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The ICEROSS concept: a discussion of a philosophy

0. Kristinsson

Ossur hf, Reykjavik, Iceland

Abstract

Prefabricated ICEROSS (lcelandic Roll On
Silicone Socket) sockets have been in use in
Iceland since early 1986. Use of custom-made
silicone sockets began several years earlier, and a
paper devoted to the subject was presented at the
1984 AOPA Assembly by the author of this
article.

The ICEROSS system is primarily used for
suspension. At the same time the author believes
it considerably improves the weight-bearing
capability of the prosthesis and the interface
between prosthesis and user. After being turned
inside out and rolled aver the stump, the silicone
sleeve forces skin in a distal direction, stabilising
soft tissue and minimising pistoning. Both
prosthetist and user may experience some
problems initially, although most can be
overcome by careful socket design and skin care.

Introduction

There are two conceptually different aspects to
the quality of prosthetic fittings. Firstly, there is
the quality of available components and
materials, i.e. tools, database and the
craftsmanship necessary to put them together asa
functional unit. Secondly, there are the latest
methods of fitting a socket and the involved
prosthetist’s skill,

Apart from the limitations inherent in artificial
joints, the single most crucial part of the prosthesis
is the socket, which often establishes the threshold
of the user’s performance.

Fitting trans-tibial amputees is not often
rcgarded as a major problem. In comparison to
fitting trans-femoral amputees, it may not be.
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Nevertheless, because we have very few
parameters to judge by, other than previous,
empirically-gained knowledge and subjective
feedback by our patients, we may often be misled
into thinking we are doing a much better job than
is the case. That is, we tend to accept onr results as
the best obtainable. Problems which appear later
may be attributed to uncontrollable factors such
as oedema, atrophy, redistribution of soft tissue,
change in body weight, etc.

Of course, this is in no way unethical or
unnatural. No one can be blamed for fittings,
whether good or bad, that do not meet standards
he is unaware of or are as yet undeveloped. Just as
carriage makers had no idea of pneumatic tyres
when constructing primitive wooden wheels
covered with wrought iron, modern prosthetists
have to rely on the statc of the art of the present.
This is not to say we are in the same predicament
as were the carriage makers, we certainly are not.
For a start we have an abundance of new
materials; we have a multidisciplinary database to
tap from, and hopefully, cur intentions are
undisputed. Most likely, what we lack are the
tools that fit every prosthetist’s hands and mind
and yield comparable results, regardless of
location and the artisan. CAD CAM may be the
answer, but more research should be directed
towards understanding the complex interaction
between socket and limb or more properly socket
and skeleton.

In any case the author cannot accept any
current state CAD as a toolbox, simply because
his view is that all systems seem to have inherited
the PTB concept, or rely on the information
obtained on the topography of a cast or a
“hanginglimb”. Itis not considered that CAD has
anything to offer yet besides documentation and
ease of fabrication. This will hopefully change in
the near future as the systems evolve.
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Suspension

For a long time, suspension has bcen
recognised as an important factor determining the
general effectiveness and comfort of the trans-
tibial prosthesis. Unfortunately research and
development aimed at solving the problems of
suspension has not been very successful. In
addition to the thigh corset, the PTB strap and
similar strapping systems, there are several
variations of supracondylar pads and neoprene
sleeves, rubber sleeves etc. All these different
systems prevent the prosthesis from falling off the
limb, and to some degree limit pistoning. This is
especially true of the sleeves. None of them,
however, can be considered to be very effective.

The trans-tibial suction socket provides a
different approach to suspension from the above
mentioned systems. Several attempts have been
made to solve the problems connected to such
devices, with the most promising involving
flexible or semisoft sockets. The use of such
sockets has not been widespread, perhaps
because (with the exception of very voluminous
limbs), if the air seal is not to be lost, the sockets
have to be made very tight and tend to strangle the
limb. Also, they are difficult to fit, and are
sensitive to rhythmic or permanent changes of the
limh. Such sockets tend to create more problems
than they solve.

Generally said, suspenston has been so poor
that users of trans-tibial prostheses have seen
their performance suffer as a result. All the
pistoning, due to the prosthesis and limb
accelerating relative to one another at cvery step,
and the impact initiating the weight-bearing
phase, exerts great stress on the skin, joints and
skeleton. To cushion impact, trans-tibial sockets
are lined with some kind of soft material to ease
shock. This is helpful, of course, but if the fit is not
optimal, and only limited arcas of the limb are
subjected to load, the socket will be
uncomfortable, regardless of the quality of the
cushioning.

Socket shape and volume

This author’s firm belief is that a trans-tibial
socket, designed to transfer loads primarily to
limited areas of the limb such as the patellar
tendon and the medial flare and condyles of the
tibia, for instance, is in most cases both ineffective
and uncomfortable. The most effective socket, in
the author’s view, is one that relies on the

hydrostatic principle for load transfer. This
principle is at work in the majority of “best” trans-
fernoral fittings. To obtain such a fit, one must
realise that the goal of a hydrostatic fit can only be
realised 10 a certain degree. The stump is of a
complex mechanical nature, but for means of
simplification will be referred to as an elastic solid
with low stiffness surrounding a piston, the tibia
with its condyles. If this mass can be fitted into a
containing vessel corresponding cxactly to its
volume, the fitting can be expected to behave like
a hydrostatic system when loaded. Then, in the
absence of motion, there is no shear stress; the
internal state of pressure at any point is
determined by applied pressure alone. Hence, the
pressure at a point is the same in all directions and
the pressure required to support the weight would
be determined by the cross-section of the socket
opening. A hydrostatic system is stable only as
long as it is tight. As soon as it begins to leak, it
begins to lose its mechanical stiffness. Even if it
cannot be referred to as an effectively closed
hydrostatic system, the limb-socket interface
(interaction) may probably pass as being an
elastic coupling with hydrostatic characteristics
during weight-bearing. Given that the posterior
wallis high enough and that the consistency of the
soft tissue prevents it from leaking out of the
vessel and past the condyles, this system should be
able to transfer the forces generated during
weight bearing without any need for limited area
loading or even conformity to the underlying
skeleton. There are questions about mechanical
stability and the internal dynamics of the limb,
enclosed and acting in such an environment, that
have 1o be answered. Research in this field is

much needed.
Of course, the force transference between

socket and imb must be a compromise between
limited area loading and hydrostatic loading.
Furthermore, the stump of an active amputee
most likely 15 not of the same volume towards
evening as it is in the morning, or in June and
December of the same year. Hence, the socket fits
differently at different times, and hydrostatic
stability may be lost at regular intervals, even with
areasonably well fitting socket. What needs to be
done, for a good initial fit, is to ensure that the soft
tissue present at fitting, is stabilised at ideal
volume by an ideally matching container during
loading; and, while being suspended, the
prosthesis is securely anchored to the limb with
minimal longitudinal displacement, No method
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