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Gait in male trans-tibial amputees: a comparative study
with healthy subjects in relation to walking speed
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Abstract

Walking speed, stance duration and ground
reaction forces were studied with the use of a
stable force platform (Kistler) in 24 male trans-
tibial amputees and 12 healthy subjects matched
for sex and age. The aim of the study was to
compare the gait performance of two groups
with unilateral trans-tibial amputations for
either vascular disease or trauma and also to
compare the results of the two groups with the
results of a group of healthy subjects. Multiple
linear regression analysis was used to compare
the stance duration and the ground reaction
forces in relation to walking speed. The
vascular and traumatic amputees had
significantly reduced walking speeds compared
with the healthy subjects, 0.85+0.2 m/s and
0.991+0.2 m/s. respectively, as compared to
1.42+0.2 m/s. By comparing the vascular and
traumatic amputees with the healthy subjects in
relation to walking speed, it was shown that the
gait performance of the vascular amputee
differed from that of the traumatic amputee, a
difference that was not caused by the reduced
walking speed. The active forces during push
off on both the healthy (p = 0.02) and the
prosthetic leg (p = 0.003) in the trauma group
were not found in the vascular group. This
disparity could be an effect of the systemic
disease. It may be argued that the results of this
study contribute to the understanding of the
reduced walking ability of the vascular amputee
and should be borne in mind when planning
rehabilitation.
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Introduction

After an amputation of a leg, the muscular
strength and the somatosensory information are
reduced. The postural function is now also
dependent on the stump, the prosthesis and how
well the stump fits the socket (Murdoch, 1969;
Sanders et al., 1992, Zahedi et al., 1987). The
person must regain the capacity to stand and
walk with an artificial leg in order to feel
confident in the activities of daily living
(Moncur, 1969; Winter and Sienko, 1988).

In healthy subjects normal walking speed
decreases with age (Nigg and Skleryk, 1988;
Oberg et al., 1993) and in general women have
been found to walk at a slower speed than men
(Oberg et al., 1993). Walking speed is reduced
in leg amputees compared with healthy subjects
(Levine, 1984; Robinson et al., 1977; Saleh and
Murdoch, 1985), and is significantly decreased
at higher amputation levels (Skinner and
Effeney, 1985; Waters et al., 1976). Variations
in walking speed as well as abnormalities affect
the walking pattern (Andriacchi er al., 1977).
Compared to the side with the normal leg in
trans-tibia] amputees, stance duration, vertical
ground reaction force (Suzuki, 1972) and the
horizontal ground reaction forces in the fore and
aft directions (Seliktar and Mizrahi, 1986) are
decreased on the side with the prosthetic leg.
This creates an asymmetric gait where the
sound leg has to compensate for the prosthetic
leg (Hurley et al., 1990).

The aim of the present study was to compare
the gait performance of two groups with
unilateral trans-tibial amputations for either
vascular disease or trauma in males and to
compare the results of the two groups with the




Vascular Trauma Healthy

Characteristics M SD range M SD range M SD range
Age (years) 67 10.6  48-82 67 9.9 48-82 68 105  48-82
Height (cm) 173 7.3 161-187 175 3.9 168-180 176 6.7 165-191
Body mass (kg) 74 17.8  S1-111 75 74 63-90 74 60 60-83
Years since the amputation 7 57 0-18 39 19.5 5-62 - - -
Age of the last prosthesis (years) 2 2.8 0.7 3 3.0 0.11 —
Stump length (cm) 15 3.1 11-21 15 7.4 8.34 - -
Characteristics Number
Sight (normal/slight impairment) /5 9/3 715
Hearing (normal/slight impairment/bad)  7/2/3 7/4/1 4/8/0
Smoking habits (smokers/ex-smokers/

non-smokers) 5/4/3 27713 1/417
Concomitant diseases (yes/no) 2/10 6/6 -
Medication (yes/no) 9/3 8/4
Walking aid outdoors (yes/no) 51 517
Side of amputation (right/left) 57 715
Stump pain (yes/no) 4/8 39 -
Phantom sensation (yes/no) 11/1 4/8
Phantom pain (yes/no) 10/2 6/6
Satisfaction with last prosthesis (yes/no)  8/4 6/6 -
Suspension (PTB/Supracondylar/

PTB with a thigh corset/other 0/12/0/0 1/7/4/0
Liner (foam/leather/silicone/other) 11/0/1/0 10/1/1/0
Make (Boa/Bock/Swepro/TPJ/

Flex-Foot/other) 3/6/1/1/1/0 1/11/0/0/0/0
Foot (SACH/Single-axis/Multi-axis/

Energy storing/other) 6/3/2/1/0 4/4/4/0/0
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Yascular group Trauma group Healthy group
Healthy leg Prosthetic leg Healthy leg Prosthetic leg Right leg Left leg
Gait variables M SD M SD M Sb M SD M SD M SD
Walking speed (m/s) 085 02 085 0.2 099 02 099 02 142 0.2 .42 0.2
Stance duration (s) 085 0.1 083 0.1 087 0.1 080 0.1 0.67 0.0 067 0.1
Max GRF (%BW) 113.1 881063 87 114.9 93 1073 10.6 1233 98 1228 103
Max acc GRF (% BW) 13.1 49 103 42 174 52 108 27 213 39 210 42
Max ret GRF (%BW) 122 41 93 3.6 17.0 43 112 52 200 63 208 5.0
Max med GRF (%BW) 69 21 68 20 6.4 12 66 2.1 65 2.1 5.6 2.0
Max lat GRF (%ZBW) 32 15 16 13 4.1 26 21 08 55 30 56 2.7

Abbreviations: max GRF (%BW) = the largest measured vertical ground reaction force in per cent of body weight; max
acc GRF (%BW), max ret GRF (%BW) = the largest measured horizontal ground reaction forces in per cent of body
weight in the fore and aft directions, respectively, in the walking direction; max med GRF (%BW), max lat GRF (%BW)
= the largest measured horizontal ground reaction forces in per cent of body weight in the medial and lateral directions,
respectively, perpendicular to the walking direction




Trauma & vascular/healthy groups Vascular/healthy groups

Trauma/healthy groups

o l:leallhy le§ ﬁos(heﬁc leg l_-lealthy le§ P_rosthelic leg Healthy lc§ P.r<_>§thetic leg
Gait variables Difference®) p  Difference® p Difference®’ p  Differenced p Difference® p  Ditference® p
Stance duration (s) 001 066 -002 044 0.00 099 000 095 0.04 0.17 -001 060
Max GRF (%BW) 539 0.14 -6.62 0.18 439 009 -150 0.64 527 021 -477 040
Mac acc GRF (%BW) 3.80 0.01 -397 0.007 1.40 0.11 024 074 38 002 -530 0.003
Max ret GRF (%BW) 336 0.10 -2.78 0.14 .11 047 -1.32 029 456 006 -191 038
Max med GRF (%BW) -0.16 0.87 0.55 0.61 031 070 060 044 -020 085 1.64 020
Max lat GRF (%BW) 025 0.84 -336 0.001 -0.11 090 -1.98 0.03 050 076 -272 0.03

* Difference in seconds for the stance duration and in %BW for the ground reaction forces (GRF)
Abbreviations: max GRF (%BW) = the largest vertical ground reaction force in per cent of body weight; max acc GRF
(%BW), max ret GRF (%BW) = the largest measured horizontal ground reaction forces in per cent of body weight in the
fore and aft directions, respectively, in the walking direction; max med GRF (%BW), max lat GRF (%BW) = the largest
measured horizontal ground reaction forces in per cent of body weight in the medial and lateral directions, respectively,
perpendicular to the walking direction.

Vascular Trauma Healthy
Activity (h=12) m=12) (n=12)
Walk across the street 8/4/0/0 8/3/1/0 11/1/0/0
Walk up the stairs 5/7/0/0 6/5/1/0 11/1/0/0
Walk down the stairs 6/6/0/0 5151210 12/0/0/0
Rise from a chair 9/3/0/0 7/5/0/0 12/0/0/0
Sit down on a chair 10/2/0/0 8/4/0/0 12/0/0/0
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walking up and down the stairs and getting up
from a chair were found to differ significantly
between the three groups (p-values = 0.058,
0.01 and 0.05, respectively). The healthy group
thought their balance to be significantly (p =
0.01) better than the trauma group and close to
significantly (p = 0.06) better than the vascular
group when geiting up from a chair. In addition
the healthy group considered their balance to be
significantly better than the amputee groups
when walking down the stairs (p = 0.01 in both
cases). When walking up the stairs, however,
only the vascular group reported a significantly
(p = 0.01) decreased perceived postural function
compared to the healthy group. Non of the three
situations mentioned above was found to differ
significantly between the vascular and trauma
groups.

All the healthy subjects thought they had no
problem with balance. To have good balance
when using a prosthesis could be expressed as,
“Then it feels as if I have two legs,” or, “It’s
like having a real leg, only a little more stiff.”
One of the men in the trauma group thought
that, “It can never be exactly the same as when
you have two legs. The balance is in my healthy
leg and the prosthetic leg I only use as a
support,” and one of the men in the vascular
group wrote, “The days when the prosthesis fits
well the balance is quite good. Then I enjoy
life.” Activities difficult to perform were
walking up and downhill, walking fast, walking
when the ground was slippery, sloping or
bumpy and walking in the wind.

Perceived postural function compared to the
mean walking speed.

Those who thought their postural function
was “good” when walking across the street,
walking up and down the street, sitting down
and getting up from a chair were separated from
those who felt that their postural function was
“fair/bad/cannct” in one or more than one of the
five situations. Of the 6 men who walked faster
than 0.85 m/s in the vascular group, only 1
though his postural function was good. Among
the 6 men who walked more slowly, half
thought their postural function was good. In the
trauma group 8 walked faster than 0.99 m/s and
half of them thought their postural function was
good. Four walked more slowly and 1 of them
thought his postural function was good. In the
healthy group 6 walked faster than 1.42 m/s and

5 of them thought their postural function was
good, and among the 6 men who walked more
slowly 5 said their postural function was good.

Discussion

The results of this study show that the gait
performance of the male vascular amputee
differs from that of the male traumatic amputee.
Due to the availability of too few female
amputees, a corresponding comparison between
female vascular trans-tibial amputees and
female traumatic trans-tibial amputees could not
be carried out. The small number of female
traumatic amputees is explained by the high
frequency of accidents among men in contrast
to women (Hansson, 1964). Female vascular
amputees having a higher failure rate than
males in using the prosthesis (McKenzie, 1953)
explains the small number of female vascular
amputees, but the reason for this remains
unclear and merits further study. Amputees
having significantly reduced walking speed
compared to healthy subjects, as reported earlier
in the literature (Levine, 1984; Robinson et al.,
1977; Saleh and Murdoch, 1985), is confirmed
in this study. In the pairwise comparison,
significantly reduced horizontal ground reaction
forces were found in the fore direction in the
vascular group and in the fore and aft directions
in the trauma group on the prosthetic leg,
compared to the healthy leg. This asymmetry is
partly in agreement with earlier studies (Hurley
et al., 199Q; Seliktar and Mizrahi, 1986; Suzuki,
1972).

Subjects with diseased joints in the lower
limbs have been found to have a decreased
walking speed as compared to normal walking
speed. According to Andriacchi et al. (1977)
one should distinguish which variations from
normal walking patterns are due to differences
in walking speed and which are due to gait
abnormalities. As the aim of this study was to
investigate whether the gait of vascular trans-
tibial amputees differed from that of traumatic
trans-tibial amputees, and whether any
differences  could  contribute to  the
understanding of the reduced walking ability of
the vascular amputee in daily life, self-selected
walking speed was chosen as a clinically
relevant walking speed for the gait analysis. No
attempt was made to study the effect of walking
speed on the gait variables. Stance duration was
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conclusion when assessing patients with knee
disabilities. They did not consider themselves to
have sufficient data to explain why the medial
force was the same in the knee patients as in the
normal subjects. But they thought the finding
was worth considering as the mediolateral
forces cause bending moments in the knee
which could cause loosening of prosthetic
components. Like Andriacchi er al. the authors
do not have sufficient data to explain the reason
why the medial force does not change, but
presume that these bending moments might
occur between the stump and the prosthesis.

The amputee groups thought their postural
function to be just as good as the healthy group
when walking across the street. This is
somewhat surprising as the traffic signals in
Sweden are set according to a walking speed of
1.4 n/s (Dahlstedt, 1977). When rising from a
chair the amputee groups considered their
balance to be reduced. This is an agreement
with Yoshida et al. (1983) who found
hemiparetics to need more time to stand up and
regain postural control than healthy elderly
persons when rising from a chair. But the
amputees did not perceive their balance to be
reduced when sitting down on a chair as
measured in the hemiparetics in the study by
Yoshida et al. Walking up and down the stairs
caused some difficulty in the amputee groups.
To the authors’ knowledge, studies on postural
function when walking on stairs has not been
reported in the literature.

The subject’s own perception of his postural
function when moving in the different situations
did not correspond well to the mean walking
speed of the different groups, which explains
the somewhat contradictory findings mentioned
above. This is in agreement with Ekdahl et al.
(1989) who found low correlations between
experienced and tested standing balance in
patients  with  rheumatoid arthritis and
osteoarthrosis. The fact that the healthy group
showed more confidence in their postural
function, independent of walking speed,
confirms that they were selected according to
the inclusion criteria. As they walked faster than
the vascular and traumatic group, it could also
indicate that when a person, as a normal
walking speed, choses to walk at a speed
approaching 1.4 m/s they also have a better
postural function. This is similar to the results
of Mathias et al. (1986) who found that in a

group of elderly patients with some degree of
balance disturbance, all subjects with a walking
speed faster than 1 m/s had a sway path in
standing balance below 20 mm/s. This they
thought confirmed the dependence of rapid
walking on good balance.

When trying to describe perceived good
postural function, all groups had difficulties in
putting words to this phenomenon regardless of
what degree of postural function they had. In
general, good balance is something that is
natural, taken for granted or never given any
special thought. When not good, as in the
amputee groups, balance is classified in what
activities one cannot do. As noted by others
(Murdoch 1969; Sanders et al., 1992; Zahedi et
al., 1987), the importance of a well-fitting
prosthesis to good balance cannot be
overlooked and it contributes to a greater
satisfaction with life.

To conclude, by comparing the vascular and
traumatic amputees with the healthy subjects in
relation to walking speed, the authors have
shown that the gait performance of the vascular
amputee differs from that of the traumatic
amputee, a difference that is not caused by the
reduced walking speed. The active forces
during push off on both the healthy and the
prosthetic leg in the trauma group were not
found in the vascular group. This disparity
could be an effect of the systemic disease. It
may be argued that the results of this study
contribute to the understanding of the reduced:
walking ability of the vascular amputee and
should be borne in mind when planning
rehabilitation.
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