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Editorial

The result for the financial year 1993 was a surplus of DKK 882,788, which was close to that
budgeted and mainly derived from further income from the Chicago congress and a high capital yield.
Neither of these will apply to the coming year.

Interest revenue on capital has dramatically dropped during the last quarter of 1993. The Society’s
investment policy has aimed at getting the highest possible outcome in the financial market without
any undue risks. We have largely benefited from the turmoil with shifting exchange rates for
vulnerable currencies, which led to high short term interest rates on cash. The effective interest was
9.3% on our total assets by the year end. However, we can not expect more than about 6% with the
current low bank rate, which is expected to drop even further. Consequently we have invested the bulk
of our assets in 6% bonds, giving an effective interest of above 7%.

We have been able to keep the income from the membership fees at a fairly even level since 1990
with only minor fluctuations around congress years.

The Society is grateful to the War Amputations of Canada for their continued support. However
the income from sponsorship has decreased by the termination of financial support from SAHVA in
Copenhagen. We will still enjoy cost free office facilities and the like at SAHVA, and together with
the major secretarial and administrative contributions from staff associated with our President and
other officers, we will also in the future be able to keep our office costs at a reasonable level. The
Society greatly appreciates these contributions. The value of these services amounts to not less than
DKK 400,000 on a yearly basis.

It is still possible to run the daily activities of our Society on the membership fees, i.e. Secretariat,
Executive Board, Prosthetics and Orthotics International and publications. However, ISPO is a Society
with aims of influencing education and other activities internationally. This is not possible without
using our capital yield, which is also the base for our courses, conferences, and workshop activities.
The capital should consequently be preserved as a foundation, if ISPO wishes to continue to influence
activity outside its own membership.

Some cost items needs specific comments.

The court trial from the Bologna 1980 World Congress was closed with a settlement of DKK
160,000, which included fees to our Danish and Italian lawyers and experts of about DKK 35,000.
INTERBOR has agreed from the start to refund half of the costs.

ISPO is currently preparing a series of consensus conferences on Appropriate Prosthetic
Technology, Orthotics Management in Cerebral Palsy and Poliomyelitis. We have good reason to
believe that USAID will support the Appropriate Prosthetic Technology programme financially, and
we have therefore accrued rather considerable costs in preparatory meetings with USAID.

Our first course on Amputation Surgery and Related Prosthetics in the Developing World, in
Tanzania, ended with a cost of only one third that budgeted due to contributions from collaborating
governmental agencies including DANIDA (Danish International Development Agency), GTZ
(German Technical Cooperation Agency) and DSE (German Foundation for International
Development); non-governmental organisations including WOC (World Orthopaedic Concern) and
ICRC (International Committee of the Red Cross); and a commercial company Otto Bock.

The journal, Prosthetics and Orthotics International, is still a cost issue, but an advertising
campaign has been undertaken and further a promotional brochure has recently been released. Postage
costs appears high and we are analysing possible reductions by not air mailing these Journals and the
possible associated drawbacks for our subscribers.

Printing costs have been high because of un-budgeted costs for printing diplomas and payment of
the services provided by the Recal Information Service in the University of Strathclyde for assistance
with literature searches and copying for the Consensus Conference on Amputation Surgery, as was
already agreed upon in the planning phase.

Membership is not as broadly spread to all the professions of the rehabilitation team as we would
wish. We hope to improve through a promotional brochure, which is to be circulated shortly.

J. Steen Jensen
Honorary Treasurer
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Executive Board Meeting
19-20 January 1994
Ballernp, Denmark

The following paragraphs summarise the major discussions and conclusions of the Executive Board
Meeting held in Ballerup in January of this year. They are based on the draft minute of that meeting
which has yet 1o be approved.

Standing Committee and Task Officers Reports

The Chairman of the Finance Committee, Bent Ebskov (Denmark), reported that although the
Society’s finances were generally in a sound position, there was some concern with regard the
lowering of interest rates in Denmark and that income from capital investments would be reduced in
the future. The Honorary Treasurer, J. Steen Jensen (Denmark), presented the accounts for 1993 which
are subsequently published in this issue of Prosthetics and Orthotics International. The result for the
year was a surplus of DKK 882,788 which was close to that budgeted. It derived from further income
from the Chicago Congress and a high capital yield. The Honorary Treasurer presented the proposed
budget for 1994. He estimated that the result for the year would be a deficit of approximately DKK
765,000. The major reasons for the deficit are the extraordinary amounts of activity proposed for the
year, including Amputation Surgery and Related Prosthetics Courses in Thailand, Slovenia and
Panama, as well as Consensus Conferences on Appropriate Prosthetic Technology in Developing
Countries and the Orthotic Management of Cerebral Palsy. This, together with the reduced amount of
sponsorship and investment income expected, resulted in the high deficit. The Executive Board
discussed the budget for 1994 and approved it. The Executive Board discussed the fees for, 1995 and
agreed that they should remain at DKK 450 for industrial countries and DKK 225 for developing
countries. The Executive Board voiced its concern with regard the proposed deficit for 1994 and the
decreased income from sponsorship and investments and suggested that consideration may have to be
given to increasing fees for the following triennium.

The Chairman of the Protocol and Nominations Committee, Willem H. Eisma (The Netherlands),
reported that the Committee had discussed guidelines with regard the role of International Consultants.
The Executive Board, after some amendments, approved of these guidelines. A proposed amendment
to the Constitution recognising the role of International Consultants is published elsewhere in this
issue of Prosthetics and Orthotics International.

The Chairman of the Education Committee, John Hughes (UK), presented a report of the Education
Committee activities. He informed the Executive Board that the Course on Amputation Surgery and
Related Prosthetics in China had to be cancelled due to local difficulties. However, it is hoped to
arrange a new date for this course in the future. Plans for the courses in Thailand, 14-18 March 1994,
Slovenia, 26-30 September 1994, and Panama, 14-18 November 1994, were well underway
(Secretary’s Note: the course in Thailand was duly run with an attendance of 60 participants). John
Hughes went on to report on the activities of the ISPO/ INTERBOR Joint Education Committee. The
Committee is involved with the problems of International Certification in prosthetics and orthotics.
Plans are progressing to hold three further trials of the American Board for Certification (ABC)
examinations in Australia, Tanzania and Germany. The Joint Education Committee will be looking at
the wider aspects of International Certification with a view to establishing guidelines, standards and a
plan of action John Hughes reported that the Joint Education Committee is hoping to seek funds from
the ERASMUS programme of the European Community for a meeting of Heads of Schools and
Associations to be organised late in 1994 at the University of Strathclyde, Scotland. This would focus
on education in Europe but it was the intention that there would be a wider international
representation. The German Agency for Technical Cooperation (GTZ) had invited the Society to
inspect its school in Yerevan, Armenia which was carried out by Roy Bowers (UK) and Andries de
Bont (Netherlands/Ireland). A number of questions had arisen from the report, mainly related to the
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balance of the course between prosthetics and orthotics. It was agreed that the Chairman should
contact GTZ and the inspectors with regard these matters and if they could be resolved, confirm
recognition of the course for Category II Training and Education. The Society had received invitations
to inspect the GTZ schools in Pakistan and China and the World Rehabilitation Fund (WRF) school,
in Yerevan, Armenia and arrrangements for these inspections will be made in due course. The Society
is collaborating with World Orthopaedic Concern (WOC) on an instructional course on Lower Limb
Amputation Surgery to be offered at the British Orthopaedic Association meeting to be held on 15
April 1994 in London, UK. J. Steen Jensen (Denmark) presented a proposal for a course on Care and
Rehabilitation of Amputees, primarily for nurses and therapists. He would, in the near future, be
contacting National Member Societies seeking suggestions for the content and lecturers for the course.

The Honorary Secretary reported that at the end of 1993, the Society had a total of 2,493 members.
This was a slight decrease over the total for the previous year which was extraordinarily high due to
the numbers of new members joining the Society as a result of the Chicago Congress. The Executive
Board endorsed the formation of the Panamanian National Member Society which would take effect
as soon as the Constitution was translated into English in order to ensure that there was no
contravention of the International Constitution. John Craig (USA) informed the board that the
Colombian group were very close to forming a National Member Society. A number of other countries
were considering establishing National Member Societies including, Chile, France, Mexico, Slovenia,
and Taiwan.

Hans Arendzen (The Netherlands) reported on the publication of a promotional brochure for the
Society. Some 5,000 copies had been printed #nd copies will be distributed to National Member
Societies. He pointed out that it was printed in English, however, it would be possible to insert
translations of the text or some other information to meet specific requirements. David N. Condie
(UK) informed the Board that a flyer seeking new subscribers for Prosthetics and Orthotics
International had been produced. Some 5,000 flyers had been printed and sent out to 1634 centres in
147 countries and attempts would be made to monitor the success of this exercise. The Executive
Board agreed to re-constitute the Publications Committee as a result of the suggestion that, as an
outcome of the Consensus Conference on Amputation Surgery, it would be useful if short, clearly
illustrated booklets, specifically related to the techniques of different methods of amputation, could be
produced for use by trainee surgeons and others. Such booklets should be fully coordinated with any
video tapes on amputation surgery that the Society may produce. The Committee had met and its
Chairman, Hans Arendzen, reported on suggestions for the establishment of a coordinated video tape
and booklet project on amputations of the lower limbs. The Committee had listed the essentials to be
covered in booklets and video tapes on ankle disarticulation, trans-tibial amputation, knee
disarticulation and trans-femoral amputation. The Publications Comnmiittee would make a detailed
proposal for the video tape and booklet programme for the next Executive Board meeting. The
Committee had also viewed the video tape on trans-tibial amputation surgery produced by Amar Jain
(UK) and John Guy (UK) and it was agreed that the Chairman should meet with them in order to
discuss future plans for it.

David N. Condie (UK) reported on the Society’s activities in relation to the International Standards
Organisation (ISO) and the European Standards Organisation (CEN). The ISO Technical Committee
168 on Prosthetics and Orthotics and its three working groups on Terminology and Nomenclature,
Medical Aspects and Physical Testing had met in Washington, USA, 19-21 November 1993. A
number of drafts for standards had been completed and will be submitted to all countries participating
in TC168 work for comment early in 1994. In addition, ISO 8548-2 Method of Describing Lower
Limb Amputation Stumps and ISO 8548-3 Method of Describing Upper Limb Amputation Stumps
have been accepted as International Standards. The Society is also active in TC173 — Technical
Systems and Aids for Disabled Persons. The Society is represented on Sub-Committee 1 —
Wheelchairs, by Geoff Bardsley (UK) and on Sub-Committee 2, Working Group 7 — Classification
and Terminology by David N. Condie. David N. Condie also represents the Society on the ad hoc
Working Group of CEN 293 on Prosthetics and Orthotics. The Group had met in Berlin, Germany 22
October 1993 when it was overwhelmingly agreed that there was a need for such CEN standards and
that it was recommended that 2 Working Group of CEN Technical Committee 293 would be created
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for this purpose. David N. Condie is in the process of preparing a paper outlining the current situation
with regards the work on standards for publication in Prosthetics and Orthotics International.

Per Christiansen (Denmark) reported on the status of the Professional Register. He presented a
proposal to combine the Society’s Application Form with the Professional Register Questionnaire.
The Executive Board discussed this proposal and made a number of suggestions and a definitive form
would be produced for the next Executive Board meeting.

The President reported on developments with regard the proposal for a Consensus Conference for
Appropriate Prosthetic Technology for developing countries. Representatives of the Board had met
with officials of the US Agency for International Development (US AID) to discuss the programme
and organisation of such a conference. It is hoped that US AID would co-sponsor the conference
which would bring together all the major agencies involved in prosthetic technology in the developing
world. HGB Day (UK) has been co-opted onto the organising committee for this conference. David N.
Condie presented a report on the progress of the proposal to hold a Consensus Conference on the
Orthotic Management of Cerebral Palsy. A planning team had been formed whose principal role is to
finalise the programme structure and select reviewers and participants. It is expected that
approximately 30 persons will be invited to attend representing appropriate medical specialties,
bioengineering, orthotics and therapy. Requests for nominations for reviewers and/or participants have
been sent to National Member Societies. The conference would last for 3 days and will be held in
November 1994. George Murdoch, (UK) reported on the progress made with regards a proposal for a
Consensus Conference on Poliomyelitis. It is anticipated that the total cost would be in the region of
USD 170,000. The Executive Board expressed the view that it would be desirable to organise such a
conference if it was possible to find a means to defray the costs. It was agreed that the committee
reponsible should examine the funding in order to find sources of support and report back to the next
Executive Board meeting.

International Consultants

Crt Marinéek (Slovenia) reported that all attention in Central and Eastern Europe was focused on the
course for Amputation Surgery and Related Prosthetics arranged for 12-16 September 1994 in
Ljubljana, Slovenia. This will be the first time this year that professionals from this region will meet
together and he hoped that this would provide useful contacts for [SPO within these countries.

Seishi Sawamura (Japan) reported on a proposal to establish a Prosthetic and Orthotic Centre for
Asian developing countries. The proposal had been discussed at a meeting organised by the United
Nations Economic and Social Commission for Asia and the Pacific as well as the Japanese
Government in Okinawa, Japan on 19 October 1993. One of the outcomes of that meeting was a
resolution calling for the establishment of a centre in Asia that would supply prostheses, orthoses and
technical aids, calling for the support of Governments in that areca. Such a centre in Asia would
conduct an e¢ducational programme for prosthetists and orthotists as well as manufacturing
inexpensive prosthetic and orthotic components for the region.

John Craig (USA) reported on activities in Central and South America. As well as trying to promote
National Memiber Societies, he indicated that attempts are being made to increase the prosthetic and
orthotic activities in this region, particularly in Colombia, Chile, Panama, Guatemala and Mexico.

International Organisations

Jacques van Rolleghem (INTERBOR) reported that the 12th International Congress of INTERBOR
held in Lisbon, Portugal, 22-25 September 1993 had been very successful and, on behalf of the Board
of INTERBOR, thanked ISPO for its collaboration. The venue for INTERBOR'’s next International
Congress will be either Norway or Brazil.

The Honorary Secretary reported on a meeting called by the World Health Organisation (WHO) in
Geneva on 4 November 1993, the purpose of which was for groups with an interest in prosthetics and
orthotics in developing countries to exchange information about their activities and to identify actions
which may require to be taken in the future, As well as ISPO, the meeting had been attended by
representatives of the International Committee of the Red Cross (ICRC), Handicap International (HI),
the German Agency for Technical Cooperation (GTZ) and Rehabilitation International (RJ®
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German National Member Societies, together with the Swiss Association for Prosthetics and
Orthotics, 21-22 October 1994, Konstanz, Germany. The theme of the meeting will be electronics in
prosthetics and orthotics. It was agreed that Jean Vaucher should represent the Board at this meeting.

Nominations for the Executive Board 1995-1998
The Executive Board prepared a slate of nominations for the coming triennium as follows —

President Seishi Sawamura (Japan) Orthopaedic Surgeon
President-Elect Norman A. Jacobs Bioengineer
Vice-Presidents David N. Condie (UK) Rehabilitation Engineer
Harold G. Shangali (Tanzania) Prosthetist/Orthotist
Members Gerhard Fitzlaff (Germany) Prosthetist/Orthotist
Jean Halcrow (Australia) Occupational Therapist
Bjorn M. Persson (Sweden) Orthopaedic Surgeon
C. Michael Schuch (USA) Prosthetist/Orthotist
Honorary Treasurer J. Steen Jensen (Denmark) Orthopaedic Surgeon
Honorary Secretary Brendan McHugh (UK) Bioengineer

This slate of nominations would be presented to the Interim Meeting of International Committee
Representatives outlining the reasons for the slate and asking for comment.

Norman A. Jacobs
Honorary Secretary

Interim Meeting of International Committee Representatives

.21-22 January 1994
Ballerup, Denmark

The meeting of International Committee Representatives which met directly after the Executive Board
meeting was attended by representatives of 15 National Member Societies as well as members of the
Executive Board.

Papers on ISPO policies and activities were presented to the meeting by members of the Executive
Board. The Chairman of the Finance Committee, Bent Ebskov, and the Honorary Treasurer, J. Steen
Jensen, reported on the finances of the Society. The Chairman of the Education Committee, John
Hughes presented a report on the Society’s activities on education, The Membership Task Officer,
Hans Arendzen and the Honorary Secretary reported on membership and National Member Society
development. Hans Arendzen, David N. Condie and the Honorary Secretary presented a report on
publications which covered the publication of a promotional brochure, the publication of a
subscription flyer for Prosthetics and Orthotics International and progress with the journal. David N.
Condie informed the meeting of the Society’s involvement in developing international standards in
prosthetics and orthotics. Per Christiansen reported on the status of the professional register. Three
Consensus Conferences are currently being planned. The President reported on progress with the
development of a Consensus Conference on Appropriate Prosthetic Technology in Developing
Countries, David N. Condie on the status of a Consensus Conference on Orthotic Management of
Cerebral Palsy and George Murdoch on a proposal for a Consensus Conference on the Management of
Poliomyelitis. The President presented a report on consumer interests on behalf of the Society’s
consumer consultant, Cliff Chadderton. The President-Elect, Seishi Sawamura, informed the meeting
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of developments with regard the role of international consultants in the Society. John Craig, the
International Consultant to Central and South America, gave a report of activities in that region. The
Honorary Secretary outlined the relationships of the Society with other international organisations.
The President presented a report on the World Congresses which covered the Congress in Bologna,
Italy 1980, the 7th World Congress, Chicago, USA 1992, the 8th World Congress in Melbourne,
Australia 1995 and the 9th World Congress in Amsterdam 1998. These reports were discussed and
comments were made on these presentations for consideration by the Executive Board.

National Member Societies presented reports of the activities in their countries related to education
and training for prosthetists and orthotists, research efforts in prosthetics and orthotics, governmental
and non-governmental organisation activities in prosthetics and orthotics for developing countries and
twinning. The reports were presented by Juan Martina (Caribbean), Lars Nummelin (Finland),
Gerhard Fitzlaff (Germany), Yeun Tsz Kuen (Hong Kong), Jan Geertzen (The Netherlands), Robin
Platts (UK), John Michael (USA), K. N. Niazi (Pakistan), Eiji Tazawa (Japan), Jean Halcrow
(Australia), Guy Martel (Canada), Martin Goplen (Norway), R. K. Srivastava (India), Wyn Beasley
(New Zealand) and E. Deschoolmeester (Belgium). The meeting had a full discussion of these reports.
In particular, it discussed the principle of whether the International Society should make a financial
contribution to the twinning arrangements entered into by individual National Member Societies. The
consensus of the meeting was that the International Society should not do so.

The meeting discussed the composition of the International Committee and representation at the
Interim Meeting. It was suggested that it may be better if the Interim Meeting was a full International
Committee meeting that had full Constitutional rights. It was pointed out that the Interim Meeting of
International Committee Representatives came about at the request of the joint International
Committee and Executive Board working group. The numbers had been limited to one representative
from each National Member Society in order to keep the costs of such a meeting at a reasonable level.
No conclusion was reached on this issue.

The meeting discussed the matter of therapy representation on the Executive Board. It was generally
felt that there is a need to make sure that the Executive Board has as wide a representation from the
different professions as possible. It would be possible for the Executive Board to appoint consultants if
the elected Board did not represent all the major professions.

The President presented the slate of nominations for the Executive Board for the next triennium
(please see report on Executive Board meeting). The President explained that the slate conformed with
the Constitution in as much that it reflects, as far as possible, the various professional disciplines and
interests and the appropriate cultural and geographical distribution of the Society. The slate was
discussed by the meeting and it would be sent out to the National Member Societies to seek either
agreement or further nominations.

The meeting looked at the proposed amendments to the Constitution and suggested that the
Executive Board look at the wording of the proposed amendment 2.5.1 previousty published in the
Journal with the suggestion that it should be re-worded.

The meeting proved to be a successful event which provided a good forum for exchange of
information between the Executive Board and representatives of the International Committee.

Norman A. Jacobs
Honorary Secretary
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The biomechanics of trans-femoral amputation

F. A. GOTTSCHALK and M. STILLS

Department of Orthopaedic Surgery, University of Texas Southwestern Medical Centre, Dallas, USA

Abstract

The biomechanics of trans-femoral amputations
has not been previously described. Little
attention has been paid to the importance of
adductor magnus in holding the femur in its
normal anatomical axis. Loss of function of
adductor magnus leads to abduction of the
residual femur, in a trans-femoral amputation. A
cadaver study of the adductor group of thigh
muscles has been done and the biomechanical
importance of these muscles is documented.
The moment arms of the three adductor muscles
have been determined, based on muscle
attachments and muscle size, relative to each
other. Adductor magnus has a major mechanical
advantage in holding the thigh in its normal
anatomical position. Loss of the distal third of
its attachment results in a 70% loss of the
effective moment arm of the muscle, which
contributes to the abducted femur in standard
trans-femoral amputations. A muscle preserving
trans-femoral amputation, which keeps adductor
magnus intact, prevents abduction of the residual
femur and may allow for easier walking with a
prosthesis. The conflicting reports about adductor
magnus activity during the gait cycle can be
explained by this muscle’s dual innervation by
the sciatic and obturator nerves and its dual
function as a hip adductor and extensor.

Introduction
The introduction of new socket shapes and
designs for trans-femoral amputation has led to

All  correspondence  to  be  addressed to
Dr. Frank Gottschalk, Department of Orthopaedic
Surgery, 5323 Harry Hines Blvd., Dallas, TX 75235-
8883, USA.

a resurgence of interest in trans-femoral
amputees. Originally it was thought that by
changing socket shape and alignment the
residual femur of a trans-femoral amputation
could be better controlled within the socket and
thus improve the patients gait and functional
activity (Long, 1985; Sabolich, 1985.) Several
publications have documented that patients with
trans-femoral amputations have an increased
energy expenditure for walking' and that the
older patient with little or no physical reserve
may lose the ability to walk again (Gonzalez er
al., 1974; James 1973; Volpicelli et al., 1985;
Waters et al., 1976). Long (1985) noted that the
trans-femoral amputee wearing a quadrilateral
type socket had an abducted residual femur. The
development of the normal shape normal
alignment type socket was thought to improve
the position of the femoral shaft from an
abducted position to a more neutral position.
Sabolich (1985) developed the concept of an
ischial containment socket with a narrow medial
lateral configuration in an attempt to bring the
femur back towards adduction and improve the
patient’s gait and activity. No objective results
were provided to show that mechanically this
was achieved. A subsequent study comparing
patients who used quadrilateral sockets and
those that used ischial containment sockets
showed that socket shape and design was not
able to influence or control the position of the
femur within the socket itself (Gottschalk et al.,
1989%). Alignment of the prosthesis did not
appear to influence the position of the residual
femoral shaft either.

Little consideration has been given to
improving the surgical technique and most of
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definitive prosthetic user. James (1973) noted
that patients with a standard trans-femoral
amputation had decreased muscle strength as a
result of reduced muscle mass, inadequate
fixation and atrophy of the thigh muscles. This
was confirmed in a study on the
neurophysiology of muscle function in the
stump (Thiele ef al., 1973). It is possible to
preserve a large amount of the adductor power
by preserving muscle bulk and attaching the
distal end of the muscle to the distal end of the
residual femur, with the stump held in an over
corrected position. This helps maintain the
length and tension of the muscle and keeps
enough muscle power to overcome the shorter
horizontal moment arm. In addition, the femur is
no longer in an abducted position and this allows
the abductor mechanism to function normally.
The hip abductor mechanism remains intact
at the time of a trans-femoral amputation.
Gluteus medius, minimus and parts of maximus
are abductors of the hip. However tensor fasciae
latae plays the most important role in hip
abduction during the stance phase of gait
(Gottschalk et al., 1989"). Although the very
distal attachment of tensor fasciae latae is lost in
a trans-femoral amputation, the muscle can still
function as a thigh abductor because of its
indirect attachment from the fascia lata to the
linea aspera via the lateral intermuscular
septum. However, at the time of surgery the
tensor fasciae latae should be sutured to the
medial fascia of the thigh to provide additional
stabilisation. Failure to re-anchor the tensor
fasciae latae may contribute to some weakness
of the hip abductor mechanism. Interference
with the action of adductor magnus leads to an
imbalance of the mostly intact abductor
mechanism with subsequent abduction of the
femur. Keeping adductor magnus intact and
adequately re-anchoring it to the residual femur
will maintain the balance between the hip
abductors and adductors. It is not possible to
hold the residual femur adducted with a
prosthetic socket irrespective of its shape or
design, as has previously been reported
(Gottschalk er al., 1989?), since the femur cannot
be displaced in its soft tissue envelope.
Electromyographic studies of adductor
magnus provide conflicting information.
Review of the literature reveals that most likely
the muscle is active at the beginning of stance
phase and again at the end of stance and into

early swing phase (Green and Morris, 1970;
Inman er al., 1981). Because of the muscle’s
dual innervation by the sciatic and obturator
nerves, most likely different parts of the muscle
are active at different times during the gait
cycle. Inman et al., (1981) note that adductor
magnus is active only at the beginning and
termination of swing phase. Green and Morris
(1970) describe activity of adductor magnus and
lognus and noted that activity occurred in stance
phase. The disparity in the results is most likely
due to the dual innervation of adductor magnus
and its dual function of hip extensor and thigh
adductor.

In a distal third femur amputation the tendon
of the adductor magnus should be preserved and
swung around the distal end of the femur and
anchored by drill holes to the lateral femur, with
the femur maximally adducted. This preserves
maximum muscle force by having an intact
adductor system, and provides a mechanical
advantage for the adductors and abductors of
the thigh. In a middle third amputation, instead
of transecting adductor magnus, it should be
detached from the bone and swung around the
distal end of the adducted femur. The myodesis
can then be performed and redundant tissue
excised.

Those patients who have had the amputation
as described above have the residual femur in a
normal, or near normal anatomical alignment.
(Fig. 6). The position of the femur is not
influenced by a prosthetic socket. In a standard
trans-femoral amputation the position of the
femur may vary from 6° of adduction to 14° of
abduction irrespective of the type of prosthetic
socket that is used (Gottschalk et al., 1989?).
The normal anatomical position of the femur is
7-10° of adduction. The mechanical axis of the
lower limb is a line from the centre of the hip
through the middle of the knee and ankle. This
was first described by Duchenne in 1867
(Duchenne, 1949) and has been well established
in orthopaedic surgery, especially total knee
replacement (Freeman, 1980; Hungerford et al.,
1984; Maquet, 1980). Thus, a trans-femoral
amputation which maintains the anatomical
alignment of the residual femur will have a
mechanical alignment when a prosthesis is
fitted similar to that of a normal intact limb. The
combination of a normal mechanical alignment
and maintenance of the muscie moment arm
should improve the patient’s ability to walk.
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reasons. At the moment, 20 to 40% of the
bilateral amputees have two trans-tibial
amputations, while 25 to 35% have a combined
trans-tibial/trans-femoral amputation (Sakuma
et al.,, 1974; Couch et al., 1977; Hunter and
Holliday, 1978; Evans et al., 1987; Datta et al.,
1992).

After intensive inpatient physiotherapy the
success rate in using the prosthesis is 60-90%
for trans-tibial amputees (McCollough et al.,
1972; Sakuma et al., 1974; Couch et al., 1977,
Hunter and Holliday, 1978; Thornhill et al.,
1986; Volpicelli er al., 1983; Brodzka et al.,
1990; Datta et al., 1992). For trans-femoral
amputees the percentage of success is much
lower: 0-40% (Sakuma et al., 1974; Couch et
al., 1977; Hunter et al., 1978; Volpicelli et al.,
1983; Datta et al., 1992).

Some amputees use their prosthesis only
occasionally, for cosmetic reasons (Brodzka er
al., 1990; Wolf et al., 1989). The success rate of
knee disarticulation amputees is unknown.
Bilateral hip disarticulation is rare. Some young
amputees with bilateral hip disarticulation learn
to walk with prostheses (Brown, 1970).

Most amputees, especially the bilateral trans-
femoral amputees, walk with crutches or canes
(Brown, 1970; Hunter and Holliday, 1978;
Sakuma et al., 1974).

The clinical material presented in this study
was derived from Beatrixoord a rehabilitation
hospital in Haren in the north of the
Netherlands. This hospital is a sub-regional
referral centre for rehabilitation, covering a
population of approximately 1.3 million people.

Bilateral lower limb amputees who were
admitted in the period 1980-1990 were included
in the study.

The clinical notes made during the patients’
admission were studied to obtain information
about their characteristics, while their mobility
and prosthetic use were studied at discharge.
The patients who were alive and willing to
participate in the study were visited by a
physician at their place of residence in
November 1992.

A literature search failed to yield an
acceptable questionnaire for the impairments,
disability and handicaps. The authors therefore
compiled a comprehensive questionnaire
including a self-constructed questionnaire, the
Sickness Impact Profile (SIP) and the Life
Satisfaction questionnaire. The self-constructed

questionnaire measured the disabilities and has
been tested for reliability. The SIP is a
behaviourally-based measure of health status
containing 136 statements about health-related
dysfunction in 12 areas of activity. The score on
each area of activity is between zero (no
impact) and one hundred percent (maximal
impact). The reasons to use the SIP are its
validity and reliability and the possibility of
comparison with other patients. The Life
Satisfaction questionnaire is a “Quality of Life”
measure. This questionnaire, used by Viitanen
et al. (1988) in stroke patients is simple to use.
Patients are asked to rate life satisfaction on one
global and six specific areas. using the response
categories /: very dissatisfied, 2: dissatisfied, 3:
rather dissatisfied, 4: rather satisfied, 5:
satisfied, 6: very satisfied. The Life Satisfaction
questionnaire has been validated. The compiled
questionnaire was administered by one
interviewer.

Resuits
Retrospective study

The study included 31 patients, 21 men
(67.7%) and 10 women (32.3%). The
characteristics of the patients are summarised in
Table 1.

The average age at the second amputation
was 66.3 years (women 60.5 and men 69.0
years) with a range of 22-96 years. The average
age of the 26 patients with a vascular disease
was 72.1. The average age of the 5 patients with
a traumatic amputation was 33.8. One patient
had a combined vascular and traumatic
amputation at the age of 84. He was included in
the vascular group.

Of the 31 patients, 8 patients (25.8%) had a
bilateral trans-femoral (TF/TF) amputation,
while [8 patients (58.1%) had a bilateral trans-
tibial (TT/TT) amputation, 2 patients had a
combination of trans-tibial and knee-
disarticulation amputation, while 3 patients had
a TF/TT amputation.

Of the 31 patients 25 (80.6%) were
prosthetically rehabilitated during their hospital
stay. Three of them died during their stay. For
several reasons, such as stroke and depression
during admission, 5 patients did not achieve
mobility at discharge. All 6 patients without
prostheses attained functional independence at
wheelchair level though 2 of them used the
prosthesis for cosmetic reasons.




age at amputation of second limb (Yr) mean 66.3
range 22-96
sex male 21
female 10
level of amputation trans-femoral/trans-femoral 8
trans-tibial/trans-tibiat 18
trans-tibial/knee disarticulation 2
trans-femoral/trans-tibial 3
aetiology peripheral vascular disease 25
(with diabetes mellitus) (13)
peripheral vascular disease
and trauma 1
trauma 5
age at amputation of second limb (Yr) mean 61.4
range 22-83
sex male 5
female 3
level of amputation trans-femoral/trans-femoral 1
trans-tibial/trans-tibial 7
aetiology peripheral vascular disease 6
trauma 2

traumatic amputee

vascular amputee

maximum period of standing

to sit and to rise from a chair

walking distance

stump pain during walking

climb and descend stairs with handrail
falling

bicycling

gait aid

mean period of wearing

donning and doffing

5-15 min

possible but difficult
500-2000 m

once a day

possible but difficult
never

not possible

always

> 5 hours a day
possible without help

<5 min

possible but difficult
<50m

never

not possible
sometimes

not possible

always

a whole day

possible without help




vascular bilateral amputees n=6

traumatic btlateral amputees n=2

Dimension Category Mean Range Mean Range
Independent Sleep and rest 24 22-34 3 0-10
Eating 9 0-31 0 0
Work 70 0 9 0-18
Home management 50 31-54 3 0-7
Recreation and pastime 23 0-50 24 0-47
total 35 26-45 8 0-16
Physical Ambulation 33 0-66 9 0-17
Mobility 32 13-40 24 13-34
Body care/movement 19 8-49 11 10-11
total 25 15-51 13 12-14
Psychosocial Social interaction 14 0-41 6 0-11
Alertness behaviour 5 0-27 0 0
Emotional behaviour 15 0-40 6 0-11
Communication 16 0-86 0 0
total 13 4-40 ) 0-7
SIP total 23 14-45 8 5-11




Mean (8.D.) Mean (S.D.) Mean (S.D.) Mean (S.D.) | Mean (8.D.)
score for score for score for score for score for
patients with | patients with | patients with | patients with | controls
vasc. bilat. CLBP RA a stroke >65 yrs
amp (*) (*#) (**t) (‘**)
Dimension Category (N=6) (N=107) (N=79) (N=111) (N=232)
Independent | Sleep and Rest 243 28.4 17.6 17.6 75
(4.7) 7.7 (14.9) (17.7) (11.6)
Eating 8.9 2.7 35 6.7 1.4
(11.5) (4.5) (5.5) (10.4) (3.8)
Work 70.1 57.6 46.5
0) 24.7) (31.4) — -
Home 49.7 33.7 26.3 434 153
Management (20.1) (18.9) (21.0) (27.1) (20.4)
Recreation and 22.6 359 26.7 38.6 8.9
Pastime (21.8) (19.3) (19.3) (25.2) (18.5)
35.1 30.2 22.8
total (8.8) (11.4) (Hxk) — -
Physical Ambulation 32.8 20.5 21.0 229 8.0
(21.0) (13.2) (13.8) (17.6) (12.6)
Mobility 323 20.2 10.4 26.0 10.5
(10.6) (16.4) (12.1) (20.5) (15.2)
Bodycare/ 19.4 15.8 127 19.9 5.4
Movement (15.3) (11.6) (10.1) (21.1) (10.9)
252 17.7 14.0 21.8 7.0
total (13.0) (11.3) (10.0) (18.3) (10.8)
Psychosocial | Social 14.4 31.0 1.7 12.0 4.4
Interaction (15.3) (23.9) (11.6) (11.4) (8.8)
Alertness 4.5 242 13.0 16.5 8.7
Behaviour (11.1) (28.2) (17.8) (24.7) (16.3)
Emotional 15.0 30.6 13.2 11.6 3.1
Behaviour (14.9) (24.8) (12.9) (16.7) (9.5)
Communication 15.9 8.6 6.9 14.3 4.6
(34.5) (15.5) (8.5) (19.4) (10.0)
12.8 24.7 11.3 13.4 5.1
total (14.2) (18.8) (9.6) (12.6) (7.8)
23.3 238 15.6 20.1 6.8
total SIP (11.6) (11.7) 9.0) (12.6) (7.7)

* Follick er al. (1985)
**  Deyo (1986)

***  Schuling et al. (1993)
##%* Estimate derived from category scores.




vascular amputees (N=6)

traumatic amputees (N=2)

Mean Range Mean Range

Life in general 5 4-6 5 4-5
selfcare activities of daily living 5 4-6 6 -

leisure 5 4-6 5 4-5
togetherness with friends 5 3-6 6 5-6
togetherness with family 5 4-6 5 4-5
marriage 6 4-6 4 1-6
sexuality 5 4-6 3 1-5

I = very dissatisfied
2 = dissatisfied

3 = rather dissatisfied
4 = rather satisfied

5 = satisfied

6 = very satisfied
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Prosthetic use

Type of prosthesis

Cosmetic Functional Total
no yes no yes no yes P
Getting dressed 96 43 55 44 151 87 s
63.4% 36.6%
Personal hygiene 114 25 71 28 185 53 W
77.7% 22.3%
Eating 108 31 67 32 175 63
73.5% 26.5%
Housekeeping 94 44 55 36 149 80
65.1% 34.9%
Job 43 52 26 36 69 88
43 9% 56.1%
Smaller domestic repairs 87 52 36 62 123 114 . e
51.9% 48.1%
Peasant labour 99 26 52 44 151 70 L
68.3% 31.7%
Car driving 62 43 35 50 97 93 i
51.1% 48.9%
Recreation 95 33 65 26 160 59
73.1% 26.9%
In social setting 33 106 23 76 56 182
23.5% 76.5%

*p<0.1, **p<0.05, ****p<0.001




Prosthetic use First prosthetic fitting
(hrs/day) <=1 year > ] year Total

no % no % no %
1-6 11 21.6 14 28.0 25 248
7-12 19 373 8 16.0 27 26.7
>=13 21 41.2 28 56.0 49 48.5
Total 51 50.5 50 49.5 101 100.0

Amputation level

Prosthetic use
(hours/day)

Trans-humeral
Trans-radial
Partial hand

10.5
10.7
9

F value =4.1

p<0.05




Prosthetic use

Amputation level

T-H T-R hand Total
no yes no yes no yes no yes p
Getting dressed 41 13 96 72 24 2 161 87 e
64.9% | 53.1%
Personal hygierie 51 3 120 48 24 2 195 53 A
78.6% | 21.4%
Eating 49 5 114 54 22 4 185 63 Hke
74.6% | 25.4%
Housekeeping 43 9 96 65 20 6 159 80 ok
66.5% | 33.5%
Job 13 19 50 64 16 5 79 88 b
47.3% | 52.7%
Smaller domestic repairs 31 23 84 83 18 8 133 114
53.8% | 46.2%
Peasant labour 40 12 104 52 17 6 161 70
69.7% | 30.3%
Car driving 23 22 70 67 14 3 107 93 ¥
53.5% | 46.5%
Recreation 47 5 103 49 20 5 170 59 e
74.2% | 25.8%
In social setting 15 39 33 135 18 8 66 182 i
26.6% | 73.4%
*p<0.1, **p<0.03, *** p<0,01, ****p<0.001
T-H-trans-humerzl, T-R-trans-radial amputation.
Age at
amputation F value
Function Use (years) and p
Getting dressed | yes 17.7
no 21.0 3.04%*
Eating yes 17.0
no 20.8 3.4%%
Social setting yes 18.3
no 24.1 8.16%**

##p<0.05, ***p<0.01




Present F value
Function Use age (years) and p
Job yes 45.0
no 50.4 4.74%*
Peasant yes 54.8
no 51.2 2.JoxeF
**p<0.05, ***p<0.01
Prosthetic use Amputated side
Dominant Non-dominant | Both/congen. Total
no yes no yes no yes no yes p
Getting dressed 84 40 45 34 16 9 145 83
63.6% | 36.4%
Personal hygiene 102 22 59 20 18 7 179 49
78.5% | 21.5%
Eating 105 19 51 28 13 12 169 59 H¥E
74.1% | 25.9%
Housekeeping 84 37 50 25 12 It 146 73
66.7% | 33.3%
Job 45 35 20 35 7 12 72 82 ok
46.8% | 53.2%
Smaller domestic repairs 69 55 40 39 10 14 119 108
524% | 47.6%
Peasant labour 87 33 47 28 12 4 146 65
69.2% | 30.8%
Car driving 56 49 31 33 10 2 97 84
53.6% | 46.4%
Recreation 90 25 51 19 13 12 154 56 wox
73.3% | 26.7%
In social setting 39 85 13 66 6 19 58 170 *
25.4% | 74.6%

*p<0.1, **p<0.05, ***#p<0.001




Reasons for non-use Type of prosthesis
Cosmetic Functional Total
no yes no yes no yes P
Damage possibility 120 22 86 15 206 37
84.8% 15.2%
Weight 120 22 84 17 204 39
84.0% 16.0%
Heat, sweating 81 61 51 50 132 111 e
543% 45.7%
Loss of sensation 113 29 88 13 201 42 *
82.7% 17.3%
Mood 116 26 88 13 204 0
84.0% 16.0%
Other 104 38 81 20 185 58
76.1% 23.9%
*p<0.1, ***p<0.01
Reasons for non-use Amputated level
T-H T-R hand Total
no yes no yes no yes no ves p
Damage possibility 48 9 144 26 24 2 216 37
85.4% | 14.6%
Weight 44 13 145 25 23 3 212 41
83.8% | 16.2%
Heat, sweating 22 35 101 69 19 7 142 111 A
56.1% | 43.9%
Loss of sensaion 51 6 139 31 18 8 208 45 *
822% | 17.8
Mood 45 12 147 23 22 4 214 39
84.6% | 15.4%
Other 45 12 128 42 22 4 195 58
77.1% | 22.9%

*p<0.1, **¥p<(.01

T-H-trans-humeral, T-R-trans-radial.




Present

Age at amputation

age (years) (years)
use 47.4 use 18.7
non-use 53.9 non-use 253
F value = 10.15 F value = 7.65
p<0.01 p<0.01
Reactions in social milieu
- § hesi Negative Medium Positive Total
T ol rosieels No. % No. % No. % No. %
Cosmetic 16 12.6 9 7.1 102 80.3 127 58.0
Functional 16 174 9 9.8 67 72.8 92 42.0
Total 32 14.6 18 8.2 169 71.2 219 100.0
1207
100+

Number
3§ 8 8

T R R A T SR S

—
=
2
|
ol
&
g
E
.
8
H
=
g

Cosmetic
Il negative [ | medium [~ | positive




Satisfied with

Use (7hr\/du_\ )

prosthesis “Cosmetic W Functional
Yes T 14.1 77
Medium 49 98
No T2 8.0
N Fvalue =120 | F value=8.1
p < 0.001 p <0.001
Fulfilment of the amputee’s expectations
T ¢ thesi yes partially no Total
ype OF prostiesis No. % No. % No. % No. %
Cosmetic 67 46.5 15 104 53 36.8 144 57.7
Functional 59 58.4 12 11.9 28 27.7 101 423
Total 126 53.8 27 11.5 81 34.6 234 100.0
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The fulfilment of the amputee’s expectations
is not significantly related to either the age at
amputation or the current age.

The majority of persons with a cosmetic
prosthesis stated that it had not met their
expectations as it was merely cosmetic and
unsuitable for work. Secondly the view was
expressed that it is aesthetically deficient. The
fact that the prosthesis is not applicable at work,
being more of an encumbrance than aid, is
another reason for non-use.

Surprisingly enough, a third of the
respondents were of the opinion that a
functional prosthesis, too, is just a cosmetic aid.
The reason underlying this belief may be that
these amputees were not included in a suitable
rehabilitation programme. Another third of the
respondents, fitted with a functional prosthesis,
stated that the prostheses were poorly made, not
strong enough, and unreliable. These are further
reasons for unsuccessful prosthetic use.

Conclusion

In the last few years, an obvious
improvement in the general attitude to
prosthetic use can be observed in Slovenia,
though the use of upper limb prostheses is far
from satisfactory.

In Slovenia, the use of upper limb prostheses
is related to factors which are not under human
control (level of amputation, loss of the
dominant hand, age at amputation) and also
factors that can and must be controlled. Two
most outstanding of these are:

1. time from amputation to the first prosthetic
fitting
2. type of prosthesis.

Another area open to external control is a
suitable rehabilitation programme. Its influence
upon the use of functional prostheses however
has not been confirmed by this study.
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Treatment of congenital subluxation and
dislocation of the hip by knee splint harness

M. FUKUSHIMA

Fukushima Orthopaedic Clinic, Hiroshima City, Japan

Abstract

The results are reported from a study of 103
cases fitted with the knee splint harness (KSH)
which is an orthotic device used for the
treatment of congenital subluxation and
dislocation of the hip. The knee splint harness
consists of a harness attached to posterior
plastic shells at the knee which prevent flexion
beyond 90 degrees while permitting full and
free knee extension. No case was encountered
in a 10 year period which failed to reduce. In
cases of hip subluxation, reduction was
obtained within an average of 5.8 days. In cases
of dislocation, reduction was obtained in 6.7
days on average. Follow-up roentgenograms,
established that there were no cases presenting
with any sign of ischaemia of the epiphysis.

Introduction

Congenital dislocation of the hip has been
discussed among Japanese orthopaedic surgeons
for many vears, being one of the most
commonly encountered conditions in Japan.
The Lorenz method was introduced into Japan
in 1920 and since then has proved a most
reliable treatment method. It was considered
that aseptic necrosis of the femoral head
resulted from the rigid fixation of the hip in frog
type plaster casts. The splint described by Von
Rosen (1956) which was applied to infants
below 2 months old was difficult for the parents
to handle. The Pavlik (1957) harness has been

All  correspondence to be  addressed (o
M. Fukushima, Fukushima Orthopaedic Clinic Eisen
Rakurakuen Bld. 3-22, 4-choume Rakurakuen, Saeki-
ku, Hiroshima, Japan 731-51
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commonly used in Japan since introduced in
1957. In Japan, this harness design has been
modified by different manufacturers. Some of
these are however considered to be inadequate,
especially those where the longitudinal straps
are attached at the incorrect location at the knee
which may cause knee contracture. The author
has used the Pavlik harness since 1966 and
occasionally reduction has been' unsuccessful
and contracture of the knee encountered. In
these cases, the hamess has been removed for a
period of time and then reapplied with a
successful result achieved in most cases.
Reduction was most easily achieved in those
cases where in addition to the harmess a
posterior knee splint (KS) was fitted to the
affected side (series 1 — 20 cases). In this article
we also report upon our experience in the use of
the knee splint harness (KSH) (Fig. 1) and the
treatment results obtained (series 2 — 83 cases).

Materials and Methods

One hundred and three cases were examined
and treated at the department of Orthopaedic
Surgery, Kure National Hospital and Fukushima
Orthopaedic Clinic over the past 10 years.

Series 1: Pavlik hamess was applied coupled
with a posterior knee splint (KS) to prevent
more than 90 degrees of flexion of the knee
(Fig. 2). The splint was applied at the same time
as the Pavlik hamess or subsequently when
reduction was not achieved after a period of 3
weeks.

Series 2: Knee splint harness (KSH) was
applied to 30 cases of subluxation and 53 cases
of dislocation.







Cases

Sex

Side

Age

Grade
Dysplasia
Reduction
Application
Disap. of dysplasia
Follow-up
Result

30

female — 15, male — 15
R-12,L-17,bil. - 1
2 — 6 months, ave, — 3.7
Gr.1-22,Gr.2-5

27 — present, 3 — absent
3 - 17 days, ave. 5.8

3 — 15 weeks, ave. 6.1

3 — 9 months, ave. 5.8

2 — 57 months, ave. 11.6
normal — 28
acetabular dyplasia — 1
small epiphysis — 1

Cases

Sex

Side

Age

Grade

Reduction
Application

Disap. of dysplasia
Follow-up

Result

53

female — 39, male — 14
R-17,L-35,bil. - 1

| — 6 months, ave. — 2,52
Gr.1-8,Gr.2-11,Gr.3-34
1 — 39 days, ave. 6.7 days

4 — 18 weeks, ave. 8 wks

3 — 9 months, ave. 5.9 months
4 - 60 months, ave. 13.6 months
normal — 44

small epiphysis — 2

acetabular dysplasia — 2
lateralization — 2
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flexion contracture problems. Complications
with this harness were limited to mild dermatitis
during the early phase of this study which was
resolved by use of skin cream. Additionally no
delayed reduction or aseptic necrosis of the
femoral head has been encountered. No other
treatment method or surgery has been required
in the treatment of all such cases over the past
10 years. Eight cases have now been followed
up for a period of more than 3 years, with no
evidence of any Perthes-like change found
roentgenographically.

Summary

1. The knee splint harness (KSH) has been used
for the treatment of 103 cases of hip
disorders in children since 1983.

2. Age at time of application was one month
and upward.

3. No instances of failed reduction occurred
and no other method of treatment was
required.

4. Reduction was obtained in all cases in one
to 39 days, (average 7 days).

5. The KSH was used for the treatment of
unstable hips which were difficult to keep
reduced and which were easily dislocated by
adduction of the hip.

6. On follow-up, no ischaemic change of the
epiphysis was detected roentgenographically.

7. The period of application ranged from 2 to 3
months. When stable reduction was
established collectively by dynamic hip
examination, symmetrical abduction, loss of
adductor contracture and strong extension of
the affected hip, KSH should be removed.

8. There have been no complications
encountered in the use of KSH except for
mild skin rash.
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Technical note

A trans-femoral brim adapter for
CAD CAM measurements

D. NIELEN, E. D. LEMAIRE and L. GOUDREAU

Prosthetics and Orthotics Department, The Rehabilitation Centre, Ottawa, Ontario, Canada

Abstract

A computer aided design/computer aided
manufacture (CAD CAM) brim measurement
adapter was designed for use with a Berkeley
casting stand. This measurement adapter
accommodates all IPOS/CANFIT-PLUS trans-
femoral brim sizes and shapes, allows brim
positioning, provides adequate stability, and
provides a substantial cost saving by using
existing, functional hardware as a base.

Introduction

The successful application of computer aided
design/computer aided manufacture (CAD
CAM) technology to the production of
prosthetic sockets is contingent on the
acquisition of reliable input data (Engsberg et
al., 1993). In the IPOS/CANFIT-PLUS trans-
femoral system the input method involves
selecting the appropriate brim for a patient,
taking a series of circumference measurements
along the stump, and entering the data into a
computer. These measurements are used
mathematically to produce an image of a
quadrilateral or ischial containment socket on a
computer screen for modification and/or
carving. Since the final socket shape is based on
brim dimensions and physical measurements
from the patient, accurate measurements from
the stump and appropriate brim selection are
imperative.

All  correspondence to be addressed to
Edward Lemaire, Prosthetics and Orthotics
Department, The Rehabilitation Centre, 505 Smyth
Road, Ottawa, Ontario, Canada K1H 8M2.
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Reliable and accurate CAD CAM
measuremernts cannot be achieved without
suitable, stable brim positioning. A brim
support system must support the total body
weight of the patient, conform to a variety of
brim ‘sizes and shapes, be adjustable to the
patient, be stable and secure, be relatively
inexpensive, and be simple to use and install.
Failure to provide a stable brim support system
will lead to erroneous measurements due to
proximal/distal limb movement inside the brim
and/or excessive brim distortion.

The success of the Berkeley casting frame, as
well as the abundance of Berkeley stands in the
prosthetic and orthotic community, makes this
an ideal platform for a CAD CAM oriented
measurement stand. A Berkeley casting frame is
adjustable for height, has a high degree of
stability, and is easy to set up and operate.

An adapter has been developed to integrate
IPOS CAD CAM quadrilateral and ischial
containment brims with the Berkeley casting
stand. The adapter takes advantage of features
present in the Berkeley base while providing the
necessary options for successful brim selection,
brim positioning, and measurement of the
stump. This note will describe the design
criteria, fabrication procedure, and operation of
such a measurement jig.

Method
Design criteria

The CAD CAM brim measurement adapter
was designed based on the following criteria:
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analysis of the stump, liner, and socket will be
conducted subsequent to the investigations
described here to evaluate interface stress
sensitivity to the measured Pelite liner
mechanical property changes. If important
interface stress changes are found then
subsequent work will investigate techniques to
overcome the detrimental effects of vacuum-
forming and instead alter the liner properties in
a favourable way. In other words, we would like
to control liner properties during fabrication so
that favourable stump prosthetic socket
interface stresses as opposed to unfavourable
ones are created.

There are a limited number of studies in the
rehabilitation literature investigating
mechanical properties of interface materials.
Most of them have been conducted on shoe
insert materials which are similar to the
prosthetic materials of interest here, however
the stress levels in those studies were higher
than those encountered by amputees using
prosthetic limbs. Four studies are of relevance
to the work in this technical note. Campbell et
al. (1982) found that under compression some
closed-cell foam interface materials had a three
part load-deformation curve: a high initial
slope, a moderate intermediate slope, then a
high final slope. He called those materials
“moderately deformable” and suggested they
represented the best class of interface materials
because the slope changes were gradual.
Materials that have only two distinctly different
slopes, low and high, are less optimal, and
Campbell callzd those “very stiff” or “highly
deformable” materials, depending on their
moduli. Loading history effects on Pelite
mechanical properties were also investigated.
Campbell et al. (1984) found that after release
from seven days of sustained loading at 50%
strain, 1.6mm thick Pelite suffered 25% elastic
strain, ie. was only 75% of its original
thickness. After repetitive loading of 250,000
cycles at 294kPa, approximately 25% elastic
strain was found. But in another study where
5mm thick Pelite was loaded at 392kPa for
10,000 cycles at 1Hz, the elastic strain was only
2% (Brodsky et al., 1988). Thus the results
suggest elastic strain is dependant on the
number of cycles and initial thickness. Kuncir ez
al. (1990) suggested there are relationships
between cell dimensions, uniformity, and
reticulation and proposed such relationships are

of tremendous clinical relevance because these
properties strongly affect the distribution of
stress and the time dependent recovery
characteristics of the materials. A more
complete description of the theory of closed cell
foams where quantitative relationships are
described is presented by Gibson and Ashby
(1988).

Despite recognition of the importance of liner
properties and relationships between cell
structure and liner properties, the effects of
vacuum forming, a technique commonly used in
prosthetics to fabricate a socket liner, on Pelite
foam structure or mechanical properties has not
been investigated. The purpose of this study
was to compare normal and vacuum formed
Pelite. Mechanical performance of normal and
vacuum formed Pelite under compressive
loading and under shear loading was evaluated.
Loading magnitudes in the ranges of recent
interface stress measurements on trans-tibial
amputees (Sanders er al., 1993) were used.
Subsequently, beyond the scope of this
technical note, effects of the different properties
on interface stresses will be investigated using a
finite element model.

Methods
Specimens

For testing of normal Pelite, sheets of 5 mm
thickness of Pelite were obtained from a
distributor (Durr-Fillauer Orthopaedic,
Incorporated; Chattanooga, TN). For vacuum
formed testing, flat specimens were constructed
by fabricating parallel pipe plaster/cornstarch
casts using computer aided software
(Shapemaker®, Prosthetics Research Study,
Seattle, Washington). Socket vacuum forming
was conducted using a number 2 Pelite
truncated cone with end pads. An oven
temperature of 220°C and a vacuum pressure of
98kPa were used. Vacuum formed sheet
thickness was 2.79mm (£0.27). Normal
specimen thickness was 4.95mm (0.21).

For compression testing, 2.54cm diameter
disks were cut using a punch press. Specimens
were taken from the central 80% of the width
and length of a sheet to avoid thickness changes
at the corners. For shear testing, 9.0mm x
9.0mm specimens were cut using a custom
designed device that held two scalpel blades
parallel during cutting. Specimens were square
to within +0.07mm tolerance. Specimens were
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of vertically oriented structural elements within
the foam, resulting in reduced resistance at low
loads. Thus the lower part (OkPa to 80kPa) of
the compression testing stress-strain curve for
vacuum formed Pelite had a lower apparent
modulus than that for normal Pelite. At higher
loads, however, the cells were collapsed thus
loads were transferred across the cell walls.
Thus at high loads (80kPa to 200kPa) the
apparent modulus was higher than for normal
Pelite. Shear testing results provide further
insight into cell response to stress. The lack of a
significant difference in apparent shear moduli
for normal and vacuum formed Pelite but the
presence of a difference in structure suggests
that vacuum formed cells responded differently
than normal cells. Vacuum formed Pelite had
“skins” of collapsed cells on the top and bottom
surfaces, and presumably those regions
underwent minimal lateral deformation. The
lack of deformation in the skins, however, was
compensated for by excessive deformation in
the elliptical cells, thus under shear loading the
elliptical cells deformed more easily than the
normal cells. This interpretation is consistent
with the interpretation of compressive testing
results described above. The vacuum formed
Pelite had a weaker cell structure. To evaluate
the above suggested hypotheses, cellular
structural modelling, similar to that suggested
by Kuncir et al. (1990) for body support
interface materials and more formally described
by Gibson and Ashby (1988) for foams in
general, should be conducted.

The findings presented here are consistent
with results presented in the literature. Campell
et al. (1982) suggested that the slope differences
for different regions of the stress-strain curves
are of clinical relevance. Thus changes in the
slopes of normal vs. vacuum formed Pelite
might explain the clinically observed
performance differences for normal vs. vacuum
formed Pelite. In addition, literature results
suggest that for a short number of load cycles
(less than 10,000 cycles), elastic deformation is
minimal, a finding supported by results
presented here. Reports from the literature do
suggest, however, that long-term loading does
affect Pelite mechanical properties, thus further
research should consider long-term loading
effects on the results.

If subsequent investigation using finite
element analysis demonstrates that stump-

socket interface stresses are highly sensitive to
Pelite mechanical property changes encountered
during vacuum forming, then an exciting
concept is introduced to prosthetics. During
liner fabrication, control of Pelite local
properties might possibly be used to control
interface stress distributions. This could be
accomplished in a practical manner by altering
the cell dimensions in the closed cell Pelite
foam, possibly using local thermal control. Thus
liners would be custom designed to the needs of
the individual patient. The concept of variable
mechanical property liners is currently practised
clinically, but the methods are time consuming
and impractical. A prosthetist typically cuts out
a region of the liner and replaces it with a new
material that is of more appropriate mechanical
properties for that skin region. For example,
nylon reinforced silicone is commonly placed at
very sensitive soft tissue sites. However,
clinical results are not necessarily always
beneficial, in pait because the edges at the
interface of the two linear materials is a source
of subsequent skin irritation. In addition, the
fabrication processes are extremely time
consuming. A liner that was continuous but
with local changes in mechanical properties, for
example a liner with locally variable micro-cell
sizes, would be more optimal.
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Book Review

The manufacture and use of the functional
foot orthosis.

R. J. Anthony

Karger, 1991.

ISBN 3-8055-5298-X.

220pp. USD 158.50 GBP 86.10

In his preface the author states that the
biomechanical discussions in the volume are
“somewhat beyond the basic level” and this is a
view that I would strongly endorse.

The Introduction comprises an interesting
review of the evolution of the “Root” functional
orthosis which provides a valuable historical
perspective on the development of this
relatively news area of orthotic practice.

Chapter 1 reviews the indications for the use
of functioral foot orthoses and the
biomechanical theory underlying their function.
Some of this material is quite readily
acceptable, however some is less so, indeed the
author states that it is “not yet backed up by
experimental and clinical research™. In addition,
as a bioengineer, I had some difficulty with the
use of the term “compensation” here and in later
chapters, to rzfer to an abnormal position of the
foot joints which is an involuntary consequence
of an impairment of the structure or neuro-
muscular control of the foot, rather than as a
result of any voluntary adjustment in alignment.

The following two: chapters deal with
negative casting techniques. Five casting
techniques are described and their respective
advantages and disadvantages discussed.
Finally the method of assessing the quality of
the cast is described. This material is very
detailed, however 1 found it relatively easy to
follow due to the excellent quality of the many
illustrations.

Orthosis fabrication is dealt with in Chapter 4
which commences with a rather clear
explanation of the differences between the Root
functional orthosis and the so-called “standard
biomechanical orthosis”. This is followed by a
detailed description of the fabrication process
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used for both designs, including such factors as
negative and positive cast preparation, the
manufacture of the orthosis shell, the
application of posts and finishing procedures.
Surprisingly, the author states that “the choice
of fabrication process is up to the individual
clinician and is based on an understanding of
the prescription variations that exist and on the
individual’s comprehension of the concepts of
clinical biomechanics and pathomechanics”.

Chapter 5 deals with the subject of
prescription writing. A valuable feature of this
chapter is the description of the acquisition of
the biomechanical data required to formulate an
orthosis prescription.

The treatment of the ““basic pathological foot
types” is described in the following chapter.
Foot conditions covered comprise forefoot
invertus, forefoot evertus, rearfoot varus and
rearfoot valgus and their various causes. This
material also is extremely detailed and in
contrast to previous chapters perhaps suffers
from a lack of appropriate illustrations or
figures.

Finally, Chapters 7, 8 and 9 describe the
critique of the orthosis, fitting the orthosis and
some common problems with orthotic therapy
and their rnanagement.

This book is packed with information.
Probably its strongest aspect is the detailed
descriptions of the orthosis fabrication
processes and, at least from my view point, the
weakest its justification for the prescription
criteria. I had considerable difficulty linking the
Indications for the Use of Functional Orthosis
in Chapter 1 with Prescription Writing in
Chapter 5 and Treatment of the Basic
Pathological Foot Types in Chapter 6.

This is very definitely a book for foot
specialists and regrettably it highlights the
problem of the terminological differences which
exist between the podiatry profession and most
other health care professions. I have no doubt
that the functional foot orthosis is an extremely
valuable treatment tool when used correctly.
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Collaborators

The course is organised in collaboration with
the World Health Organisation, Institute for
Rehabilitation of the Republic of Slovenia, the
Physical Medicine  and  Rehabilitation
Association of Slovenia, World Orthopaedic
Concern and the International Committee of the
Red Cross.

Registration Form

Mail or fax to Dr. J Steen Jensen, ISPO,
Borgervaenget 5, 2100 Copenhagen @,
DENMARK. Fax No: (45) 31 18 16 69. Bank
drafts should bz made payable to ISPO.

Preliminary Programme

Monday

War injuries

Compound Fractures

Tuesday

Education, Training and  Appropriate

Technology NL. WHO Viewpoint
Amputation Surgery — General Considerations

Wednesday

Basic Biomechanics

Materials

Clinic Team Approach

Patient Care including Physiotherapy

Thursday
Trans-femoral (Above-knee) Amputations and
Prosthetics

Please send application form to:

Dr. J. Steen Jensen
ISPO
Borgervaenget S,
2100 Copenhagen O

Denmark

Friday
Knee  Disarticulation
Prosthetics

Amputations  and

Trans-tibial (Below-kneej Amputations and
Prosthetics

Further Information

Should you require further information contact:
Dr. J Steen Jensen, ISPO, Borgervaenget 5,
2100 Copenhagen @, DENMARK. Fax No: (45)
3118 16 69.

Provisional Faculty

Croatia: B. Lagerkvist (Doctor)
Denmark: H. Hermanova (Doctor)
J. Steen Jensen (Surgeon)
Germany: G. Neff (Surgeon)
‘Hungary: L. Kullman (Surgeon)
Ireland: A. de Bont (Pros/Orthotist)
Slovenia: ¢ Marinéek (Doctor)
Sweden: R. Hammer (Surgeon)
B. Persson (Surgeon)
Switzerland J. Gehrels (Pros/Orthotist)
UK: R. Ham (Physiotherapist)
N. A. Jacobs (Bioengineer)
A. Jain (Surgeon)

Local Organising Committee
Crt Marintek
Franc Hotevar
Martin Stefan&ié

Chairman:
Members:
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Registration Form

Mail or fax to Dr. J Steen Jensen, ISPO,
Borgervaenget 5, 2100 Copenhagen O,
DENMARK. Fax No: (45) 31 18 16 69.
Bank drafts should be made payable to ISPO.

Preliminary Programme

Monday

War Environnient in Developing Countries
Compound Fractures

Tuesday
Amputation Surgery — General Considerations
Basic Biomechanics

Wednesday

Trans-femoral  (Above-knee)  Amputations,
Prosthetics and Physiotherapy

Knee Disarticulation Amputations, Prosthetics
and Physiotherapy

Thursday

Trans-tibial (Below-knee)
Prosthetics, and Physiotherapy
Ankle and Foot Amputations and Prosthetics

Amputations,

Friday

Prosthetics  supply in Central and South
America and the Carribean

ACCOPRA Arnual Meeting.

Please send application form to:

Dr. J. Steen Jensen
ISPO
Borgervaenget 5,
2100 Copenhagen @

Denmark

Local Organising Committee

G. Tejada (Public Relations)

F. Cigarruista (Transport)

A. Brown (Finance)

A. Saldana (General Coordinator)

R. Saez (International Coordinator)
C. Nieto (Course Arrangements)

Provisional Faculty

Denmark: J. Steen Jensen (Surgeon)
Panama: G. Pinilla (Surgeon)
R. Saez (Pros/Orthotist)
A. Saldana (Surgeon)
G. Tejada (Surgeon)
UK: J. Hughes (Bioengineer)
N. A. Jacobs (Bioengineer)
USA: J. Craig (Pros/Orthotist)
R. Gailey (Physiotherapist)
F. Gottschalk (Surgeon)
J. Harris (Surgeon)
M. Pinzur (Surgeon)
M. Schuch (Pros/Orthotist)
M. Stills (Orthotist)
M. Quigley (Pros/Orthotist)

Further Information

Should you require further information contact:
Dr. J. Steen Jensen, ISPO, Borgervaenget 5,
2100 Copenhagen, DENMARK.

Fax No: (45) 31 18 16 69.
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10-12 July, 1994

Society for Research in Rehabilitation Summer Meeting, Nottingham, England.

Information: Dr. N. Lincoln, Stroke Research Unit, General Hospital, Park Row, Nottingham, NG1
6HA, England.

10-15 July, 1994

2nd World Congress of Biomechanics, Amsterdam, The Netherlands.

Information: Biomechanics Section, Institute of Orthopaedics, University of Nijmegen, PO Box 9101,
6500 HB Nijmegen, Netherlands.

20-26 August, 1994

17th International Conference on Medical and Biomedical Engineering, Rio de Janeiro, Brazil.
Information: Dr. C. G. Orton, International Organization for Medical Physics, Gershenson Radiation
Oncology Center, Harper-Grace Hospitals, 3990 John R., Detroit, MI 48201, USA.

26-27 August, 1994

Ist International Symposium on the Lumbar Spine, Brussels, Belgium.

Information: International Society for the Study of the Lumbar Spine, c/o Sunnybrook Medical
Centre, Room A309, 2075 Batview, CDN Toronto, Ontario M4N 3M5, Canada.

4-9 September, 1994

6th European Regional Conference of Rehabilitation International, Budapest, Hungary.

Information: Rzhabilitation Secretariat, ISM Lid., The Old Vicarage, Haley Hill, Halifax HX3 6DR,
England.

21-23 September, 1994
Biological Engineering Society AGM and Annual Scientific Meeting, Keele, England.
Information: Mrs. B. Freeman, BES, RCS, 35 Lincoln’s Inn Fields, London, England.

28 September-1 October, 1994

International Meeting on Knee Prostheses, Naples, Italy.

Information: Prof. V. Montelone, Il Divisione Ortopedia ¢ Traumatologia, Ospedale Cardarelli, Via
A. Cardarelli 9, 80131 Napoli, Italy.

9-13 October, 1994

6th Biennial Conference of the International Society for Augmentive and Alternative
Communications, Maastricht, The Netherlands.

Information: Van Namenand Westerlaken, PO Box 1558, 6501 BN Nijmegen, The Netherlands.

14-16 October, 1994
Biomedical Engineering Society Annual Fall Meeting, Tempe, Arizona, USA.
Information: BMES, PO Box 2399, Culver City, CA 90231, USA.

11-15 October, 1994
American Orthotic & Prosthetic Association: Annual National Assembly, Washington, USA.
Information: AOPA, 1650 King St., Suite 500, Alexandria, VA 22314, USA.

7-10 December, 1994

8th International Conference on Biomedical Engineering, Singapore.

Information: The Secretary, 8th ICBME 1994, Dept. of Orthopaedic Surgery, National University
Hospital, Lower Kent Ridge Rd., Singapore 0511.
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1995

17-18 February, 1995

ISPO (UK) Annual Scientific Meeting, Hull, England.

Information: Mr. D. Simpson, ISPO Hull ‘95, NCTEPO, University of Strathclyde, 131 St. James’
Rd., Glasgow G4 OLS, Scotland.

16-18 February, 1995

1 1th International Seating Symposium, Pittsburgh, USA.

Information: Elaine Trefler, University of Pittsburgh Medical Centre, Dept. of Conference
Management, Nese-Barkan Building, Suite 511, Pittsburgh, PA 15213, USA.

18-19 March, 1995

11th Annual Conference of the Association of Prosthetists and Orthotists, Telford, England.
Information: Mr. W. Dykes, APO Conference Co-ordinator, NCTEPO, University of Strathclyde,
Curran Building, 131 St. James’ Rd., Glasgow G4 OLS, Scotland.

27-31 March, 1995

12th World Congress of the International Federation of Physical Medicine and Rehabilitation, Sydney,
Australia.

Information: IFPMR Congress Secretariat, DC Conferences, PO Box 629, Willoughby NSW 2068,
Australia.

2-7 April, 1995

8th World Congress of the International Society for Prosthetics and Orthotics, Melbourne, Australia.
Information: Congress Secretariat, 8th World Congress of the International Society for Prosthetics and
Orthotics, 84 Queenbridge St., South Melbourne, Victoria, Australia 3205.

Summer, 1995

Medicon ‘95: 7th Mediterranean Meeting on Medical and Biological Engineering, Israel.

Information: Prof. S. Siderman, c/o Prof. W. Welkowitz, Dept. of Electrical Engineering, PO Box 909,
Piscataway, NJ 08854, USA.

16-19 July, 1995

7th International Conference on Mobility and Transport for Elderly and Disabled People, Reading,
England.

Information: 7th Int. Conf. Secretariat, Disability Unit, Dept. of Transport, Room S10/21, 2 Marsham
Street, London SW1P 3EB, England.




A\




	1994_01_FRONT
	1994_01_012
	1994_01_018
	1994_01_025
	1994_01_034
	1994_01_040
	1994_01_043
	1994_01_049
	1994_01_BACK

