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significant differences in velocity, cadence, gait
cycle, and stride length when their study group
was compared to normal subjects. These authors
noted that the step length of the prosthetic leg
tended to be longer than that of the contralateral
leg. Breakey (1976), in studies of below-knee
amputees, reported that the stance phase of gait
was longer in the normal limb and shorter in the
amputated limb. Robinson et al. (1977) obtained
time distance and accelerometer data from
below-knee amputees. The subjects took longer
steps more quickly on their prosthetic side and the
resulting gait was described as asymmetric.
Hershler and Milner (1980) also found
asymmetry between the unaffected and the
amputated side when looking at the variation of
hip angle and knee angle throughout all phases of
gait in above-knee amputees. Skinner and
Effeney (1985) noted that this asymmetry of
motion increases the excursion of the centre of
mass during each cycle and thereby increases the
energy cost of ambulation. These kinematic
studies suggest that amputees demonstrate an
asymmetric gait pattern. However this
observation has not been verified using
quantitative methods to determine the degree of
symmetry.

Recently, Middleton et al. (1988) used lower
limb symmetry as a criterion for evaluating the
effects of a rigid ankle-foot orthosis and a hinged
ankle-foot orthosis on a spastic diplegic cerebral
palsied child. Kinematic and kinetic variables
were determined using a video acquisition system
and a Kistler force plate. Employing lower limb
angle-angle diagrams and a chain encoding
technique (Mcllwain and Jensen, 1985),
differences in lower limb symmetry while
unbraced, and in the braced conditions were
determined.

Very little quantitative biomechanical literature
is available that evaluates the mechanics of
amputee gait utilizing kinetic analyses (Cappozzo
et al., 1976; Golbranson, 1980; Lewallen et al.,
1985). The majority of this research focuses on
evaluating different prosthetic components with
regard to amputee gait (Clark and Zernicke,
1981; Hoy et al., 1982; Zernicke et al., 1985).
Winter and Sienko (1988) used sagittal plane
biomechanical and EMG analyses from eight
below-knee amputee trials to demonstrate
modified motor patterns from the residual
muscles at the hip and knee. Seven of the eight
amputee trials were with SACH feet and showed a

negligible knee moment of force during early
stance (when non-amputees show an extensor
moment), and a below normal knee moment of
force in late stance. They explain that because of
hyperactivity of the hamstrings during early
stance there is an excessive knee flexor moment
which is cancelled out by co-contracting knee
extensors at that time.

Suzuki (1972) used a force plate to measure the
three dimensional ground reaction forces on the
limb during stance phase. He found the vertical
ground reaction forces for the prosthetic and
contralateral limbs to be different in subjects with
below-knee, above-knee and hip disarticulation
amputations. The vertical ground reaction force
measured in below-knee amputees for the
prosthetic limb was lower in magnitude with a
smaller trough than the ground reaction forces
measured on the contralateral side. Oberg and
Lanshammar (1982) used a SELSPOT motion
analysis system and force plate to study amputee
gait. Knee moments and gait pattern-force vector
diagrams were reported for one above-knee
amputee. The authors noted differences between
the subject’s prosthetic and contralateral sides,
however, they were only able to conclude that this
type of analysis is valuable in evaluating amputee
gait.

Lewallen et al. (1986) have produced the only
study evaluating the development of amputee gait
in children with respect to potential long term
influences. This study compared kinematic and
kinetic parameters of a normal and amputec
paediatric population (6 amputees, 6 non-
amputees) in an attempt to determine whether the
loss of a limb segment results in increased forces
across the intact joints of the normal limb.
Quantitative analysis involved integration of
force plate and cine data, and the inverse
dynamics approach was utilized to estimate the
joint moments in the intact limb. The authors
reported that the normal leg in the child amputee
displays reduced action and forces in order to
achieve a better symmetry with the amputated leg.
Furthermore, a tendency for the intact limb to
have reduced forces involved in initial weight
acceptance on the amputated limb was noted. It
was concluded that the intact limb does not
develop increased forces in the joints as compared
with values for normals. This balance in the child
amputee was achieved through slower walking
velocity, decreased step length, and increased
double support and stance phases as compared




Subject Age Height Weight Socket Foot Gait® Amputation
(yrs) (M) (Kg) Design  Component Year Reason
Al 42 1.75 84.0 PTB® Seattle®™ Good 1973 Traumatic
A2 32 1.83 86.5 PTB Flex(® Good 1984 Traumatic
A3 32 1.68 70.0 PTB Seattle® Good 1986 Congenital
A4 32 1.68 64.5 PTB Seattle® Fair 1987 Traumatic
AS 43 1.67 73.0 PTB Seattle® Excellent 1957 Traumatic
A6 42 1.81 98.0 PTB Flex® Fair 1986 Vascular
A7 26 1.70 60.0 PTB® Seattle®™ Good 1966 Traumatic
PTB = patellar-tendon bearing
Subject Age Height Weight ® = right
(years) M) (kg) O =left

S1 177 710 (M thigh corset & external hinges

S2 24 L78 77.4 @ clinical subjective gait analysis

S3 27 1.80 81.1

S4 24 1.63 62.7
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Subject S2 S3 S4 S1 S3 S4
Right Right Right Left Left Left Left

S$1 Right 0.851 0.847 0.767 0.871 0.831 0.836 0.762
S$2 Right 0.868 0.818 0.837 0.878 0.875 0.835
$3 Right 0.792 0.840 0.869 0.897 0.776
S$4 Right 0.739 0.850 0.787 0.879
S1 Left 0.831 0.828 0.748
S2 Left 0.860 0.827
S3 Left 0.800
Subject Al1-P A2—P A3—P A4—P A5—-P A6—P A7—P
A1—C 0.806 0.768 0.825 0.711 0.788 0.763 0.791
A2—C 0.855 0.798 0.844 0.789 0.849 0.816 0.797
A3—C 0.805 0.695 0.856 0.796 0.718 0.681 0.797
A4—C 0.836 0.801 0.828 0.735 0.828 0.803 0.806
A5—C 0.863 0.846 0.813 0.753 0.858 0.837 0.821
A6—C 0.861 0.796 0.852 0.773 0.821 0.768 0.850
A7-C 0.799 0.714 0.855 0.758 0.752 0.712 0.792
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Subject A2 A3 A4 AS A6 A7
Al 0.813 0.789 0.853 0.834 0.852 0.870
A2 0.809 0.844 0.868 0.847 0.816
A3 0.776 0.771 0.811 0.875
Ad 0.848 0.842 0.840
AS 0.869 0.863
A6 0.820
Mean = 0.833 S.D. =0.032
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Subject A2 A3 A4 AS A6 A7
Al 0.798 0.812 0.765 0.846 0.802 0.875
A2 0.738 0.721 0.853 0.861 0.832
A3 0.806 0.766 0.745 0.834
A4 0.711 0.709 0.767
AS 0.857 0.874
A6 0.809

Mean = (0.799 S.D. =0.054




Subject Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Trial 6 Trial 7 Trial 8 Mean

S1 1.505 1.372 1.498 1.474 1.435 1.396 1.417 1.428 1.44
S2 1.367 1.434 1.400 1.378 1.413 1.415 1.451 1.437 1.41
S3 1.364 1434 1.524 1.451 1.537 1.535 1.529 1.446 1.48
S4 1.713 1.595 1.935 1.486 1.937 1.784 1.850 1.477 1.72
Non-amputees 1.51
Al 1.223 1.335 1.445 1.196 1.652 1.237 1.260 1.332 1.34
A2 1.442 1.524 1.525 1.551 1.595 1.648 1.510 1.448 1.53
A3 1.408 1.547 1.760 1.639 1.441 1.523 1.495 1.443 1.53
A4 1.118 1.046 1.154 1.219 1.275 1.208 1171 1151 1.17
AS 1.293 1.251 1.288 1.270 1.232 1.268 1.143 1.238 1.25
A6 1.169 1.099 1.071 1.147 1.160 1.041 1.023 1.169 111
A7 1.338 1.306 1.410 1.351 1.282 1.215 1.243 1.253 1.30

Amputees 1.32
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