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Balance in lower limb child amputees*
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Abstract

Postural stability of five unilateral above-knee
amputee children was measured when wearing
the SACH and the experimental Child Amputee
Prosthetic Project (CAPP) prosthetic foot.
Excursions of the centre of pressure of the
supportive forces were recorded via force
platform during sustained weight-shifting
forward, backward, left, right, and during
normal standing. Visual proprioception effects
on upright stance were also demonstrated with
these child amputees. Total base of support did
not differ for the two types of prosthetic feet, but
the functional base of support for SACH foot
was significantly larger than CAPP. Fluctuations
of centre of pressure ubout a mean position in
normal standing were less when children used
CAPP foot. Focusing on a static target had no
effect on postural stability in either anterior-
postericr or lateral direction for CAPP foot
conditions, but lack of visval target had a
deleterious cffect on lateral stability when
SACH foot was worn.

Balance is one of the most difficult problems
for a lower limb amputee (Hellebrandt et al,
1950; Moncur, 1969; Murdoch, 1969). The
absence of part or all of a lower limb reduces the
amount of proprioceptive information about the
surfaces on which the foot is resting and the
precise location of the prosthetic limb. While
limited data have been reported on the balance
and stability characteristics of adult amputees
(Fernie and Holliday, 1978; Hellebrandt et al,
1950), information about balance of child
amputees is almost non-existent. We have found
only one report of the postural stability
characteristics of a child amputee; Shambes and
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Waterland (1970) studied an 11-year-old
quadrilateral amputee who had congenital
Lisfranc amputations of both lower limbs, long
above-clbow amputation of the left upper limb,
and medium below-elbow amputation of the
right upper limb.

The purpose of this study was to detail the
postural stability characteristics for lower limb
child amputees. In addition, the conventional
SACH prosthetic foot was compared with the
experimental Child Amputee Prosthetic Project
(CAPP) foot for various postural tasks. The
SACH foot (Fig. la) is usually constructed with a
moulded  polyurcthane  material  which
incorporates a heel cushion to allow some
compression of the heel during heel strike in
walking to simulate plantar flexion of a normal
foot. The CAPP foot (Fig. 1b) is an experimental
prosthesis undergoing development at the
UCLA Child Amputee Prosthetic Project. It is
designed to provide more knee stability during
early stance phase during walking and also to
respond to torsional loads occurring in the stance
phase of walking. The heel projection of the
CAPP foot is non-weight bearing and deflects
upward at heelstrike. With the ground reaction
forces shifted more anteriorly on the supporting
foot there is an expected increase in dynamic
knee stability during the stance phase of walking.
While additional research is being conducted on
the dynamic characteristics of the CAPP foot,
the present study provides some preliminary
information about the postural stability of child
amputees using the experimental CAPP foot, as
well as providing a comparison with the
conventional SACH foot.
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SACH CAPP
Right Left Right Left
amputee amputee amputee amputee

Direction r (2] . 9
Normal 3.7(1.4) 3.71(L 0.46(R) 3.9 1.9; 3.35(L 0.91(R)
Forward 6.4(1.2 2.08(L 1.1(R) 7.2(1.6 2.39 L; I.()G%R)
Backward 6.8(1.2 3.74(L 5.75(R) 5.5 2.8; 3.77(L) 6.23(R)
Left 9.1(2.9 3.24(L 2.60(L) 6.6(1.9 3.58(L) 1.98(L)
Right 6.7(1.4 6.21(R) 0.18(R) 3.9(2.5) 0.83(R) 0.82(R)

aThe distance (r) in centimetres of the mean position of the centre of pressure from the geometric centre and the
angle (8 ) in radians of the mean position (see Figure 3 for example).

bMean value with + 1 standard deviation in parenthesis.

¢Note that the letter in parentheses, L (Leftfjor R (Right), refers to a mean centre of pressure location to the left or
right of a sagittal line through the geometric centre of the base of support.



Child aenprintees

SACH CAPP
Standing AP Lat A/P Lat
Normal 6.1(3.2) 3.5(0.6) 6.5(4.2) 4.6(2.9)
Forward 8.3(3.5) 5.1(2.4) 8.9(6.4) 5.9(4.4)
Backward 6.1 2.2% 5.9(3.7) 5.1(2.9) 4.5(3.6)
Left 6 1%2.3 5.4(2.4) 3.4(1.9) 4.2(1.5)
Right 6.1(4.2 5.3(1.8) 3.7(2.1) 4.8(3.4)

aStandard deviation of the values about the mean are given in parentheses.

SACH CAPP
Visual condition A/P Lat A/P Lat
Target 5.1(6.5)2 6.4(5.6) 2.9(1.2) 3.2(1.6)
No target 4.9(3.9) 7.4(5.4) 3.1(0.9) 3.4(0.8)

aStandard deviation of the values about the mean are given in parentheses.
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variations for the children with the SACH foot
(7-3 mm, Table 3) were significantly (p>0-053)
greater than all other conditions examined. No
significant (p>>0-05) effects were observed in any
other pairs of the tested conditions for standing
with feet together.

Discussion

Postural stability is affected by the overall size
of the base of support. There were no practical or
statistical differences between the SACH and
CAPP prosthetic feet in the width, length, or
out-toeing angles for their total base of support
when standing with feet apart; the amputee
children maintained the same total base of
support when wearing either prosthetic foot.

The functional base of support is a good
indicator of the area over which the child could
move and still maintain her/his balance. Thus,
during normal standing, the COP may be
expected to be positioned cqually between both
feet and near the middle of the base of support.
Murray et al, (1975) found that the mean location
of the COP for normal men was 43 per cent of the
fore-aft distancc of the base of support. The
amputee children wearing the SACH prosthetic
foot had a smaller per cent distance (39 per cent)
than did the normal men, but while wearing the
CAPP foot, the children had the same
percentage of the distance (43 per cent) as the
adult men. Thus, with the SACH f{foot the
children tended to shift the COP closer to the
heels during normal standing.

During volitional weight-shifting, the children
wearing the SACH prosthetic foot were able to
lean further backward, left, and right, while the
CAPP  prosthetic foot allowed greater
movement forward than the SACH. Because of
the construction of the CAPP foot, i.e., a non-
weight supportive heel which focused the weight
at the ball of the prosthetic foot, the child may
not have felt that he/she was stable enough to
move in a direction where there was a lack of
support. The SACH foot provided the support in
the heel necessary for stability during backward
shifting, while the CAPP foot provided support
in the anterior portion of the prosthetic foot.

COP locations for the amputees were affected
by the side of amputation; the amputees
favoured their normal side. In contrast, Murray
et al, (1975) found that with normal adult men,

the mean position of the COP did not relate to
the side of the dominant upper limb. Therc were
no comparable data for normal children.

A large functional base area will allow the
amputee a greater range of movement over
which he/she can maintain halance. The SACH
and CAPP prosthetic feet had smaller functionat
base areas, 83-4 cm? and 40-4 cm?® respectively,
than normal men (Murray et al, 1975) whose
functional base area was estimated to be 963
cm®. As a percentage of standing height, the
functional base area of the SACH foot was 60 per
cent and the CAPP foot was 29 per cent, while
the functional base area to the total height for the
normal men (Murray et al, 1975) was 53 per cent.
The SACH prosthetic foot allowed twice the
functional base over which movement and
balance could be maintained than did the CAPP
prosthetic foot. The large difference between the
SACH and CAPP feet was probably related to
the familiarity that the children had with the
SACH foot, the one they normally used.

Even though the actual sizes of the functional
bases of support were significantly different
between the CAPP and SACH feet, it was
interesting to note that there were no significant
differences in the amount of COP fluctuations
(steadiness) at the extremes of the shifted
positions. Comparable steadiness was found in
each of the weight-shifted positions for both
CAPP and SACH fieet. The magnitude of the
COP Afluctuations may provide important
information to the child about the degree of
unsteadiness permitted to safely maintain
balance.

In assessing the total anterior-posterior base
of support available, it was determined from
Murray’s data that normal men used 54 per cent
of the total fore-aft direction possible. The
children amputees wearing either prosthetic foot
were not able to move over as large a portion of
their anterior-posterior base of support as
normal men. The per cent area in the fore-aft
direction was approximately the same for the
right and left amputees wearing the SACH foot,
40-2 per cent and 36-6 per cent respectively. The
values for the right and left amputees wearing
the CAPP foot were 30-5 per cent and 28-4 per
cent respectively.,

The dynamic nature of upright balance is such
that the COP underfoot fluctuates incessantly
during each of the sustained positions.
Apparently the movements of the COP result
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from contractions and relaxations of the
supporting muscles and the shifting of the masses
of various body segments. Musculoskeletal
proprioception is an important factor in the
control of upright posture, but the potent effect
of wvisual proprioception should not be
underestimated. The effect of an absent or
available target provided cvidence for the
importance of specific visual proprioception in
the control of stance for amputee children. A
static planar target failed to affect significantly
the postural deviation in the anterior-posterior
direction for the amputee children; this finding
was similar to that reported for normal children
(Zernicke et al, 1978). By comparison, Lee and
Lishman (1975) reported a significant decrease in
anterior-posterior trunk sway as adults focused
on a static nearby object, as opposed to looking
at more distance surrounds. A dynamic visual
refercnce system has also been demonstrated to
be a potent influence on anterior-posterior
postural control for both infants (Lec and
Aronson, 1974) and adults (Lee and Lishman,
1975). The strong cffect of visual proprioceptive
information, however, was cvident in the lateral
deviations of the COP. There was a significant
decrease in latcral sway when the amputec
children, with the SACH foot, and the normal
(Zernicke et al, 1978) children focused on a
target. The target had no comparable effect on
lateral sway when the amputee children wore the
CAPP foot; with the CAPP foot, fluctuations of
the COP were small with or without the target.
Both normal and amputee children have
specific postural stability needs which are not
simply scaled down characteristics of adults.
Prostheses for amputee children, therefore,
should be designed to incorporate the
biomechanical  characteristics of normal
children, not normal adults. The CAPP
prosthetic foot was designed to provide
increased stability during dynamic weight-
support in walking or in static weight-support
during standing. Our initial postural tests with
the new prosthetic foot have provided some
unique information about children amputees’
stability in general, and about the SACH and
CAPP prostheses specifically. A next stage of
testing would be to define the alignment criteria
to use when the CAPP foot is worn in
conjunction with existing prosthetic systems or
when the new foot is aligned with a total
prosthetic limb specifically designed for the

CAPP toot. Amputee children should then be
allowed an extensive familiarization period with
the new prosthesis, to experience fully its limits
and functional characteristics. Clinical tests on a
larger child population may also result in more
definitive  assessment of the prosthests;
differences and similarities in stability between
the two prosthetic feet would then either be
proved generalizable or shown to be non-
inferential and strictly applicable to only these
five children and their immediate situation.

Conclusions

On the basis of the data collected on these
unilateral child amputees, the following con-
clusions were warranted: (1) There was no
significant difference in the absolute dimensions,
foot angles, or areas of the base of support in
normal standing with the SACH versus the
CAPP prosthetic foot. (2) During normal
standing and during forward and buckward
weight-shifting, the COP of the supportive
forces was always shifted toward the normal
limb, regardless of the type of prosthesis. (3) The
functional base of support for the SACH foot
waus significantly greater than for the CAPP foot;
the children used 12 per cent of their total base of
support compared with those same children who
used only six per cent of the total base of support
available to them when wearing the CAPP foot.
(4) When standing with feet together, medial
borders touching, the children consistently
displayed less COP fluctuation while wearing the
CAPP foot than with the SACH. (5} Visual
proprioception had a significant effect on lateral
stability when the children were wearing the
SACH foot. Focusing on a target did not
significantly alter the anterior-posterior or
lateral stability when the children were using the
CAPP foot.
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