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Total surface bearing self suspending above-knee sockets*
R. G. REDHEAD

The Biomechanical Research and Development Unit, London.

Abstract

A new type of above-knee socket has been
designed to provide total surface support and to
dispense with ischial bearing as the primary
weight bearing area. The socket is based upon
the hypothesis that if the soft tissues of an above-
knee stump are adequately supported in a
suitably shaped container they will behave under
load as an elastic solid with low stiffness.

A method has been devised for taking the cast
for the new type socket using an elastic sleeve as
a “compliant socket”. The grip of the elastic
sleeve and the use of traction weights deform the
stump tissues to the required shape while the cast
is setting. The results of laboratory
measurements of the transinterface pressures in
these sockets under axial loading conditions
have correlated well with the figures forecast by
calculation. The new socket is now available to
patients at a number of Centres in England.

Introduction

In 1967 the then Director of the Bio-
mechanical Research and Development Unit at
Rochampton, Dr. D. S. McKenzie, agreed to
the start of a project to develop a total surface
bearing self-suspending above-knee socket in
which the load would be distributed as evenly as
possible, so avoiding the discomfort associated
with high loads concentrated in local areas. The
project required that retention of the socket on
the stump should be achieved without a
significant adverse pressure gradient i.e. there
should be no proximal constriction and there
should be adequate stability of the stump tissues
within the socket.
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At the start of the project the performance
requirements for the stump/socket interface
were defined as follows:

(a) To transfer the axial load of the body
weight and bending and rotational loads
arising during the walking cycle.

To transfer the distraction loads due to the
weight of the limb when the patient lifts
the prosthesis off the ground.

(c) To eliminate lost motion between the
surface of the stump and the socket wall.
To reduce to a minimum the displacement
of the femoral shaft within the soft tissues
of the stump under the loads imposed
during the walking cycle.

(b)

(d)

Axial compression loading

For the purpose of prosthetic fitting, the
anatomy of the above-knee amputation stump
was considered in a simplified form as consisting
of an outer limiting envelope, the skin and deep
fascia; a roof, the side wall of the pelvis; and a
central rigid strut, the femoral shaft.

Contained within the outer envelope and
surrounding the central strut is a composite of
“soft tissues”. At the “micro” level all the soft
tissues are composed of a complex of fluid filled
compartments, or cells. At the ““macro” level the
soft tissues are separated into various anatomical
compartments by fascial layers and inter-
muscular septa. It was suggested that the shape
of the soft tissues of the stump could be altered,
within limits, by applying minimal stress without
changing their volume. Figure 1 shows
diagramatically the difference in the soft tissue
distortion pattern when a proximal and a distal
stress are applied to the free stump.

*Based on a paper presented at the ISPO International
Course on Above-knee Prosthetics, Rungsted,
November, 1978.
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128 R. G. Redhead

of lower pressure across the stump/socket
interface would permit adequate time for blood
circulation through the stump. The variation in
pressure should provide a pumping action that
would promote the return of venous blood and
lymph to the general circulation.

On the basis of the above hypothesis total
surface bearing appeared to be a possible means
of carrying the axial load of the body weight
without the need to use skeletal support or
support from soft tissue as in a plug fit socket.

Socket retention

It was suggested that retention of a self-
suspending total surface bearing above-knee
socket would depend upon two factors.

Firstly, friction at the stump/socket interface
should retain the socket on the relaxed stump for
levels of distraction loading up to the weight of
the prosthesis. This factor could be augmented
temporarily by voluntary contraction of the
stump muscles to increase the pressure across the
interface.

Secondly, for distraction loads in excess of the
weight of the prosthesis when friction at the
interface might not prevent the socket from
slipping on the stump, atmospheric pressure
could be an additional factor holding the socket
in place. For the latter to be effective the socket
wall would have to be airtight and a total contact
fit maintained between the socket and the side of
the stump. The end of the stump could not then
separate from the bottom of the socket unless air
was able to enter.

Under distraction loading the tissue distortion
would take the form of an elongation of the
stump which, if its volume remained constant,
would be associated with a decrease in its
diameter. If the socket was made to conform to
the shape of the stump when it was not stressed
or was stressed proximally, the application of a
distraction load would cause the stump to draw
away from the socket wall as the tissues
elongated and the stump decreased in diameter.

To achieve the required fit the socket would
have to be made to conform to the shape of the
stump after a distal stress at least equal to the
weight of the prosthesis has been applied to it,
together with a radial compression of 2.1—3.5
kN/m? (0.3—0.5 psi) uniformly distributed over
the sides of the stump. Under these conditions
the stump would be distorted distally to the point
“A” on the stress/distortion curve in Figure 2,

left, where its stiffness to distal stress was rising
steeply, and therefore any increase in distraction
loading would cause little further distortion to
occur. The surface of the stump should therefore
stay in contact with the socket wall. In this
manner the friction fit and the airtight seal along
the length of the stump/socket interface should
retain the socket securely on the stump without
an adverse pressure gradient.

Stump/socket stability

Elimination of lost motion between the
surface of the stump and the socket wall would
be achieved if the socket was a total contact fit,
but in addition there should be minimal internal
lost motion between the femoral shaft and the
stump/socket interface. Anteroposterior and
mediolateral stability of the femoral shaft should
be greatest if the horizontal distance from the
shaft to the interface is a minimum in all
directions. The effect of the philosophy
proposed for the new socket would promote this
sttuation.

It was also suggested that the increased
stiffness of the soft tissues consequent upon
distal stressing could be a factor maintaining
skeletal stability within the stump. In respect of
the bending loads, it was suggested that
horizontal displacement of the distal femoral
shaft might be resisted by a rise in pressure within
the soft tissue on the side to which the bone is
trying to move. These tissues could not displace
to accommodate the femoral shaft because
superficial distortion would be prevented by the
fit of the socket, and internal displacement
would be limited by internal tissue connections.
These factors would be expected to modify the
uniform pressure distribution exhibited over the
stump/socket interface under axial load alone.

Vertical stability of the femoral shaft remnant,
i.e. internal piston action under axial loading,
should be achieved because the distortion
resulting from the distal stressing of the soft
tissue would prevent further upward movement
of the skeleton in relation to the socket when an
axial distraction load is applied (Figs. 1 left and 2
left). Downward movement of the skeleton in
relation to the socket under an axial compression
load would be prevented by the relatively
incompressible volume of the stump being
contained within the rigid, fixed shape, fixed
volume total contact socket. These factors
should ensure that there is minimal “‘internal
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pressing straight into the socket with no sense of
twisting. The patient was asked to adjust his
weight on the prosthesis until the weighbridge
recorded half his body weight.

To increase the axial compression load on the
prosthesis up to full body weight, an adjustable
overhead hoist was used to load an increasing
weight on to a strong shoulder/waist belt harness
worn by the patient. When the added weight was
equal to the patient’s body weight, the patient’s
own leg and his artificial limb were each
supporting an axial compression load equal to
the patient’s own weight. The added weight was
then removed progressively.

To reduce the axial load on the prosthesis
below half his body weight, the patient was lifted
by the shoulder suspension harness attached to
the overhead hoist. The weight on the prosthesis
was decreased progressively until it was less than
5 kilograms.

The patient was then lowered until he was
again standing with his weight equally divided
between his two legs. Throughout the loading
cycle a series of simultaneous readings were
recorded from the 9 pressure transducers and
from the weighbridge under the prosthetic foot.

When the 9 transducers were mounted in
holders 1, 2, 3, 4, 5, 6, 7, 8 and 9 (Fig. 4),
information was recorded on the level and
distribution of pressure over the side walls of the
socket with a spot check on the terminal pressure
from the transducer in holder 9.

When the transducers were mounted in
holders 1, 2, 3, 4, 14, 15, 16, 8 and 9 (Fig. 4),
information was recorded on the level and
distribution of pressure over the posteromedial
socket brim with a check on the pressures on the
side wall and distal end of the socket.

When the transducers were mounted in
holders 1,2, 3,4,9, 10, 11, 12 and 13 (Fig. 4), the
terminal pressure distribution was recorded in
more detail and a check was kept on the side wall
pressures in the proximal part of the socket.

Clinical observations

During the experimental sessions the surface
of the stump was examined through the
transparent wall of the socket.

The socket was an accurate total contact fit on
the stump at all levels of axial compression
loading and there was no movement of the skin
of the stump in relation to the socket wall. When
there was no applied load the whole surface of

the stump was a normal pink colour. As an axial
compression load was applied, the surface of the
stump, including the distal end, became
uniformly pale. With the removal of the load a
uniform pink blush reappeared over the whole
surface of the stump. None of the patients
complained of any discomfort at the stump/
socket interface during the loading cycles.

Repeatability of the results

If the results of the experiments were to be
meaningful they should be capable of being
reproduced at repeated experimental sessions.

The first two graphs are examples of plots
done to demonstrate this. Graph 1 shows the
general pattern of pressure distribution at the
stump/socket interface for various applied loads,
and Graph 2 shows the results of a repeat
experiment done 3 months later on the same
patient wearing the same socket.

The main features of the plots for these two
experiments are similar. The maximum
difference in pressure recorded at any one of the
transducers for similar applied loads during the
two experiments was about 7 kN/m? (1 psi) while
many of the transducers recorded almost
identical pressures throughout the range of
loading.

The effect of changes of limb alignment on
pressure distribution at the stump socket
interface.

A prime requirement of the experiments
under discussion was that the applied load
should be an axial compression load alone and
that as far as possible other directions of loading
should be excluded.

It was felt at the time of setting up the
experiments that the patient’s sensations were as
good an indication as any that the stump was
pushing straight into the socket under a direct
axial compression load, without any unwanted
bending loads.

To check whether this was a valid assumption,
three loading cycles were carried out
consecutively on one patient with the same
application of the socket, each with the patient’s
feet separated by a different amount.

Graph 3 top, centre and bottom, show
examples of the results obtained from a patient
when his heels were separated by 14 cm, 24 cm
and 57 cm.
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The aim to produce a more uniform
distribution of pressure at the stump/socket
interface under static axial compression loads
than exists in present brim bearing and total
contact fit sockets, appears to have been
achieved in spite of the presence of small lateral
and posterior bending loads. In particular ischial
bearing has been avoided. The higher pressures
recorded in the region of the cut end of the femur
may have been aggravated by the non-
myoplastic nature of the stumps under
examination. It is felt that these pressure
inequalities would not have occurred if the load
had been an axial compression load alone
applied to a properly fashioned myoplastic
stump in which the distal end of the femoral shaft
had been stabilized and adequately covered with
soft tissues.

The soft tissues of the stump behaved
generally as an elastic/solid with a high bulk
modulus and a low stiffness rather than as a fluid.

When there was no applied axial load, the
stump tissues were pre-stressed by an average
radial pressure of 2.34 kN/m? (0.33 psi), which
accorded with the figures suggested in the
original hypothesis.

The patient was able to increase the average
radial pressure on the side wall of the socket by a
factor of 2.7 when the applied load was 0.5 kg,
thus demonstrating his ability to increase at will
the security of socket retention on the stump.

There was no adverse pressure gradient
recorded between the terminal transducers and
the proximal side wall transducers at applied
loads of less than 20.3 kg is not considered
significant.

Clinical experience

Total surface bearing above-knee sockets
were fitted experimentally to volunteer patients
from 1969 to 1972, during this period some 200
casts were taken.

Since 1974 the sockets have been available for
routine issue at a number of limb Centres in
England.

The stumps of patients using these sockets
have remained healthy and there is no evidence
of progressive wasting of the soft tissues of the
stump as a resuit of using total surface bearing
sockets for up to 10 years.
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