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Introducing Mechatronic Technology into Ankle-Foot

Orthosis Joint

[1 Experimental gait wearing an AFO with Variable Joint Viscosity[]
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Abstract:

Ankle-foot orthoses (AFOs) are essential tools
for considerable part of patients with gait disorder.
It is obviously understood that mechanical
characteristics of an AFO joint directly effects the
wearer’s walking function. In this study aiming
to improve gait with AFOs, we have firstly
discussed about relationship between hemiplegic
ankle joints function and AFO joint charac-
teristics during gait. Then, we developed and
examined an AFO ankle joint device using
magneto-rheological fluid which rheological be-
havior could be controlled by changing intensity
of magnetic field applied. Using the prototyped
metal-upright AFO equipped this joint device
with magnet position control mechanism, two
hemiplegic volunteers participated in gait
experiments where the joint viscosity was
intended to be high immediately before heel-off to
keep dorsal flexion during swing phase, and to be
low at initial stance phase to realize smooth
foot-flat motion. The switching operations were
done with a wired manual switch by a physio-

subjects have shown little improvement in gait
with the AFO, the other indicated that realized
were stable dorsal flexion position during swing
and smooth motion during initial stance phase
when the viscosity were switched properly.
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Table 1 Properties of the MR fluid used

Properties |_ Value/Limits
Base Fluid Hydracarbon
Cperating Temperature -40°C to 130°C
Dansity 3.049 glee
Color |Dark gray
Weight Parcent Solids 51.84%

Coefficient of Thermal Expansion
[calculated values)

[Unit Wolure par *C

0l 50°C 055x 107"
50 to 100°C Esx 107
100 1o 150°C 087 x 107

Specilic Heal @ 25°C 0.80 Jig"C

Tharrmal Conductivity * @& 25°C

0.25 = 1.06 wim®C

Flash Paint

=150°C

Viscosity
Calculated for slope betweesn 800

0,08 {+/- 0.02) Pa-s.

/s and 500 U5 at 40°C
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Fig.1l (a)Resistant moment of the jointV
(b)Example of viscosity switching sequence
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Fig.2 Lateral view of the prototyped AFO
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Fig.3 A gait cycle of subject K
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Fig.4 Knee flexion angles difference with switching timing
(a) AFO joint stiffness low at heel contact (b) AFO joint stiffness high at heel contact
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