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66 Eighth World Congress Official Opening Address

Bob Klein who recognised that our services Lo our velerans in regard 1o these specialities were sadly
behind world standards and set about putting us equal 1o the best in the world. 1 must say I was a
beneficiary of his work and sincercly thank him personally, but also, for all others who have had the
good fortune to receive the excellent care and skills from the people he has trained throughout
Australia. I am not going to give an historical account of the equipment developments over the years
except to say that after returning to Australia from Korca, my limbless soldier colleagues of other wars
came to help me by promising to find me a job. From their experience amputees could only be
employed in limited careers. After some weeks they returned to tell me they had found a job for me as
a lift driver. They saw that as the ideal career path for the lower imb amputees. Such was the view in
medicine ut the time and also the quality of the limbs provided. That has all changed, and indeed, in
my later years in the Army as Dircctor General of Medical Services I was able to change the rules to
allow amputees, both upper and lower limb, to continue to serve in the forces should they so wish.

Many continued to serve with distinction and I particularly would like to mention a double lower
limb amputee from the Vietnam conflict who went on in the Ammy to study law and only recently
retired as the Senior Legal Officer of the Australian Defence Force.

As National President of the RSL I lock at many aspects of ISPO that do, and will impinge on the
veteran, and indeed, the whole general community in the future. Without doubt two aspects of the
future will dominate the requirements of medical care and the work of ISPO. These are:

Firstly, that we are all living longer and that the number of older people in the community
requiring special medical care will increase annually for many years to come. They will need the
special skills and care of the prosthetist and the orthotist. This demand for such services will grow, 1
believe, at a consistent rate for the next 20 years before platcauing. We must be ready for this work.

Secondly, the continuing casualty product of war. Tt is a fallacy to believe that we will not have
continuwing victims of war following the cessation of the Cold War. One has only to realise the
many campaigns (often called Peace Keeping Operations) that have becn going on for years and
continue at this moment. The number of land mines laid in recent years in places like Cambodia,
Afghanistan and Angola exceed many millions that are currently in the ground and active. Little
action is being taken to remove the mines so thal casualtlies are constantly occurring today and
predictably will continue. It is a tragedy, but it is true and it means our work will continue to be
nceded for years to come.

I believe this week will prove to be excellent in every way and that all participants who travelled so
far will enjoy their stay in Australia and, in particular, enjoy a visit to our southern capital, Melboume.
I do welcome you all most sincerely on behalf of all the organisers of this event, and would
particularly like to recognise the oustanding work of Valma Angliss whom you would all know well.
She is a remarkable person who has worked tirelessly for some three years to ensure the success of
this great occasion. I wish to thank her on behalf of all participants for the outstanding work she has
done and recognise that the benefits of this Congress to disabled peoples of the future will be a lasting
tribule Lo her.

Ladies and Gentlemen, T have tried to outline the importance of ISPO, not only now, but into the
futurc, and I wish to commend all involved in this great organisation. I wish you well for the week that
follows and that the programme fulfils your aims and objectives. You are needed and I wish all of you
and the organisation every success in your future endeavours and have great pleasure in officially
opening your &th World Congress in Melbourne on this the 2nd April 1995.

MAJOR GENERAL W, B. (DIGGER) JAMES
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International Committee and Executive Board Meetings

Executive Board: 30 March 1995
International Committee: 31 March-1 April 1995
Executive Board: 8 April 1995

Introduction

The Executive Board met twice in Melbourne. The first meeting preceded the World Congress and
was accompanied by the pre-Board meetings of the Standing Committees (Education Committee,
Finance Committee, Protocol and Nominations Committee) and Ad Hoc Committees (International
Congress Commiittee, Publicity and Publications Committee). This was the final meeting of the
outgoing Executive Board. It was followed directly by the International Committee Meeting. The
second meeting of the Executive Board took place on the Saturday immediately following the World
Congress. This was the first meeting of the incoming Executive Board which had taken office at the
World Assembly, during the World Congress.

Finance

The accounts for the past year were presented. There was a larger than normal deficit for the year.
There were two reasons for this. Firstly there was a reduction in the market value of the Danish bonds
in which much of the capital of the Society is invested. The short term loss in paper value would only
be of real concern if bonds were sold at this time. It was explained, by Bent Ebskov, the Chairman of
the Finance Committee, that these bonds represent a very secure investment with guaranteed maturity
value but are subject to fluctuation from year to year,

Secondly, Steen Jensen, the Honorary Treasurer, highlighted the fact that the Society has been
particularly active in recent years in organising courses and conferences. Since these have been largely
focused on the needs of the developing world they have required a considerable input of funds.

It was agreed that the Society should continue to recognise the needs of the developing world and
organise such activities but it was also recognised that there would need to be increased efforts in the
area of fundraising (without increasing Members fees!). This should be possible by organising some
profitable events in the industrial world and by secking collaboration with external funding agencies to
help finance projects in the developing world. This is a challenge for the incoming Executive Board!

Education -

The Chairman of the Education Committee, John Hughes, reported on a number of varied activities.
Courses in Amputation Surgery and related Prosthetics had been held in Thailand (March, 1994),
Slovenia (Septernber, 1994) and Panama (November, 1994). A Consensus Conference on Orthotic
Management of Cerebral Palsy had been organised by David Condie, with local management by Mike
Schuch, in the USA (November, 1994),

A Consensus Conference on Appropriate Prosthetic Technology was at an advanced stage of
planning. The intended venue was Phnom Penh in Cambodia; the time June 1995. A substantial 80%
of the funding was being provided by the United States Agency for International Development
(USAID). Binks Day was Project Officer while Mel Stills handled liaison with USAID and looked
after the incredibly complex travel arrangements. The organising group was chaired by John Hughes, T
can now report, with the benefit of hindsight, that the Conference was an outstanding success and, in
my opinion, a great credit to ISPO. Full reports on both consensus conferences will be produced
during 1995,

The Education Committee had also been concerned with professional standards in prosthetics and
orthotics worldwide. This had led to the concept of different categories of practitioners according to
the education and training facilities available. In the industrial world, the end point of recognised
courses is the Prosthetist/Orthotist (Category I). In the developing world, where it is unrealistic to
expect the same facilities, the achievable grade is that of Orthopaedic Technologist (Category 1I). The
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be held in Amsterdam. He anticipated that the programme structure would be similar to that of
previous World Congresses.

The Executive Board proposed that bids from National Member Societies, wishing to hold the 2001
World Congress, should be received by December 1995. They would then be scrutinised in January
1996 by the Executive Board which may ask for clarification of some details and a final decision will
be made in July 1996. This was approved by the International Comimnittee.

Reports from National Member Societies

At the International Committee Meeting, reports were presented verbally and in the form of papers
by the following National Member Societies: Caribbean, Colombia, Finland, Hong Kong,
Netherlands, New Zealand, Canada, USA, UK, Japan, Australia, Panama, Belgium, Hungary. Verbal
reports were also given by thc following: Sweden, Argentina, Slovenia, Denmark, Germany,
Switzerland and Belgium,

Executive Board Elections

The Protocol and Nominations Committee had been directed by the International Committee to
examine the election protocol with a view to increasing the input of National Member Societies in the
early stages of the election process. According to the exisiing protocol, a “slate” of nominations was
drawn up by the Executive Board and sent to all National Member Societies for additional
nominations. The Executive Board was then elected from this extended slate by the International
Committee. Under the new protocol, approved by the International Commitlee, National Member
Societics will be invited to suggest candidates for election before the slate is drawn up. It was hoped
that National Member Societies would seck to nominate individuals from other countrics as well as
from their own National Member Society.

International Consultants

The President-Elect, Seishi Sawamura, presented a paper on the role of International Consultanis
and provided a list of present International Consultants, Verbal and written reports were provided by
Crt Marinéek (Central and Eastern Europe) and Eiji Tazawa (South East Asia) while written reports
had been supplied by Khalil Abadi (Middle East), John Craig (Central and South America), M.ALA.
El-Banna (Middle East) and Jose Miguel Gomez {(South America).

Twinning

The Netherlands National Member Society had been very active in establishing supportive links
with other nations, particularly in Eastern Europe. Jan Geertzen dzscribed some of these activities, He
referred, in particular, to the efforts of Ed van Laar, who whilst providing training courses in Hungary,
had been instrumental in the formation of the new Hungarian National Member Society. The
Netherlands was also involved in twinning activities with Poland, Croatia and Czechia.

David Condie described the UK twinning with Malawi, in partniership with the Chartered Society of
Physiotherapists, which had provided for six ISPO membership subscriptions, course attendance for
three individuals and shipment of equipment to Malawi.

John Michael described USA twinning activitics in Latin America. It has involved the transfer of
information in the form of reciprocal lectures, collaborative conferences and exchange of papers. It
has stimulated the development of friendship between the different countries and has enabled the USA
to provide financial assistance, such as money for scholarships.

Rosie de Suez reported that the Panama National Member Society is currently helping their
neighbours, Guatemala and Costa Rica to form National Member Societies. It was clear that the
twinning activities in Central and South America were having a beneficial secondary twinning effect
where the countries which had received support and help from the USA were then offering similar
help to other countries in the area.

Amendments to the Constitution
The amendments to the Constitution, which had been detailed previously in Prosthetics and

.
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Carbon fibre and fibre lamination in prosthetics and orthotics:
some basic theory and practical advice for the practitioner

B. L. KLASSON

National Centre for Training and Education in Prosthetics and Orthotics, University of Strathclyde, Glasgow, UK

Introduction

The first experiments with carbon fibre (CF)
in prosthetics and orthotics were probably made
by Mr. Nigel Ring, Chailey Craft School and
Heritage, Sussex, England, around 1966,

This was in the very early days of CF
technology, just a couple of years after the
introduction of the very expensive stretched
high modulus fibre. It was a very promising
new technology, but it tumed out, that there
werg some very expensive lessons to be learned
by the high tech industry, before the new
material could be safely used in product
development. The most famous of these lessons
is probably the one when the first use of carbon
fibre in jet engine turbine blades failed after the
production had started, with disastrous
economical consequences for the company.

Mr. Ring tried to make light, stff torso
sockets for upper limb amelics, and soon afier
Dr. David Simpson, Edinburgh, the author and
maybe some others followed. The results were
mnteresting but the costs were prohibitive and it
must be confessed, that we did not use the fibres
very intelligently at the time.

In 1972 Mr. Bengt Ostherg at our Een &
Holmgren Uppsala branch tried to reinforce
aluminium braces with carbon fibre prepreg
after final adjustment of the brace. The
aluminium was then used as a core in the final
product. The results were excellent, but the
manufactaring technique, including the use of a

All  cotrespondence to be  addressed fo
Mr Bo L. Klasson, National Centre for Training and
Education in Prosthetics and Orthotics, University of
Strathclyde, 131 St. James Road, Glasgow G12 GLS,
Scotland, UK.
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large and heavy autoclave, was too impractical
for use in prosthetic and orthotic service.

In the late 1970s Mr. Ossur Kristinsson,
Iceland, invited us to join him in the
development of his new trans-femoral socket
concept, the flexible socket. A key component
in this concept is a very stiff upright, and for
this he suggesled the use of CF. Since then the
author has maintained a very productive contact
with Mr. XKristinsson, although many others
have provided very important inputs to our
development and to our education programmes.

We can now look back at more than a quarter
of a century playing around with CF and more
than a deczde routinely using it in prostheses,
orthoses, corscts and orthopaedic footwear, and
we are far from the only ones. CF is now widely
used in prosthetics and orthotics and many
allied industries, pioneered by Blatchford, UK,
(prosthetic components) and Proteor, France
(orthotic components) have introduced CF
products and applications, one of the most
recent ones the very interesting Icelandic
Masterstep foot. Many of these products are
beautiful examples of good professionalism in

Bo Klasson retired 1993 from his position as Science
and Technology Manager of LIC Orthopaedics,
Sweden, and is now an LIC grant supported
Academic Visitor at the National Centre for Training
and Education in Prosthetics and Orthotics,
University of Strathctyde, Glasgow, Scotland. He is a
CivIng. in Acronautical Engineering, and worked
with lightweight stroctural design technology at the
Department of Lightweight Structurcs, Roval Institute
of Technology, Stockholm Sweden  before
transferring his interests to prosthetics and orthotics
in 1962.
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development and high quality production, while
some of them bear evidence, that the developers
did not know what they were doing, or that they
hoped, that the customers would not know what
they are buying. “If there is CF, it must be high
tech and good!” The author has seen products
where a black matrix has been used to give the
impression that there is carbon fibre in it.

We have given many courses to our own Een
& Holmgren/LIC staff, and we have been
invited to give courses all over the world on
fibre mechanics, CF and lamination since 1981.
This activity has been very stimulating,
although it has been a surprise, that there was
such a need for improved understanding of
basic  fibre mechanics and  lamination
procedures There is no doubt, that the
introduction of the expensive CF has stimulated
us to improve our act and do much better also
with GF (glass fibre) and other less expensive
fibres.

This paper briefly summarises the classroom
content of these courses and emphasises
mechanical  aspects. It includes  basic
engineering analyses, experience gained by the
author and others, and recommendations and
(printed} information from suppliers and
manufacturers such as Union Carbide, Thoray
and [Exel. Complicated chemical and
mathematical analyses have been purposely
avoided because that is just not the way to
communicate with the intended target group:
the advanced, interested and demanding
practitioners amongst prosthetists, orthotists and
orthopaedic technicians.

The designer is strongly recommended to
study the subject more closely in textbooks on
fibre mechanics. Most designers are used to
working with isotropic materials like metals,
and this is a completely difierent game. Fibre
composites are anisotropic (different properties
in different directions), amd strength and
stiffness are much more dependent upon the
manufacturing process.

In high tech applications in spacc and
aeronautical engineering, the performance to
weight ratio is very important, and thus high
costs for calculating and testing the design and
refining the manufacluring procedures are
accepted even if the gain may appear to be
smail. [n mass production and in less critical
applications, such as fishing rods, ski poles,
saiing wmasts, guitar necks etc., a marginal

improvement of the performance is usually not
very important, Thus the costs spent for
optimising the product are modest, while cfforts
are spent on rationalising the manufacturing.
Sorme years ago the author approached different
manufacturers asking for cost estimations for
manufacturing  components for  prosthetic
systems. It turned out, that the high tech
industries, specialised in space and defence
technologies, were 6-10 times more expensive
at maybe 10-15% better performance compared
to what the other calegory of companies could
offer. The other companies gave us, satisfying
morte limited demands, 5-8 times more for the
dollar, if you prefer to put it that way.

In prosthetics and orthotics we see a lot of
manufacturing of individual objects, using hand
lay-up, vacuum membrane moulding and other
techniques where the tooling costs are low. It is
the author’s view that in this category of design
and manufacturing extremely good results and
high quality products are within reach with only
a basic understanding of fibre mechanics, let us
call it “guided common sense”, and this is what
this presentation is about,

There are several problems when introducing
CF, and also glass fibre (GF) although it is
much less expensive, in prosthetics and
orthotics. One is that the basic rules of materials
distribution are not fully appreciated. The
difference between stiffness and strength is
sometimes  not  understood {(CF is  not
significantly stronger than GF, 0 to some 40%
only, but it is about three times stiffer). Many
find it difficult to understand, that the fibres
cannot be permanently deformed, and
consequently the shape of a fibre dominated
composite cannot, with exceptions to be
discussed later, be adjusted after curing if full
strength is expecled.

Maybc one reason for misunderstandings is
the confusing concept of reinforced plastic
(RP). We do not reinforce the plastic. We use
the plastic as a matrix to hold the fibres in such
a position, so that they can do as much as
possible of the job. It would be more correct,
maybe, to say “matrixed fibres”, but “fibre
composite” is an excellent name.

A composite material is a material consisting
of more than one component. In this context it
consists of fibres 1o provide strength and
stiffness, a matrix to bond the fibres in order to
utilise their properties and, sometimes, a core to
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determine the strength as well as the stiffness of
the composite, If the force is perpendicular to the
fibres, the matrix determines the strength, and the
sliffness is determined by the fibres and the
matrix. Short fibre composites approach the
properties of perpendicularly loaded long fibres,
i.e. significantly less fibre domination for strength
than for stiflness.

How is it that a fibrc composite ¢an be matrix
dominated regarding strength and partially fibre
dominated concerning stiffness in the very same
direction?

Look at the matrix dominated orientation in
Figure 12. The fibre to matrix ratio does not
matter. Also if there is 90% fibre, the fibres never
bridge the force flow. The composite is 100%
matrix dominated concerning strength. But if the
fibres are much stiffer than the matrix, which they
are, they will act as a stiffening filler. Then the
composite is partially fibre dominated as far as
stiffness is concerned, be it that we are no longer
lalking about loads alonyg the fibres.

In reinforced concrete the reinforcing steel bars
may be pre-stressed. There is a tension in the bars
before external load is applied. It would be wrong
to say that the fibres in plastics are pre-stresscd the
same way. The thermal shrinking of the matrix
during setting may actually compress the libres
and the yielding of the matrix after setting relaxes
the stresses. As a matter of fact, CFs may have a
negative thermul expansion coefficient, which
means that they shrink when heated during setting,
and cxpand again when cooling to normal
temperature.,

It is important that the matrix tolerates a longer
elongation to failure than the fibres with a
considerable margin. If this is not the case, the
properties paid for of the fibres cannot be fully
utilised as matrix failure ruins the laminate beforc
the fibres take the full Joad.

As the purpose of the matrix is first of all o
create working conditions for the fibres, it is
obvious that the fibre content should be high.
When using autoclave, pultrusion or filament
winding processes, 65% fibre by volume is the
highest valuc for long fibre composites except for
extrcme requirements, when 70% may be reached,
It is however, possible to exceed 30% by more
primitive methods. It deserves attention, that the
quality of laminations performed in limb fitting
shops, using a combination of vacuum membrane
moulding combined with manual removal of
excess matnx, is sometimes so high that the

composite  industries are unable to offer
competitive solutions!

For short fibres 15-30% fibres by volume is
normal.

If cylindrical fibres are ideally distributed and
pressed  together, the space between them
represents about 9% of the velume, and the fibres
about 91%. There is, however, no reason to try to
exceed 635-70%, because then there is a risk that
the matrix may not be able to cover the surface of
the fibres completely, resulting in inferior
bonding.

There is no point in copying conventional metal
structures or designs and making them from fibre
composites. [t is often said that the key to
composite design economy and success is
integration of functions or integrated design. It is
not the purpose to emphasise on design
philosophies here, so let us avoid it by suggesting
that as much as possible is integrated in large
modules and units instead of assembling a lot of
very specialised small components. Specialised
components are bolts, hinges, bearings etc.. Tt is
not only the anisotropy that causes problems.
Bolting, riveting, press fits etc. do not behave as in
mefals, very much because they rely upon pre-
stresses possible, because the metals are used in
their clastic range. The plastic matrix materials
may not offer such assistance for a longer period
of time.

One further reason that makes integrated design
attractive is that fibre composites can be formed to
shape without waste of material due to machining.

It may be reasonable at this point to draw the
conclusion, thal investing in  “materials
substitution” projects, where fibre composite
components or modules are supposed to replace
conventional metal vnes may not necessarily be a
very sensible approach.

Prepregs
A prepreg is a tape or a fabric with
unidirectional  fibres, impregnated by a

thermosetting resin, usually an epoxy resin, 10
serve as matrix.

The resin is partially cored to a “tacky” state (B-
statc). The resin is finally cured by heating under
pressure when the intended structure has been
formed.

Narrow tapes are used when the shape is more
complicated, while large sheets are used for
bending in one plane (aircraft wings etc.).
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It is not correct to say, that the bond between
the fibres and the matrix should always be as
strong as possible. Too strong a bond may give a
fibre cleavage failure mode and to weak a bond a
delamination failure mode. There is an optimal
bond for maximum tensile strength in a composite.

The different coefficients of thermal expansion
of fibre and matrix will develop internal tensions
when heating and cooling, also when there is no
external load. When tensions due to external loads
are added to these internal pre-tensions, we may
too soon reach the tolerance level and ger failure at
less external load than we had cxpecied. We may
actually get cracks in the matrix beforc any
cxternal load is applied.

The first critical moment is actually during the
exothermic setting process when laminating with a
thermosetting mateix. If the internal stresses are
eliminated at peak temperature during the selling,
stresses will be developed during cooling, the
greater, the more difference between the
expansion coefficients. The thermal expansion of
the fibres can usually be neglected. Hence it boils
down 1o a requirement, that the thenmnal expansion
coefficient of the matrix should be as small as
possible. Different sources report different figures,
but it is hopefully possible to agree that polyester
expands about 10 times more than epoxy, and
acrylic expands 10-30 times morc than epoxy per
unit temperature change.

This is one of several reasons why epoxy is the
technically superior matrix material. Other reasons
are that i. is best for wetting, protection and
fatigue. For the most advanced high tech CF
applications epoxy is more or less the one and
only serious alternative. But it is also the most
expensive, and it is very aggressive to the skin
before hardening.

The chemical resistance of cpoxy depends on
the hardening system. 1t is generally good, but
amine cured epoxy has poor resistance to acids.
Anhydride cured ones neither resist strong alkalis
nor organic solvents. There is a wide range of
epoxy resins and hardencrs available, and there is
a lot to gain by selecting them carefully to satisfy
the requirements.

In mass production, at pultrusion and filament
winding, epoxy is sometimes substituted by vinyl
ester (CF sailing masts, ski poles elc.) with very
good results due to its excellent resistance to
weather and chemical stresses combined with
good mechanical properties.

But GF with polyester is excellent for many

applications. In optimised {integrated) design it
made possible a weight reduction from 8 to 2
pounds of a rear wheel suspension element of a
Volvo truck. The springs of the Corvette sports car
are GF with polyester matrix.

It should be noted, that shrinking during
manufacture using polyesters as well as vinyl
esters, can be significantly reduced by using
additives.

Acrylic is an interesting compromise. The
reason why it is used in prosthetics and orthotics,
also for CF, is probably that it has a successiul
tradition there for use with the other fibres. Tt was
carly discovered, that it had to be modified hy
thinning 1o be able to wet sufficiently for use with
CF, and we witnessed the birth of “carbon
acrylic”. [t may be an ideal matrix to work with in
prosthetic and orthotic shop conditions, but it is
cerfainly not the best way to utilise CF. Acrylics
are actually very seldom, if ever, mentioned in the
composile literature.

During the past decade a lot of inleresting
development has been going on in the area of fibre
composites with thcrmoplastic matrices, but so far
no simple method to add the matrix to the
continuous, long f{ibres has been introduced. Such
laminates are commercially available, and if the
user knows what he is doing, they can be very
useful. Sometimes the matrix is “semi-
thermopiastic”. If epoxy is used. it may be
possible to soften it by heating and deform it
permanently once or lwice. This properly expires,
however, when the cross-linking starts (see
below),

Unfortunately, however, it is frequently
believed, that if the matrix is thermoplastic, the
composite 15 also thermoplastic. This is, as
discussed above, not true, at [east not i the
composite is suppased to maintain its strength
properties after deformation.

It is very different with short fibre composites.
Nylon with short GF or CF has become very
successful, also in prosthetic and orthotic
applications. These composites also exhibit 4 troe,
but limited thermoplastic behaviour.

Matrix strength

As indicated above, the most sought after
strength in the matrix is shear strength. This is
very much because il is sometimes more or less
impossible te avoid matrix domination for shear
stresses due to bending,.

It is frequently suggested, that the matrix should
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Density E E/dens. o a/dens.
Fibres (Kg/m*) (N/mm?*) (N/mm’)
E-glass 2,540 70,000 27.6 1,500 0.59
S-glass 2,500 85,000 34.0 2,100 0.84
CF-high strength 1,800 230,000 128 3,500 — 8,000 1.95-4.45
CF-high modulus 1.800 400,000 222 2,100 - 6,000 1.17-3.33
Boron 2,630 400,000 152 2,100 - 4,100 0.80 - 1.56
Kevlar 1,450 150,000 103 3,700 2.55
SIC: (Whiskers) 2,200 500,000 227 7,000 3.18
Polyurethane 1,100 70,000 63.6 1,500 1.36
Metals
Aluminium 2,700 70,000 25.9 230 -700 0.085-0.26
Steel 7,900 210,000 26.6 500 - 2,200 0.063 - 0.28
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Functional outcomes in a lower limb amputee population

L. SAPP* and C. E. LITTLE**

* Division of Physical Medicine and Rehabilitarion, Dalhousie University, Halifux, Nova Scotia, Canade
** Nova Scotia Rehabilitation Centre, Halifax, Nova Scotla, Canuda

Abstract

This paper reports an cvaluation of 132 patients
seen at the Nova Scotia Rehabilitation Centre
amputee programme during a 24-month period,
carried out to evaluate the programme’s
effectiveness. [n addition 1o a reveiw of charts,
a questionnaire was used (85% return rate) to
help determine functional outcomes. The patient
profile revealed a 3.4:1 malc-to-female ratio
and an average age of 64.8 £ 13.0 years. The
average overall training time was 44.0 £ 26.5
days. Of the respondents, 65.5% wore their
prosthesis at least @ hours/day, 11.5% wore it at
least 4 hours/day, and only 16.1% were no
longer using their prosthesis. The programme’s
effectiveness appears to compare well with that
of others reported in the literature.

Introduction

As part of an ongoing effort to improve the
quality of patient care at the Nova Scotia
Rchabilitation Centre, the services being
provided to the public are being examined more
closely. This paper focuses on the amputec
population within Nova Scotia, as the Centre
serves the entire province. The incidence of
amputation in 1992 has been reported to be
43/100,000 per year. Approximately 380
amputations are performed each year in Nova
Scotia; these include hemipelvectomy, hip
disarticulation, trans-femoral (above-knee),
knee disarticulation (inchuding Gritti-Stokes),
trans-tibial (below-knee), Syme, transmetatarsal,
toe, and upper limb amputations. This yearly
figure includes any revisions necessary within

All  correspondence to  be  addressed to
C. Elaine Litile, Nova Scotia Rehabilitation
Centre, 1341 Summer Street, Halifax, NS, Canada
B3H 4K 4, Phone (902) 422-1787 Fax (902) 425-6466

the amputee population in both upper and lower
limbs.

The focus of this study is on trans-femoral
and trans-tibial amputees, as these constitute the
majority of patients seen at the Nova Scolia
Rehabilitation Centre. Of these, the Centre sees
approximately 90 new amputecs per year,
83.8% of whom are 60 years of age or older.
The feasibility of fitting patients in this age
group with prostheses has been questioned
frequently {Anderson et al., 1987; Davis et al.,
1967; Holden and Fernie, 1987).

The purpose of this study was to test the
hypothesis thal the amputee services and the
functional outcome provided at the Nova Scotia
Rehabilitation Centre are comparable 1o other
centres described in the literature. Prosthetic use
after completion of the entire rehabilitation
process may be a good indicator of functional
outcome and may provide further justification
for including patients in the process.

Methods

At the Cenlre, patients enler the programme
as a resull of referral 1o the interdisciplinary
amputee clinic for assessment. Depending on
their medical statms and level of independence,
patients begin prosthetic training either as an
inpatient or outpatient. The treatment regime
consists of an initial phase of prosthesis fitting,
followed by a schedule of group cxerciscs and
gait training in the physiotherapy department.
The exercise regime includes: mal work
focusing on cardio-pulmonary conditioning,
trunk and limb stretching, strengthening of
specific muscle groups involved in ambulation,
and balancing activities in both sitting and
standing. Gait training begins with the general
principles of ambulation and carnies through to
such specific activities as transfers, stair




Patienis

| Men (n = 102) Women(n=30) | Total (n= 102)

Age (years) | Age (years) Age (years)
" Level of Amputation No Mean SD | No Mean SD | No Mean SD
trans-femoral | 55 643 99|12 657 124] 67 65.5 120 |
| trans-tibial 47 64.5 14.9 | 18 63.9 14.0| 65 64.1 14.1

Patients with trans-femoral amputations ranged in age from 23 to 81 years; those with trans-tibial amputations were from
30 to 85 years old.
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Percentage of Patients
4

Type N %

daily walk 35 44.9
travel 45 ST
shopping 42 538
driving car 40 513
housework 41 52.6
gardening 19 244
woodworking 14 17.9
cooking 30 26.8
fishing 13 16.8
camping 10 12.8
chopping wood 8 10.3
bunting 8 10.3
swimming 3 38
miscellaneous* 18 23.0
none 10 12.8

40
|
30
nae
ol .
il
)l =1k
[ ool
& | | : ) E: 1
o 4-8 812 13186 >16
Hours per day
Type Inside (%) Qutside (%)
no aid 429 28.6
1 cane 26.0 35.7
2 canes 28.6 28.6
quad cane 1.3 1.4
crutches 26 29
forearm crutches 1.3 0
walker 19.5 7.1

* Miscellaneous activities include dancing, archery,
boating, lifting weights, golfing, tennis, baseball,
farming, latch hooking, driving an all-terrain vehicle,
using a stationery bicycle, and making bicycle repairs.




Present Kegel Reyes Pohjolainen
no use [6.1% 10.0% 5.4% 10.6%
1-3 hrs. 6.9% — — 5.0%
2-4 hrs. - 4.5% .
4-6 hrs. 16.3%
4-8 hrs. 11.5%
6-8 hrs. 49.1%
7-11 hrs. - 7.8%
9-12 hrs. 21.8% —_
>12 43.7% — 60.3%
no assistive device* 42.9% 55.9% 2.7% 16.3%
1 cane 26.0% 10.4% 40.2%
2 canes 28.6% 2.2% 5.4% —_—
quad cane 1.3% .
crutches 2.6% 10.7% —
forearm 1.3% —
walker 19.5% 0.7% 5.4% -

* inside only.
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quantify and help understand the effects of
oedema and atrophy (Lennihan er al, 1973;
Fernie er al, 1978; Fernie et af, 1982;
Krouskop et al, 1988; Persson et al, 1989;
Bednarczyk ef al, 1992). Optical surface
scanners have been used in CAD CAM
prosthetic design (Saunders et al., 1989; Boone
et al., 1989; Oberg 1989; Boone et al., 1994),
but these reports do not include volumetric
analysis of patient stumps. These non-contact
methods have limited ability for atrophy and
oedema assessment. Surface measurement
methods (Lennthan er al., 1973; Persson er al.,
1989) where the stump is modelled as a
truncated cone, were shown (o be unreliable by
Fernie er al. (1978) and Bednarczyk ef al
(1992). Contact contour tracers (Krouskop et
al., 1988; Bednarczyk er al, 1992) suffer from
patient motion, skin deformation from contact,
and limited resolution. Fernie described and
used a water bath on an elevator platform to
measure cross-sectional area of the stump
{Fernie er al, 1978; Fernie ef al, 1982). All
measurements were rclated to the distal cnd,
and were inaccurate due to uncertainty
introduced by surface tension between the skin
and water as the water bath was lowered. A
stated benefit of this method was to enable
regional volume change assessment as volumes
could be estimated for slices of a given
thickness instead of a single volume
measurement for the whole stump. Krouskop et
al. (1988) attempted to compare the volumes of
the socket, unloaded stump, and plaster replica
on 5 subjects with contact contour tracer. The
volumes determined with this method are
basically an extension of the truncated cone
method, with a higher number of circumference
measurements. All methods described above are
limited for prosthetic fit assessment as Lmb
volumetry cannot be performed with the
prosthesis in situ. A method for visualization
and measurement of the stump, including its
internal composition of subcutaneous fat,
muscle, and bone with the prosthesis in situ is
sought to aid prosthesis fitting. Spiral X-ray
Computed Tomography (SXCT) has been
developed for this purpose (Fishman er al.
1993).

An  Optical Surface Scanner (OSS)
(Commean et al, 1994") which employs
structured light was developed to accommodate
lower limb trans-tibial amputees (Bhatia ef al.,

1994%) and to measure distances between
fiducial landmarks (Commean er al, 1994%).
While OSS does not allow discrimination of
sub-surface composition nor in situ evaluation
of prosthesis fit, it is a viable volumetry tool
when internal information is not required.

SXCT and 0SS volumetry methods define
the stump in three dimensions at very high
resolution. An  OSS scan  captures
approximately 30,000 x,vy,z  coordinates
defining the surface of the stump, over a fixed
range of approximately 30cm. For a comparable
30cm Z-axis range (cranial-caundal axis) SXCT
captures approximately three million volume
elements known as “voxels” that represent the
complete morphology of the stump. While the
O35 scan range and resolution is fixed, the
SXCT range and z resolution can be extended
by performing multiple scans, changing the
number of gantry rotations per table increment,
and/or x-ray collimation. Once captured and
processed into three dimensional data, computer
stump models can be analyzed repeatedly.
Regional volumes can be determined and SXCT
volume data analyzed in terms of tissue
composition, allowing registration of models by
skeletal structure for analysis of regional shape,
and determination of local or regional volume
differences between scans. Swface and
volumetric data from the OSS and SXCT are
ameqab]e to solid modelling (Bhatia er al,
1994; Piolo et «l, 1993) enabling finite
element analysis (Szabo et af., 1991).

This validation study extends an initial pilot
investigation performed on SXCT volumetry
using phantoms and a cadaver leg (Smith et al.,
1995) and includes comparison with optical
surface scanning as a volumetry tool in lower
limb prosthetics.

Materials and methods

Ten trans-tibial amputees were recruited to
participate in this study. Informed consent was
obtained from all subjects. Nine subjects
completed the entire protocol. Inclusion criteria
required the subjects to have been previously
fitted with a permanent prosthesis and io have at
least some independent or assisted ambulation.
One subject did not complete the study due to
personal reasons and another completed the
study, but was excluded from the analysis as he
had not yet been fitted with a4 permanent
prosthesis. The mean age of the sample was 50




‘ Date of [ ‘ ‘ I

Examinations ‘ Side Type Included Prosth

iulicm [ H:‘M] Age Sex | Race ‘ of Amp | of Amp | in Study Type*
! 2/18; 6120 7 M W L | Bk Y P
2 ‘ 3/28; /1 38 | M W R BK Y [ P
3 2/15; 4/14 | a4 F W L |  BK Y P
4 2/23; 4/8 35 M | W L BK N | 7
5 2/25; 4/12 31 M w | BK | Y P
6 | 3/2: 4119 42 | F ‘ B L BK Y P
7 | 3/4; 4/22 66 ‘ M [ W J L BK i Y P
8 3/15; 4/28 69 M w L BK | Y | P
9 317; 506 51 M w | L BK N P
10 | 53 49 | M ‘ w | L | BK | N | » |

~ e —_— ! !

* P denotes permanent prosthesis
T denotes temporary prosthesis
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Hydrostatic Weighing
Method Error %

Optical Surface
Scanning (OSS)
Method Error%

Spiral CT (SXCT)
Method Error %

LEVEL n Subject | Cast Subject Cast Subject Cast
Segment 28 N/A N/A 0.5 0.5 0.8 0.8
[nstrument 14 1.1 0.3 22 0.5 0.5 0.9
Fiducial 7 10.0 10.8 9.8 10.5 109 | 12.3




Source of Variance df SS MS F-Ratio P
Casts (C) 13 1644092 126469 -
Methods (M) 2 13567 6784 10.11 p<.001
Error (C x M) 26 17442 671
Total 41 1675101
Source of Variance df S8 MS F-Ratio p
Subjects (S) 13 1619478 124575 -
Methods (M) 2 32671 16335 7.46 p<.01
Error (S x M) 26 56913 2189
Total 41
Tukey HSD Multiple Comparison Test (Casts)
Table of Mean Differences
0SS SXCT
Mean Min. Sig. Mean Min. Sig

Daff. (cc) Diff. (cc) p<.05 Diff. (cc) Diff. (cc) p<.05
Hydrostatic 43.07 24.61 Y 13.64 23.12 N
0SS - - - 2943 14.35 Y

Tukey HSD Multiple Comparison Test (Subjects)
Table of Mean Differences
0SS SXCT
Mean Min. Sig. Mean Min. Sig

Diff. (cc) Diff. (cc) p<.05 Diff. (cc) Diff. (cc) p<.05
Hydrostatic 58.21 44 61 Y 60.07 29.09 Y
0SS - E - 1.86 39.45 N
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The influence of orthosis stiffness on paraplegic ambulation
and its implications for functional electrical stimulation (FES)
walking systems

1. STALLARD and R. E. MAJOR

Orithotic Research & Locomotor Assessment Linit (ORLAU),
The Robert Jones & Agnes Hunt Hospital NHS Trust, Oswestry, Shropshire, UK

Abstract

This study examines the evidence which
supports the importance of maintaining relative
abduction for effective reciprocal walking in
high level paraplegic patients. In comparisons
of orthoses, where this can only be achieved
rechanically, those with higher lateral rigidity
consistently showed greater levels of walking
cificiency. The influence on hybnd systems of
[unctional electrical stimulation (FES) of the
gluteal muscles, where the primary function is
to maintain abduction, also showed reductions
in overall energy cost, reductions in upper limb
effort, or hoth.

Examination of the effect of increasing lateral
rigidity of a purely mechanical orthosis by 10%
showed thal significant epergy cost reductions
were achieved (30% reduction in Physiological
Cost Index) for patients with thoracic lesions
experienced in reciprocal walking.

A review of FES research suggested that for

the modern healthcare sector the cost
effectiveness of purely mechanical systems
make them an attractive means of routinely
providing the functional and therapeutic
benefits of walking [or high level paraplegic
paticuts. In the prevailing climate of strict
budgetry control a case is made for
concentraling more research resources on
improving still further walking efficiency, and
resolving  the outstanding problems of
functionality and cosmesis in such systems for
reciprocal walking.
All  comespondence to  be  addressed 1o
Mt J. Stallard, Technical Director, Orthotic Rescarch
& Locomotor Assessment Unit, The Robert Jones &
Agnes Hun. Hospital NHS  TFrust, Oswestry,
Shropshire, SY10 7AG, UK.
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Introduction

A widely held view that walking for
paraplegic patients is worthwhile (Carroll,
1974; Rosc, 1976; Menelaus, 1987) has led 10
steady improvements in performance of
standard mechanical orthoses (Douglas et al.,
1983; Butler and Major, 1987; Campbell, 1989;
Kirtley, 1992; Motloch, 1992; Lissens et al,
1993), The social and economic value of these
developments has been underpinned by research
which shows that ambulatory paraplegic
paticnts have hall the number of bone fracturcs
and one fifth the number of pressure sores
(Mazur et al., 1989). It has been demonstrated
that when an osthosis s supplicd in a fully
controlled clinical environment the majority of
patients with thoracic lesions will continue to
use the device on a long term basis (Moeore and
Stallard. 1991). Nevertheless there remains
concem that the physical effort involved in
walking and the cumbersome nature of the
devices required for this purpose deter many
patients who could potentially benefit from this
activity.

Ambilions to achieve further improvement
arc manifested in research and development in
the separate areas of FES, mechanical orthoses,
and also in combinations of these in what are
termed hybrid devices.

Each of these approachcs appears to have
advantages and disadvantages, and all of them
require appropriale  compromises within the
context of paraplegic ambulation (Stallard ez al.,
1989). However, as rescarch progresses some of
the features essential to effective ambulation
have become clearer. Lateral stiffncss of a
mechanical orthosis 10 enable swing leg
clearance to occur easily is amongst the most
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Average Reduction in Impulse with FES = 18.7%



Patient Sex Age Level of Lesion

A M 28 | T8/9 Comp
B M 31 1.1 Comp
C M 30 I'tl Comp

walking heart rate
resting heart rate
PCI(bts/m) = — —
walking speed




PCI (Bts/m)

1.65 1.6

126

Pt. A Pt. B Pt.C

Traumatic Paraplegic Patients with Thoracic Lesions

Increase in Stiffness of PW '89 is 10%
Average Decrease in PCl = 0.42
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TIPw 89
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Technical note

Design and manufacture of a high performance water-ski seating
system for use by an individual with bilateral trans-femoral
amputations

M. BUCKLEY* and G. HEATH**

*Clinical Engineering Group, North Western Medical Physics Department, Withington Hospital, Manchester, UK.
**School of Prosthetics and Orthotics, University College Salford, UK.

Abstract

A high perfortmance seating unit has been
produced for a water-skier with bilateral trans-
femoral amputations. The system, in which the
user sits whilst skiing, has helped the client to
further her sporting career and enabled her to
compete successfully at the highest levels of
disabled water-skiing competition.

Introduction

The Clinical Engineering Group at
Withington Hospital was asked to produce a
high performance seating unit to fit onto a
standard Kan-Ski water-ski (designed for use by
paraplegics) for use by an individual with
bilateral trans-femoral amputations. The client
mvolved is a highly successful, competitive
disabled water-skier (current UK and World
Disabled water skiing champion), who was
experiencing difficulties with the cquipment
which she was using. She felt the technique
which she had adopted in order to use this
equipment was hoth unsafe and inefficient and
that if she was to remain competitve at a high
level, then alternative equipment configurations
would have to be sought,

Before the authors became involved in the
project, the client had tried various equipment
combinations, the latest being the commercially
available Kan-Ski water-ski and seating system.
The Kan-Ski is a high performance carbon fibre

All  correspondence 1o be  addressed to
Michael Buckley, Ceatre for Rehabilitation and
Engineering Studies, Department of Mechanical,
Materials and Manufacturing Engineers, Newcastle
upen Tyne, Newcastle NE17RU, UK
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water-ski with dedicated aluminium frame
seating system, designed for use by paraplegic
water skiers. The seating system can be used by
individuals with high level lesions as it offers a
high degree of lateral support around the thorax.
Unfortunately, this system proved to be
unsatisfactory for this client as the seat could
not be used as was intended by the
manufacturer. She had to sit directly on the
board, effectively trapping herself in the
framework. As well as being quite unsafe, this
seating position required a lot of upper body
strength to manoeuvre the board, due to the
proximity of the skier’s centre of gravity to
water level.

The task was to design and construct a
completely new seating sysiem that would
casily interface with the preferred performance
water-ski (the Kan-Ski) and allow complete
safety combined with high level performance.

Design requirements

The first stage of the design process was to
specify fully what was actually required by the
client and to establish what parameters and
restricions the project would be subject to. A
design specification was drawn up and issued to
all parties concerned with the project for

comments and queries. The specification
included:
- geometry: client physical measurements,

required seat height above water, dimensions
of fixation lugs on Kan-Ski, strapping
requirements etc.;

- forces: estimations of the forces experienced
by the system when being towed around a
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in thc polyethylene-polypropylene seat and it
eventually broke at the attachment point to the
frame. This mode of failure had been
anticipated by the design team and no injuries
were suslained by the client. The client was able
to reaitach the seat to the frame using Nylon
webbing.

On return to the UK, the client reported her
experiences to the team and the whole seating
system was inspected to assess any damage.
Apart from the seat, the system showed no other
signs of failure.

A new seat was made using a slightly thicker
(4mm) polyethylene-polypropylene copolymer
and new straps attached. A slight reduction in
the height of the rear portal frame was also
made to allow a more functional seating
position.

Conclusion

A high performance water-ski seating system
which allows the client to compele at the
highest levels has been produced and has been
in continnal use by the client since April 1994.

No further problems have been experienced
and the user is again competing successtully.

This successfully completed project has been
achieved through collaboration and co-
operation between the Clinical Engineering
Group at Withington Hospital and the School of
Prosthetics and Orthotics at Salford.
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Technical note

Driving appliances for upper limb amputees

T. VERRALL and J.R. KULKARNI

Disablement Services Centre, Withington Hospital, Munchester, UK

Abstract

The advice given to upper limb amputees in
the United Kingdom with regard to the use of
driving appliances has often been somewhat
variable. At best a full rehabilitation package
has been provided, including the fitting of the
appliances Lo the person’s vchicle and contact
with the driver’s instructor, to the other extreme
of issuing driving appliances to patients with no
instruction at all. Though wupper limb
amputations are not a relevant or prospective
disability, all drivers with a "limb disability” are
legally required, in the UK, to declare changes
in their physical state to the Driver and Vehicle
Licensing Agency. This study examines the
current usage of driving appliances. 1t was
found that the level of upper limb loss has litile
effect on where the driving appliance is placed
or on any other aspect of driving method used.

Iniroduction

Upper limb amputations are much less
common than lower limb amputations and in
most regional prosthetic centres in the UK the
ratio of presentation is approximately 1 upper
limb amputee to 25 lower limb amputees
(Department of Health and Social Security,
1986). Though congenital deficiences are
different from amputations, both in terms of the
psychological effect and the prosthetic
acceptance and usage, in clinical practice the
prosthetic management is similar for both. For
the purpose of providing appropriate appliances

Al correspondence o be  addressed to
T. Verrall, Senior Prosthetist, Hugh Steeper Ltd,
Disablement Services Centre, Withington Hospital,
Nell Lane, Manchester M20 LB, UK.
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to assist in driving, the prosthetic management
of the transverse congenital deficiency is
identical to that of the amputee.

In the UK the driver and Vehicle Licensing
Agency’s (DVLA) licence categorically states
that a driver should inform the agency if there is
any physical change in his or her condition.
However, a survey on diabetes and driving
revealed that about a fifth of all diabetic drivers
had not informed the DVLA or their motor
insurers of their diabeles (Saunders, 1992). No
such survey has becn carried out on the amputee
population. The majority of patients do drive or
return to driving after upper limb amputation
and are wusually under the care of the
multidisciplinary team at the regional or sub-
regional Disablement Services Centres.

There is no comprehensive literature
available to give to upper limb amputees which
would advise themy where tw place a ball
appliance on the sicering wheel, how to change
gear or use the hand brake, or how thesc details
vary with level or site of amputation (UK
Forum of Driving Assessment Centres, 1991'%),
For example should the left trans-humeral
amputee place the steering ball in the same
position as a right trans-humeral amputee? The
advice given has often been varied and
inconsistent. The authors carried out a
prospective study of upper limb amputees to
ascertain how these patients were currently
using the driving appliances provided and
whether an appropriate pattern of usage could
be determined. In the following descriptions it
should be remembered that in the UK vehicles
drive on ihe left side of the road and
consequently are right hand drive with the hand
brake and gear change nommally operated with




Method Number of Patients Comments

No steering ball used 7 Of these patients, 6 steady the steering wheel with a prosthetic
hand when changing gear or using the hand brake. The other, a
forequarter amputee, drives an automatic. All 7 steer by palming
the wheel round with their sound hand. (See Fig. ta).

Steering ball mounted on 13 All of these patients use the ball in their sound hand. Of these 11

the left side of the wheel drive automatics. The other 2 drive manuals one steadying the

(between 9 and 10 wheel with a passive hand and the other with her trans-radial

o'clock position) stump, whilst changing gear or using the hand brake
(See Fig, 1b)

Steering ball mounted on 14 Of these 14 patients none uses the sound hand on the steering

the right of the wheel
(between |12 and
5 o'clock position)

ball, except when parking. Automatics are driven by 2 of the
amputees and the 12 drivers of manuals all control the wheel
using a prosthetic appliance on the steering ball whilst changing
gear, while steering and when operating the hand brake
(See Fig. 1¢)

(a)

(h) (c)




Method

Number of Patients

Comments

No steering ball used

8

Of these patients, 7 change gear with a passive prosthetic hand
and | operates the autoshift with a passive prosthetic hand. All 8
steer by palming the steering wheel round with the sound hand,
though some added that they also use the prosthetic hand on the
wheel at all times.

Steering ball mounted on
the left side of the wheel
10 o'clock position)

right side of the wheel
(between 12 and
4 o’clock position)

T
Steering ball mounted on

All three patients drive automatics, and 2 of them vse a cup on
stem appliance in the prosthesis to help steady the wheel. One
added that he also uses the steering ball in the sound hand in
certain circumstances, and the third patient, a trans-humeral
amputee, always uses the ball in his sound hand. (See Fig. 2a).

All 12 patients use the steering ball in their sound hand. Of these
5 drive automatics. Of the 7 drivers of manuals, 6 use a passive
prosthetic hand, and one vses a cup on stem appliance to change
gear. (See Fig. 2b).

All 14 drivers using manual gearbox vehicles operate the hand
brake by reaching across with their sound hand, resting the
prosthesis on the wheel whilst they do so (See Fig. 2¢).

(a)
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Calendar of Events

National Centre for Training and Education in Prosthetics and Orthotics
Short Term Courses 1995-96

Courses for Physicians, Surgeons and Therapists

NC504  Lower Lirnb Orthotics; 20-24 November, 1995

NC502  Upper Limb Prosthetics and Orthotics; 27 November-1 December, 1995
NC512  Orthotic Management of the Foot; 4-5 December, 1993

NC505 Lower Limb Prosthetics; 22-26 January. 1996

NC510  Wheclchairs and Seating; 25-27 March, 1996

NC217  AFO for the Management of the CP Child; 24-26 April, 1996

NC511 Clinical Gait Analysis; 1-3 May, 1996

NC306  Fracture Bracing; 7-10 May, 1996

Courses for Orthotists and Therapists
NC512  Orthotic Management of the Foot: 4-5 December, 1995

Further information may be obtained by contacting Professor J. Hughes, National Centre for

Training and Education in Prosthetics and Orthotics, University of Strathclyde, Curran Building, 131
St. James’ Road, Glasgow G4 OLS, Scotland. Telephone: (+44) 14| 552 4400 ext. 3298,

Fax: (+44) 141 552 1283, E-mail Annette. Hepbum @strath.ac.uk

5-8 September, 1995

2nd Leeds Furopean Rehabilitation Conference: Neurclogical Rebabilitation, Leeds, England
Information: Dr. A. Cutts, Rheumatology and Rehabilitation Research Unit, The University of Leeds,
36 Clarendon Road, Leeds, LS2 9NZ, England.

8-10 September, 1995

4th Scientific Meeting of the Scandinavian Medical Society of Paraplegia, Oslo, Norway.

Information: Congress Secretariat, 4th Scientific Meeting of SMSOP, c/o Sunnaas Hospital, N-1450
Nesoddtangen, Norway.

12-16 September, 1995

10th Asia Pacific Regional Conference of Rehabilitation International, Jakarta, Bali.

Information: Secretary, 10th ASPARERI, H Hang, jebat 11-2 Blok F1V, Kebayoran Baru. Jakarta
12120, Indonesia.

17-21 September, 1995

Medicon *95. 7th IFMBE Mediterranean Conference on Medical and Biological Engineering, Israel.
Information: Haim Azhari, DSc, Secretary of the Organising Committee, Julius Silver Institute of
Biomedical Engineering, Technion-Israel Institute of Technology, Haifa 32000, Israel.

19-23 September, 1995
American Orthotic and Prosthetic Association Annual National Asscmbly, San Antonio, USA.
Information: Annette Suriani, 1650 King St. Suite 500, Alcxandria, VA 22314, USA

128



mailto:Annette.Hepburn@strath.ac.uk




130 Calendur of Events

2-3 March, 1996

Annual Scientific Meeting of British Association of Prosthetists and Orthotists. Glasgow, Scotland
Information: Mrs. H. Thomas, BAPO, Dunoon and District General Hospital, Dunoon, Argyll PA23
7RL, Scotland.

22 April-5 May, 1996

18th World Congress of Rehabilitation Tnternational, Auckland, New Zealand.

Information: Mrs. Bice Awan, Accident Rehabilitation and Compensation, Insurance Corporation. PO
Box 242, Wellington, New Zealand.

10-19 May, 1996
8th International Mobility Conference, Trondheim, Norway.
Information: IMC 8. Tambartun: National Resource Centre, N-7084 Melhus, Norway.

12-16 May, 1996
st Mediterrancan Congress of Physical Medicine and Rehabilitation, Herzliya, Israel.
Information: Congress Secretariat, c/fo Ortra Lid., PO Box 50432, Tet Aviv 61500, Israel.

9-13 June, 1996

10th Nordic-Baitic Conference on Biomedical Engineering, Tampere, Finland,

Information: Soile Lonnqvist, Ragnar Granit Institute, Tampere University of Technology, PO Box
692, Tampere, Finland.

11-14 June, 1996

4th International Conference on Human Services Information Technology Applications, Rovaniemi,
Finland.

Information: NAWH, Husita 4 Bureau, PO Box 220,00531 Helsinki, Finland.

12-15 June, 1996

13th Interbor International Congress of Prosthetics and Orthotics, Oslo, Norway.

Information: Congress Secretariat, XITI Tnterbor, Congress Conference AS, PO Box 7609 Skillebekk,
N-0205 Oslo, Norway.

12-16 August, 1996

3rd Paralympic Congress, Atlanta, USA.

Information: 3rd Paralympic Congress, Atlanta Paralympic Organizing Committce, Youth and
Community Programs, 1201 West Peachtree Strect NE, Suite 2500, Atlanta, GA 30309-3448 USA.

28-31 August, 1996

10th Conference of the Furopean Society of Biomechanics, Leuven, Belgium.

Information: Biomechanics and Engineering Design Division, Katholieke Universiteit Leuven,
Celestijnenlaan 200A, B-3001, Heverlee, Belgium.

16-20 September, 1996
18th World Congress of Rehabilitation International, Auckland, New Zealand.
Information: Convention Management, PO Box 2009, Auckland, New Zealand.

13-16 October, 1996

Lst Intcrmational Conterence on Priorities in Health Care, Stockholm, Sweden.

Information: Priorities in Health Care, Stockholm Convention Bureau, PO Box 6911, 5-102 39
Stockholm, Sweden.







.J]J
¢ :"'w’-_'l
o ,'1: ! ‘__.A—.

o A, Ri-\ . ;
s -
A,
X
’ 1 Hui ¥ 2 el
’ ’ [ X . LS L H
) -
.

i
I Fadm
H
~ " | e LY
’ ' Townk frhn
I _:|
fa e
o
-
| : &
e -
'H--'Htl-_:_-'.f" +) I
==
L -




	1995_02_coverstuff
	1995_02_074
	1995_02_092
	1995_02_097
	1995_02_108
	1995_02_115
	1995_02_120
	1995_02_124
	1995_02_backstuff

