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Abstract

Normal gait is characterised by a high level
of inter-leg symmetry of gait parameters.
Therefore, efforts in rehabilitation of amputees
are directed at the construction of a prosthesis
which provides normal leg function and allows
a more symmetrical gait. Analysis of the gait of
trans-tibial amputees was performed when they
were ambulating at their own freely selected
speed and at 2 faster speed. The effect of speed
on selected gait parameters in each leg was
evaluated and the influence on symmetry
established by comparing the inter-leg changes
for each of the selected parameters. The faster
gait trail affected significantly all temporal and
distance parameters in both legs but not the
level of symmetry between legs. At the faster
speed, the hip angles at heel-strike and during
swing and the knee angle during load response,
in the normal leg, and the knee angle during
swing in the amputated leg, all increased
significantly. Speed of gait significantly
affected symmetry between knce angles as
reflected by the increased differences measured
during load response (from 2.62 £5.2 to 7.06
+4.2 degrees) and during toe-off (from 1.80
+74 to 950 £9.1 degrees). Timing and
sequence of selected gait events, as related to
stride time, were not significantly affected by
speed of gait. These results might contribute to
a better understanding of gait characteristics in
trans-tibial amputees and provide design
guidance for prosthetic components.
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Introduction

Gait is a complex process which differs
between individuals and also from step to step
in any individual. Normal gait is characterised
by almost identical movements performed by
both lower limbs with only small differences in
kinematic and kinetic parameters. Symmetry of
gait can be measurcd by different methods and
can be reflected through various gait
parameters.

Temporal and/or distance variables have been
used to identify symmetry of gait in amputees
and the literature suggests that ampulees
demonstrate  asymmetrical gait  paiterns.
Duration of stance time on the prosthetic and
normal legs have been measured and symmetry
defined as the difference, in seconds, between
both legs. At the final stage of prosthetic
rehabilitation, an asymmetry of 0.02 second
between stance phases has been measured
(Baker and Hewison, 1990). In other studies it
was noted that during amputee gait, step-length
performed with the normal leg was shorter and
accomplished in less time (Robinson et al,
1977), and stance time was longer on the
normal leg than on the opposite leg (Breakey,
1976). Symmetry of gait has been evaluated
also by comparing the ground reaction forces
measured in both limbs by means of double
force-plates (Isakov ef al., 1992). In that study,
complete symmetry between limbs was
considered to reflect a state where the acting
forces are of equal magnitude in cach leg. In
trans-tibial amputees with optimally fitted
prostheses, asymmetry of mediolateral forces
was measured as 1.6%, of anteroposterior forces
15%, and of vertical forces 6.9%, Another
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method to establish symmetry of gait was based
on bilateral leg/thigh angle-angle measurements
(Hurley et al., 1990). An estimate of congruity
between two angle-angle configurations was
obtained and a caleulated recognition
coefficient served as the criterion for intercurve
comparisons expressing degree of symmetry.
The mean symmctry obtaincd for trans-tibial
amputees was 0.802 +0.044 while lower limb
mean symmetry in normals was 0.881 £0.011.
Symmetry of temporal and distance parameters
was measured also in normals during gait with
three speeds; slow, free/comfortable, and fast.
Symmetry was determined by the use of
equations where results obtained in the left leg
were divided by those of the right leg
(Hirokawa, 1989). During free speed, the
highest value of symmetry was obtained for
step length, 0.98, for stance time, .96, for step
width, 0.93, for double limb support, 0.90, and
foot angle, 0.74. When comparing slow and fast
speeds, it was noted that symmetry of gait
became higher when speed increased. However
subjects who had the highest symmetry for onc
parameter did not always show high values for
all others,

Gait symmetry evaluation can be applied to
the process of prosthetic rehabilitation and used
for different purposes. Gait symmeltry has been
monitored during the rehabilitation period to
evaluate rate of progress. Baker and Hewison
(1990) showed that symmetry in stance time
improved by comparing results obtained at the
initial and final stages of rehabilitation. Gait
symmetry was also used to evaluate the
contribution of better stability of the stump-
socket complex to the quality of gait (Isakov ef
al., 1992). In that study a Swedish knee cage
was attached to a patellar-tendon-bearing
prosthesis for trans-tibial amputees with very
short stumps. The obtained improvement in
stability was reflected in increased symmetry in
stance duration and ground reaction forces
measured in both limbs, Symmetry of temporal
and kinematic gait paramcters (Boonstra et af.,
1993) and clectromyographic activity (Culham
et al., 1986) havc been used to evaluate the
cffect on gait of different prosthetic components.

Evaluation of lower limb symmetry may
coniribute (o a better understanding of factors
interfering with normal patterns of gait in trans-
tibial amputees. Therefore, this study was
directed to investigate gait characteristics of two

different speeds in trans-tibial amputees and the
influence of speed on symunetry of selected gait
parameiers obtained.

Suhjects

Fourteen trans-tibial amputees (3 women and
11 men) volunteered to participate in the
present study. The subjects’ mean age was 40.5
+12.7 vyears, (range; 27 to 05 years).
Amputation was performed on the right lower
limb in 5 subjects and on the left in 9 subjects.
Twelve amputations were a result of trauma,
one was due to thrombosis, and one due to
peripheral arterial discase.

The mean time elapscd from amputation to
the reported test was 16.9 £14.6 years (range; 3
to 46 years). The mean time for receiving the
first prosthesis was 5.2 +4.1 month (range; from
one to 18 months). Nine prostheses were
patellar-tendon-bearing, and five were patellar-
tendon-supracondylar prostheses and all had a
solid-ankle-cushion-heel foot. All subjects were
excellent walkers who used their prostheses on
a regular basis and were conducting an active
normal family life. Subjects walking distance at
free speed ranged from 0.5 to 10 km with mean
distance of 3.14 £1.4 km.

Methods

Subjects underwent two tests; first while
walking at their own comfortable frec speed and
then when asked to walk at a faster speed. In
one subject only the first test was performed.
Before testing, all subjects were assessed by a
prosthetist to ensure optimal fit and function of
the prosthesis. None of the subjects had stump
problems (blisters, sores, swelling, pain etc.) cn
the testing session. Al subjects were lested
ambulating with no supporting aids. The
following gait parameters were measurcd;
temporal parameters of stance, swing, double-
limb support, step time and length. Hip joint
angle was measured at heel-strike (1), at peak
stance extension (2), at toe-off (3), and at peak
swing flexion (4). Knee joint angle was
measured at load responsc (5), at toe-oil (6),
and at peak swing flexion (7). Sequence and
time of occurence, rclative to stride period, of
the following gait cvents; knee peak load
response (a), peak exiension of hip during
stance (b), e-off (¢), peak knee flexion during
swing (d), and peak hip flexion during swing (e}
(Fig. 1).
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Speed of gait

Gait variables Free Fast

sleps no. 21.71 +4.0 20.76 £3.7

stride time ~ (s) 1.32 0.1 1.07 £0.0*

stride length (cm) 12328 £12.1| 147.15 +49.9*

cadence (steps/min) 91.7949.2| 111.51 £9.5*

speed (c/s) 94.85 £15.6| 138.00 £13.0*

Amputated side Normal side

Gait events Free speed Fast Speed Free speed Fast speed
Stance (s) 0.89 +0.10 0.71 £0.05 0.92 +0.13 0.73 +0.06
Swing (s) 0.42 +0.07 0.35 £0.05 0.40 £0.07 0.34 £0.06
DLS (s) 0.217 £0.05 0.166 +0.03 0.274 +0.08 0.206 +0.05
Step time  (s) 0.68 +0.07 0.55 £0.05 0.64 +0.08 0.52 +0.06
Step length (cm) 63.50 £6.9 77.00 £6.1 60.92 £6.5 72.15159




Amputated - normal side Amputated — normal side
differences during: differences during:
Gait events Free speed | [Fast speed Joint angle measured at | Free speed Fast speed
Stance (s) 0.022£0.05 [0.013 £0.05 Hip:
Swing (s) 0.023 £0.04 (0.013 £0.04 heel-strike 2.81 6.0 23047
DLS (s) 0.056 £0.05 |0.040 £0.04 max. stance extension 0.74£3.3 0.16£3.2
Step time  (s) 0.034 £0.08 (0.027 +0.08 toe-off 27324 397133
Step length  (cm) 2.28 4.7 5.00 £7.1 max. swing flexion 1.80 52 1.43 £5.0
Knee:
load response 262152 7.06 £4.2*
toe-off 1.80£7.4 7.79 £5.2*
max, swing flexion 5.2419.0 9.50 9.1
Amputated side Normal side
Joint angle
measured at Free speed Fast speed Free speed Fast speed
heel-strike 19.64 +5.8 2243 6.2 16.83 +3.56 20.12 +4.6*
max. stance extension 7.31 £2.6 8.11£2.3 6.57 2.6 79529
toe-off 332 4.1 421 +4.0 398 +4.8 3.10+5.3
max. swing flexion 24.01 £5.7 27.28 £5.9 2216 £3.8 25.85+3.7*
Knee:
load response 655+ 2.8 7.76 £3.8 9.17 £3.74 14.82 + 3.3*
toe-off 4499 £12.5 5207109 43.19 109 4430 £11.0
max. swing flexion 5843+ 6.9 6431+ 7.3* 53.18x 54 54.81 % 6.1




Amputated side Normal side
Gait events Free speed Fast speed Free speed Fast speed
Knee load response 14.51 +6.5 18.61 7.4 15.77 £5.4 16.82 £4.5
Hip max. stance extension 56.54 +3.5 5532 +4.4 58.08 £2.3 55.92 3.2
Toe-off 63.38 +4.5 67.48 £3.7 70.16 £5.2 68.20 +4.5
Knee max. swing flexion 76.08 £3.3 74.96 £3.1 76.51 £2.6 74.96 £1.8
Hip max. swing flexion 90.13 3.7 89.79 14,1 88.63 £2.0 88.64 £2.6

Amputated - normal sides
differences during:

Gait events Free speed | Fast speed
Knee load response 1.26 8.3 1.78 £8.5
Hip max. stance extension | 1,53 £3.1 0.59 +4.9
Toe-off 1.77 +4.2 0.72 +4.4
Knee max. swing flexion 04033 0.03 £3.2
Hip max. swing flexion 1.50 £4.1 1.14 +4.1
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