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the subjects normally wore an *Endolite PTB
grosthesis with a soft prosthetic liner and
Quantum foot as a terminal device. Each
subject gave informed consent before

participating in the experiment.

Prostheses

Three experimental prostheses were used.
While the SACH and Seattle feet were obtained
locally, the Jaipur foot was specially procured
from Jaipur (India). In order to minimize the
variables which might influence the results, it
was necessary to provide each amputee with an
experimental limb, adaptable fo accommodate
each of the three prosthetic feet. This was a
replica of their usual prostheses but with a
provision in the lower end of the shin tube to
interchange the foot by loosening and tightening
a screw. An alignment device was fitted at the
socket/shin tube junction and the alignment
checked by a qualified prosthetist.

Procedure

The experiment was conducted using a
Kistler force plate (type 5281B). The three co-
ordinate force data were sampled at a rate of
200Hz. Using each prosthesis in turn, subjects
walked at a self selected speed over the force
platform. Fifteen trials were recorded for
walking and the subject was required to repeat a
similar number of trials at a jogging pace. No
attempt was made to force a fixed speed. The
exact speed, however, was recorded using a
timing gate so as to exclude the readings with
excessive speed variations (+/- 10% of SRH
selected speed) and to ensure consistency of
speed on repeat visits. One subject was unable
to complete the trials involving jogging as he
did not feel comfortable during this. The
subject’s normal foot was used as a control
reference and all wore their usual prosthesis
with a Quantum foot during control trials. A
total of three test sessions were conducted for
each subject on three different days.

Data processing

From the fifteen successful trials recorded for
cach condition, the ten best were selected for
analysis by visual inspection, omifting data
which appeared atypical. Six variables were

*Trade name of Blatchford modular, carbon fibre endo-
skeletal construction.
{Trade name of the Vessa “energy storing foot.”

guantified from the ground reaction forces.
These were the impact force peak, impact
loading rate, propulsicn force peak, and the
vertical impulse obtained from the vertical
ground reaction force; and the negative
(braking) and positive (propulsive) impulses
from the horizontal ground reaction forces. The
data were normalised to body weight before
being analysed. Analysis was done using an
ANOVA model, and a level of statistical
significance of p<0.01 was used unless
otherwise stated.

Result

Typical force curves for walking and jogging
are shown in Figures 2 and 3 respectively.
These curves show the vertical and antero-
posterior force components. The curve for
walking is typified by three distinct peaks. The
first, refered to as the impact force peak, is
small but sharp and is associated with heel
strike. The second, referred to as the loading
force peak, is larger and more rounded and
corresponds to loading of the foot just before
mid-stance. The third, referted to as the
propulsion force peak, is associated with the
push-off into the next stride. The area under the
vertical force curve gives a measure of the
support impulse, while a combination of the
magnitude of the impact force peak and the time
taken to reach it gives the impact load rate. The
antero-posterior force is typified by an initial
braking phase followed by a propulsive phase.
The corresponding areas under each parl vield
the braking and propulsive impulses
respectively.

The curve for jogging contains similar
characteristics, except that the loading and
propulsive force peaks are now combined to
give just one discemible peak which is referred
to as dnve-off force peak, to indicate a more
dynamic action and to distingnish it from the
two separaie peaks identified in the walking
data.

Amongst these six variables the impact force
peak and the impact load rate are considered as
representing the shock ahsorption
characteristics, while the propulsive (and drive-
off) force peak and the support impulse
represent a walking (or jogging) style. In
addition the braking and propulsive impulses
are also considered to represent gait style.

Three test sessions were conducted to




PROSTHESIS
SACH SEATTLE JAIPUR NORMAL FOOT
Subject 1 SI 1.39 1.75 2.60 529
S2 1.64 247 2.84 4.97
S3 1.81 1.62 2.719 5.53
Subject 2SI 1.18 1.88 2.50 727
S2 1.33 1.70 2.32 6.40
S3 1.32 1.67 2.31 6.67
Subject 3 SI 0.91 1.04 1.67 422
S2 1.25 1.28 1.63 3.84
S3 0.94 .16 1.56 3.46
PROSTHESIS
SACH SEATTLE JAIPUR NORMAL FOOT
Subject | S| 9.80 9.63 9.85 11.18
§2 9.78 9.47 9.70 11.19
s3 9.96 10.02 9.89 11.09
Subject 2SI 9.51 9.66 9.67 10.52
S2 9.75 973 941 11.61
S3 9.30 9.56 9.12 10.78
Subject 3 SI 9.80 9.99 991 11.35
S2 10.06 10.03 9.74 11.43
S3 9.84 9.82 9.79 11.07
PROSTHESIS NORMAL FOOT
SACH SEATTLE JAIPUR
Shock absorption p P
Fz Impact force peak 1.29 1.62 2.25 <.001 5.30 <.001
Fz Impact load rate 96.8 136.8 190.3 <.001 329.6 <.001
Gait style
Fz Propulsive force peak 9.76 9.76 9.67 NS 11.13 <.001
Fz Support impulse 5.85 5.93 5.79 NS 6.57 <01
Fy Braking impulse 0.288 0.283 0.317 <001 0.388 <.001
Fy Propulsive impulse 0273 0.278 0274 NS 0.361 <.001

UNITS: force (N/kg); load rate (N/s.kg); impulse (N.s/kg)




PROSTHESIS

SACH [ SEATTLE |  JAIPUR | NORMAL FOOT
Subject 1 SI ‘ 4.06 4.34 3.89 13.93
| S2 355 3.67 3.98 | 14.55
53 233 331 3.80 14.20
‘ Subject2  SI | 345 3.31 ; 3.56 12.44
' S2 1.98 3.46 | 3.49 12.40 :
S3 2.19 3.19 3.38 ‘ 10.51
e = S (PSR SE——) = — — . =
PROSTHESIS -
SACH SEATTLE JATPUR NORMAL FOOT
Subject 1 SI 12.88 14.22 14.35 20.13
S2 14,46 14.72 14.01 20.14
| S3 13.74 13.62 15.68 20.39
| Subject 2 S | 16.85 17.51 18.39 21.03
52 15.71 15.94 17:11 19.68
| 53 15.69 15.77 17.04 20.24
| PROSTHESIS ‘ NORMAL FOOT
! [ SACH SEATTLE JAIPUR |
Shock absorption ‘ p P |
Fz Impact force peak 293 3.55 3.69 NS | 130 <001 |
i Fz Impact load rate 24] 320 314 NS 1335 NS
1 |
| Gait style
Fz Propulsive force peak ‘ 14.9 15.3 16.1 NS 20.2 <01
Fz Support impulse 2.96 311 2.97 NS | 4.03 <.001
| Fy Braking impulse 0.136 0.148 0.135 NS 0.195 <.001
| Fy Propulsive impulse 0.134 0.111 | 0.043 <.001 0.160 <.001 ]
l =

UNITS: force (N/kg); load rate (I

N/s. kg); impulse (N.s/kg)
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difference in the magnitude of late ground
reaction force between diffcrent prosthetic feet.
The results of this study support this theory. No
significant  diffcrence was found in the
magnitude of the propulsive force peak of
different feet,

The other variables compared in this study
(support impulse and push-off impulse} are not
significantly  different between  the  three
prosthetic feet, which substantiates the views of
Seliktar er a/. (1986) that they represent the
style of locomotion and are mainly influenced
by the walking pattern rather than the actual
prosthesis.

One subject was unhappy taking part in the
jogging exercise. This in itself is an indication
of the dissatisfaction and insecurity produced by
the prosthesis. The data collected from the other
two subjects confirmed previous findings.
Firstly, there was a large difference between the
normal foot and all prosthetic feet for all
variables except the impact load rate. This
confirmed the asymmetry noted for walking,
and also suggested that the subjects were
controlling the use of their prosthesis. It is noted
for example, that the load rate is similar to that
produced during walking and it is expected that
this would increase with speed of locomaotion.
But this did not clearly happen, suggesting that
subjects carefully controlled thetr foot
placement during jogging. Sccondly, there were
few differences between the prostheses, and this
again may be due to the conscious control of the
foot as noted above. The only significant
difference found was in the propulsive impulse,
which was much lower in the Jaipur foot. The
trend previously observed in walking, i.e. the
SACH foot producing the lowest and the Jaipur
foot the highest forces, was seen here also.

The small number of subjects used in this
study has not limited the interpretation of the
data or its generalization.

The differznces between the normal and
prosthetic feet are large and highly significant
even with a group of subjects of this size. The
differences amongst the prosthetic feet where it
15 substantia]l such as in shock absorption
characteristics, is also highly sigmficant. Where
there are mno signilicant differences, the
differences are small, and it is unlikely that a
larger number of subjects would lead to
substantially different conclusions. Further,
there is a consistency between those parameters

where significant differences exist (i.e. shock
ahsorption capacity) and those where it does not
(i.e. locomotor style).

Conclusions

In conclusion it can be stated that:

1. The ground reaction forcc data has been
successfully used (0 quantify shock
absorption characteristics of prostheses and
their effect on locomotor style.

2. The SACH foot has a better shock
absorption capacity than the Seattle and
Jaipur feet.

3. The performance of the Jaipur foot is more
natural and nearer to the normal foot as
compared to the SACH and Seattle feet.

4. There are no other significant ditferences in
gait style produced by the SACH, Seattle or
Jaipur feet.
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