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Editorial

The Ninth World Congress of ISPO has now come to a close. All the hard work and planning by the
Organising Committee under its Chairman, Wim Eisma, Secretary General, Hans Arendzen, and
Deputy Secretary General, Jan Geeerlzen, has ended and il #s now time to take stock of the event,

A total of 3141 people participated in the Congress from a total of 77 countries, There were 1340
participants in the scicntilic programme, 1620 participants in the exhibition and 181 accompanying
peISOnS.

The Scientific Programme, under the Chairmanship of Thijs Socede, was very comprehensive and
covered all aspects of prosthetics, orthotics, rehabilitation engineering and related topics. There were a
total of 118 sessions comprising 8 Plenary Sessions, 38 Symposia, 56 Free Paper Sessions, 10 Poster
Sessions, 3 Audio-visnal Sessions, and 3 Help-desk Sessions. As well as printing the abstracts of the
presentations in a Conference Book a CD-ROM version was produced and distributed to the
participants.

The Instructional Course Programme was very ably organised by Ed van Laar and consisted of 40
Instructional Courses and a further 29 Manufacturers Workshops.

The Commercial Exhibition was the largest that the Society has attracted and was very ably
organised by Frank Kuiper. Some 152 companies representing 16 countries participated and housed in
two large halls. [n addition there were a further 9 non-commercial exhibits.

The Social Programme was well structured and very enjoyable. It was under the organisation of
Dirk Kuppeveldt. The Official Opening was a very impressive evenl. Princess Margriet of the
Netherlands opened the Congress and Binks Day gave the Knud Jansen Lecture. The Welcome
Reception was held in the Exhibition Hall after the Official Opening allowing the participants o view
the Exhibit for the first time. On Monday evening the City of Amsterdam hosted a Municipal
Reception in the Oude Kerk the oldest church in Amsterdam and built in the 13th century and situated
in a most interesting area in the city centre. The Congress Party was held on the Thursday evening and
consisted of 4 very elegant dinner in Beurs van Berlage, the former Merchantis Exchange, followed by
a festive dessert buffet and dance in the Grand Krasnapolsky Hotel. A highlight of the party was the
after-dinner speech by Wyn Beasley on a history of the relationship between the Netherlands and
Australia.

The Sponsorship activity was in the very able hands of Jo Hanssen, the Treasurer of the Congress
and was extremely successful. It is with greut sadness and a heavy heart that we learncd of Jo
Hanssenis sudden death shortly after the Congress ended. As with everything Jo undertock this task in
a cheerful and effective manner. Qur thoughts and condolences are with his widow, Bertie, and his
daughters, Susanne and Karin, at this difficult time. He will be sadly missed. (Editoris note: an
Obituary to Jo Hanssen is printed on p78 of this issue of Prosthetics and Orthotics International)

The efforts ot Ellen and Carola Kruijmer Congrex Holland,

All 10ld the Congress was a very successful event. The Society’s thanks must be given to the
Organising Committee for all the efforts that they made in making our stay in Amsterdam a most
welcoming and rewarding time.

Norman A. Jacobs
President
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Ninth World Congress
Opening Ceremony

MEET IN AMSTERDAM
J. H. ARENDZEN, SECRETARY GENERAL ISPO 98

Your Royal Highness, Distinguished Guests, Representatives of the City of Amsterdam World
Health Organisation and INTERBOR, Members of ISPO, Ladies and Gentlemen.

Welcome. Welcome tu the Netherlands, welcome to the city of Amsterdam and cspecially warm
welcome (o the [Xth World Congress of the International Socicty for Prosthetics and Orthotics. Tt is a
greal honour and a pleasure tor the Organising Committec of ISPO "98 to be your host for the next five
days.

Over the last years all my communication with you ended with the words: “Looking forward to
meeting you in Amsterdam.”

Meet in Amsterdam was the slogan we used in 1992 as we prepared the invitation to host this
conference. It was not just another phrase. It was out intention to bring professional together:
protessionals with different backgrounds in medical and technical education and training; prolessionals
from all over the world with differences in cultural and socio-economic circumstances; and
professionals who communicate in the English language every day and those who find it difficult to
understand and speak the language.

We arc grateful that you all came 10 Amsterdam to exchange the results of your scientific work. We
are gratetul that you came to learn and to leach. But most of all we are prateful that vou want to listen
to each other in order to obtain a better understanding of the needs and problems of those who depend
on our knowledge and skills.

This World Congress has a message. We will focus not only on technological developments but also
on the quality of the technology and the service we give to our clients. We will emphasise that different
phases in life demand ditferent approaches to the rehabilitation of individuals with a physical disability.

Children and youngsters needs protection as they grow up but our medical, technical, and educational
efforts should aim at a meaningful and independent future.

For adults with an active life-work, sports and hobbies are fundamental for their existence: but then
again in the context of social, economic and cultural differcnces.

Finally when you come to old age we will be grateful for the protection we gel from socicty but ut
the same time our physical independence remains of paramount importance.

Please keep in mind that improvements in function is what keeps them and us moving. That is the
message. Therefore you came to Amsterdam. Therefore we meet and [ sincerely hope we can meet your
expectations. Thank you for sharing your interests with vs.

Alfter the welcome words it is my pleasure 1o take up my first official task. On behalf of the President
of ISPO Dr Sawamura [ have the honour o introduce to you the Knud Jansen Lecturer 1998, This
lecturc in the name of the [ounder of ISPO is presented by a doctor who trained initially as an
orthopacdic surgeon but became a specialist in ampuiee rehabilitation and prosthetic services. He
developed a particular interest in the care of children with congenital limb deficiency. Today’s lecturey
knows the world of prosthetics from the early days when Knud Junsen looked and found colleagues
with similar interest and ambition. They started the Lnternational Society for Prosthetic and Orthotics.
Who is more able to acknowledge what has been achieved in the last three decades. On which shoulders
we can gel a better look into he next century than (rom sitting on the shoulders of Dr Binks Day. Dr
Day may I invite you to present the 1998 Knud Jansen Lecture on “Amputee rehabilitation and ...
finding the niche.”

(Editor's note. the full text of the 1998 Knud Jansen Lecture is published on p92).
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WELCOME ADDRESS
S. SAWAMURA, PRESIDENT OF [SPO

Your Royal Highness, Distinguished Guests, Ladies and Gentlemen.

On bchalf of the International Society for Prosthetics and Orthotics, I would like to welcome you
from he bottom of my hcart to participate in this IXth World Congress.

The TXth World Congress has brought experts from around the world to Amsterdam. I am surc the
membership will share the Executive Board’s pleasure in the most modern and outstanding congress
facilities of the Amsterdam RAI International Exhibition and Congress Centre,

The Dutch National Member Society which is organising the World Congress is the largest in ISPO,
Much elfort has been devoted to the preparation of the format and the content of the scientific and social
programme under the splendid leadership of Dr Hans J. Arendzen. The International Congress
Committee together with the Dutch Scienufic Committee have assembled an excellent programme
under Chairman, Mr Norman A. Jacobs. At the same time, 1 wish o thank INTERBOR, our
collaborating organisation, for its co-operation. A main theme has been chosen for ¢ach day from the
following phases of life: children, adults and the elderly. The Plenary Sessions will feature speakers of
international renown presenting the latest development in subjects selected for their topicality. Each
Symposium will focus in depth on subjects concerning the theme of the day.

The Instructional Courses will provide the opportunity for an educational experience encompassing the
state-of-the-art in a variety of subjects. Poster Sessions will also focus on the theme of the day. The Free
Paper Sessions, in appropriate groupings, will provide the opportunity for all to present their latest work
in research, clinical practice or technological application. The scientific programme will be complemented
by a comumercial exhibition and we will be able to see the components, equipment, treatment devices and
manufacturing materials used in all aspects of rehabilitation. At any time the participant will have the
choice of parallel sessions/activities in a programme designed to provide for the needs of all.

Of course, congress attendance is not all work, and our Dutch hosts have arranged an exciting social
programme and accompanying persons’ programine to give us a generous flavour of their beautiful
country.

Amsterdam i1s eminently qualified as an outstanding city for international conferences with excellent
conventon facilities where the participants are hosted efficiently in in style. As we pursue even higher
quality prosthetics and orthotics services in a spirit of comradeship through this Congress, we also aim
to make many new friends.

Lastly, I wish once again to thank Dr Hans Arendzen for preparing over several years this wonderful
World Congress, as well as all the Duotch Organising Committee members and our many friends for
making this event possible.

OFFICIAL OPENING
HER ROYAL HIGHNESS, PRINCESS MARGRIET OF THE NETHERLANDS

Mr Chairman, Ladics and Gentlemen.

It was with great pleasure that | accepted the invitation of the organisers of this Ninth World Congress
of the International Society for Prosthetics and Orthotics to say a few words in the light of my
involvement with the Red Cross,

There is a connection between the Red Cross and the production of prostheses and orthopaedic
appliances. The International Red Cross and Red Crescent Movement has for quite seme time now been
very closely involved in finding solutions to orthopaedic problems, particularly those of amputees.
Since 1979 the International Committee of the Red Cross (ICRC) has been widely involved not only in
the production of prostheses and orthopaedic appliances for victims of armed conflicts, but also in the
rehabilitation of amputees and their reintegration into society. To date 46 rehabilitation projects have
been set up in 23 countries, and over 115,000 prostheses and 30,000 orthopaedic appliances have been
made. Moreover, during the last 20 years, 160,000 pairs of crutches and over 8,000 wheelchairs have
been produced.
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At the end of last year the ICRC had 22 orthopaedic workshops in nine countries. including Angola,
Afghanistan, [raq and Tajikistan.

Besides actually being involved in orthopacdic rehabilitation projects, the ICRC also gives financial
support to projects through its Special Fund for the Disabled. These are projects that were initially set
up by the ICRC and then transferred after a few years to non-governmental or governmental agencies.

The National Red Cross and Red Crescent Societlies, too, are involved on a smaller scale in
orthopaedic rehabilitation projects. A rehabilitation centre for people with spinal injurics was set up in
Armenia, for instance. The Netherlands Red Cross has set up orthopaedic workshops in Lebanon and
Angola.

Victims of armed conflicts constitute the largest group receiving orthopaedic help from the Red
Cross. Within this group our greatest concern is for amputees with injuries caused by anti-personnel
mines. About one third of the people helped in our orthopaedic workshops are those injured by mines.
In 1997 the ICRC produced about 11,000 prostheses; 7.000 of these were for victims of landmincs. with
a high percentage of below-knee amputation.

But these viclims are worse off in more ways. For one thing mortality among patients injured by
mines is significantly higher and studies show a considerably higher incidence of operations and a very
high number of blood units to be transfused with a greater risk from infection. Amputated patients face
not only more problems in the initial phase but also at a later stage. Some mine victims still have serious
medical and social problems many years alter an amputation: a great deal of human suffering —
suffering with which the Red Cross is confronted on a daily basis.

Great efforts are being made to heighten awareness of mines and to increase mine clearance
programmes. Did you know, by the way, that given the present state of mine clearance technology it
will tuke aboul two thousand years to ¢lear mines from [5% of the territory of Afghanistan? We have
w realise that despite more awarcness and mine clearance programmes innocent people will continue
to fall victim to anti-personnel mines years and years alter the cessation of hostilities.

It was against this background that the International Red Cross and Red Crescent Movement began
a global campaign against anti-personnel mines about six years ago. The campaign focuses on a number
of areas. One of these is of course surgical and orthopaedic help for mine victims. Lack of money means
that the aid provided often falls far short of demand.

That is why the Red Cross is focusing on a third area as well, namely a total ban on the production,
storage, distribution and use of anti-personnel mines. Although some progress has been made towards
this goal, and a number of countries now support the ban, much remains to be done before a total ban
is effected.

It will be clear to vou that the Red Cross is confronted with your sphere of work on a day-to-day
hasis. The progress that you make is also progress for the victims of war. You help people to find their
way back into society, and in this way vou play a significant role in improving the lives of hundreds of
thousands of people. 1 open this congress with the wish that it will bring you yet another step forward
in alleviating human suffering.

OPENING COMMENTS
J. EBBINK, PRESIDENT OF INTERBOR

Your Royal Highness, Dr Seishi Sawamura, Ladies and Gentlemen.

It is for me, being a Dutchman, a great honour to be invited by the secretary general, Dr Hans
Arendzen and the organisers to address you on behall of INTERBOR at your opening ceremony. The
honour is all the better because Her Royal Highness is amoengst us and she is a supporter for physically
disabled persons both nationally as well as internationally.

1 know from my own experience that to organise an event like this always involves an enormous
effort and also a responsibility towards the participants in order to present a high level ol scientific
programme and a well organised effective exhibition, combined with social events that should reflect
the typical Dutch atmosphere and culture. From inside informatien and from what | have already seen,
T believe the orgunisers have succeeded very well in doing so. The Congress has set an excellent
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standard, both from the scientific and the exhibition points of view. This is only possible due to (he
effort of many persons belvre and behind the stage. Without the help of technicians, many volunteers,
the professional Congress Organiser and of course the Planning Committee this event could not take
place.

As a Dutch TSPO member T am also proud you succeeded finally to persuade the Executive Board of
ISPO 1o have the Ninth World Congress on Prosthetic and Orthotics in the Netherlands, The
Netherlands National Member Society tried already for more than 20 years to bring it to the Netherlands
and probably the help ol the previons ISPO President, Professor Eisma, was perhaps of help, he
certainly was and still is a big advocate of the Society.

Once again and as usual, INTERBOR has given its full support to your Congress as you do to ours,
For instance your collaboration in the INTERBOR Congress in 1999 in Boston is tremendous and only
a couple of weeks ago the organisers of the ISPO World Congress in 2001 in Scotland already asked
for more details about it. We believe that this collaboration is needed because of the small size of the
prosthetics and ortholics profession: everyone knows more or less everyone else! Collaboration
between the association that unites the professionals as individuals (ISPO) and the association that
represents the trade (INTERBOR) is therefore necessary. All the more because in this profession, we
strangly believe in the objective to achicve a better and effectual treatment and service against
reasonable and acceptable prices for our customers needing orthopaedic care and provisions,

1 am surc you all will experience very well this attitude in this Congress.

That is the reason why | am glad to be here, why I represent INTERBOR and why, I am sure, you
are herc,

Enjoy your stay!

Thank you very much.

INAUGURATION ADDRESS
DR E. PUPULIN, CHIEF OF REHABILITATION UNIT, WHO

Your Royal Highness, Estcemed Members of the Organising Committee, Participants of the
Congress, Ludies and Gentlemen.

First of all, I would like to thank ISPO for inviting WHO to say a few words on this special occasion,

The World Health Organisation (WHQ) has on many occasions during the past years — and in official
relations since 1993 -- had the pleasure of collaberating with ISPO. WHO is very committed to this
collaboration, which in particular deals with the rehabilitation services in devcloping countries. This
area has proven to be of sincere concern for ISPO, something which s shown in the number of
conferences that the Society has arranged in developing countries during the past two decades, in some
cases jointly with WHO.

The situation for people with disabilities in developing countries is sometimes extremely difticule.
Rehabilitation services are very few and most often out of reach for those who really need them, both
geographically and financially speaking.

WHO is studying ways for improving services for disabled people in developing countries. One
strategy often used by WHO is called Community-Based Rehabilitation (CBR). It is based on (he
assumption that much of the rehabilitation work may be done in the disabled pcople’s own
communitics. Though for example prostheses and orthoses need to bhe produced and fited by
professionals at orthopaedic centres, it is clear that the complete rehabilitation can be facilitated and
more successful if there are resource persons in the community who can assist in needed preparations
for fitling, in the training with the new orthopaedic device and in follow-up. It is therefore necessary o
find strategies for the linking of rehabilitation services at community level with prosthetic and orthotic
services at a country’s central level. It is also important (o sce how a multi-sectoral team approach may
be reflected in the training of the different professional groups working for disabled people. To address
these issues, WHO has formed a working group, in which 1SPO will play a very important role; the
professional input is essential, as is openness and the sharing of knowledge and respensibilities, not
only between the professional groups, but also with the disabled people themselves and with those
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President’s Report

SEISHI SAWAMURA

It is my great pleasure to report on the activities of the Society over this triennium.

The Congress in Melbourne at the start of the triennium was outstandingly successful by any measure
under the able direction of Secretary General, Mrs Valma Angliss.

Immediately aller this Congress was over, the activities of the newly elected Executive Board
commenced. The Society set the goal to promote besl possible prosthetic/forthotic services not only for
the industrial world but also for the low-income countries as a fundamental principal. In order for us to
be uble 1o achieve this goal, we initially allocated specific responsibilities to the Executive Board
Members additional to their role in supporting and guiding the activitics of the Society. Thanks to the
generous assistance and support extended to me and my colleagues, and multi-professional teamwork
of the Board Members, Task Officers and Inlernational Consultants, it was, indeed, very fortunate for
me 1 have accomplished my dutics as President over the last three years.

Over the triennium the Society has continued to attract new members. The membership of ISPO at
the end of 1997 was 2,635 from 76 countries. Overall membership has increased steadily over the past
12 years at an average rale of about 74 members per vear, There arc now a total of 33 National Memher
Societies. New National Member Societies have already been formed in Iran, Turkey, Chile, Russia and
Chinese Taipei and others are in the process of forming.

The Honorary Treasurer as a Task Officer for the professional register has worked very hard with the
tormat of the new application form and the software programme over the past two years. The task is
now near completion. The membership database has been functioning for about two years and it has in
general worked well, but has required some adjustments and trimming procedures along the way.

Over the triennium we have honoured individuals by conferring fellowship status. The UK National
Member Society has nominated Mr Robin Cooper, Dr Brendan McHugh, Dr Barry Meadows, Mr John
Ronald and Dr Colin Stewart. These nominations were unanimously approved by the Exccutive Board.
I am also pleased to report that Immmediate Past President, Mr Melvin Stills and Mrs Valma Angliss who
was Secretary General in the Melbourne Congress have been awarded an Honorary Fellowship of the
Society. This is in recognition of their outstanding contribution 1o the Society.

Education and training have been major areas of interest and activity throughout the existence of the
Socicty as shown by the numbers of seminars and courses organised. The Education Committee, under
the excellent leadership of Professor John Hughes, has been extremely active, 'The Socicty has been
working on defining professional categories in the prosthetic and orthotic fields over the years in
colluboration with WHQ, INTERBOR, GTZ. and other international agencies. The Society has detailed
approptidle education and training programmes and issued an information package on the Category 11
Professional, the Orthopaedic Technologist that includes professional profile, learning objectives and
examination content and formal. The document was drafted by a core group consisting Professor John
Hughes, President-Elect Mr Norman Jacobs and Mr Sepp Heim und it has been widely accepted by
most of the international governmental and non-governmental agencies. The Sociely offers an
inspection system of the Category II School Programmes related to the curricula, resources and
examination procedures. This inspection has been taken up in Cambodia and is now under discussion in
Argentina. El Salvador, Ukraine and Fiji.

Currently the first draft of a similar information package for Category 1, the Prosthetist/Orthotist has
been circulated for comment. 1SPO is working with INTERBOR through the Joint Education
Committee to cstablish standards for prosthetists/orthotists education within the European Union at an
university degree or equivalent level,

This triennium had an outstanding start with the Consensus Conference on Appropriate Prosthetic
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Technology for Developing Countries which was held in June of 1995 in Phnom Penh, Cambodia.
Eighty percent of the expenses for this consensus conference were covered by a grant from the United
States Agency for International Development, which was very much attributable to the efforts of Mr
Melvin Stills, Immediate Past President. T would also like to take this opportunity to express my sincere
gratitude to him.

The final draft of the report, cdited by Dr Binks Day, Professor John Hughes and the President-Elect,
has been produced. Selected material was compiled in a special edition of Prosthetics and Orthotics
International including key papers and conclusions of the meeting. The idea of setting up a meeting of
the major agencies as a follow-up to the consensus conference on Appropriate Prosthetic Technology is
being pursucd. This consensus conference has made a valuable contribution to the future development
of appropriate prosthetic technology in developing countries. However, as a matter of fact, & majority of
the developing countries are far [rom having an ideal education systetn.

ISPO is curmrently working on Prosthetic Orthotic Servives related to CBR (Community-Based
Rchabilitation) with WHO, Handicap International, ICTA and other Internationul Organisations under
the leadership of the President-Elect. This CBR programme will be a major subject in the next
tricnnium.

1SPO also works hard to maintain a contineous short term educational programme and, following the
Consensus Conference on Amputation Surgery, courses have been arranged under the leadership of Dr
J. Steen Jensen in Madras, India 1996; Helsingborg, Sweden 1997; Jaipur, India in 1997 and Makuhari,
Japan in 1998.

A Consensus Conference on Lower Limb Orthotic Munagement of Cerebral Palsy under the
leadership of Mr David Condic was conducted at Duke University in 1994, A follow-up course was run
at Sunnybrook Science Centre in Canada and a second course will be associated with the Second
Central and Eastern European Conference in Slovenia this coming September which is being organised
by Professor Crt Marincek. A further outcome of this meeting has been the development of a protocol
for the evaluation of the orthotic treatment of cerebral palsy.

A Consensus Conference on the Management of Poliomyelitis has been planned by a steering group
over the past two years and was tinally beld in Tunisia in November 1997 under the excellent leadership
of the President-Elect who deserves our compliments for his handling of this complex cvent, This
Consensus Conference was well accepted an in addition to the report a special issue of Prosthetics and
Orthotics International is to be published.

The Workshop of Quality Management, t¢ encourage and tacilitate high level uniform practice in the
prosthetic and octhotic fields, was held in Glasgow in Apiil this year under the leadesship of Task
Officer Mr Bo Klasson with a significant contribution from Dr Derek Jones.

ISPO continues to provide advice to other international organisations and agencies. During this
triennium the Society has maintained its Category 1! consultative status with the Economic and Social
Council of the United Nations and official relations with the World Health Organisation and has
participated in meeting, seminars and consultations about technology, service provision and educution
of professionals in relation to prosthetics and orthotics.

Qver the years, ISPO has had a close collaboration with GTZ educational programmes for
orthopaedic lechnologists and has participated in important meetings about education and services in
Wuhan, China, and Hanoi, Vietnam.

ISPO became a member of Rchabilitation International again and has collaborated in the World
Congress of Rehabilitation Internatienal in Auckland in 1996 and in the Seoul [nternational Conference
on Disability to have much closer relationships particularly through ICTA. Also, [SPO has presented
the “ISPO Prosthetic/Orthotic Session™ at the &h World Congress of the International Rehabilitation
Medicine Association.

With World Orthopaedic Concern (WOC) and IVO we have had an arrangement with mutual
representation at board mectings. 1 would like to thank the President of INTERBOR, Mr Jan Ebbink.
We have had muny tinks related to education, scientific exchanges and consumer issues. The possibility
of future active colluboration between ISPO and INTERBOR will be examined by a small group.

The Sociely continues its efforts in the development of International Standards through the work of
the International Standards Organisation and the Standards Organisation of the Liuropean Union (CEN).
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ISPO members have been kept informed by the Task Officer Mr David Condie on ISO-TC 168,
Prosthetics and Orthotics, ISO-TC 173, Technical Systems and Aids Disabled Persons, CEN-TC 293,
Technical Systems for people with disabilities. 1SO-TC 168 Working Groups were close to publishing
standards on categorisation and description of prosthetic components and physical testing of lower limb
prostheses and Working Group 2 had embarked on a similar exercise for orthotics. On ISO-TC 173
working group had devised a classification of all technical aids for people with disabilities.

The Task Officer for Consumers, Mrs Margaret Ellis, introduced a draft policy document on
“consumers” and has prepared an amended draft on healthy partnerships, access to services and
information, definition of standards and services and value of the consumer’s view,

ISPQO Board appoints International Consultants for specified regions of the World; currently the
Middle East, Central and Eastern Europe, Russia, Africa, Central and South America, South-East Asia
and the South Pacific. Their role is to inform the Executive Board about regional activities,
communicate with appropriate groups in the area, and give advice on prosthetics, orthotics and
rehabilitation engineering, as well as advancing the formation of a regional network through
collaboration with or establishment of National Member Societies with the purpose of improving
quality of paticnt care through dissemination of information and organising educational activities.

Most of the International Consultants have been active, particularly in Central and South America,
Central and Eastern Europe, South-East Asia and the South Pacific. Dr. Eiji Tazawa and I as
International Consultant for South-East Asia have tried successfully to nominate a key person from
each country which has not yet established a National Member Society. In order to strengthen the
network among Asian countries, we held an Asian Prosthetics and Orthotics Workshop "98 this
February at the National Rehabilitation Centre in Japan,

In order to strengthen their activitics, the ISPO Board has decided to budget financial support for
International Consultants and Task Officers. This support will be allocated, on request, to specitic
projects approved by the Exccutive Board.

The dissemination and cxchange of sciecntific information has been the remit of the Publications
Committee, under the excellent leadership of Mr Gerhard Fitzlaff. This committee has been very active
as evidenced by the following:

1. The revised Publicity Brochure will be available in the near future,
2. The advertising package material comprising a flag, banner and drape for a lectern provided to all the

National Member Societies for national cvents.

3. The [inal report to the Consensus Conference on Orthotic Management of Cerebral Palsy and

Appropriate Prosthetic Technology has been printed.

4. To date, 49 possible recipients of sponsored journal subscriptions have been identified. The National

Member Societies would he invited to provide sponsorship.

The guideline “Submitting Information for the ISPO Web Pages” was produced by Task Officer {or
Information Exchange. Dr Derek Jones. and has been sent to National Member Societies with the
minutes of Executive Board Meetings. We would welcome any suggestions for additions to the TSPO
home page {tom membership to Derek Jones to improve information exchange.

Though quite a number of consensus conferences, courses and seminurs have taken place during the
tricnnium, we continue (o enjoy a sound financial buse, There are many reasons for this. The triennium
started with the successful Melbourne World Congress and we have reccived financial support from
USAID and the Japancse Government for subsequent cvents. Alse SAHVA in Denmark kindly
provided office space and other facilities for our Copenhagen Office over the years, More importantly,
I would like to acknowledge that strenuous efforts of Honorary Treusurer. Dr Steen Jensen und
Financial Committee Chairman, Dr Hans Christian Thyregod who manuged the capital investment of
the Society with the utmost care and skill. As a consequence, it has been possible to hold the
membership fees constant during the triennium.

The triennium for the 1SPO Executive Board, commenced with the closing of the 8th successful
World Congress. Very fortunately, during my Presidency | have been amply aided by the warm-hearted
comradeship and assistance of the board members, over the past three years, which has made it possible
for us 10 have a successful 9th World Congress in Amsterdam. On the basis of my own experience,
serving as Secretary General at the 6th World Congress in Kobe, 1 have been deeply impressed by the
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Incoming President’s Address

NORMAN A. JACOBS

1 thank you for the confidence that you have shown in electing me your President.

It is a great honour to be following in the footsteps of Knud Jansen, our Founding President, and the
other Presidents wha came after him, all whom have made a significant contribution to the Society. |
have had the good fortune to have worked for TSPO in one capacity or another under all the
Presidents. I hope that some of their dedication, wisdom and good humour has passed on to me o
allow me to carry out this task in a positive and productive manner,

The Society has achieved a great deal since its foundation in 1970,

It has created a truly international and multidisciplinary forum of all those professionals working in
the fields of prosthetics, orthotics and rehabilitation enginecring through its Congresses, conferences,
and regional and national meetings.

It has run workshops and seminars on such topics as the deformed foot, CATY CAM in prosthetics
and orthotics and trans-femoral sockets.

It has organised consensus conferences on amputation surgery, the orthotic treatment of the lower
limb in cerebral palsy, appropriate prosthetic technology for low-income countrics and, most recently,
the treatment of poliomyclitis,

It has disseminated information worldwide through its publications, Prosthetics and Orthotics
International and the reports of its workshops and consensus conferences, and also by offering courses
in ditlerent regions of the world.

As a result of o series of meetings the Society has laid down standards for cducation and training of
prosthetics and orthotics personnel in low-income countries. These standards have now been accepted
by all the major international and national agencies working in this important area. This work has
culminated in the publication of a package for education and wraining of the Category 11 professional
that provides detailed information to those who wish to establish a course in low-income countrics.

We could continue to look back at other activities and congratulate ourselves for all that the Society
has achieved. However the truth of the matter is that we have only just scratched the surface and much
remains to be done.

The World Health Organisation has estimated that there is a need for 20,000 trained prosthetics and
orthotics personnel to meet the needs in low-income countries. Altogether there are only about 2,000,
a shortfall of 18,000, The overall needs in low-income countries are immense. They have fow
resources and many problems. It is our duty to ensure that all efforts that are made are part of a
strategy to ensure the establishment of long-term prosthetics and orthotics and other rehabilitation
services in these countries. It is necessary Lo examine the components and technologies used in these
countries with regard o function and costs as well as the sustainability and effectiveness of the
services cstablished.

Many low-income countries require aid as a direct result of present or past conflict. The Society
must support, as far as it can, those National and International agencies that are providing prosthetics
and orthotics scrvices in these situations.

In the industrial world the standards of cducation and training of prosthetists and orthotists are
extremely varied, from university level in some countries to little or none in others. The challenge in
this regard is to produce adequate numbers of well-educated prosthetics and orthotics personnpel to an
acceptable standard and it is the Society’s intention to pursue the impicmentation of its information
package lor the education and training of Category I prolessionals. There continues 1o be a great
preliferation of components and techniques, many of which have reached the market place without
any proper independent evaluation of their effectivencss, function or outcome. Much work needs to be
done in this direction.
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The Brian Blatchford Prize for the triennium 1995-1998 was awarded to Van Phillips. This paper
was based on his acceptance speech which was delivered at the closing ceremony of the Ninth
World Congress in Amsterdam, The Netherlands on 3 July, 1998.

The Brian Blatchford Prize acceptance speech

V. PHILLIPS

Flex-Foor inc., Aliso Viejo, California, USA

As the recipient of the Brian Blatchford Prize for my achievements in innovation in the design and
development of the Flex-Foot, I am both gratified and humbled by the presentation, Gratified as it is a
personal accomplishment to be honoured by your peers in your chosen profession. But I am also very
huinbled by the award as it marks for me the passage of some wonderful years spent in the pursuit of
developing advanced products for the amputee population.

Flex-Fool products have heen in existence for over 14 years and as T look back over those years T am
reminded of all the challenges and strides 1 have realised in my life that have brought me to this point.
1 lost my leg in the summer of 1976 in a water skiing accident as a boat propeller cul through my leg.
Suddenly at 21 years, my life was irrevocably changed. [ then faced the challenge of getting my life
back and attempting to resume the outdoor activities I loved. After my prosthetic fitting and
rehabilitation, T returned to Arizona State to continue my studies in broadcast communications. T think
it was at this point in my life that I could no longer accept the limitations of my prosthesis and was
intensely motivated 1o change my situation. 1 began my prosthetic studies, earned my degree in 1981
and immedialely set oul with my degree 10 develop radically new concepts in prosthetic design.

After many trials and crrors, finally the product was developed that met my expectations of living an
active lifestyle, With this design, Flex-Foot Inc. was tounded in 1984 with Bob Fosberg and from my
very humble one-room-office beginnings, we set out to change the industry. However (o do this, many
creative and foresighted individuals were involved in advancing both the company and the product line.
These individuals used their talents and skills to attain my goal of life without limitations and support
the industry as a whole. OI this support [ wish 10 thank all the practilioners whose innovative skills and
techniques helped enhance the Flex-Fool products and made me a better designer in the process.

My philosophy has always been to strive to make things betier, (o0 achieve my goals which has
translated to my company’s mission to create products that provide a life without limitations. It is a
hallmark of my work to see this philosophy realised every time | enthusiastically watch an amputee run
his first track race or see a parent play catch with a child when before they feared they would never
have that opportunity again. T feel that as members of this profession we have to constantly challenge
the established thinking and excel the profession as a whole. | have tried to live that idea and make it
part of my thinking process whenever we look at the design or development of a product. We are
successful at what we do, however. we can never rest on our laurels. This prize inspires me not just to
look back on my career, but to look towards the future with the knowledge my designs are regarded as
innovative and worthy of this recognition.

One such project being initiated for the future product line will be the development of a more
affordable Flex-Foot for the less fortunate and for developing nations. [ feel there is an urgency to be
more proactive to aid those in need and to be a more active participant in the world community. This
is an important mission for me and I would like to take this opportunity to encourage our industry o
take up this cause. Not only is it good business, it is also the humane thing to do, which is what we arc
about.

All correspondence to be addressed to Mr Van Phillips, Flex-Foot Inc., 27412-A Laguna Hills Drive, Aliso Viejo.
CA 02656, USA.
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In closing, T would like to thank all those involved in awarding me Lhis prize, the President and
members of the Exccutive Board of ISPO, and the Blatchlord family. T would also like to thank the
people behind Flex-Foot, the practitioners for their continued support, and most especially for the
wearers of Flex-Foot products as their suggestions make me a better designer. This support will ensure
the continued success and innovations of Flex-Foot technology for many years to come.

The Forchheimer Prize

The Forchheimer Prize is awarded for the most outstanding paper on objective clinical assessment,
clinical evaluations or clinical measurement published in Prosthetics and Orthotics International
during the three yeurs prior to the Congress. The Forchheimer Prize for 1995-97 was awarded to D. K.
Harrison, P. T. McCallum, D. J. Newton, P. Hickman and A. S. Jain for their paper Amputee level
assessment using guideline spectrophotometry which was published in the December 1995 issue of the
Journal.

The Free Paper Prize

The Free Paper Prize was offered by the Netherlands National Member Society of ISPO for the best
Free Paper Presentation of the Congress.

The Free Paper Prize was awarded to G. F. Kogler, F. B, Veer, S, E. Solomonidis and J. P. Paul for
their presentation The influence of medial and lateral orthoric wedges on loading of the plantur
aponeurosis: an in vitro study.
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restored. However there is a need to avoid
sympathy and dependence, and the loss of
manliness or femininity.

SPECIFIC NEEDS are those related to the
activities of daily living, employment and
leisure.

SOCIQOECONOMIC NEEDS vary depending
on the person’s age, and include equal
opportunities during educatton; the ability to
achieve and maintatn full earning potential, and
to be able to enjoy a full retirement.

The rehabilitation plan
Before we are able (o plan a rehabilitation

programme for a patieni we must assess a

number of factors:

+ firstly, the physical state, that is the attributes
of the stump and of the rest of the patient;

s secondly, his present and future physical
requirements in terms of the activities of daily
living (ADL), education or employment,
social and recreational activities;

« thirdly, his present and future psychological
needs in terms of the loss, its concealment, and
its relation to function;

* lastly, his capabilities must be assessed
regarding understanding. motivation and
ability to manage the hardware and training.
Moreover as many patients have unrealistic
ambitions and know little of rehabilitation, we
need to explore the expectations both of the
individual and his family.

Our rehabilitation process must encourage the
subject (o become a participating member of the
clinic team, and to develop a positive attitude of
self help. In the case of the infant born with a
congenital limb deficiency, the immediate nceds
of the child are secondary to those of the parents
and family. The birth of a limb deficient child is
a devastating blow and they want to know what
has gone wrong, why it has happened to them
and what can be done. They require adequate,
knowledgeable counselling as soon as possible
and at the first consultalion we must explain
both the normal development process and, what
has gone wrong with it this time, the reason if we
know it, and in the vast majority of cases they
must be reassured that it is not their faull. One
then has to discuss the immediate treaiment and
any future alternatives; I always give an audio
cassette recording of this consultation as an aide
memaoire. On this and subsequent occasions 1
help them 1o agree the objective “to help their

child to see him(her)self as having the smallest
possible handicap both in childhood and later as
an adult.”

For all patients, we havce to plan how to
measure, control and improve the level of
rehabilitation which has been achieved. Merely
replacing the old phrase “looking at our results”
by the modern version “Outcome Measurcs™,
does little unless it is part of an “Audit” in which
the outcomne, of each stage, is compared with a
previonsly set standard, so that the stage, whole
treatment process or even that standard can be
modified, as part of a continuing drive to
improve quality.

It is frequently assumed that the end resull
should be satisfactory. providing the surgeon
performed the amputation properly, and the
client, having no other significant disabilities, is
provided with a well-made, correctly fitting
prosthesis, and has been trained in its use.

Satisfactory often refers to our standards, but
does it match the client’s expectations?

Suppose the outcome is, in our view,
unsatisfactory - have the professionals,
hardware or system of supply failed? Sometimes
yes, but perhaps the subject has lower
aspirations and is actually satisfied with the
outcorne. [t is not my intention to comment on
the many individual methods of outcome
measurement which have been devised, often to
suit particular situations, but some confuse
ability with activity and many observe them as
an absolute, whereas the subject observes their
ability relative to their needs. These may not
remain constant and so whenever the subject
attends after an interval, we should discuss
whether the prescription or rehabilitation
process is still the optimum, in the light of any
improvement or deterioration in the person’s
general condition, alteration of his needs and
capabilities and changes in availabte prosthetic
technigues and components.

Lower limb loss

The basic physical need of the lower limb
amputee is to regain his mobility and the first
option is to achieve this in a wheelchair. There
are environmental and other circumstances in
which the amputee, particularly if bilateral, may
be better served by a wheclchair. Secondly he
can hop or use cruiches regularly or
occasionally, for example, in the bathroom or
when walking over particularly difficuit terrain.



Description

Activity score

Steps per annum

VERY HIGH
HIGH
AVERAGE
RESTRICTED
INACTIVE

more than +30
+10 o +30
-10to +10
-4010-10

less than -40

more than 2.5 million
1.25 1o 2.5 milhon
500.000 to 1.25 million
100,000 to 500,000
less than 100,000




Number of patients scen on first visit 854 Male | Female | Total
Number not fitted 35 (4.1%) Caiige’
5;8(1. before rch:::luan‘(::b t;o::plemd :;2 (22.6%) ——— 24 4 28
aximum number available for survey Neglasm - 8 15
Infection 14 3 17
Other 6 1 7
Male Female Total
Non-vascular 51 16 67
Age: Vascular 233 98 331
Under 65 122 33 161 Total 284 14 398
o
Over 65 162 81 243
Y Vascular as percentage 82% 86% 83%
Piokiiial 199 77 276 (69.3%) Non-vascular level:
Distal 85 37 122 (30.6%) Proximal 20 1 31
Distal 31 36
Total 284 14 389 p— :
Vascular level:
Proximal 179 66 245
Distal 54 32 86
Inactive Restricted Average Very high and high
All in survey 25 47 21 i
Over 65 37 50 12 1
Under 65 9 45 30 15
Proximal 40 48 11 |
Distal 16 47 24 13
Male 21 47 22 9
Female 39 45 11 4




Inactive Restricted Average Very high and high
Male: Distal: 65- 4 37 31 28
Female; Distal:  65- 17 42 33 8
Male: Proximal:  65- 6 52 30 12
Male: Distal: 65+ 19 52 29 -
Female: Proximal: 65- 27 50 23 -
Male: Proximal 65+ 37 47 14 2
Female: Distal: 65+ 36 64 - -
Female: Proximal; 65+ 45 49 5 B
Inactive Restncted Average Very high and high
Non-vascular (NVASC):
No added disability (NCD) - 12 38 50
Added disability (CD) 10 26 37 26
Vascular (VASC) no PVD
other leg (NPVD):
No added disability (NCD) - 33 58 8
Added disability 39 30 30 -
VASC + PVD other leg
(VASC-PVD):
No added disability (NCD) 25 55 20 -
Added disability (CD) 32 55 13 -
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[n the case of non-vascular (NVASC)
ampuiees the presence of a concurrent disability
(CD) reduces the percentage of those achieving
High acuvity from 50% to 26% and increases
the number in the Restricted and Inactive groups
by the same amount, while the percenlage who
are of Average Activity remains the same.

Some 58% of vascular amputees, without any
designs of vascular dysfunction in the other leg,
and without other disabilitics (VASC - NPVD -
NCD) are of average aclivily (Table 7). but the
presence of a concurrent disability (VASC -
NPVD - CD) reduccs this to 30% whilst the
percentage who are Inactive increases from nil
to 39%.

The presence of signs or symptoms of
vascular insufficiency in the contralateral leg is
also very damaging to the activity level achieved
by those who have had the amputation for
vascular disease (VASC - PVD - NCD) raising
the percentage of those who are Inactive or of
Restricted activity from 33% to 80%. The
addition of a concurrent disability (VASC - PVD
- CD) raiscs this percentage slightly further to
87%.

This survey indicales some tendencies but
could not accurately correlate the level of
activity with specific clinical factors. Although
30% of uncomplicated amputations perlormed
for non-vascular causes (NVASC - NCD)
exhibited High activifty, the fact the 12% of cases
came into the Restricted calegory confirms my
view that the activily achieved is concerned with
trying (o salisly their needs within the upper
limit set by their clinical condition. So, although
the survey cannot provide an accurate forecast of
the activity, it may provide help in guessing.

Having decided that a prosthesis is appropriate
we must now consider the prescription details in
the light of the patient’s condition, ability, and
expectations, and our knowledge and
experience.  The advance 1n prosthetic
technology over the last 25 years, and the
enormous increase in choice of systems and
components has made it easier to meet the needs
of active adults, but does not always help in
dealing with the elderly, for whom it may be
more appropriate to {it first a prosthesis
containing simple [unctional components,
upgrading this later is so indicated. rather than
prescribing one which proves 0 be wo
sophisticated and  therefore leads to
disappointment. Increasing publicity and the

media-led concept that all problems can be
solved by the application of high technology
does to help elderly paticnts to understand and
accept the limitations set for them by their age
and clinical condition. | remember well (he
veleran whose trans-femoral amputation was
performed in 1917 when he was 19 years old,
bitterly complaining to me when aged 86, that
his new prosthesis was no good — “not like the
one they made in 1919, [ could run on that one,”

So we have decided the prescription details,
when should we start? We are told to fit as soon
as possible, but amputation is a bereavement and
the subject goes through similar stages of denial,
anger and depression. Onc elderly lady asked
me, “What did they do with my leg? 1 wish T had
been able o say goodbye to it like 1 did to my
husband at his funeral.” Perhaps sometimes it
may be better to give the person a short lime to
grieve before prosthetic litling.

Assuming that we have prescribed and carmried
out the prosthetic fitting and gait re-education let
us go forward to that time when we have to
determine not only the activity achieved but also
whether or not this satisfies the user’s needs.
When { was validating the activity score method
I fitted step counters to lwo users with trans-
tibial amputations on the same day. One was a
retired policeman aged 69 whose amputation
had been performed for vascular disease. He
spent most of his days walking, within the limits
of claudication in the other leg, in his local
shopping mall. The step counter showed he was
walking 1.25 million steps per annum. The
other. a 27-year-old accountant whose
amputation was for trauma, had no other
disability. He spent most of the day sitting, and
played squash once a week. he was walking
950,000 steps per annum. The policeman’s
activity was driven by his need o meet people,
and was ncar to the maximum ability set by his
condition and age, but his needs were not
satisficd because he wanted to be able to walk
more, whereas the young man was pleased with
his performance.

Unfortunately 1 know of no scientific method
of measuring satisfaction, one can only question
the paticnt and family, look for tell-tale signs
and use onc’s expericnee. Good communication
between all members of the clinic team,
including the user, is vital to gain the necessary
information. Sometimes a person may claim to
be satisficd because they fear upsetting members



Children Adult Total
Assessed 311 107 418
Accepted and fitted 266 93 359
1990 survey 258 89
Gender: male 55% 69%
female 45% 3%
Cause:  congenital 965 27% males
- 62% females
trauma 3% 63% male
- 249 temale
Level of loss:
distal to elbow 91% 60%
proximal to elbow 9% 40%
Laterality — left 58%




Age when first fitted with

Average percentage

myoelectric hand Number utilisation

Under 4 years 116 (33.4%) 67.5%

4 - 8 years 43 (12.4%) 66.1%

8 - 12 years 49 (14.1%) 69.2%

12 - 16 years 50 (14.4%) 70.8%

Adult 89 (25.6%) 76.3%

E All day Total more
Age fitted Less than 1/4 1/2 - 3/4 34+ Every day than haiEdime

Under 4 years 4.5% 13.6% 6.2% 66.6% 86 4%
4 - 8 years 16.6% 8.4 % 33.3% 33.3% 75.0%
8- 12 years 7.1% 6.6% 28.5% 57.0% 92.1%
12 - 16 years 29.4% 17.4% 11.7% 35.0% 64.1%
Adult 20.0% - - 80.0% 80.0%




First choice for use at home

Fitting age

Electric hand Passive hand None

Under 4 years 60.5% 4.6% 34.9%

4 - 8 years 23.1% 30.8% 46.1%

8 - 12 years 38.5% - 61.5%

12 - 16 years 25.0% 12.5% 62.5%

Adult 60.0% - 40.0%

First choice for use socially

Fitting age Electric hand Passive hand None

Under 4 years 65.9% 20.5% 13.6%

4 - 8 years 58.3% 33.3% 8.3%

8 - 12 years 78.6% 14 3% 7.1%

12 - 16 years 70.6% 17.6% 11.7%
Adult 80.0% 20.0%
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esteem, as for an elderly lady who sustained a
left shoulder disarticulation, right trans-humeral
and right trans-fernoral amputations. Some
limited independence was achieved with the aids
which enabled her to eat, wrile, paint. control an
electric chair and operate environmental
controls. Somehow she maintained at least some
ol her sclf respect. the following is an extract
from a poem which she wrote:

I'm tired of this, I'm tired of that,

Tired of everything in fact.

Tired of eating such a chore,

Tired of drinking through a straw,

Tired of having na hands at all,
Frustration drives me up the wall.

Can't hug a child nor pat a dog,

Just sit here helpless like a log.

Can't shed a tear unless someone knows,
Cos Iean't dry it up and can't blow my nose.
Can’t scrarch an ifch or rub my head,
And [ can’t turn over in my bed.

But this does not mean I'm always blue -
Whar matter the loss of a limb or twe?

Every prosthesis has advantages and
disadvantages, and how the positive and
negative fuctors balance is personal to the
patient and takes into account only their present
requirements. one young woman with a
transverse deficiency in the hand still uses aids
for holding a table tennis ball or a fork but
required no aids or prosthesis to win three gold
medals, onc silver and a bronze for swimming at
the Paralympics at Atlanta in 1996. Al the same
mecting a young man won the silver medal in

the high jump whilst wearing a sophisticaled
trans-tibial prosthesis, only to be beaten Lur the
gold medal position by a trans-femoral amputee
who jumped without a prosthesis.

In conclusion. our aim must be to rehabilitate
the client to the stage that his achievement
satisfies his needs within the limit of his ability.
it is now proposed by the WHO that their 1980
classification of Impairment, Disability and
Handicap be changed to Impairment. Aclivity
and Participalion, a more positive wording
which leads me back to the title of this lecture
and the word Niche which refers to a quotation
from the English novelist John Galsworthy, who
said:

“A niche of wvsefulness and self respect
exists for every man however handicapped,
but that niche must be found for him. To carry
the process of restoration to a point short of
this is to leave the Cathedral without a spire.”
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Does not wish 1o wear a limb
Cardiac/respiratory problems limiting stamina
Claudication in remaining limb

Arthritis

Joint contractures

Stroke

Mental state

Death

Other medical problems ... (specified)

Other reasons ... (specified)




With stroke Without stroke
6 months 12 months 6 months 12 months
% able to walk ... >30m 50 50 67.8 71.2
... 11-30m 8.3 25 16.1 11
... <10m 333 25 9.3 8.5
missing data 8.4 8.6 93
9o using ... no sticks 8.3 25 93 11.9
.. | stick 25 58.3 27.1 347
.. 2 sticks/crutches 41.7 83 458 322
.. frame 16.7 84 11 11.9
missing data 8.3 6.8 93




With stroke

Without stroke

6 months 12 months 6 months 12 months
“Does prosthesis hurt?”,.. no 41.7 333 364 483
.. a litle 41.7 58.3 373 23.7
.. moderate 8.3 83 169 11
.oalot 0 0 3.l 39
Function ... good 333 50 4.1 50
.. moderate 50 333 28 28.8
.. not satisfactory 8.3 83 203 03
.. missing data 8.3 8.3 7.6 1.8
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achieved by those without stroke. Nevertheless
as a group the population with stroke were able
to make some gains in terms of indcpendence
and lifestyle and the importance of such gains,
for self respect as well as their rclevance to
future care costs should not be overlooked.

This retrospective study has not yielded
sufficient information to draw conclusions about
stroke characteristics which may influence the
outcome of prosthetic rchabilitation and which
might be addressed by specific therapies. It
would be valuable to establish how and why
stroke influences outcome in order to select
appropriate strategies.
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Comparison of the lightweight Camp Normal Activity Foot
with other prosthetic feet in trans-tibial amputees: a pilot study

G. J. v.d. WATER. J. de VRIES and M. A. MULDLER

Roessinght Research and Developmem, Enschede. The Nethertands

Abstract

Clinically relevant information regarding the
useability of prosthetic feet is scarce. The
industry is not obliged 10 perform clinical
studies hefore marketing the product. Clinicians
however are limited in their possibilities
(organisation and [inance} to determine the
uscability of a technical product. This small
study is an example of how in gencral the
useability of a technical product is established in
clinical practice.

The Camp Normal Activity Foot {CNAF). a
carbon  prosthetic  fool,  was  compared
objeciively and subjectively with a number of
other prosthetic feet (same price bracket) in
three  subjects  with  trans-tibial  (TT)
ampulations,

The CNAF is low in weight and has
favourable stiffness and hysteresis properties.
The stilness ol the pylon of the CNAT seems to
be Hmited us also is the possibility of adaptation
of the CNAF. The CNAF distinguishes itself, in
this study, but not convincingly with respect
the energy consumption in walking. the step-
time parameters (symmetry) and the subjective
judgement of the users. An additional virtue of
the CNAF scems 1o be its light weight.

Introduction

The charactenistics of walking with a TT
prosthesis are influenced by the prosthetic foot
and the socket. The prosthetic fool has 1wo
rclevant aspects. These are the weight the
functional properties, based on stiffness and the
ankle mcchanism. Both aspccts bhave their
objcctive and subjective effects on  gait.

All correspondence 1o be addressed to Prol. dr. 1. de
Vries, Roessingh Rescarch and Development BV,
P.O Box 310. 7300 All Enschede. The Netherlands.
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Objective effects are identified by kinematic
dala in the form of joint angles, angular
velociues and step Lime parameters. kinetic data
(oint powers and umpulses) and energy
expenditure data. Subjective findings are: pain
(stump load). feeling of heavy weight. cxertion
and stability.

Research literature only presents a few articles
aboul the imegral study ol objective as well as
subjective findings in respect of prosthetic fect
(Donn ¢f af., 1989: Wirta ¢f af., 1991; Colborne
et al., 1992; Ehara et «l.. 1993). Most studies
concern comparisons of different [vol designs
based on the measurements of objective
parameters (Casillas ¢f f , 1995; Torburn ef al.,
1990; Czerniecki and Gitter, 1994: Macfarlane
etal., 1991 Lehmann et af.. 1993: Nielsen et al.,
1988; Perry and Shanficld. 1993: Goh er al,
1994). Dulferences arc mcasured in  the
dorsiflexion angle of the ankle. the metabolic or
mechanical cnergy cxpenditure as well as the
comfortable walking speed. In the studies
concerned. lillle attention is paid to subjective
{indings of the user.

Regarding the weight of the TT prosthesis
very litle is known about its influence on
abjective or subjective paramelers. 1Donn
investigated the effect of shoe mass on the gait
patterns of trans-tihial amputces and their
personal preferences {Idonn er al., 1989). She
concluded that lightweight footwear does not
nccessarily provide the most symmetrical gait
and is not always preferred by the users. Another
aspect of the influence of wcight is that a
relatively large mass at the distal aspect ol the
TT prosthesis causcs large forces acling axially
and tangentially on the stump during the swing
phase (van de Veen., 1989). These forees can be
uncomfortable or even painful. Furthcrmore the




Subject M/F Age | Body mass | Cause of Socket Own prosthesis mass CNAF mass including
(yr) (kg) amputation type  [including socket and shoe socket and shoe
(kg) (kg), class CNAF
t M 68 83 traumatic PTS 2.0 Multiflex 1.5 yellow class
2 M 64 99 traumatic PTS 2.3 Quantum 1.4 yellow class
3 M 36 82 congenital KBM 2.0 SACH

1.7 yellow class




Foot type Price
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SACH + 130
Dynamic + 178
Lager + 186
Multi-axial + 280
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Dynamic Pro + 311
Rax + 342
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Seattle + 525
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The measurements performed in the test rig
are static. So time dependent features are not
taken into account.

Energy cost

Energy cost was measured by oxygen uptake
determiination, using an Oxycon alpha system.
The Oxycon system measures the pulmonary
oxygen uptake (V'0O.), carbon dioxide output
(V'CQ,), minute ventilation (V'E) and heart rate
(HR). The ratio of V'COy/V"0; is the respiratory
quotient (RQ}. The RQ is a measure for the kind
of nutrition (carbohydrate, fat or protein) vsced for
energy liberation via catabolic processes in the
body. The RQ is necessary for calculating the
energy because cach kind of nutrition kiberates a
different amount of energy per unit O, consumed.
So the total amount of energy liberation can be
catculated from V'), and RQ under the condition
that the process is in steady state. The progress of
V'O and HR. is a measure for reaching the steady
state. Heart medication (e.g. beta-blockers) can
however influence the cardiac reaction on effort
(HR not a reliable measure). The measurements
performed with the Oxycon alpha system have an
accuracy of 5%. Each subject has to walk at three
ditferent velocities for 10 minutes, and at least 5
minutes in steady state. A treadmill was used for
maoking the measurements easier and for
standardisation of the walking velocitics. Before
the walking experiments the subject rested for 30
minutes lying on & bed, The last 10 minutes of the
resting period the Oxycon measurement started
and was stopped after the measurement with the
third walking velocity on the treadmiil. The
subjects were asked not o drink, eat and smoke
two hours before the measurements except for
drinking some water. They were also asked (not
verified} not to perform strenuous activities
during the last two days before the measurements,

Step time parameters

A Vicon gait analysis system was used to
measure the step time parameters: step time,
swing time, stance time, double stance time and
step length. These parameters are useful 1o check
the syinmetry ol walking. Therefore the ratios
between the right and left leg are compared. For
perfect symmetry these ratios should be 1.

Questionnaires
The guestionnaire about standing and walking
with a prosthetic foot, developed at our rescarch

department, consisted of 23 questions which
were grouped in four categories: |. stability
while standing (level and slope), 2. stability
while walking (level and slope), 3. functional
aspects {e.g. comfortable speed, poweriul/
powerless push-off, suppleness of roll-off), 4.
special activities (c.g. staircase climbing)
(Postema et al., 1997"). All answers to the
questions were scorcd on a | to [0 scale. 10
being best. The average score of all questiony
was supposed 10 be the general score of the
prosthesis. This score has been used to rank the
prosthesis in an order of choice. After the first
and the sccond session an unstructured interview
took place with emphasis on the low mass
properties of the prosthesis.

Study design

The complete test period of each subject
consisted of three scssions. The first session was
performed with the subject’s own prosthesis. Step
time analysis and oxygen uptake measurement
took place. Afterwards the subject answered the
questionnaire concerning his judgements about
various propertics of his prosthesis. Nex( he was
fitted with the CNAF. The second session took
place two weeks later and was the same as the
first, but now using the CNAF. The third session,
two weeks after the second one, was a repetition
of the oxygen measurement of the first session,
using original prosthesis. The second and the
third measurement were used for turther analysis.
The first measurement has not been analysed to
avoid bias due to not being accustomed to the test
situation/equipment.

Results

Because of the limited size useability of this
study, the dala presented have not becn
statistically analysed. [t 18 not useful to perform
statistical significance analysis with only three
subjects. So the results arce descriptive and of an
indicative character.

First the objective results are presented:
concerning the hysteresis, the oxygen uptake
and the step time parameters. Sccondly the
subjective resulls are presented based on the
yuestionnaire and the unstructured interview,

Objective results
Hysreresis

In Figure 2 the cnergy storage and release of
the CNAF is relatcd to the SACH foot. The




Prosthetic foot Hysteresis
CNAF 26%
Dynamic Pro 27%
Dynamic 28%
Multi-axial 30%
Quantum 31%
Lager 36%
Seattle 40%
SACH 47%
Multiflex 52%
Rax 58%
Subject 1, energy cost [1/s] Subject 2 Subject 3
v Own | CNAF ] df. % v Own | CNAF | df. % v Own l CNAF [ df. %
0.74 191.8 202.6 +5.6 (.83 2778 243 -12.5 1.10 2765  268.0 3.0
0.87 210.6 2376  +128 1.17 321.3 208.5 -7.1 1.40 3829 3463 96
0.98 245.2 266.1 +8.5 1.43 3947 3634 -7.9 1.642 489.2 4508 Y
Subject | Subject 2 Subject 3
Ratio R/L Own CNAF Own [ CNAF Own [ CNAF
Step time (s) 0.936 0.943 1.026 1.073 1.020 1.014
Swing time (s) 0919 0.930 1.010 1.040 1.108 1.066
Stance time (s) 1.052 1.044 0.995 0977 0.940 0.963
Double stance time (s) 1011 1.019 0.934 0.855 1.264 1.142
Step length (m) 0,980 0.839 0.832 0.893 1136 1.174




Subject 1

Subject 2

Subject 3

Categories Own CNAF Own CNAF Own CNAF
| 8.2 6.7 9.0 8.0 6.3 6.3
2 75 78 9.0 8.0 6.0 5.8
3 8.1 %l 9.1 9.0 7.1 8.1
4 7.8 7.3 8.0 9.0 T3 6.5
Overall 8.0 6.8 8.9 8.7 6.7 6.6
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feet. To what extent this linding is clinically
relevant with respect to aspects of exertion
remains however disputable.

The mctabolic energy consumption in the
application of the CNAF resulted in a reduction
for two subjects and in an increase for one
subject. The diffcrences are less than 10%.
Again the guestion of clinical relevance of the
mentioned diflerence arises. Looking at the step
time parameters the auention was locussed on
the factor of symmetry, being a measure for a
natural gail. It appears thal the symmetry ratios
of the CNAF do not differ substantially trom
those of the other prosthetic feet.

Last but not least, the subjective opinion of the
amputee is of interest. Compared with their own
prosthetic {oot (ncluding ankle adaptor and
pylon} a mass reduction of the prosthesis of
300g can be achicved with the CNAFE. Two
subjects perceived the mass reduction of the
prosthesis as positive and one subject did not
think it was important.

Otherwise it is sull a guestion whether an
initially noticed difference in mass of the
prosthesis still plays a role in the long run on the
subjective judgement ol the prosthesis. Prosthetic
components are frequently recommended by the
industry, just because ol their low mass but the
practical meaning for the user (objectively and
subjectively) is not cxplained. This theme calls
for special attention via rescarch.

The answers of the yuestionnaire correspond
with the clinical practice. Being satisfied about
their own prosthesis (including the prosthetic
foot) an altcration of the prosthesis. meaning
another prosthetic foot, will be judged critically
by most amputees. This can explain their
opimon about the CNAF.

The subjects walked too briefly with the
CNAF to be able o give a delinitive subjective
judgement concerning  its  wvseability. The
duration of use of the CNAF was however
sufficient for the subject, as previously carried
out research foot prostheses shows, to acquire an
opinion about the most essential walking
characteristics of thc CNAL (Postema e al,
1997*). This cancerns the characteristics of the
heel strike, the toot landing, the roll aver and the
stability (sidcwards and rotation).

One subject expericnced insufficient lateral
stability with the CNAF. The roll over of the
foot was experienced predominantly as
adequate, walking comfortably. However two

subjects mentioned a disturbing exorotation with
the CNAF at the push-off phase. This aspect
needs further attention.

Conclusions

In contrast to the main other literature findings
on the meaning of prosthetic fect this study tried
to obtain integral insight in the useability of the
CNAF on Lhe basis of objective and subjective
parameters from an vscr’s perspective. This way
of evaluating a product is recommended for
clinical purposes because the insights obtained
can help in prescribing a technical aid in a
responsible manner.

The CNAF is inclusive of ankle adaptor and
pylon, clearly lighter in mass than some other
types of often used prosthetic feet (Multiflex,
Quantum and SACH oot} with low to moderate
price (< 555 Dollars). The stiffness of the pylon
of the CNAF scems limited just as the
possibilities to adapt the CNAF.

The CNAF has favourable stiffness and
hysteresis properties compared to 9 other
prosthetic feet in the same price range.

With respect to the metabolic energy
consumption in walking and the step-time
parameters (symmetry), there are no rational
convincing variables found between the CNAF
and the subject’s own prosthetic foot (Multiflex,
Quantum or SACH foot).

The date of the subjective judgements of the
prosthetic feet, coniirms this. Tn view of the
above mentioned the CNAF scems cspecially
suitable for amputees who are very keen on a
low mass prosthesis.

The above mentioned conclusion  and
statements regarding the CNAF are only based
on three patients. This number may be
considered just to elicil convincing (without the
necessity of applying statistical calculations)
clinically relevant differences of the CNAF to
other types of prosthetic feel. Any other
approach is, withoul any subsidiary linance,
hardly possible in clinical practice. In lact, the
producers of prostheses components should, on
the basis of integral useability rescarch, deliver
adequate product information.
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Morphological changes during early
trans-tibial prosthetic fitting
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Abstract

Morphological changes i the amputation
stump may have serious implications regarding
the suspension and fit of the prosthetic socket. In
an earlier study (Lilja and Oberg, 1997) the
authors have shown that the volume of the trans-
tibial amputation stump decreases according 1o a
negative power function after amputation, and
that the stump volume docs not stabilise until
four months after the operation. In the present
study, Magnetic Resonance Imaging (MR1}
technique was used to examine morphological
changes in the amputation stump after trans-
ttbial amputation in a small number ol cases.
The authors expected to find a decrease in the
cross-scctional area of the stump and of the
separate muscles similar to the findings in earlier
studies. However. two different patterns were
found. The cross-sectional area of the entire
sturnp as well as that of the medial muscle group
changed according o the authors® hypothesis,
L.c. an initial fast decrease, tollowed by a more
moderate decrease of the arca. In the lateral
muscle group another pattern was found. After
an initial rapid decrease the area increased.
sometimes to 2 magnitude larger than the initial
value. After the amputation the lateral muscle
group may ucquire a new function, contributing
to the suspension of the socket. Despite the
limited number of patients. this study presents
findings which may be important in the clinical
fitting of trans-tibial prostheses.

Al correspondence o be addressed to M. Lilja.
Department  of Biomechanics and Technology,
University College of Health Sciences, P.O. Box
1038, 5-351 11 Jonkoping. Sweden. Tel: +46 36
324769 Fax: +46 36 324762,
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Introduction

Changes in the volume, form and internal
structurcs of the stump may jeopardise
prosthetic fitting in the early rehabilitation phase
after a trans-tibial amputation.

Several studies have examined postoperative
volume changes of amputation stumps, e.g. Lilja
and Oberg (1997), However, studies concerning
qualitative changes. i.e. specifically which
morphological structures change, and to what
extent, have not been conducted. Do these
changes involve a homogeneous development,
or is there a considerable heterogeneity among
different tissues and muscle components? A
beller understanding of these processes may
contribute to improved prosthetic fitting during
the rehabilitation phase.

After 2 major amputation, severe tranmatic
oedema and hematoma occur in the stump,
which van be reduced by bandaging and physical
activily (Levy, 1977; Manella. 1981: MacLean
and Fick, 1994), The stump volume decreases
gradually during the early maturation process
due to a reduction in postoperative oedema. Lilja
and Oberg (1997) have shown that the volume of
the stump reduces according to a negative power
function. but the question remaining is what are
the qualitative and quantitative changes
occurring inside the stump? Are there any
differences in the amount of atrophy betwecn the
gastrocnemivs muscle, that continues to cngage
the knee joint, and the other muscles that do not
engage any joint, after the trans-tibial
amputation?

To examine the structures inside the human
body. Magnetic Resonance Imaging (MRD) is a
very effective, but expensive and complex
method, Jaegers (1993). in her thesis, has shown
the usefulness of MRI1 in studying the
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morphology of trans-femoral amputation
stumps. MRI also provides a non-invasive
technique for the study of trans-tibial stump
muscles.

The process of muscle atrophy begins
immediately postoperatively, and continues
simultaneously with a reduction in oedema,
(Baumgartner and Langlolz, 1980). When only
external stump  volume is studied, these
componcnts cannot be differentiated. The
amount of this atrophy is correlated to physical
activity, postoperative bandaging and prosthetic
fit {Levy, 1980; Renstrom ef al., 1983).

The (wo heads of the gastrocnemius muscle
originate {rom the medial and lateral condyles of
the femur and for trans-tibial amputecs, the
distal part of the muscle is attached through
myodesis to the tibial end. This changes the
function of the gastrocnemius muscle from that
of a two joint muscle, to a single joint muscle
after the amputation. After the amputation the
soleus muscle and the anterior tibial muscle do
not altect any joint. Such circumstances may
influence the amount and rate of atrophy in the
stump.

Several authors have described possibilities of
controlling movement and suspension of the
prosthesis during motion by contracting the
stump muscles (Burgess et al., 1974; Kegel et
al.,, 1981). However, this contrel depends on the
function of the muscles in the trans-tibial stump
and the patient’s ability to activate and control
them.

Kegel et al. (1981) have shown that exercise
of the stump musculature should be a part of
routine physical therapy. The ampulees must be
able to control fully the musculaturce during gait.
Exercises should include specific training of the
gastrocnemius muscle as well as the anterior
tibial muscle. As described by Burgess and co-
workers (1974), these muscles do increase in
volume during the exercise period.

Amputees in the western world today have a
very high average age, and amputation is due, in
most cases, to peripheral vascular disease with
or without the presence of diabetes mellitus.
Furthermore, many of these patients are also in
poor physical condition (Alaranta et al, 1995,
McWhinnic ef of, 1994). In an earlier study,
Hedberg er al. (1989), presented a 50 per cent
lower number of muscle fibres in the
gastrocnemius muscle in  amputated legs
compared with non-amputated legs, which is

probably related to the relative inactivity of the
amputated leg and to long-standing vascular
insufficiency, When a muscle becomes inactive,
the muscle fibres begin to degenerate and fat
imbibes into the muscle tissue.

The aim of the present study was to describe
the morphological changes in trans-tibial stump
musculature during the first months after
amputation. The hypothesis was that the muscle
area dccrcascs due to both atrophy and a
reduction in postoperative ocdema, and that
muscle area reduction follows a similar course to
that of stump volume reduction presented in
earlier studies (Lilja and Oberg, 1997,
Golbranson et al., 1998).

Material and methods
Subjects

Inclusion criteria to join the study were: trans-
tibial amputation dve to arteriosclerosis, the
ability to understand the study design, and
consent (o participate in the study,

Seven trans-tibial amputees, two women and
five men, with a mean age of 69.9 (range 57-80)
years were included. One patient was bilaterally
amputated at one operation session. Therefore, a
total of eight amputation stumps were included
in the study. All patients were [ilted with
traditional patellar-tendon-bearing  trans-tibial
prostheses. PTB, during the study. The
prosthetic fittings did not influence the study.
One patient, case 5. was re-amputated to a
higher trans-tibial level, between the second and
third examination, therefore he was excluded.
Cases 6 and 7 were excluded after the first
examination due to re-amputation at a higher
level, trans-femoral. Case 8 died between the
first and second examination. For the final
evaluation four amputation stumps remained.

Study design

Three MR examinations were performed on
each patiemt, The [lirst examination was
performed during the second week after
amputation, the second after six and finally the
third examination after 28 weeks. The
examinations were performed by a radiologist.

MRI is an exclusive and expensive technique.
For this reason the study was designed as a case
study,

Magnetic Resonance Imaging
In order to obtain transverse MR images a
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Case | Case 2 Case 3 Case 4
Level 33 50 66 33 50 66 33 50 66 33 50 66
Weeks
2 100 100 100 100 100 100 100 100 100 100 100 100
6 20 84 79 91 93 98 87 85 86 93 92 88
28 77 73 69 105 109 114 103 96 89 11 104 92
Case | Case 2 Case 3 Case 4
Level 33 50 66 33 50 66 33 50 66 33 50 66
Weeks
2 100 100 100 100 100 100 100 1K) 100 100 100 100
6 90 91 88 96 96 98 94 93 93 97 69 68
28 90 86 82 103 106 110 103 99 95 107 102 97
Weeks Case | Case 2 Case 3 Case 4
2 12.2 14.9 14.6 154
6 11.8 15.2 14.2 14.8
28 1.5 152 13.9 13.5
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Conclusion

This study has documented afler trans-tibial
amputation, severe changes in cross-sectional
area of the total trans-tibial stump and of the
separate muscles included in the stump. Two
diffcrent pauterns of change were found. The
medial muscle group decreased in arca according
to an initial hypothesis, with a rapid decrease
between the first and second examination and a
more moderate decrease berween the second and
third examination. The lateral muscle group
decreased as well, between the first and second
examination, but increased in area between the
sccond and third examination.

These two different patterns may indicate a
new function of the muscles in the lateral muscle
group. Activation of the lateral muscle group
can be seen as a contributing factor to the
suspension and fit of the prosthetic socket.
These lindings can be of importance for
prosthetic fitting, and, togethcr with earlier
studies, indicate the importance of well-planned
and functionally designed physiotherapy and
prosthetic gait re-education.
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wrench and the nut. The lateral pattern is then
drawn on the wood block and the anterior and
posterior wedges cut from the distal surface.
After smoothing the surfaces a laminated MCR
wedge is glued to the heel section and a shaped
MCR sole piece to the plantar surface of the foot
block.

Saw cuts are made from the proximal surface
0 the top of the lateral pattern, the base of these
cuts marking the extenl of the wood o be
removed proximally. Finally the foot is shaped
and smoothed in three dimensions and a
countersunk hole made in the rubber heel.

The sacket

The socket is made from HDPE pipe and uses
4 film canister for pull sock access and air scal.
It is a suction socket and is used as partial
suspension for the prosthesis. Until now a
guadrilateral design has been fabricated,
although this technique could equally be used
for an ischial containment socket.

A hand cast is taken of the stump, and the
positive model modified in the normal way. A
length of pipe is split so that it will open flat
when heated in an oven. Precautions are taken to
prevent it collapsing in on itself. Once it is hot
and soft, the plastic is stretched over the model
and scaled on the lateral side. The surlace is
rubbed with cloth and smoothed into the
concave areas of the model. These arcas are then
packed with cloth and the socket wrapped tightly
with elastic bandage.

Once it is cool and contact between the plastic
and the model is ensured, the socket is trimmed
and the edges [inished. A hole is made antero-
medially to accommodate the film canister. The
base of the canister is removed and the
rematnder is glued into the hole. Finally, the
edge of the film canister is smoothed where it
contacts the amputee.

Assembly and finishing

To assemble the prosthesis from its
component parts, the lollowing procedure is
followed:

Ankle and shin blocks are cut from a Jight soft
wood (Bombyx Malabaricum) measuring
120mm x 120mm. Their total length is
calculated using the height of the sound leg from
the heel to the top of the knee in sitting. The
ankle block is drilled and countersunk to allow
for the attachment bult of the SACH foot. The

ankle block is then bolted to the foot, with the
nut distal. The proximal end of the bolt is
prevented from rotating within the block by
pouring a mix of polyester resin and sawdust
into the countersunk hole,

The measurement from the ischial shelf to the
proximal end of the knee in extension is
calculated using the ground to ischial tuberosity
measurement of the sound limb. Another block
of soft wood is cut and hollowed out to seat the
socket at the required height.

The socket is set in the proximal soft wood
block with a sawdust and resin mix, and aligned
with the posterior and medial shelves horizontal.
The prosthesis is then assembled and aligned
according to standard principles. The height and
shelf alignment are checked and the blocks
joined with wood glue. Once the gluc has set, the
wood block joints are also stapled to reinforce
them during trial use. The suspension belt is
attached, and the prosthesis is checked with the
amputee for comfort, alignment and friction
control of the knee,

Once necessary adjustments have been carried
out, the prosthesis is ready to be finished. First,
the thigh and shin sections arc prepared for the
plastic cosmesis. The proximal and distal blocks
of the knee are disconnected, the suspension belt
removed, the SACH foot unbolted and the
staples removed. The shin and thigh sections are
shaped on 4 router, with additional microcellular
rubber or cork added to increase the bulk as
necessdry. The film canister is removed from the
socket and replaced with a cylindnical wood
block. Then the socket is filled with plaster of
paris and a mandrel inserted. This prevents the
socket being misshupen when the outer plastic
cover is applied.

HDPE pipe is split and heated as in the socket
fabrication technigue, and pulled round the thigh
and shin sections. The plaster of Paris is
removed from the socket and the edges of the
casmeses trimmed and smoothed. The canister is
re-inserted in the socket and the proximal edges
of the socket and thigh cosmesis welded together
using a heat gun and strips of HDPE pipe. The
cosmesis is smoothed and the distal end of the
thigh cosmesis screwed onto the proximal block
of the knee. The holes for attachment of the
suspension belt are then drilled in the cosmesis.

HDPE pipe is only available in black in Nepal,
so the prosthesis is coloured by glucing nylon
stocking onto the exterior of the cosmesis with
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Conventional versus microchip controlled pneumatic swing
phase control for trans-femoral amputees: user’s verdict

D. DATTA and J, HOWITT

Mability and Specialised Rehabilitation Centre, Northern General Hospiral, Sheffield, tngland

Abstract

A questionnaire survey of 22 selected trans-
femorat amputees who were switched from
pocumatic swing phase control knee joinfs
(PSPC) to microprocessor controlled intelligent
knee joints (IP) is presented. On overall rating
all respondents considered the IP to be an
improvement or a great improvement compared
to the PSPC and none decided to revert back or
wished to use their previous PSPC prosthesis on
a regular basis. However the 1P was not rated to
be superior in every area ol the guestionnaire.
Walking ar different speeds, walking further,
reduction ot energy consumption were the main
arcas where subjeclive improvements were
perceived by the amputces themselves. Tt is
strongly believed that paticnts™ own views
should be an important and integral part of the
evaluation of new prosthetic technology.

Introduction

The microprocessor controlled pneumatic
swing phase knee joint for trans-femoral
amputees was first demonstrated in Japan in
1989. The license for this technology was
obtained by Chas A. Blatchford, UK who
developed and then marketed the first
commercially available product in 1993 as the
intelligent prosthesis (IP) (Zahedi, 1993).

The 1P provides a varying damping action for
flexion/extension of the knee joint depending on
the amputee’s gait speed. This is in contrast to a
conventional pneumatically dampencd knce
mechanism {pneumatic swing phase control or
(PSPC) which is adjusted by the prosthetist to

All correspondence to be addressed to Dr D. Datta,
Consultant in Rehabilitation Medicine, Mobility and
Specialised Rehabilitation Centre, Northern General
Haospital, Herries Road, Sheffield 83 7AT. England.
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onc particular gait speed as judged ‘optimum’” or
‘preferred” for an individual amputee.

The TP is claimed to provide a number of
benefits including reduction of energy cost of
gait. increased range of walking speed and more
natural gail {(Zahedi. 1993).

The authors designed a study o compare and
evaluate the benefits or otherwise of the 1P lor
trans-femoral amputees compared to the usual
and common practice of using PSPC, Results of
the energy consumption tested, gait analysis and
cognitive demands will be published scparately.
[n this paper the authors report the results of the
guestionnaire survey to gain knowledge ol the
patient’s own views ol the IP compared to the
previously used PSPC. The authors feel it is
mandatory to obtain patients’ own views when
evalvaung prosthetic components as well as
oblaining the more objective oufcome measures.

Methods

Twenty-two  established  unilateral  trans-
femoral amputees who were wearing Endolite
prostheses with PSPC, were recrnited from the
clinic for this study. This was a selected sample
of patients who had no stump problems were
otherwise {it und were generally lairly active,

The profile of the study group is presented in
Table 1.

All paticnts were fitted with a new PSPC knee
unit, multiflex ankle joint and new cosmetic
foarn and were changed to a new knee unit of TP,
ncw multiflex ankle and a new cosmetic foam 8-
10 weeks later. Sockel adjustments. alignment
alterations or knee joint readjustments were
curried out. if necessary, 3 weeks after the initial
fitting und delivery of both types of prosthesis.
The original comfortable sockets were retained
in use for all prosthesis Tor all the patients




Male: 14 Female: 8

Age (range): 39.9 yrs (25 yrs - 76 yrs)
Side of amputation: Right: 11 Left: 11
Aetiology of amputation:  Trauma: 16

Malignancy: 5
Osteomyelitis: |

Occupation: Employed: 16
Student: 2
Housewife: 2
Unemployed: 2

Mean time since
amputation (range): 19.2 yrs (5 yrs - 53 yrs)
Prostheses used prior (o
change to IP: Endolite* with ESK and
PSPC and multifex ankle
Mean time since
provision of IP (range): 17.4 months
(7 months - 41 months)

*Endolite - is the trade name of a modular prosthesis
manufactured by Chas A. Blaichford UK.

ESK = Endolite Stabilised Knee.

PSPC = Pneumatic swing phase control.



Q. A. Walking at different speed
A lot easier = 14

Easier=7

No difference = 0

Difficult = 1

A lot more difficult = 0

Q. H. Walking style
Much more normal = 11
More normal = 10

No difference = 1

less normal = 0

A lot less normal =

Q. B. How far can you walk?
A lot further =5

Further = 13

No difference = 3

Less than before = |

A lot less than before = 0

Q. L. Mechanical reliability
Much increased =7
Increased = 7

No difference = 7

Less reliable = 1

A lot less reliable =0

Q. C. Ascending stairs
A lot easier =0

Easier = 5

No difference = 17
Difficult =0

A lot more difficult = 0

Q. J. Learning to walk

Easy = 10

Adjusted within a short time = 8
No difference = 0

Initial problems = 3

Very difficult =0

Q. D. Descending stairs
A lot easier = 2

Easier = 3

No difference = 17
Difficult =0

A lot more difficult =0

Q. K. Comments by others re: walking style
Very positive = 11

Favourable = 8

No comments = 3

Unfavourable comments = 0

Very negative comments = 0

Q. E. Negotiating slopes and hills
A lot easier = 6

Easier =7

No difference = 8

Difficult =1

A lot more difficult =0

Q. L. Overall rating
Much improved = 16
Improved = 6

No different = (0
Performed worse = ()
A lot worse = 0

Q. F. Walking on rough uneven roads
Much improved = 2

Improved = 12

No difference =7

Worse = |

A lot worse =0

Q. M. Use of prosthesis with PSPC since
delivery of [P

Yes =6

No=16

Q. G. Energy level on walking
Lot less tiring =8

Less tiring = 13

No difference = |

More tiring =0

A lot more tiring = 0

Q. N. Would they be happy to wear PSPC again

regularly?
Yes=1
No =21

Q. 0. Was programming for [P difficult?
Yes =1

No=10

Indifference = 1




“IP has made a tremendous difference in 95% of daily movements.”

“I was pertectly happy with the PSPC, but IP is superior,”

“Lot easier, less tiring, more natural.”

“Quality of life has improved greatly.”

“Some difficulty in reaching taster speed — as had been previously unable to walk fast.”

“l am an amputee for the last 30 years ... | had some difficulty in accepting/realising that I could vary speed.”

“Backache has improved.”

“Backache has improved dramatically though hip has become painful ™

“Easier to walk and feels more natural.”

“Slight problem on uneven grounds.”

“Less physical discomfort in the groin,”

“IP knee almost feels elastic — no matter what the walking speed — the leg always follows through at the right
speed.”

“Pleasure to experience the walk at ground level — but on uneven ground — this is a problem as it gives you a ‘false

sense of security” - with the old type of limb you gave it a resounding kick forward automatically.”
“IP is the best thing that happened to me.”
“Cosmetic foam lets the leg down.”
“Less tired after a round of golf and thus we were able to enjoy the 19th hole!”
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cnthusiastic. Biased views or placebo effect
would have been expected 1o produce general
blanket praise response for IP. This was not the
case, suggesting a genuine and critical appraisal
by the subjects in this study.

The response to guit pattern as perceived by
patients as well as by others (friends, relatives,
cle.) were reported to have improved. The
improvements however were not at all obvious
when 9 of these patients when video recorded in
# laboratory environment on a separate seclion
of the study reported elsewhere (Datta e al,
1997). This discrepancy may be possibly
explained by the fact walking in daily living
activities may be different from walking in
artificial laboratory conditions. The perception
ol better walking may be related also to easc of
wulking by spending less physical and cognitive
cfforts thus making walking more enjoyable.

The patients have shown a strong preference
for the IP when compared to PSPC in a survey by
questionnaires, in a controlled study. None of the
patients were given any specific gait re-education
physiotherapy programme for their IP, though
some advice was given by the prosthetist during
the time of fitting and readjustment. The main
benefits from this subjective study for the [P
appears to be ability to walk at various speeds,
reduction of eftort of walking and patienty’
pereeption of improvement of walking pattern.
Whether patients do walk further, walk at
different speeds, have reduced cognitive effort,
have improved gait as measured by sophisticated
gait analyses and have any reduction on oxygen
consumption are addressed as objective measures
and arc to be reporied separately. Nevertheless,
the unthors fecl, that irrespective of the results of
the objective outcome measures, users’ own

views are also vital in the evaluation of a new
prosthetic product.
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Appendix |

A,

INTELLIGENT PROSTHESIS (IP) QUESTIONNAIRE

Clircle appropriate answer that corresponds as close as puysible with your views/observations (Le. circle 1, 2, 3, 4 or 5)

How would you compare walking at different
speeds with your IP when compared with yous
previous knee joint?

1. A lol casier

2, Easier

3. No diffcrence

4. Datticult

5. A lot more difficult

How Jur can you walk with your I compured
wirh your previous knee joint?

I. A lot further
2. Further

3. Nodilference
4. Less than before

5. A lot less than before

Is ascending stairs, steps, ete, any different with
your IP compared with the previous knee joint?
1. A lot casicr

2. Easier

3. No ditference

4. Ditficult

3. A lotmore difficult

Is degcending stairs, steps, cie, any different
with vour IP? campared with the previous knee

jon?

1. A loteasier

2. Easier

3, Nodiffcrence

4. Difficull

5. A lot more difficult

Is negotiating slopes and hills any different with
your [P compared with the previous knee joint?
1. Aloteusier

Easier

No difference

Drillicult

A lotsmore ditficult

D obow

When walking over ropgh or upeven ground, how
does your 1P perform compared to the

previous knee joint?

I Much improved performance

2 Impreved pertormance

3. No difference

4. Performs worse

3. Al worse performance

(. How does you rate your gnergy levels when
walking with the IP compared (o the previous joint?

A lot Tess liring

1.ess Linng

No diflerence

More tiring

A lot mare tiring

Wbk W

H. Do you think that your walking stvle has
improved sioce you have been using the [P?

1. Much more normal
2. More normal

3. No diflerence

4. Less normal

5. Alot less normal

I, Assess the mechanical reliability of vour IP
compired Lo your previous knee joimt?

1. Much increased reliability
2. Increased reliubility

3. Nodifference

4. Less reliability

5. Alot less reliability

J.  What are your views regarding learning to walk

with the IP after using the previcus knee joint?
1. Easy. not considered a problem

2. Adjusted within u short time

3. Noticed no real difference

4. Initial problems

5. Very dilficule with lots of problems

K. Since having vour IP have you had any comments
from ather people (i.c. family, tricnds. etc) about
the way you walk with the 1P compared 1o your
previvus knee joint?

1. Very positive comments

Favourable comments

No comments at all

Unfavourable comnments

Very negative comnwnts

LI R FL i S |

L. Owverall how de you rue your IF cormpared to your
previous knee joint?
1. Much improved

Improved

No dilference

Performis worse

A lot worse performumee

g

Please answer the following questions along with
your observations and views (please civcle
rishers u.r),u."u.f.‘.r'l'{!w ey vou)
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An audit of the quality of the stump and its relation to
rehabilitation in lower limb amputees

B. K. CHAKRABARTY

Disablement Services Centre, Harold Wood Hospital, UK

Abstract

An audit was undertaken amongst the lower
limb (adult) amputecs, 60 unilateral trans-
femoral (TF) and 72 unilateral trans-ubial (TT).
who attended a Disablement Services Centre
(DSC) during a one vear period, to determine
whether amputees with better quality stumps (as
assessed by a scoring svstem used at the Centre)
achieve better outcome from prosthetic
rehabilitation and whether there is any relation
between the construction of the stumps and the
grade of surgeons. At eighteen months
(minimum follow up of six months) there were
31 (52%) TF and 54 (75%) TT amputees
wearing prostheses, Some 44 amputees with
Grade A stumps (score of 60 and over. out of a
possible 100y needed 154 days 1o achieve the
predicted mobility grade, 15 (34%} of them
needed alteration of prosthesis. attended the
Centre every 42 days and achieved the activity
score of -25.7; 41 amputees with Grade B
stumps (scores less than 60) needed 200 days to
achieve the predicted mobility grade, 24 (58.5%)
of them needed alteration of prosthesis, attended
thc Centre cvery 29 days and achicved the
activity scorc of -39.1 (less active than Grade
A).

The trainee surgeons (registrars, staff grade
surgeons and SHOs) produced 26 Grade A
stumps out of 67 amputations (409%) and the
Consultants and the Scmor Registrars (scnior
team) produced 37 Grade A stumps out of 65
amputations (57%).

However, only 36% of ampuices were
prescribed prostheses at their first attendance
(60% Grade A, and 40% Grade B).

All correspondence to be addressed 1o Mr. B, K.
Chakrabarty. 7 Monkhams Lane, Woodford Green.
Essex 168 ONJ, UK.
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Introduction

Despite various attempts to improve the
overall mobility and independence of the lower
limb amputee, the result has been rather
depressing (Dormandy and Ray. 1995; Collin
and Collin, (995}, The majority of amputees
belong to the dysvascular group and are aged.
They suffer from additional medical and/or
physical conditions which can influence the
process ot rehabilitation. As the longevity of this
group is short (Stewart et af., 1992: Finch et al.,
1980) 1t is desirable that the rehabilitation
process is not unduly prolonged.

Quality of the stump is one of the many
factors influencing the rehabilitation of an
amputee (Fig. 1}. The level and length of stump
influence the energy requirement of the amputee
{Gailey and Wenger, 1994: Waters ef afl., 1976:
Gonzalez et al., 1974) and the shape dictates the
fit of the prosthesis, as does fluctuation of the
stump volume. The shape, length and relative
bulk of soft tissue significantly influcnce the
interface pressure distribution (Silver-Thorn and
Childress, 1996). In general, the longer the
stump the less the energy requirement but one
has 10 take account of the prosthetic constraints
and cosmesis. as well as the underlying
pathology. Too long a stump, especially in a
dysvascular paticnt, invites wound breakdown,
stump revision, stump claudication or greater
stump shrinkage (Persson and Liedberg, 1983).
Even with tremendous advances in prosthetics,
the encrgy requirement ol mobility with a
prosthesis has not been reduced to any
appreciable extent. In an earlier observation
(Chakrabarty, 1993), it was noted that amputees
with better quality stumps lared well with regard
to their rehabilitation,

The aim of this prospective study was to




Mativation

*Age
*Support Services

*Sex
Pathology

Counselling I Amputee Rehabilitation | | Associated Condition

A

*Prosthesis *Wound healing
«Social & Environmental «Quality of stump
Factors

*Level of amputation
Interval between
operation und
assessment
«Cognitive function
=Pain




OPETBIOL v niimaunen i e s ves e TTORPIAL e s nsnrnamps s
BIate o AMMD,.covviiiviiiiiions: ropmpaimmivensos s Sl oo sisSesininiesa Amp.Site R/L Level ........ocociivnnnriciunnas
Dt OF ASSCSEBINIEIE vyt sommessiin e SR i e T St AT Tk s st S R SR s oS
Healed +10 None +10
Wound Unhealed -5 Tenderness Moderate +5
Infected -10 Severe -10
None +10 Proximal None +10
Qedema Minimal +5 Joint <20° +3
Significant -5 Contracture >20° -20
Fully Mobile +10 Bone End Satisfactory +10
Scar <'/s Adherent -5 Sculpted Acceptable +5
>'/s <1/2 Adherent -6 (& Covered) Unsatisfactory -10
>'/» Adherent -10 Bone End Exposed -20
Sensate +6 None +6
Skin Insensate -6 Dog-ears Minimal 0
Insufficient -6 Significant -6
Suitable® +10 None +6
Length Acceptable +5 Redundant Tissue | Minimal 3
Unsuitable -10 Significant -6
Shape Conical/Cylindrical +6 Additional Scars or | No +6
Bulbous -6 Other Factorst Yes -6

(+To affect prosthetic fitting)

*For trans-femoral stump, at least 10 cm of space available above the knee joint line. 14-16 cm distal to the knee joint
line or 30 cm above the ground level, whichever is longer for trans-tibial stump.

Maximum Points = 100 Photo Yes/No




{a) Trans-femoral amputees

(29)

14 grade A IS grade B

® Prosthesis not prescribed

@ Deceased (within 6 months)
® Abandoned limb wearing

@ Lost to follow up

@ Became bilateral amputees
e Refushioning of stump

® Cosmetic prosthesis user

@ Did not collect prosthesis

9 A4.B5)

3(A2,BI)

6(A3.B3)

3(A3.B2)

3(AL1.B2)

I(B)

1(B)

1(A)

Wound:

& When integrity of the skin is intact
healing ridge palpable Healed
® When integrity of the skin is broken Unhealed
@ When there is sero-purulent discharge
and/or obvious clinical infection Infected
@ With scab, if adherent Unhealed
if loose Healed
® With necrotic skin margins Unhealed
o With stitches in situ, if dry Healed
if moist Unhealed
(b) Trans-tibial amputees (18)
5 grade A 13 grade B
® Prosthesis not prescribed B)
® Deceased 3(A2.BL)
® Abandoned limb wearing 3R
® Lostto foliow up 1(A)
® Became bilateral amputees 2(ALBI}
o Fell out of weelchair and 1(A)
factured femur
e Did not collect prosthesis 1(B}



(a) TF Group (n=60)
Grade A (31)

Grade B (29)

The Study Group (n=31)
Grade A (17)

Grade B (14)

H UH H UH H UH H UH
Cons 10 2 3 4 7 2 I
SR 3 1 3 | 3 |
Reg 7 3 4 10 4 2 1 §
SG | | | I
SHO 4 2 | 2 |
25 (B1%) 12(41%) 15(88%) 5(36%)
(b) TT Group (n=72) The Study Group (n=54)
Grade A (32) Grade B (40) Grade A (27) Grade B (27)
H UH H UH H UH H UH
Cons 7 7 2 14 3 7 2 10
SR 6 1 1 5 |
Reg 4 3 5 17 4 3 4 10
SG l 1
SHO 2 | 1 2 | |
20063%) 7(18%) 15(56%) 6(22%)
Key: H = Healed
UH = Unhealed
Cons = Consultant
Reg = Registrar
SHO = Senior House Officer
SR = Senior Registrar
SG = Staff Grade Surgeon




(a) TF Group (31) (b) TT Group (54)

Grade A Grade B Grade A Grade B
(17) (14) (27 27
Stump score Mean + 75.4 Mean + 499 Mean + 67.7 Mean + 47.1
(range + 61 10 + 87) (+40 10 + 57) (+60 to + 87) (+28 to +58)
Assessment (interval from  Mean 36.3 days Mean 49 days Mean 92.2 days Mean 46 days
operation) (18 to 114) (11 o 129) (17 to 247) (18 to 153)
Prosthesis (prescribed after  Mean 43.2 days Mean 69 days Mean 60.2 days Mean 85.8 days
operation) (22to 118) (29¢t0 118) (21 to 247) (30 10 244)
Attendance interval Mean 39.8 days Mean 31.2 days Mean 38.8 days Mean 26.6 days
(2510 74) (16 to 47) (19 10 70) (14 10 48)
Refits (socket alteration of Mean 0.7* Mean 1.2 Mean 0.41 Mean 0.7
prosthesis) 7 10 8 14
(41%) needed refits  (71%) needed refits (309%) needed refits  (52%) needed refits

*One needed two refits due to change of prescription.
One needed to attend more and needed 2 refits due to trial of a new knee unit.



Grade A (17)
MGP/ Time
MGA (days)
VIV -5 Mean 124.8

Independent (112 to 138)
walker

Mean 163.5
(117 to 205)

VAV -2
Qutdoor/
Indoor walker

HI/IL -9 Mean 1353
Indoor watker (115 to 208)

Values for
the 16
achieving
predicted
mobility
grades

Mean 135.2
(112 to 208)

HI/IV -1 134

135.1
(112 to 208)

Values for
all 17

Activity
Score

Mean -5.2
(-18 to +15)

Mean -18
(-22 to -14)

Mean -41.2
(-65to -10)

Mean -29.3
(-65 to +15)

-14

-26.6
(-65 to +15)

Age

Median 44
(32 10 53)

Median 59
(54 to 63)

Median 74
{68 to 85)

Median 69
(32 to 85)

69

69
(32 to 85)

Grade B (14)

MGP/ Time
MGA (days)
VIV -1 139
IVAV -3 Mean 202
(187 to 212)
IIIAII -3 Mean 156
(13810 187)
IV -1 210
Values for 178.0
the 8 (138 to 212)
achieving
predicted
mobility
grades
VAV -1 119
1/ -4 Mean 161
(147 w0 187)
LTV -1 129
Values for Mean 165.5
all 14 (119 to 212)

Activity
Score

5

Mean -26.7
(-36 to -21)

Mean -50.7
(-60 to -40)

-72

-41.4
(-72 to -7)

-28

Mean -69.7
(-79 to -60)

-29

Mean -46.2
(-79 to -7)

Age

58

Median 68
(67 10 72)

Median 71
(60 to 75)

76

69.5
(58 to -76)

51

Median 74
(68 10 82)

67

Median 70
(51 to 82)




Grade A (27)
MGP/
MGA

VIV -3

VAV -12

/I -11

Values for
the 26
achieving
predicted
mobility
grades

mAav -1

Values for
all 27

Time
(days)

Mean -126.3
(107 to 158)

Mean 160.3
(111 to 250)

Mean 165.2
(117 w0 337)

Mean 158.7
(107 to 337)

128

157.6
(107 to 337)

Activity Age
Score

Mean +1 Median 36
(9t +10) (3010 60)

Mean 19 Median 64
(45t0-3) (5510 78)

Mean 44.5 Median 77
(-67to -21) (62 to 87)

Mean -27.8 Median 64.5
(-67 to +10) (30 to 87)

-14 75

-27.3 65
(-67 to +15) (30 to 87)

Grade B (27)
MGP/
MGA

VI/VI -3
Normal

VIV -2

IV/IV -6

MVIE-11

Values for
the 22
achieving
predicted
mobility
grade

VIV -1

IVl -2

At -1
IV -1

Values for
all 27

Time
(days)

Mean 376
(310 to 413)

Mean 154

Activity
Score

Mean +5
(-2 0 +15)

Mean -14

(153 and 155) (-45 and +17)

Mean 157
(120 to 224)

Mean 224
(134 to 348)

220.2
(120 to 413)

410

Mean 186
(152 and 220)

239
139

Mean 2224
(120 to 413)

Mean -30.7
(-49 1o -13)

Mean -42.6
(-67 to -22)

Mean -30.3
(-67 to +17)

42

Mean -49
(-53 and 45)

-53
-17

Mean -32-44
(-67 to +17)

Age
Median 43
(36 to 59)

Median 43
(31 and 55)

Median 64
(4710 71)

Median 70
(64 to 83)

Median 65
(31 to 83)

63

Median 62
(58 and 67)

65
58

Median 65
(31 to 83)
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and peak expiratory flow estimation, the
author’s prediction for mobility grade has
improved from 57% to approximaicly 80%.
These predictions have heen especially useful
for the assessments of bilateral amputees.

This study asked two questions: (1) does the
quality of stump influence the oulcome of
rchabilitation of a lower limb amputee and (2)
docs the operating surgeon have a role Lo play?

Maobilitv: 17 out of 17 (100%) TF amputces
with Grade A stumps achieved their mobility
grade (one with improved grading) in three
months whereas 8 out of 14 (57%) amputees
with grade B siumps achicved the predicted
grade in the same time. A total of 27 out of 27
(100%) TT amputees with Grade A stumps
achicved their mobility grades (one with
improved grading) in three months but 17 out of
27 (63%) amputees with Grade B stumps
achieved their mobility grades in the same time.

1t was found to be extremely difticult to assess
the exact time when an individual did achicve
the mobility grades and as such it cannot be
considered & precise measure. However, the total
time required by the amputees with Grade B
stumps was longer in both TF and TT groups.
Greater number of amputees with Grade A
stumps were mobile in a shorter time.

Interval between antendances: The interval
was longer for amputees with Grade A stumps at
hoth TF level, (approximately 9 days, P<.03, t
value = 1,92 against a critical value of 1.699 at
the 5% level) and TT level, (12 days. P<.002, t
value = 3.30 against a critical value of 1.683 at
the 5% level and 2.42 at the 15 lcvel).

Need for alteration of prosthesis: some 34% of
amputces with Grade A stumps of the combined
TF and TT Groups needed refits whereas 59% of
amputees with Grade B stumps needed refits,

Activity: Mean activity score of TF amputees
with Grade A stumps was -27 as opposed to -46
for those with Grade B stumps and in the TT
group il was -27 for those with Grade A stumps
and -32 for those with Grade B stumps.
Amputees with Grade A slumps were more
active than amputees with Grade B stumps.

The activity scoring system for the amputees
devised by Day (1981) favours a person at work
but it has been used in this study as a measure of
activities for amputees with both Grade A and
Grade B stumps.

Although the TT amputees with Grade B
stumps were scen earlier than those with Grade

A stumps, they were prescribed prostheses much
later. It is possible that the amputees with Grade
A stumps were not referred until the wounds
were healed.

Role of operating surgeons: 1t is arguable
whether staff grade surgeons should be
considered as trainee surgcons. Howcever, the
number of operations they performed were few
it gumbers. Trainee surgeons performed 33
(55%) TF amputations with wounds healed in
55% and with 15 (48%) Grade A stumps. In the
TT group. they performed 34 (47%) amputations
with wounds healed in 35% and with 11 (32%)
Grade A stumps. The trainee surgeons produced
40% ol Grade A sturnps out of 67 amputations.

The senior tcam performed 45% TF
amputations with 60% Grade A stumps and
wounds were healed in 70% of cases. In the TT
group, they performed 53% amputations with
55% CGirade A stumps. Wounds were healed only
in 39%. On the whole the senior team produced
58% ol Grade A stumps out of 63 amputations.

Contrary to previous findings (Pohjolaincn
and Alaranta, 1991), age did not seem to
influence the outcome, except perhaps in the TF
group with Grade B stumps, as 5 out ol 14 (36%)
could not achieve the expected mobility grade.

In the present climate of cconomic
considerations and especially if there is the
ultimate desire to improve the quality of life for
lower limb amputees, the quality of stump is an
important factor. Amputees should arrive at the
DSC as carly after operation as possible with a
stump for which a prosthesis can safcly be
prescribed.

Long periods of stay in hospital for the wound
to heal and subsequent delayed prosthetic
prescriptions, frequent attendances at the DSC,
often by ambulances. and frequent alterations of
prostheses, all incur increased expenses and
exaggerate frustrations ol amputees (Narang et
al., 1984). It also reduces the period of effective
use of the prostheses for a great number of
amputees because of their short span of life
(Stewart et al.,, 1992; Finch et af., 1980). One
cannot expect a good result with a poor quality
stump. The lower activity levels displayed by
amputees with Grade B stumps suggests that
their quality of life could have been better with a
better sturnp.

Limitations and conclusions
The results of this study reflect the difficulty




Quality of stump and rehabilitation 145

of conducting fieid studies using complex sets of
variables as unil analysis. In this stody the
influence of associated conditions has not been
considered. At this centre, 39% of amputees
with peripheral vascular disease and 54% of
amputees with diabetes have three or more (up
to five} concurrent medical conditions,

Practical and perhaps ethical constraints
prevented the isolation  and controlled
mampulation of various components of the
rehabilitation process. As the multidisciplinary
assessments were carried out at three. six and
twelve monthly intervals, the exact time any
amputee achieved the mobility grade in between
the assessments was not recognised. However.
the procedure was applied to all the groups. The
possibility of variable treatment interaction and
multiple treatment interference could not be
eliminated in this investigation.

It should be accepled that outcome
measurement in rchabilitaion should be every
provider’s responsibility, (Malone ef af., 1979).
The goal of rehabilitation is not to cure a specific
organ or body system pathology but to enhance
individual function e.g. mobility in lower limb
amputees (Kcith, 1984).

If the challenge is to be accepted of achicving
the goal in amputee rehabilitation. surgical
practice needs re-examination and training of
trainee surgeons needs reappraisal (Delong,
1987: Reed. 1993) even if it proves time
consuming and expensive (Pietroni, 1993). We
may have been getting away with sub-optimal
service regarding stump construction, perhaps
because of a mistaken philosophy about
amputees being a ‘lost cause” bul the time has
come for rectilication with proper supervision of
the trainee surgeons and adherence to good
surgical practice by all.

This study represents an attempt to address the
quality of stump and its relation to rehabilitation.
Future cutcome research should be designed to
evaluate the nalure and type ol support services and
the importance of concurrent conditions in greater
numbers of amputees, probably in a multi-centre
study for proper cvaluation and implementation of
any procedures (Williams er of., 1995).
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Criteria for prosthetic provision:
“he who pays the piper calls the tune”

M. HEIM*/** A MERELMAN*, G, MANOR*, E. JACOBI* and M. AZARIA*/*#

*Lewis National Institute of Rehabilitation, Chaim Sheba Medical Center, Tel Hashomer Hospital, Israel
**Department of Orthopaedic Rehabilitation, Chaim Sheba Medical Center. Tel Hashomer Hospital, Israel

Abstract

Previously instituted policies regarding
prosthetic limb provision had been deemed
dependable. A follow-up home visil study
showed that 18 ol 60 patients that hud been
provided with prostheses, did not make use of
them. Analysis showed that three categories of
patients made up the large majority of the non-
users; double amputees, blind persons and those
wilh psychiatric disorders. In order to attempt to
eliminate the waslage ol prosthetic provision (o
non-ambulators a new palicy decision was
made. Doubtful ambulalors and those from the
three aforementioncd categories will be initially
provided with temporary prostheses. Only alter
a period of months of temporary prosthetic
usage at home will a decision be madc as to
whether a permanent prosthesis will be issued.

Introduction

The Lewis Institute of Rehabilitation is
responsible  for the administration of the
provision of prostheses, orthoscs and
orthopaedic shoes on behalf of the Ministry of
Health. Throughout the country there are
accredited doctors who are certified to order
these provisions on behalf of the Institute. The
greal majerity of these doctors are senior staff
members  who work within  rehabilitation
centres. Tt was anticipated that these physicians,
in the light of their experience, would be able to
predict which amputees had ambulatory
potential and that prostheses would only be
ordered for those that filled this criteria. The
Ministry of Health does not supply cosmetic
prostheses.

All correspendence to be addressed to Professor
Michael Heim, Dircctor, Lewis National Institute of
Rehabilitation. Tel Hashomer. Israel 532621,
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A randomised study was carried out to
examine whether the amputees who had
received prostheses were in [act using them.

Material and methods

Two of the authors {AM and GM) were both
final ycar physiotherapy students at the time and
visited 60 patients in their homes. Tn order to
simplify the logistics of carrying out such a
study the only selective criteria were patient
amputation dve fto diabetes andfor vascular
discase and lhe patients’ addresses. Sixty
patients who had reccived their prostheses
between 19971-1994 were included in the study.
Patients were visiled at their homes, interviewed
as to their activities of daily living. their
ambulatory capabilities and were then asked to
perform certain tasks. Paticnts donned and
doffed their prostheses, and walked within the
home. Those that reparted that they were able to
use the prosthesis outside were then examined
descending and climbing the stairs to their
apartments und walking in the neighbourhood.
Table | records the sex. average age of the
group, and level of amputation.

Results

The use made by the amputees of the
prosthesis was divided into four self-explanatory
groups and the results are shown in Table 2. Of
the 60 amputees reviewed only 42 used their
prosthesis; the duration ol usage is shown in
Table 2. ITn order to understand more tully the
relationship between the patients’ intrinsic
ability and prosthetic usage, three criteria were
used to categorise the amputees. Pattents were
assessed as to whether they were independent,
minimally handicapped (could walk if the
prosthesis was donned by another person) and




Sex Number Age Level of amputation
Female 17 35-50 TF 4
Average 68 KD |
TT 10
TE+TT 2
Male 43 45-90 TF 13
Average 64 TT 25
TT+TT 2
TT+TF 2
TF+TF 1

TT = trans-tibial

KD = knee disarticulation  TF = trans-femoral

Table 2. A summary of the findings regarding the use made of the provided prostheses.

Occasional — a few

Minimal — a few

Never wear the

All day hours every day hours a week prosthesis
Prosthenc 19 of 42 16 of 42 7of42 18 of 60
usage 31.6% 26.6% 11.6% 309%

All day Occasional Minimal Non-users
Totally 19 3 1 1
independent (TT + TT)
Minimal 11 2 3
handicap (TT'+TI)
Constant 2 4 14
assistance (4 x double amputation

other than TT + TT)

TT = trans-tibial










Level of congenital loss Male i Female

1 s 3
Right below elbow 1 2
Left below elbow t 6
Right through elbow |

Self suspending socket

Additional strap (above elbow cuff)

Through elbow socket with hinge elbow joint (side steels)
2" SCAMP hand

17" SCAMP hand

Otto Bock electrode

Steeper electrode

Liberty-Mutual Batteries

10

w
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Low-bandwidth telemedicine for
remote orthotic assessment

E. D. LEMAIRE and Y. JEFFREYS

The Rehabilitation Centre, Onawa, Ontario, Canada

Abstract
A model for performing remote orthotic
assessments using low-bandwidth computer

communication technology (video
conferencing) was developed, tested, and
evaluated.  System  evaluation  involved

comparing a serigs of remote assessments with
on-site assessments. While most on-site and on-
line results were similar, discrepancies which
occurred were attributed to between-clinician
differences. measurement technique differences,
technical and learning obstacles at the start of
the project, and within subject variations during
the day. On-ling assessment cfficiency improved
with cach on-line session and corresponded with
increased confidence in the system, casier
systern use. and better overall satisfaction. An
on-line debriefing session was held with all
project clinicians. These clinicians supported
continued use of the communication system for
rehabilitation  consultation and  educalion.
Clinically. preliminary face-to-face meetings
and a regular practice  schedule  were
recommended. Technically, the system was
considered  good:  however,  suggested
improvements included using a high quality
speaker-phone system, streamlining the video
capture process. and providing more reliable
telecommunicalion connections.

Introduction

The combination of computer technology and
telecommunications is an exciting prospect for
the rehabilitation tield. Recent advancements in
video conferencing systems and Internet access

All correspondence to be addressed to Edward
Lemaire. lostitute for Rehabilitation Rescarch and
Development, The Rehabilitution Centre. 305 Smyth
Road. OQuawa, Oataio K1H 8M2., Canadu.
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provide the infrastructure lor remote assessment
and consultation at a rcasonable cost. By using
computer/telecommunication links to send
sound, data, graphics, and video between two or
more sites, remote areas can access clinical
assessment and tollow-up services without
travelling to a central rehabilitation facility.

Telemedicine, the use of communication
technologies to provide health care services and
education over a distance, has been in existence
since the late 1950s when microwave links were
used for telepsychiatry consultations (Wittson et
al., 1961). Since then many applications have
been initiated in the fields of radiology
(Reponen er af., 1995; von Hanwehr et ¢l., 1995)
dermatology (Perednia and Brown, 1995;
Solomon ef al., 1996), pathology (Ferrer-Roca et
al., 1995: Kayser and Drlicek, 1992), neurology
(Chaves-Carballo, 1992), and other specialties
(Allen and Hayes, 1994; Hubble er «l, 1993,
Jerome, 1993; Rafuse, 1994; Lewis and Boyd
Moir, 1995). In addition, some telemedicine
initiatives have provided remote diagnosis and
consultation tools for general health carc
{Carlson, 1994; Jennetl er al.. 1995 Perednia
and Allen, 1995; Padeken ef @f., 1995 Sunders
and Tedesco, 1993). Unfortunately, most of
these programmes could not be sustained aller
the initial project funding was spent (Perednia
and Allen, 1995).

The technoelogical requirements for performing
a remote medical intervention are directly related
w the clinical applicaton. For radiology and
pathology, static images can be digitized at a
remote site using commercial image processing
hardware and software. A computer modem can
then be used to send the data file to a central
facility for analysis (Reponen et al.. 1995). For
surgical  interventions, virtaal reality or
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Orthotic telemedicine 161

were based on running the system through
hospital switch boards. In particular, The
Rehabilitation Centre’s PBX-based telephone
systern created data communication problems
during the initial stages of this project.
Switching to a direct, outside telephone line
solved most of these problems. Hawkesbury had
more reliable data communications than
Arnprior. This could be due to better
telecommunication links between Ottawa and
Hawkesbury or interference from the Arnprior
District and Memorial Hospital switchboard
system (the telephone line was routed through
the main switchboard).

As small communities with infenor
telecommunication links are connected to a
¢linical consultation system. data line failures
can be expected. Generally, this is not a problem
since it is a simple task to reconnect and resume
the assessment. Frequent connection problems,
however, are detrimental to the efficiency of
remote  ¢linical communication and user
confidence. It is recommended that the
telephone system by pre-tested betfore installing
a computer distance communication system to
cnsure a reliable data flow between sites.

Internet connections were casy to initiate and
the connections were rcliable. For site-to-site
communication, the Chalkboard and live-video
functions worked: however, the video frame rate
was slower than with a direct 28.8 Kbps modem
and a longer time lag occurred between the live
action and remote video display. Even with
these limitations, an Internet connection was
considered a viable medium for cost-etfective
site-10-site communication.

Multi-site Internet communications involved
Ottawa, Arnprior, and Hawkesbury
simultaneously sharing the same Chalkboard
and Talk window. This feature perforimed very
well when each location took furns accessing the
shared resources; however, if all sites
continuously used the on-screen pointer function
for more than a few minutes the system would
lock up (i.e., a continuous data stream from all
participants using the Chalkboard). No errors
occurred if the participants interacted with short
to medium bursts of activity. Live-video was not
reliable for multi-site [nternet connections.
Higher bandwidth TCP-IP connections would be
required before live-video could be used
between more than two sites. A recommended
muli-site setup would involve:

* using the Talk window to keep minutes of a
meeting, display/paste text for the group 1o
read, or write words which were difficult o

spell:
¢ using the Chalkboard window to share
captured images, previously prepared

graphics, or as a sketchpad to illustrate an
idea;

+ using the Stills Capture programme to grab
video images and share them with the group
(these images can take between one and two
minutes to be displayed at all sites, depending
on Internet traffic);

* using the File Transfer programme to send
video files, database records, word processed
files. or reports between sites.

Results

Twenty-two subjects were assessed during
four Mobile Clinic visits: 10 assessments in
Armprior and 12 in Hawkesbury. The first
Mobile Clinic vistt was used as a test session and
was not included in the validation results. With
these four subjects removed, data from a total of
18 subjects were used for the evaluation. At the
start of the project, clinicians in Arnprior and
Hawkesbury had minimal, or no, computer
experience and no previous exposure to OS/2.
The combination of clinician training on the
systemn, system trouble shooting. and database
errors made data from the first clinic visit
unreliable. The following sections will describe
the questionnaire and debriefing results.

Assessment questionnaire results

The assessment data sheet was divided into
three areas: client data, physical data. and gait
data,

Client data

The client data section provided information
on the client’s medical status, social factors. and
environmental factors. Orthotic assessment
questionnaires have traditionally provided a
space to write a description based on patient
assessments, discussions, and a medical chart
review. To compare these clinical data, the
information was coded into three groups: same
information (1), same information with some
additional details (2), different information (3).
Since it is expected that different clinicians will
have slight variations in what information they
decide 1s most relevant, group one and group
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two results were acceptable.

For most measures, the remote and on-site
responses were simitar in more than 88 percent
ol the cases. These measures included date of
birth, height, weight. gender, diagnosis, date of
onset, main problem, occupation, activities.
social factors, cognitive status, mobility aids,
walking distance, and footware. Four areas with
unsatisfactory results were prescription (72%).
history (61%), goals {72%) and complications
(39%). It wus rcasonable that differences
occurred with prescription and goals since the
subjects. while being potential candidates for an
AFQ, were not being assessed to receive a
device from an established prescription (i.e.,
they were at the clinic to take part in the pilot
project and not for a specific orthotic problem).
It a written prescription was available for each
subject, the prescription results would have been
much better since the team would have had
specific clinical goals.

Differences in medical history and possible
complications were altributed to differcnces
between orthotic methods and physiotherapy /
occupational therapy methods. The various
fields of rehabilitation have different focusses
when reviewing the medical history and
determining what constitutes a potential
complication. These differences  became
apparent when reviewing the responses from the
on-silc orthotist and the combination of an
orthotist / physiotherapist / occupational
therapist team. Tt is suggested that these areas be
replaced by a predefined list of choices 1o help
focus the assessment on the needs of the
orthotist.

Since the medical history, goals and
complications sections were based on subject
feedback, some differences could have been due
to the subject supplying different information, or
a different focus, during the two assessments.
Problems with the speaker-phone could have
also led to problems of hearing the subject.

Physical data

The physical data section recorded
information on  muscular function. joint
function, vascular problems, and balance. For
the strength measurements, individual variations
were accommodated by grouping the Oxford
Muscle Strength Scale values into three sections:
no functional strength (0.1,2), weak functional
strength (3), acceptable functional strength (4,5).

Range of motion values were grouped into
normal or abnormal sections, These groupings
were required since orthotists typically do not
perform strength and range of motion
assessments  in the same manner as
physiotherapists. This probably occurs because
physiotherapists and occupational therapists are
concerned with the physical improvement of the
patient while an orthotist is concerned with
production of a device based on the patient’s
functional condition. More precise
measurements would be required to show how
the subject is progressing as part of treatment,
Broader scales were considered sufiicient by the
orthotists for this study and were better aligned
with current ¢linical orthotic practices.

The general physical measures were similar in
all cases except spasticity and balance. The
similar measures included sensation, unstable
joints, skin problems, and vascular problems.
Upon reviewing the raw data, the spasticity
values were found 1o differ by only one level
(i.e.. non-mild or mild-moderate). Since the two
assessments could be at different times of the
day, variations in spasticity of up to one level
can be expected. This possibility was supported
upon review of the assessment schedule and the
subject’s medical condition, The difference in
balance assessment cannot be accounted for with
the data from this study, therefore, the
assessmment criteria nmust be modified Lo provide
a better definition of balance.

In terms of range of motion, plantar flexion
and hip extension measurcments showed the
largest between-assessment  differences (70
percent the same). For these cases, the on-site
orthotist indicated no range of motion problem
but the orthotist/therapist team recorded a range
of motion problem. These results could be
attributed to differences in subject’s position
during measurement (i.e., whether the subject
was measured sitting or lying down), confusion
between angular conventions (i.e. is the angle
measurcd clockwise or counter clockwise),
and/or what normal values were used {i.c., what
is functionally normal). The other lower limb
range of motien measures had acceptable
between-group similarity scores {mean = 86.0%,
standard deviation = 7.1).

Strength measures were the most variable
assessment results (mean = 68.8%, standard
deviation = 11.21). Dorsiflexion strength was the
most similar measure while inversion, hip




Trip Measure (min) Mean Std Dev
| Computer time 83.75 38.60
Off-line time 13.75 479
2 Computer time 5333 1538
Off-line time 12.50 274
3 Computer Lime 4333 16.02
Off-hine time 15.00 0.00
4 Computer time 6(.83 14.29
Off-line time 27.50 12,14
All Computer time 38.18 2398
Off-line ime 17.50 8.96




Below

Above

Meusure average Average average Excellent
Ease of use 18.2 45 63.6 13.6
Ability to understand remote person 45 9.1 27.3 59.1
Ease of assessment 13.6 59,1 18.2 9.1
Confidence in assessment results 136 455 18.2 22.7
Overall sausfaction - 13.6 59.1 273







166 E. D. Lemaire and Y. Jeffrevs

communication tools. Since the consulting
clinician must rely on the remote clinician as an
extension of his or her hands and clinical eye,
confidence in each others skills is essential to
prolonged suveccess. The project clinicians
suggested that face-to-face meetings/educational
sessions would help maintain a confident
medical distance communication relationship.

Other initiatives that would benefit a distance
communication programme include designation
of on-site technical expertise, scheduling of
regular on-line sessions, and organizing a
network of expertise between centres. While the
consulting site should assume some leadership
regarding the technical aspects of setting up,
using, and maintaining the computerized
communication system, developing on-site
experience with system use and maintenance is
important. The on-site technical person would
help train new people on the system, help
troubleshoot problems, and help integrate the
system into hospital specific networking
initiatives. The technical person would also
support communications between other remote
sites (i.c., communications that do not involve
the central rehabilitation site).

A regular on-line consultation session would
be beneficial from a scheduling and skill
maintenance perspective. 1f regular on-line
rounds or on-linc clinics were scheduled, both
sites could be assured that the appropriate
clinicians are present for consultation. This time
could also be used for educational sessions.
Regular on-line communications would also
ensure that the remote clinicians maintain their
computer system skills. While these interactions
would be beneficial (o the patient and medical
professional, long-term funding and resources
for these on-line clinics and consultations must
be considered.

In addition to consultations with a specialized
rehabilitation centre, the remote hospitals could
connect with each other to share local expertise
or hold meetings. On-line meetings would work
best if limited o two sites with no more than
four pcople around the computer screen.

Conclusion

Based on the test results and the clinician
feedback, computerized distance communication
can be considered an appropriate technology for
consultations in orthotics and many arcas of
physical rehabilitation. The low-cost solution

presented in this report should make remaote
assessment accessible by most clinics in Canada
since existing communication lines can be used,
low-end computers are required, and the system
i1s casy 1o usc. Methods for applying this
lechnology could also be exported internationally
so that developing countries may take advantage
of foreign medical expertise.

While this assessment approach was
considered effective, assessment discrepancies
were found between clinicians. To reduce the
chance of communication error a consistent and
rcliable asscssment protocol  should  be
employed. This protocol would be enhanced by
maintaining a rapport between the remote and
central rehabilitation sites. An evaluation of
assessment/follow-up reliability with a larger
sample size should be performed: however,
many sites must be on-line 1o provide the subject
base to carry out such a project.
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Calendar of Events

National Centre for Training and Education in Prosthetics and Orthotics
Programme of Short Courses 1998-99

Courses for Physicians, Surgeons and Therapists

NC 304 Lower Limb Orthotics; 16th - 20th November 1998
NC 505 Lower Limb Prosthetics I1th - 15th January 1999
NCS5I8 Upper Limb Prosthetics 27th January 1999

NC 510 Wheelchairs and Seating 2nd - 4th March 1999

NC 514 Orthotic Munagement of Diabetic Foot th - 12th March 1999
NC511{A)  Clinical Gait Analysis 16th - 17th March 1999
NC 506 Fracrure Bracing 24th - 28th May 1999
NCALI(B)  Clinical Guit Analysis 7th - 8th Septcmber 1999

Courses for Orthotists and Therapists

NC 224 Hand Trauma [ 2th February 1999
NC 225 Orthoses for Brachial Plexus Injuries 26th February 1999

Courses for Technicians

NC 604 Orthotic Technician Training 7th - 18th December 1998
(4 modules) 5th - 15th January 1999
4th - 14th May 1999
[7th - 28th May 1999

Further inforination may be obtained by contacting Prof. J. Hughes, Director, 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) 141-348-3298, Fax: (+44) 141-552-
1283, E-mail: annette.hepburn @strath.ac.uk

2-8 August, 1998

3rd World Congress of Biomechanics, Sapporo, Japan.

Information: WCB "98 Congress Office. Biomechanics Laboratory, Dept. of Mechanical Engineering,
Faculty of Engineering Sciences, Osaka University, Osaka 560, Japan.

14-18 Auvgust, 1998

North American Congress on Biomechanics. Ontario, Canada.

Information: S. McGill, Dept. of Kinesiclogy. University of Waterloo, Waterloo. Ontario N2L
3G 1,Canada.

23-28 August, 1998
I Ith Rehabilitation International Asia and the Pacific Regional Confercnce. Hong Kong.
Information: Conference Secretariat. Elite Business Services Ltd., GPO Box 847, Hong Kong.

9-11 September, 1998
Instrucuonal Course on lower limb Orthotic Management of Cerebral Palsy, Ljubljana, Slovenia.
[nformation: Ela Loparic, Institute for Rehabilitation, Linhartova 51, 1000 Ljubljana, Slovenia.
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