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Abstract

Twelve different prosthetic feet were tested by
10 male subjects with right below-knee
amputations. Level walking with  each
prosthetic foot was investigated using a pair of
force plates.

Five parameters were selected to compare
the functional characteristics of the feet: 1) step
length, 2) walking vclocity on the sound side in
relation o the prosthetic side, 3) depth of valley
in the pattern of the vertical component of the
floor reaction force, 4) cfficiecncy of the
deceleration and acceleration by the prosthetic
foot, and 5) irregular patterns in the wave form
of the forc and aft components of the floor
reaction force. Each of thc above parameters
was rated numerically. The total score of the
objective evaluation attaincd by analysing the
five parameters showed some coincidence to
the results of subjective evaluation.

However, a good correlation existed between
the objective negative score and the subjective
negative rating (p<<0.05). Non-axial feet
developed recently, such as the SAFE 1T and
Seattle Light feet achicved higher scores in the
older age group, while single-axis feet, such as
the LAPOC and Otto Bock feet achieved
higher scores in the younger age group
{p=<0.05).

Introduction

Many ankle-foot assemblies have been
devcloped recently and are now available.
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However, none of them is equipped with a
mechanism that allows an in-use adjustment by
the prosthetist or patient in order to respond to
the individual needs of the amputee (Aovama,
1987). Many physicians who  prescribe
prostheses are hampered by the lack of
objective, functional data that would allow
selection of the most suitable foot for a specific
amputee. To facilitate the task of prescription
the functional features of various prosthetic feet
were investigated in this study.

Subjects and methods

Twelve different prosthetic feet were
selected. There were three single-axis
(domestic, Otto Bock, LAPOC), two multi-
axcs (Greissinger, Multiflex) and seven non-
axial feet (Otto Bock Dynamic, domestic
SACH, SAFE 1, Carbon Copy II, Quantum,
Scattle, Scattle Light). These were fitted on ten
male subjects (mean age: 51.1 years) with right
below-knee amputations. Five of the subjects
were under the age of 50 (30 to 49 years, mean
age: 39.4 years), while the rest were aged over
50 (53 to 71 years; mean age: 62.8 years) (Table
1). During level walking at the velocities at
which the subjects could walk comfortably the
ground to foot force components werc
measured for each prosthetic foot using a pair
of force plates. The walking velocities were
dctermincd by dividing the stride length by the
swing phase period. The walking velocities
were distributed between 1.07 and 1.23 m/s. A
force plate with a sampling rate of 50 Hz was
uscd to measure the three components of the
floor reaction force of the left and right foot
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: KY 40 168 45.8 13.5 7.7 LAPOC single-axis foot PTB 30 26
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1. Do you feel the hardness of the heel is appropriate or not?
too hard, appropriate, too soft.

2. Is it possible to roll-over on your prosthetic foot smoothly or not?
smooth, not smooth (feels like climbing over hill)

3. Atpush-off, is the knee of your amputated side stable enough or not?
stable enough, unstable (premature knee flexion)

4. Do you feel the weight of prosthetic foot is too heavy or not?
too heavy, reasonable, light enough

5. Does the prosthetic foot match to your walking style or not?
yes, no

Subjective evaluation of each prosthetic foot was classified into the following three groups according to the
answers for above questionnaire as;
A: good, B: acceptable, C: unacceptable
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group parameter step length ratio walking veloary ratio depth of valley decelerationand | ofirregular
classification (%) (%) (BW%) acceleration (BW%) | wave patterns (%)
control group 96.1+1.36 ] 94.3£2.70 46.23+4.60 ] 45.85+3.93 ] 0.0
. - »
prosthetic side 85.946.29 87.3+8.12 28.87£12.39 29.31+5.56 21.7
over S0yrs | 87.8+2.94 88.5£2.79 29.25+8.96 26.99+3.35 23.7
Age
§ under SGyrs | 84.0+£7.95 86.1+11.00 28.48+15.05 31.62+£6.62 19.7
Stump length large 8424513 86.4+4.16 38.17+8.86 ] 31.74+6.26 12.3 ]
fheight | ymall | 87.7+6.83 88.2+10.63 19.56+7.46 26.87+3 31 302177
Time since long 87.9+7.66 90.4+£9.73 25.1119.21 30.70£6.53 12.3 ]
amputation short 84.0£3.57 84,2420 32.62+13.93 2791+3.92 02177

*P<0.01

**P <0.05




parameter step length walking velocity depth of efficiency of
prosthetic foot ratio ratio valley dec. and acc.
foot normally used 88.4 89.1 28.76 28.75
DYNAMIC foot 86.3 87.2 28.45 29.23
domestic SACH foot 88.0 88.6 33.36 27.44
SAFE II foot 87.7 91.0 25.51 26.36
CARBON COPY II foot 83.9 86.8 24.14 2591
QUANTUM foot 84.2 85.8 28.97 30.98
SEATTLE foot 85.4 86.5 27.711 29.32
SEATTLE LIGHT foot 85.5 86.4 28.80 27.38
domestic single-axis foot 90.2 90.0 24.98 28.76
OTTO BOCK single-axis foot 86.3 86.6 30.80 32.81
LAPOC single-axis foot 86.1 86.4 30.90 31.12
GREISSINGER foot 82.3 85.9 26.40 29.27
MULTIFLEX foot 85.3 88.7 27.65 31.55
mean values 85.9 87.3 28.87 29.31

4.

EoThHereney ol develerition ol aoce lerilicom:

dec.: deceleration, acc.: acceleration

v
(e ) ¥ =22 0384 +0 243301
504 v =0 5186 =120 t-6.8763
S o
o ©
® o
g 401 o®f o2 __—
i : y 2
a
e *§ e *
Y R -l
[} — o} % °
o o ofe o B a
= ";’ﬂ oa 83 o . @
H 20 g - o °
€ °




=l

subject
prosthetic foot TS. M3 Ti. KK Mk TH, SH. HH. SK. KY.
foot normally used @] @] O O O O O @) O S
DYNAMIC foot O @] ©] O X O X X O O
domestic SACH foot X X X 5] X O O O O O
SAFE I foot O ®] O O O O O O @] X
CARBON COPY II foot @] % ¥ 8] X O @] O ®] O
QUANTUM foot O @] O / x O @] Q O o
SEATTLE foot O O ®] / X X @) O X X
SEATTLE LIGHT foot O @] O O X @] J O O X
domestic single-axis foot O O @ / X & x / / X
OTTO BOCK single-axis foot @] O O O O O @] O O (@]
LAPOC single-axis foot O O x O @] X O & O O
GREISSINGER foot @} @] O / X @] O O @] O
MULTIFLEX foot O O O / / O / O X O

X irregular wave patterns were observed. O irregular wave patterns were not observed.




subject

prosthetic foot T8 MS: TI XK MU TH SH HH SK KY.
foot normally used 0A 0A  10A 0A 10A I0A 0A —10A 0A —10A
DYNAMIC foot 30A 0A 0A =10B —-20B 20A 0B 0A 10A 0A
domestic SACH foot 0C 10B —10B 10A 0A -10B -10B 0B 10A  20B
SAFE II foot 0B 0A 208 20B 0A —-20C 0B —10C —10C 0B
CARBON COPY II foot —20A —40C —-20A 10A —40A -20B 10B —10B -208B -10A
QUANTUM foot 30B 0A 0A / -10B 0A -20B 10A 20A —-10B
SEATTLE foot 0A  0A DA / 10A 0C —20A 0B -30B -10B
SEATTLE LIGHT foot 0B 0OA 10A 10A 10B 0A / 0A -10B DA
domestic single-axis foot -30C 20B -10B / 0cC 0A  10A / / 0cC
OTTO BOCK single-axis foot 0B 0A 0B —10A 0A 0A  20A 0B 20B 0A
LAPOC single-axis foot —30A 0B —10A 0A  10A 0B 20A 10C  20A 10A
GREISSINGER foot 0B 10A -10A [ =30A 0A 0A —20B 10C 0c
MULTIFLEX foot 208 204 0A / 10A / 30B —-20B -20C
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group Age Stump length/height 1‘ I'ime since amputation
classification — ‘ T ———————
prosthetic foot over 50 yrs under 50 yrs large small I long short
~_ |(av.62.8yrs) | (av. 39.4 yrs.) || (av.12.9%) | (av.7.7%) |[|(av.29.2yrs.) | av.7.4 yrs.)
k‘-—.L | — l s |
foot normally used | 4249 2475 || 063 2575 || 0x6.3 2475
f
DYNAMIC foot 0x16.7 | 6+8.0 0+13.6 2+13.3 4+13.6 —4+10.2
domestic SACH foot 2+7.5 2+11.7 —2+7.5 6x10.2 || —2£7.5 2£7.5
SAFE 11 foot 8+9.8 —8§+7.5 6+12.0 —6£8.0 6+12.0 4+13.6
L e —1 ‘
CARBON COPY II foot ~22+18.0 —10£11.0 ‘ —6+13.6 —26+12.0 —6+13.6 -16+16.2
QUANTUM foot 5+15.0 0£14.1 5£18.0 0+11.0 | 5+18.0 5£11.2
SEATTLE foot 2.5+4.3 —12+1%.7 —5487 | -6+13.6 -5+8.7 —5+15.0
SEATTLE LIGHT foot 649 —2.5+4.3 —10+16.3 0+6.3 S£5.0 4+8.0
e —
domestic single-axis foot —5+18.0 3347 4+10.2 | 5+8.7 —10+16.3 ~5+5.0
OTTO BOCK single-axis foot =2+4.0 10+8.9 —2+17.2 | 4+8.0 4+10.2 4+10.2
€ —
LAPOC single-axis foot —6+13.6 | 12+7.5 —-2+17.2 | 8+7.5 —2417.2 6x10.2
de
GREISSINGER foot -7.5+14.8 -2+9.8 —7.5+83 —2+14.7 || =7.5%8.3 12.5+14.8
MULTIFLEX foot 13.3+9.4 0+21.2 16.7412.5 | =2.5+17.9 16.7+12.5 3.3£20.5

**p < (.05
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amputees. Wirta et al. (1991} have identified
four variables to use in determining the optimal
prosthetic foot (age, actualideal body weight
ratio, tesidnal limb length/height ratio, and
trequency/length of stride ratio).

However, neither of the above mentioned
reports has included an objective evaluation of
amputee performance with the differcnt
prosthetic feet.

In this study, five parameters were selecied
to use in gait analysis and comparcd with the
objective evaluations to subjective impressions
of the amputees. With an optimal prosthetic
foot, the amputee can walk faster and achieve
an equal step length on both the prosthetic and
sound sides. The floor reaction force on the
prosthetic side, especially during deccleration
and acceleration, will show a regular curve
which indicates smooth transition of the centre
of gravity.

The assessment of the various prosthetic fect
in accordance with the objective evaluation
clarified the factors for matching prosthetic feet
with the activity level or physical condition of
the amputces. It was found that clinical
standards used for the selection of a prosthetic
foot are fairly compatible with the objective
evaluation of  amputee  performance.
Conscquently, the older age group (over 50 in
the study showed a better performance using
the non-axial feet equipped with elastic keel
such as SAFE I1 and Seattle Light feet. On the
other hand, the patients age under 30 vears
performed better with the single-axis feet such
as LAPOC or Otto Bock. The results generally
coincide with the mechanical featurcs of the
prosthetic feet such as weight, hardness of
bumpers and toe-break. Both the SAFE II and
Seattle Light feet are relatively light and are
equipped with an elastic keel which provides
firm support and smooth push-off for the older
amputees.

Conclusion

1. A significant corrclation was confirmed
between the step length and velocity of the
sound limb (p<0.05).

2. TIrregularity of the curve describing the fore
and aft component of the floor reaction
force varied in proportion to the stump
length and the duration since amputation.
The longer the stump and the duration, the
smaller the irrcgularity of the curve
(p<0.05).

3. Objective evaluation of five parameters
was compared to the subjective evaluation
of the amputees. A good correlation
existed between the objective score and
negative  preference by  the  patients
{(p=<0.03).

4. The newly developed non-axial feet (SAFE
IT and Seattle Light) achieved high
objective scores in the patients aged over
50. Single-axis feet of modular systems
{LAPOC and Otto Bock) achieved high
scores in the subjects under 50 years of age
(p=<0.05).

5. The propelling force at push-off stage and
the walking speed increased in proportion
to the length of the stump.
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