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Gait patterns of elderly men with trans-tibial amputations
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Abstract

Gait patterns for the non-amputated leg of
¢ight elderly men with trans-tibial amputations
were assessed using kinematic and kinetic
measures. Kinematically, the subject’s walking
specd was faster than expected but less than
normative non-amputee data. The stride length
was also less than non-amputee norms. Net
joint moment and power analyses showed
various discrepancies between the amputee
subjects and non-amputees. The ampuiees
required a concentric ankle dorsiflexor moment
just after heel-strike to help move the lower leg
into  mid-stance position. The concentric
plantarflexor moment at push-off was much
larger than comparative data. A large eccentric
flexor moment was also found at the hip during
late mid-stance. Most of these discrepancies
could be explained by the lack of an ankle
moment generator on the amputated side of the
body.

Introduction

With the “baby boom™ generation entering
middle age, health care systems will soon be
expected to service a large senior citizen
population. This may lead to an increase in the
number of eiderly amputees since non-
traumatic loss of limb is most prevalent in the
aged (Hunter and Waddell, 1976). Although a
satisfactory level of clinical cxpcrience with
seniors exists in the prosthetics ficld. Scientific
research involving the gait of this group is
lacking,.

Most of the current gait research has been
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performed on young men with trans-tibial
amputations. Of these studies, the majority
involve kinematic stride evaluation on young to
middle aged subjects (Breakey. 1976; Doane
and Holt, 1983; Enoka ef af., [982; Ganguli er
al., 1974, Gonzalez et af., 1974: lannah. et af.,
1984; Robinson et af., 1977). These studies
describe a population which exhibits an
asymmetric gait pattern and walks slower than
non-amputees.

Studies involving the kinetics of trans-tibial
amputee gait have provided important
information regarding amputee locomotion.
Seliktar and Mizrahi (1986) used force plate
analysis to develop a clinical technique
providing quantitative mcasurcs [or prosthesis
alignment. It was suggested that the vertical
mpulse ratio (ratio bctween the vertical
impulse for the prosthetic leg and the vertical
impulse [or the sound leg), antero-posterior
impulse ratio, and perturbations on the antero-
posterior force curve would be adequate for the
assessment of prosthetic alignment; howcever,
the elfects of alignment changes on gait
dynamics were found to be transient until the
patient had reached a new steady state, The
time required for the amputee’s gait to stabilize
was considered detrimental to the use of force
plate analysis in a clinical setting.

Lewallen ef al. (1986} used net joint moments
to examine the load exerted on the joints of
children with trans-tibial amputations. These
children encountered larger ground reaction
forces on their intact leg than non-amputces;
however, joint moments at the knee and the hip
were less than or equal to results for normal
chitdren (even though the ankle produccd a
greater dorsiflexor moment). The Jlower
moment values for the knee and hip were
attributed to a shorter stride length, a slower
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walking speed. and an increase in double
support and stance.

Ancther study which focused on the role of
the non-amputated limb in trans-tibial amputec
locomotion was performed by Hurley et al
(1990). The subjects from this study werc all
under 45 years of age and over half of the
subjects were not long-term prosthesis users.
Through examination of anglc-angle diagrams
for the ankle, knec, and hip joints, it was
concluded that amputcc gait patterns were
more asymmetrical than non-amputees (since
the joint angles for the sound leg were different
from the joint angles for the prosthetic leg).
Examination of horizontal joint reactions forces
at the ankle and the knce showed that non-
amputces had higher pcak positive values than
amputees. The lower amputee joint reaction
forces were attributed to a lower push-off force
from the amputated side and a slower walking
speed. These results were consistent with the
results from Lewallen et al. (1986).

Recently, trans-tibial amputee gait studies
have focused on the contribution of energy
storing feet to walking and running kinetics
(Winter and Sienko, 1988; Czerniecki ef al.,
1991; Torburn e al., 1990; Barth er al., 1992).
Winter and Sicnko examined gait patterns for 5
trans-tibial amputees who used a SACH (Single
Axis Cushioned Heel) foot. Two subjects were
re-tested with a uniaxial foot and one subject
was tested with a Greissinger foot. All subjects
demonstrated a greater than normal hip
extensor moment from early stance to mid-
stance to compensate for the below average
push-off from the prosthetic leg. This hip
extensor moment accounted for a guadricpes
co-contraction over the same period, thereby
compensating for the resulting knee flexor
moment. All other moment and power patterns
at the kncc and hip were comparable with
normal data. There was no difference between
the ankle plantarflexor moment curves for the
various prosthetic feet; however, the magnitude
of these curves was approximately 24 of normal.
The energy recovery for the uniaxial foot and
Greissinger foot was found to be 20% and 30%
respectively. The moment patterns at the knce
and hip for the Greissinger fitting produced
results which were closer to normal than those
of the SACH and uniaxial foot.

Czerniccki er al. (1991) found results similar
to Winter and Sienko during their investigation

of running charactceristics for five male trans-
tibial amputees. The subjects ran along a 20m
runway while using either a Flex-Foot, a SACH
foot, or a Seattle foot. The SACH foot results
were consistent with the findings of Winter and
Sienko, although the amount of energy
recovered was slightly higher (31%). The Flex-
Foot trials produced a superior result in terms
of approximating normal pgait pattterns and
energy recovery (84%) while the Seattle foot
had a moderate effect on energy recovery
{52%). The energy recovery capabilities of
these prosthetic feet were found to be better
than those of the traditional units; however,
they were not comparable in respect of energy
generation to normal plantarflexor activity
{241% of the energy absorbed).

Torburn et al. (1990} used stride
characteristics, joint kinematics, joint kinetics,
electromyography (EMG), and physiological
assessment to compare the Flex-Foot, STEN,
Seattle, and Carbon Copy II (CCII) feet with
the SACH foot. Kinematic test results showed
that the CCII foot produced or permitted a
significantly higher cadence and shorter gait
cycle duration than the SACH and Flex-Foot
(p=0.02). The relativcly low statistical power,
however, indicated that more subjects would be
necessary to account for the majority of effects.
Joint mechanical analysis demonstrated a larger
ankle dorsiflexor moment at push-off from the
Flex-Foot trials but no difference was found
between any other prosthetic feet. The lack of a
difference between the Seattle foot and SACH
foot in terms of the dorsiflexor moment at push-
off does not correspond with the results of
Czerniecki er af. (1991). No differences were
found for the EMG or physiological energy cost
tests.

A study similar 1o Torburn er af. (1990) was
perlormed by Barth er af (1992). Gait
kinematics, ground reaction forces, and
physiological energy cost were used to assess
the function of SACH, SAFE II, Seattle
Lightioot, Quantum. Carbon Copy II, and
Flex-Walk fcet. It should be noted that a
treadmill was used for the energy cost protocol
in this study. Since a treadmill can actively pull
the support leg backward during gait, the gait
pattern of these amputecs could have been
altered and the energy storing capabilities of
these feet may not have been realised. These
factors could account for the lack of difference




Height Mass Time Since
Subject Age (m) (kg) Socket Foot Amputation (years)
1 69 1.80 88.6 PTB SACH 47
2 67 1.79 80.5 PTB SACH 46
3 71 1.73 86.4 PTB SACH 46
4 68 1.71 80.0 PTS SACH 43
5 66 1.81 823 PTS Single axis 46
6 67 1.87 95.5 PTS Multiaxis 46
7 70 1.75 T3 PTS Flex-Foot 46
8 12 1.72 78.9 PTS Secattle 46
Subject Stnds(: xngth Stngi ilécill;tggk_t V(ellgs::)ty

1 1.21 0.67 0.95

2 1.41 0.79 0.97

3 1.37 0.79 1.27

o 4 1.34 0.75 1.13

5 1.57 0.86 1.46

6 1.48 0.79 1.16

7 1.47 0.84 1.33

8 1.43 (.84 1,32

ALL 1.41 0.79 1.20
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Ankle

Event Test Subjects Young Non-amputeest | Elderly Non-amputeesi
Concentric dorsiflexion Small dorsiflexor Essentially no swing Essentially no swing
(generation by moment to lift toe at phase moment or phase moment or
dorsiflexors) initiation of swing phase power. power.
(eliminate drop-foot).
Swing 20% - 80% of swing Essentially no ankle Essentially no swing Essentially no swing
Phase phase moment or power. phase moment or phase moment or
power. power.
Eccentric dorsiflexion Ankle resists Essentially no swing Essentially no swing
(absorption by plantarflexion as foot phase moment or phase moment or
dorsiflexors) prepares for heel-strike. power. power.
Eccentric dorsiflexor Ankle resists Very small eccentric Very small eccentric
(absorption by plantarflexion to limit dorsiflexor moment. dorsiflexor moment,
dorsiflexors) footslap at heel-strike.
Concentric dorsiflexion Ankle actively Eccentric plantarflexor Very small concentric
(generation by dorsiflexes until foot- moment to control leg dorsiflexor moment.
dorsiflexors) flat to assist in moving as it rotates over flat
the lower leg to mid- foot.
stance position and for
Support stability.
Phase
Eccentric plantarflexion Ankle resists excessive Same curves as normals Same curves as normals
(absorption by dorsiflexion during mid- but amputees have a but amputees have a
plantarflexors) stance to control leg as larger peak power larger peak power
it rotates over flat foot. value. value.
Concentric Large plantarflexor Same curves as normals Same curves as normals
plantarflexion moment and power but amputees have a but amputees have a
(generation by during push-off much larger peak power larger peak power
plantarflexors) value. value,
General

Amputee curves show much lower CV’s than normals. This is contrary to expected results for amputees.
Essentially no ankle moment or power during the majority of swing phase.
Peak moments are similar to normals.
Peak powers larger in magnitude than normal during mid-stance and during push-off.
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Knee

Event

—

Description

Young Non-amputeest

Elderly Non-amputees}

Eccentric Flexor
(absorption by flexors)

Knee flexors reduce the
amount of knee
extension during swing
(prevent knee

Same curve shape.
although the peak
moment is higher for
ampu[ecs

Same curve shape,
although the peak
moment is higher for
amputer.'s,

Swing iasiari
e hyperextension). - ]
Concentric Flexor Knee actively flexes to Same as amputec Same as amputee
(generation by flexors) prepare for heel-strike subjects subjects
(1.e, receiving load by
breaking the knee).
Eceentric Extensor Knee controls flexion Same as amputee Same as amputee
(absorption by during mid-stance subjects subjects
extensers}
Concentric Extensor Knee actively extended Same as amputee Same as amputee
(generation by to support bodyweight subjects subjects
exLensors} and raise centre of
gravity at toe-off
Support (amputated leg)
Phase

Concentric Flexor
(generation by flexors)

Knee actively flexes to
prepare for push-off

Same as amputee
subjects

Same as amputce
subjects

Eccentric Extensor
(absorption by
extensors)

Knee extensors control
knee flexion during
push-off

Similar curve but the
amputee (rials have a
higher peak moment
and power

Similar curve but the
amputee trials have a
higher peak moment
and power

General

Shape of moment and power curves comparable with Winter.
Power curve has similar shape but is slightly offset temporally to the left (i.e. Winters KP3 curve occurs
after the same curve for the amputees)
Power and moment curves have higher magnitudes than normal during push-off.
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Hip

Event

Description

Young Non-amputeest

Elderly Non-amputeest

Concentric Flexor
(generation by flexors)

Hip flexion at, and just
after, toe-off to lift leg
(allow fool to clear

Same as amputee
subjects.

Same as ampultee
subjects

i floor).

Swing

Phase Concentric Extensor Hip actively extended Similar curve but the Same as amputee
(generation by during last half of swing. amputee (rials have a subjects.
extensors) slightly higher peak

moment
Concentric Extensor Hip extends at weight Same as amputee Much longer concentric
(generation by acceptance (pull leg into subjects. extensor moment than
ex1ensors) support position), amputees (66% of
stance phase).

Eccentric Flexor Limit hip extension as Similar curve from Shorter duration than
(absorption by flexors) thigh rotates backward Winter but larger values amputees.

Support after amputated leg for both moment and

Phase push-off (prevent power.

collapse at hip).

Concentric Flexor
(gencration by flexors)

Initiation of swing phase
(moves leg upward and
forward).

Similar curve but the
amputees trials have a
larger peak moment and
power.

Same as amputee
subjects.

General

The moment and power curve for both the amputee groups and the normal groups have the same shape.
Larger peak values were found for the amputees at the inttiation of swing and during mid-support.

Subject Age Average Velocity Average Stride
Study Subject (years) m/s) Length (m)

Doane and Holt (1983) Amputee 55-67 1.22

Gonalez eral. (1974) Amputee 43-77 1.07

Robinson er al. (1977) Amputee 21-73 1.07 1.32
Torburn et al. (1990) Amputee 39-57 117 1.40
Barth er al. (1992) Amputce 36-67 0.75 1.10
Waters et al. (1988) Non-amputee 60-80 1.19 1.27
This Study Amputee 66-72 1.20 1.41
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from the prosthetist, some elderly amputees
may not deform the keel contained in energy
storing feet to the same degree as younger
amputees. The subject who used a Flex-Foot
did not appear to make use of the energy return
capabilities of this device during walking but
used this foot because of its light weight.
Additional research is required o determine if
energy storing feet have an effect on the
moments and powers for the non-amputated leg
of elderly amputees.

Conclusion

Grait patterns from the non-amputated leg of
experienced, elderly, men with trans-tibial
amputations were shown to be comparable with
data from non-amputees, although anomalies
were found just after heel-strike and at push-
off. All differences could be explained by the
lack of an ankle moment generator on the
amputated leg. The between-subject variability
was much lower than expected. indicating a
degree of homogeneity for long-term prosthesis
users. Further research involving the clderly
population is essential to quantify the benefits
to them of modern prosthetic components and
techniques.
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