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of the two values times 100%, where perfect
symmetry was given by 81 = 0%. Asymmetries
for 12 variables, extracted from the vertical
force curves of 62 men and women were all
within +4%, with standard deviations ranging
from +2.0% to +41.3% (Herzog er al., 1989).
Variables derived form the anteroposterior and
mediolateral force curves exhibited greater
asymmetries. These data suggest that there are
slight asymmetries inherent even in normal gait.
However, the magnitudes of asymmetry
reported differed for diffcrent variables,
suggesting that asymmetry is not a universal
quality of gait, but is dependent upon the
particular variable being measured.

Symmetry is an issue in the gait of amputees
because of the unnatural asymmetry imposed on
the biomechanical system by the prosthesis
(Winter and Sienko, 1988). The most prominent
asymmetrics found in amputee gait have
involved shortened stance timcs (Breakey,
1976; Cheung et al., 1983; Skinner and Effeney,
1983, Seliktar and Mizrahi, 1986; Baker and
Hewison, 1990) and decreased ground reaction
forces (Skinner and Effeney, 1985; Seliktar and
Mizrahi, 1986; Baker and Hewison, 1990) for
the prosthetic limb compared to the natural
limb. Most studies in the literature have focused
on the qualitative description of gait
asymmetries (Skinnner and Effeney, 1983), or
quantitative measures based on raw differences
(Breakey, 1976; Skinner and Effeney, 1985;
Cheung ef al., 1983; Baker and Hewison. 1990},
or ratios (Seliktar and Mizrahi, 1986) of values
recorded for each limb. Lack of plantar flexion,
and normal ankle motion has been described as
the primary causc of most amputce gait
deviations, including asymmetrical gait timing,
knee joint motions, and increased muscle
activities in both amputated and contralateral
limbs (Breakey, 1976; Winter and Sienko,
1988). Loss of normal neuromuscular control
and proprioceptive feedback functions have
been cited as the major causes of the increased
variability in gait timing between normal and
amputee subjects (Zahedi er al., 1987).

Cheung e af. {1983), reported that raw
differences in total support times for four TT
amputee patients decreased from 5.7% to 3.5%
of the total stride time after six weeks of gait
training. Similar results were reported by Baker
and Hewison (1990) for asymmetrics in single
support times of twenty unilateral amputee

subjects, indicating that these inherent guit
asymmetries can be reduced with training. Bach
et al. (1994) tested a computer simulation which
adjusted incrtial loading and mass distributions
in the prostheses of five trans-fernoral amputec
patients in order to maximise swing phase
symmetry. Siguificantly greater swing phase
symmetry, reduced oxygen consumption, and
increased subjective ratings were found for
subjects wearing the symmetry optimised
prostheses. These results support the idea that
improved gait symmetry, at least for certain
variables, is related to reduced energy
expenditure, and is therefore an appropriate
goal in rehabilitation.

Biofeedback techniques have been used in a
variety of areas involving gait rehabilitation,
Systems have been built which provide
quantitative feedback of temporal (Hirokawa
and Matsumura, 1989), kinematic (Femnie ef al.,
1978), kinetic (Gapsis et al., 1982), or EMG
information (Colborne and Olney, 1990), or a
combination of these. Such feedback is usually
auditory (Fernie et al., 1978) or visual in nature,
or both (Hirokawa and Matsumura, 1989,
Colborne and Olney, 1990). Gapsis ef al. (1982)
reporled the use of a device (the Limb Load
Monitor, or LLM) designed to provide auditory
feedback of weight bearing information. The
authors studied the rchabililation outcomes of
ten subjects with different gait disabilities using
the LLM device comparcd with ten subjccts
matched for age and diagnosis who did not. The
group of patients who used the LLM reached
their goals in a significantly shorter period of
time than did the control group (7.3+3.0 days
versus 13.6+5.8 days, p<0.001) (Gapsis et al.,
1982). The same device was later used by
Gauthier-Gagnon et al. {1986) Lo assist a group
of TT amputees in carly balance lraining. These
studies demonstrate that bioleedback can be
used to improve rchabilitation cutcome.

The purpose of the rescarch rcported here
was to evaluate a newly developed system for
assessing and providing feedback of gait
symmetry informaltion in real time to subjects
walking on a motorised treadmill. The system
involved the use of 4 specially designed device
(the “CCF Trecadmill™) with two force plates
mounted under the treadmill beli (Dingwell and
Davis, 1995), The CCF Treadmil] was used to
compare various parameters of gait symmetry
between two groups of normal and TT amputee
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were not necessarily reflected in improved
symmetry for other parameters of gait. The TT
ampuiee subjects may have in fact altered their
gait patterns to decrease one form of asymmetry
by increasing other asymmetries., No known
study to date has adequately addressed the
questions of how asymmetries measured for
different variables are related, or what
magnitudes of asymmetry for any of these
parameters are neccssary to adversely affect
gait. In this respect, for future studies trving to
use such RTVF to improve rehabilitation
outcome, it would be advantageous to identify
those specific variables for which attaining a
more symmetrical gail would have the greatest
conseguence for long term benefit.

The results in Table 3 show that asymmetries
in the gait patterns for all three feedback
variables were significantly reduced after
subjects trained with RTVF. These results
demonsirate that subjects have the ability o
manipulate their walking patterns based on the
visual feedback information being given. The
subjects of Cheung et al. (1983) showed a
reduction in asymmetry of percent stance time
from +3.7% to +2.4% after six weeks of gait
training, a 35% change in asymmetry. Subjects
from the current study showed percent times of
+7.03% and +5.18% before and after visual
feedback training, and effective reduction in
asymmetry of 26% in only five minutes. These
results, although encouraging, must be
interpreted  with caution for two primary
reasons; it is not yet known whether subjects
would be able to maintain these decreased
asymmetries in the absence of visual feedback,
and it is also not yet clear that these controlled
changes in gait symmetry would result in long-
term learning of a more symmetrical gait
pattern. Since the primary goal of this project
was to determine if amputee subjects could
respond positively to RTVE, and since this was
shown to be the case, the questions of long term
gait training effects are lefi to future research,

Conclusions

The primary objectives of the current study
wete  to evaluate the gait asymmetry
characteristics of a group of normal subjects
compared 10 a group of TT amputee subjects,
and to evaluate the cffectiveness of giving TT
amputee patients RTVF training of gait
symmetry information. The normal subjects

studied did not demonstrate significantly
asymmetrical gait patterns though small
asymmetries were rccorded. The asymmetries
measured in TT amputee gait patterns were
greater than those of normal subjects, and
agreed  qualitatively  with  asymmetries
previously reported in the literatore (Breakey,
1976; Cheung er al., 1983; Seliktar and Mizraha,
1986; Baker and Hewison, 1990), These
increases in gait asymmetry arc most likely due
to the mechanical asymmetries imposed by the
prosthesis (Winter and Sienko, 1988) and the
loss of normal necuromuscular control and
proprioceptive feedback in the amputated limb
(Zahedi ef al., 1987). RTVF training was shown
to be an effective means of producing
significant short term reductions in the gait
asymmetries of these amputee subjects.

Quantifying asymmetries in amputee gail
patterns as they relate to normal subjects is the
first step in trying to define what degree of
asymmetry is acceptable, or dcsirable in
patients’ gait patterns during the rchabilitation
process. Devices such as the CCF Treadmill can
be useful tools both for defining and
quantifying rehabilitation targets, and for
measuring patients’ progress towards those
targets over a period of time. The results of this
study should be taken as encouraging, but
further study of gail asymmetrics needs to be
conducted in two areas; first, to identify and
define the relationships between asymmetries
measured for different variables and their
functional relationship to the process of
ambulation, and second, to detcrmine the long
term rehabilitation benefits of gait retraining
with RTVF.

Appendix

Single support time asymmetries (Slger)
were quantified to determine the effects of
different feedback modes on a gait parameter
not directly associated with the [leedback.
Although SIger and Sl ¢ were shown to be
strongly related, they were different variables in
that Slggr omitted the duration of double
support. If the gait cycle for a given snbject was
1 second long, with (.62 and (.58 seconds spent
in total support on the sound and prosthetic
limbs, respectively, and if the duration of
double support were 0.1 seconds, the
calculations of Slget and Slger (from equation
4) wouid produce the following results:
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