flange Patterns of Photo-elasticity at Terminal
Stance Position
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Fig. 10 Flange Patterns of Photo-elasticity at Pre-swing
Position
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Table 2 Photo-Elasticity Flange Order & Stress
Measurement in This Study
Heel Foot Mid Heel Toe off

Contact flat stance off

Thi N N N N N

26 10 03 0 0 32 -2 -2 045 10 -037

30 0 0 23 075 2 072 28 0R 26 085

20 15 074 15 074 37 -181 15 04 10 049

18 23 125 15 0% 15 0 10 04 05 027

25 10 039 10 0% 37 445 15 088 10 039

om-&ww»—a

30 0 0 21 08 20 065 25 08 -5 049

PN. : Point Numbers, Thi. : Thickness [mm],
N :Flange Order, : Stress [Mpa}

o tmm]

|
|

Posltion 1 2 3 4 5 6
Thickness 2.6 3.0 2.4 1.8 2.5 3.0

Fig. 11 Location of Measuring Point Numbers &
Thickness
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Fig. 12 Comparison of Every Stance Phase & Maximum
Flange Orders of Photo-elasticity (A) Every
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Using Photo-elasticity
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Table 3 Comparison of Maximum Stress Value
(this study result & Chu etc.'s study result)

. Maximum
Stance Maximum
. Stress Stress  Value
Phase Stress Point [MPa)
@ MCS 125
This - - -
study @,® MTS,MCS 0.38,0.39
Heel ® MTS 0.74
Contact HEAFE  MCS 0.12
Chu HEXNZFY MCS 1.56
et. TEHE H  MTS 0.14
EEY MCS 0.52
@ MCS 0.82
This - - -
Foot flat study @, ® MTS,MCS 0,039
® MTS 0.74
Chu
et. ) . i
MCS 0.82
This - - -
Mid study @, ® MCSMTS 12,145
stance &) MCS 1.81
Chu
et. ) ) )
@ MTS 0.54
This - - -
Heel off study O, ® MCS, MTS 0.45,0.58
©) MTS 0.74
Chu
et. ) ) )
This @ MTS 0.27
study .6 MCS, MTS 0.37,0.39
® MCS 0.49
Toe off HEAFHE  MTS 0.7
Chu HIEAFY MCS 0.74
et. gEuE H MTS 0.8
a=ieat] MCS 0.79

MTS : Maximum Tensile Stress,

MCS : Maximum Compressive Stress
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