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Abstract

The swing-phase motion of the shank of an
above-knee prosthesis has been modelled
mathematically. An inexpensive endoskeletal
prosthesis was designed using the Jaipur foot
and conduit pipes with a hinge joint for the
knee. Results of field trials and the modelling
indicate that a very simple above-knee
prosthesis can give near normal gait at
“normal”” walking speeds on flat surfaces. The
swing of the shank is most sensitive to the
timing of toe-off.

Introduction

The conventional above-knee (AK)
prosthesis poses two major problems for
amputees in many low income countries. The
usual pelvic suspension system, with its metallic
hinge joint at the hip, does not permit
abduction and external rotation which is
essential for cross-legged sitting on the floor.
The rigid thigh and leg pieces of the exoskeletal
limb strike against each other when attempting
full knee flexion and so the amputee cannot
squat. In normal squatting full knee flexion is
made possible because the soft tissues of the
thigh and knee can be pressed and flattened
against each other. Since a Western amputee
does not usually assume this posture, the knee
joints of most prostheses do not cater for full
knee flexion.
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The Jaipur AK limb was therefore designed
to permit these postures so essential to the
Indian life style where floor sitting is a social
norm. The rigid metallic hip joint was replaced
by flexible leather straps for suspension,
allowing freedom of movement in all directions;
a posterior elastic strap was strategically located
to tighten when sitting cross-legged, thereby
keeping the socket pulled up snugly against the
stump.

To permit squatting, the endoskeletal
concept was utilised. The soft foam covering of
the prosthesis can flatten when pressed during
full-knee flexion. A new design of knee joint
was designed. It not only allowed for full knee
flexion but also had an offset hinge to provide
alignment stability during the stance phase of
walking. An additional locking system was
provided as a safety measure. It may be
emphasised that the endoskeletal concept was
not used as a labour saving device but primarily
to allow amputees to squat.

Aluminium sheet was used to fabricate
classical quadrilateral sockets and conduit steel
pipes for load bearing. The offset single-axis
knee-joint and the Jaipur foot (Sethi et al.,
1978) are fixed to conduit pipe using a shrink fit
technique.

A saucer-shaped aluminium alignment disc is
fitted at the top and a static alignment is
secured by placing this disc below the socket
and temporarily brazing the two together at a
few points. The patient is then made to walk
and adjustments in alignment are made if
required. Once a satisfactory fit and alignment




b= -

WL [Ycos6 + (Z+g)sin0]

'

0.53m

Single axis

- Variable mass M
at any point along
shank axs

= Mid steei condutt ppe



Angle of shank with vertical, degrees

o°

—— Prosthesis simutation
— -~ Normalleg

8o =—15madls

M = 15k

* Distance ot M from knee m
Walking speed = 1,1m/s (normal)

8

—— Prosthesis smulation

—— ~ Nommal lag

6o = angular velocity of shank
at toe off

M = Okg

Waking speed = 1 1mvs (normal

/ 60 =Qradis
/

/8o «-15mas

/
§ o° / /x'/éq = -3 radls
:
/ ‘/'
5 ol / /
; J
/
B
é -40+ £
/
S //’
e’ /
\e:___, -
0t
inl L L 1 -
07 08 08 1.0 1.1 12 13




M = 1.5kg at a distance of
0.25m from the knee

éo =~1.5rad/s

Walking speed = t.1m/s

Expected position of
normal leg at
heel strike

Knee trajectory
Toe off . Heel strike

M = 1.5kg at a distance of T i

.
. 0.25m from the knee
60 = Orad/s
Walking speed = 1.1m/s

Normal leg position
at heel strike







