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Test apparatus for the measurement of the flexibility of
ankle-foot orthoses in planes other than the loaded plane
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Abstract

Previous publications have reported on the
flexibility ol ankle-foot orthoses {AFQ) only in
the same plane as the applied load. This paper
reports on a lest apparatus developed to detect
the lexibility of an AFO in 5 degrees of freedom
when subjected to a plantar/dorsiflexion
moment, a medial/lateral moment or a torque, A
moment applied to an AFO in one plane induces
angulation and translation in ail planes.

Introduction

This work stems from an interest in relating
the resulls of clinical evaluations of AFQs by
Raschke (1997) o defined mechanical
behaviours of the prescribed ankle joints.

It was observed that AFO cross-coupled
delormation effects {motion in planes other than
the applied planc) may be influential upon the
clinical outcome. Raschke (1997) noted that by
selecting a pair of ankle joints with different
stiffness characteristics, the orthotic prescription
may be more appropriate in matching the
patient’s requirements, One of the authors has
observed that reinforcing an AFO  with
extremely sUff carbon fibre may produce a
superior eftfect to a typical thermoplastic AFQ as
far as improved pain relief is concerned. This
may be due to a reduction in cross-coupled
deformation cffects.

Rubin and Dixon (1973), Condie aund
Meadows (1977). Clark and Lunsford (1978)
and Miyazaki et al. (1993) have reported on the
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dorsal/plantar  flexibility of AFOs when
subjected o dorsi/plantarflexion  moments.
Chowaniee (1983) reported that when an AFQ
was subjected to an inversion or eversion
moment, load cells detected an apparent
dorsi/plantarflexion  moment,  Chowunice
commented that this was more noticeable with
an cversion moment but that applying a
dorsifplantarflexion moment did not create
significant cross-coupled cffects. Ward (1987)
refined to the test rig developed by Chowaniec
but did not investigate cross-coupled effects
Golay er al. (1989) studied the effect of
malleolar prominence on the flexibility of
polypropylenc AFQOs in dorsiflexion. Lunsford
er al. (1994) reported on the dorsal/plantar
flexibility of AFOs subjected to cyclic
dorsi/plantarflexion moments and commented
on the effect of the variation in wall thickness of
manually draped AFOs. Sumiya er al. (1996)
reported on the variation of dorsal/plantar
flexibility of AFOs with different trimlines when
subjected to dorsi/plantarflexion moments.
Yamamoto er al. (1993) studied the dorsal
plantar flexibility ol AFQs when subjected to
dorsal/plantartlexion moments and also the
inversion/eversion flexibility of AFOs when
subjected to inversion/eversion moments,

This  paper reports on  mechanical
measurement system to monitor 5 degrees of
freedom and therchy quantify cross-coupled
deformation in AFQs.

The motion of a solid body in a space may be
identified as the combined cffcer of three lincar
(translation) and three rotational (angulation)
degrees of freedom in any three-dimensional co-
ordinate system. The normal ankle joint system,
consisting of several identifiable axes, provides
mobility of one “solid™ body, the foot, in relation
to another solid body, the lower leg.
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M = Suspended mass

g = Gravilational acceleration
F = Gravitational force

Fs = Cable tension

E!L = Applied moment
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not correlate exactly with previous studies due o
variations in the loading apparatus and the
contact area of the AFQO with the buse plate of
the test apparatus and the enclosed “calf model”.
The other graphs in Figures 6, 7 and B illustrate
the extent of angular cross-coupled deformation
displayed by this particular AFO.

Figure 6 graph (c) illustrates that when
subjected to dossiflexion moments the AFO
brim rotated internally relative to the soleplate .
Likewise applied plantarflexion moments were
accompanied by an exiernal rotation of the AFQ
brim relative to the soleplate. The magnitudes of
the cross-coupled rotations were approximately
half that of the magnitude of the
plantar/dorsiflexions. Figure 6 graph (b)
illustrates that cross-coupled deformations in the
frontal plane were sigonificantly less but did
follow a similar pattern.

Iigure 7 graph (c¢) illustrates that when
subjected o eversion (latcral bending) moments
thc AFO brim rotaled externally relative to the
solcplate. Applied inversion (medial bending)
moiments were accompanied by less internal
rotation of the AFO brim. The magnitudes of the
rotations  were similar to the degree of
eversion/inversion produced by the loading
condition. Figure 7 graph (b) illustrates that
cross-coupled deformations in the sagittal plane
werc significantly less bul did follow a similar
pattern. Figure 8 graphs (b) and {¢) illustraie that
when subjected to external/internal torques the
cross-coupled delormations in the sagittal and
frontal planc were significantly less as also were
the magnitudes of the applied torques which as
previously indicated were representative of
those encountered during gait.

Figures 9, 10 and Il illustratc that when
subjected to moments in any of the 3 planes
mediolateral translation of the AFQ was the
most prominent translation. When subjected to
dorsiflexion moments as in Figure 9 graph (a)
the magnitude of the anterior translation at ankle
joint level was greater than that of the posterior
translation when subjected to plantarflexion
moements, Figure 9 graph (b) displays large
mediolateral  translations  with  applied
plantar/dorsiflexion momenis. When the AFQ
was subjected to eversion (lateral bending)
moments as in Figure 10 graph (b) the
magoitude of the lateral translation at ankle joint
level was greater than the magnitude of the
medial translation when the AFO was subjected

to inversion moments. Figure 10 graph (a)
illustrates  corresponding  anteroposterior
translations when the AFO wuas subjected to
inversion/eversion moments. When the AFO
was subjected to internal torques as in Figure 11
graph (a) the magoitude of the anterior
translation at ankle joint level was greater than
the posterior translation which resulted when the
AFO was subjected to externat torques. Figure
11 graph (b) illustrates larger corresponding
mediolateral wranslations when the AFO was
subjected to internal/external torques.

The asymmetric trimlines of the medial and
lateral foot section of the soleplate of the AFO
would influence the cross-coupled deformation
displayed. The polypropylene AFO  was
manually draped and vacuum (ormed. There
would be some resulting inconsistency in wall
thickness of the AFFO which would intluence
some cross-coupled deformation  effects.
Examination of asymmetric trimlines and
variation in wall thickness will be investigated
and reported in future studies.

In this test apparatus the motion of the AFO
has been studied with a moment being applied in
a single plane. In clinical practice the AFO may
be subjected Lo combinations ol all 3 moments at
any instant. These combinations of moments
may influence cruss-coupled deformation
cttects,

Measurement of the sixth degree of freedom,
the proximal/distal wanslation, is not pessible
with this test rig, unless a further reference plate
and further gauges were added. If the calf is
pivoting about its lung axis, which may differ
from the instantaneous AFO axis, related
proximal/distal translation will occur between
the calf and thc AFQ. The recorded gauge
movements  allow  estimation of  the
instantaneous AFQ axis, to predict this relative
transtation (not presented in this paper).

Conclusions

This test apparatus provides a protocol for
applying moments in three planes and recording
reproducible angulations and translations wich 5
degrees of freedom.

When subjected to moments in the sagittal or
frontal plane, rotation is the prominent cross-
coupled deformation. When subjected to torques
there is no prominent cross-coupled
detormation.
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