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Editorial 

By the time members receive this copy of the journal , the first year of the tr iennium will be nearly 
over. Fo r many members in remote areas their only contact with the Society during this t ime will 
have been through the pages of this publication. T o them, and perhaps to others, this will be the only 
practical expression of activity. However, this is far from being a t rue picture—Officers, Members of 
the Executive Board, Nat ional Officers, members of the various s tanding and other committees a re 
working steadily to further the aims of the Society in the continuing efforts t o raise s tandards of treat­
ment throughout the world. 

In November the Executive Board met in Copenhagen for the first t ime since the New York 
Congress. Some comments on that meeting and some of the discussions which took place may serve 
to illustrate the spectrum of activity. 

Attendance was very large. Of the ten Elected Board Members listed in this issue, eight were 
present at the meeting. Another five of the Standing Commit tee Chairmen and two of the Consultants 
also at tended. This remarkable turn-out , at little or n o cost t o the Society, of a group of notable 
people whose time is so valuable, is a clear indication of the wor th which they place on the Society's 
work. 

Repor ts were received from a number of the standing committees. 
The newly formed Protocol Commit tee under the chairmanship of Past President, D r . Jansen, 

has started work in an advisory capacity to the Board. One of its first tasks is the examination of 
membership classes and the functions of the secretariat. This committee has special responsibilities in 
respect of advising the Board on the interpretation of the Consti tut ion. A first stage in this is a s tudy 
of the Consti tut ion itself in the light of experience gained to date in its operat ion. The secretariat 
would be interested to hear from any member who believes he, or she, has identified any anomolies, 
or has suggestions which would lead to improvement. 

The new Conference Commit tee is already offering guidelines and assistance to the Nether lands 
Congress Commit tee in its preparat ions for the 1980 World Congress. The Du tch group are presently 
considering alternative sites in Amsterdam, the Hague and Groningen and producing detailed budgets 
for Board approval . It is hoped that this Congress will once again take place in collaboration with our 
friends from I N T E R B O R . 

The Evaluation Commit tee is presently developing an exciting proposal for an international 
p rogramme of evaluation. The Society is unique in its capability of offering such a p rogramme t o 
governments on the basis of establishing protocol , identifying institutions and individuals to take par t 
and co-ordinating work and results. 

The Educat ion Commit tee is planning for a follow-up event to the International Study Week on 
Prosthetic/Orthotic Educat ion which took place in the University of Strathclyde in 1974. The new 
meeting in 1979 would concentrate on the clinical and practical content of training programmes and 
would be linked with the problems of developing countries. It is hoped to associate this activity with 
another ISPO event t o be sponsored by D a n i d a (the Danish overseas aid agency) which would take 
place in the same year a n d would study the lasting impact of training methods in developing countries. 

The Membership Commit tee is continually fostering the development of new Nat ional Member 
Societies. Indeed at this meeting Pedro Pr im reported on the formation of a Nat ional Society in Spain. 
Unfortunately, the chai rman of the committee, one of the founder members of our Society a n d a 
tireless and meticulous worker for the Society and the Board, D r . McKenzie, has resigned from 
chairmanship following a recent illness. Happily he has made an excellent recovery and we are sure 
members would wish to be associated with the President and the Board in expressing our grat i tude 
to h im for outstanding and dedicated work and in wishing him, and his wife Kay , a long and happy 
retirement. 

Other items of interest were discussed by the Board which were no t directly related to individual 
committee activity. 

The Society's links with Rehabil i tat ion Internat ional and, in particular, its Internat ional Comrnis-

1 



Editorial 

sion on Technical Aids (ICTA) are being fostered. The President had attended a recent meeting in 
Mulhouse, France, a n d h a d himself been appointed to the Commission. It is hoped that a joint 
ISP(J)/ICTA workshop will shortly be held on an appropria te topic and that this will develop into 
a continuing collaboration. 

Dr . Sidney Fishman had recently led an ISPO Commission to Nigeria, at the invitation of the 
Federal Ministry of Heal th, to advise on the development of prosthetic/orthotic services. The Com­
mission spent ten days there visiting Lagos, K a n o and Enugu. A detailed report will be submitted t o 
the Nigerian government offering a development plan and continuing assistance. There was general 
discussion in the Board on the problems of the developing countries. One body of opinion has sup­
por ted the concept of a new Standing Committee t o deal with this area. The general view in the Board , 
how‡ver, is tha t the subject is so important that the Executive Board itself must be regarded as the 
Standing Commit tee for the developing countries. We are, however, investigating ways in which the 
Society may organize itself to respond more rapidly and efficiently to demands in this area. 

Ehe Finance Committee 's discussions appear here, separated from the other committee activities, 
• to emphasize their importance and to highlight certain aspects. The development of the Society 
ideed its cont inued existence are directly related to our ability to generate income. The Board 

are presently concentrating on several areas—evaluation, foundation grants and overseas aids—in 
raising funds t o sustain and develop our activities and, as has been discussed in an earlier editorial, 
to establish a permanent staff. 

Dur ing the discussion on the Finance Commit tee business, Cliff Chadder ton, one of the Board ' s 
new "Consumer Consul tants" , announced a donat ion of $5,000 from his organisation, the War 
Amputa t ions of Canada , to assist in the operat ion of the Society. The President expressed the Board ' s 
grat i tude to Cliff Chadder ton and his association for this magnificent gesture of support . 

Discussion on Prosthetics a n d Orthotics International centred on improving the content and 
securing the financial viability of the journal . Articles contr ibuted to the journal are now being screened 
by referees and modified, re-written or rejected on their advice. Nat ional Societies h a d previously 
been invited to identify referees and also to encourage contr ibutions from within their membership. 
T h e Response to this invitation has been very disappointing. The cost of producing and distributing 
Prosthetics and Orthotics International accounts for a substantial par t of our budget. However, it is 
our belief that the membership sees-this as an important benefit and is a factor in at tracting new 
members . It is our hope that the Journal will become self-supporting and eventually profit-making. 
The only way we can do this is to increase the circulation on the one hand and increase the income 
from advertising on the other. Wi th regard to increasing the circulation, there are obviously two ways 
in which this can be done. One is by increasing our membership, and of course we know that all 
Nat iona l Member Societies are steadily, by generating activity within the nat ion, a t tempting t o do 
this. JThe second possibility, however, is t o increase the number of subscribers from libraries and 
institutions. W e would very much appreciate it if Nat ional Societies could do their best t o draw the 
journa l t o the attention of these potential customers. Indeed, a subscription drive organized by 
Nat idnal Member Societies to all Reference Libraries and Orthopaedic Units within their own country 
would inevitably meet with success. 

O n the question of advertising, we on the Editorial Board have been at tempting to identify all 
those w h o might be interested in the journal and have approached about 220 potential customers. 
I t is, however, very difficult for us to become aware of who all the potential customers are. In this 
area Nat ional Member Societies will be much more aware of the local firms who would be interested 
a n d must also have the possibility of direct contact . We would be very grateful indeed if Nat ional 
Member Societies, and individual members , could take this on as a task of great urgency. 

W e hope that this small insight into the deliberations and activities of the Executive Board and 
its standing committees will prove of interest. In the long r u n the Society is the membership. These 
activities are being carried out in your name a n d in the belief that they reflect a consensus of your 
wishe‡. Our continued growth, however, depends not on a small group of people, but in the willingness 
of the; members t o accept active involvement. 

John Hughes 
Honorary Secretary 



Ideas on the suspension of the below-knee prosthesis* 
S. G R E V S T E N 

Department of Orthopaedic Surgery, Uppsala University, Sweden 

*Based on a paper presented at the Second World 
Congress ISPO, New York, 1977. 

Abstract 
Comparat ive studies with the PTB-suction 
prosthesis a n d the ordinary PTB prosthesis have 
provided opportunit ies to analyze and under­
s tand some functional differences in the 
suspension of below-knee prostheses. In a 
roentgenological study of the stump-socket 
contact significantly less vertical displacement 
in the PTB-suction prosthesis has been shown. 
A study of the pressure variations in the suction 
socket verified the theory of the necessary 
pressure gradient in the PTB-suction socket. 
Added negative pressure by muscle action was 
also observed. A n electromyographic study 
suggested a muscular activity pat tern in the 
suction prosthesis similar t o that of a normal 
leg, as a contrast to the ordinary PTB prosthesis 
where simultaneous contractions of antagonistic 
muscles seemed to be the usual pat tern. The 
latter is interpreted as a defence reaction. A n 
optimal prosthesis has been deduced. I t shall 
have a soft prosthetic socket with a perfect fit, 
a suction, adhesion and friction fixation and a 
pressure gradient between the skin a n d the 
socket wall with min imum compression distally. 
The plaster casting shall be done in a downward 
modelling manner making available space for 
soft tissue without compression. 

Introduction 

The basic purpose of any artificial l imb is to 
enable the amputee t o perform everyday 
activities in a n easy, natural and comfortable 
manner (Radcliffe, 1955). The introduction of 
the Patellar-Tendon-Bearing (PTB) prosthesis 
(Radcliffe, 1961) represented a considerable 
advance in the prosthetic t reatment of the 
below-knee amputee . The PTB, in general, has 
been a functionally successful prosthesis which 
has fulfilled the above purpose. However it is 
not problem-free for some wearers w h o have 

different types of sensitive skin or are used to 
heavy physical activity. These difficulties have 
demanded an alternative to the PTB (Bakalim, 
1965; Eriksson and Lemperg, 1969). 

Various at tempts have been made in different 
centres to counteract the circumstances leading 
to skin sores. It would seem a natural solution 
t o reduce the pressure on the tender par t s of the 
s tump and distribute the load to other less 
easily injured par ts . A soft liner inserted in the 
socket may sometimes bring simple relief to a 
tender s tump. 

Sockets specially constructed with this a im 
have been produced, one of them being the 
P T B air cushion socket (Wilson et al., 1968). 
Here , a sealed air chamber between the inner 
and outer sleeves of the socket provides support 
a n d distributes the load by virtue of tension in 
the elastic inner sleeve a n d through compression 
of the air. Another approach to this p rob lem 
has led to a new design of socket for the below-
knee prosthesis (Renst röm et al., 1974). F o r a 
closer fit of the socket against the s tump it has 
been constructed with a socket bo t t om con­
sisting of a floating p a d filled with water and 
connected t o a pivot on the leg shell. Thus the 
socket is meant to be self adjusting to the 
circumferential and longitudinal variations of 
the s tump. 

Various auxiliary suspension aids such as 
thigh lacers, special straps and condylar 
wedges have been developed with the a im of 
improving the anchorage of the prosthesis and 
a t the same t ime diminishing the piston action 
between the s tump and socket (Wilson, 1969). 1 

The PTS prosthesis (Pierquin, 1964) and the K B M 
prosthesis (Kuhn , 1966) are such constructions. 
The proximal br im of the PTS is extended to 
cover the patella and the medial and lateral 
condyles of the femur thus providing better 
lateral stability. The K B M socket is also 



extended over the femoral condyles but does 
no t cover the patella. Suspension of the K B M 
socket is provided by a wedge inserted between 
the medial lip and the femoral condyle. A recent 
simple device adaptable to any knee prosthesis 
that does not have mechanical joints or straps 
at tached is the rubber sleeve suspension (Chino 
et al., 1975; Giacinto, 1976). These improve­
ments in the suspension of the P T B prosthesis 
are all directed towards the effects of the piston 
action, namely soft tissue movements and the 
effect on sensitive pressure points. 

Many improvements on the P T B prosthesis 
have dealt with only one of these two com­
ponents of the piston effect. A n ideal solution 
for the patient, however, must take into account 
bo th the tissue movements and the distribution 
of the load. The well known above-knee suction-
type prosthesis seemed the most natural model 
to use as a basis for an optimal socket con­
struction for below-knee s tumps with such 
problems as those mentioned above (Radcliffe, 
1955). In a suction-type prosthesis the skin is 
immobilized and the load is distributed over 
its surface. 

PTB-Suction Prosthesis 
A trial with PTB-suction prosthesis was 

initiated in 1969 (Grevsten and Marsh , 1971) and 
two different sockets have been developed. One 
has a total rigid socket construction (Fig. 1). The 
other is a semi-rigid socket (Fig. 2) which is 
detachable and is put on separately (Fig. 3 left). 
I t is then put into a below-knee leg construction 
(Fig. 3 centre and right). Both are called PTB-
suctiou prostheses. 

One problem with this prosthesis that was 
evident from the start was that of too much 
load and pressure being applied to the distal 
par ts of the soft tissues. A relieving measure 
was therefore introduced—the socket was made 
wide enough distally to receive down-stretched 
soft tissue. If the soft tissues were pulled down, 
pre-stretched into the available space, they 
would be ready to retract and therefore in a 
posi t ion t o reduce the pressure on the end of the 
s tump and also distribute the load and pressure 
from the end of the s tump in a proximal 
direction. The plaster casting is most important 
when constructing a PTB-suction prosthesis. 
One plaster cast is seldom enough. The plaster 
cast must be m a d e in a downward modelling 
fashion to create the possibility of pre-stretching 

the soft tissue distally, thus achieving the 
gradient pressure which avoids disastrous 
pressure effects on the distal par ts of the s tump. 
In this mat ter the importance of frank and 
intimate contact between the prosthetist and 
the or thopaedic surgeon when dealing with the 
amputee 's problems cannot be over-stressed. 

Fig. 1. Top, the rigid socket version of PTB-suction 
prosthesis. The socket is not detachable from the 
rest of the prosthesis. Bottom, view into the socket. 



Different studies with the PTB-suction 
prosthesis and the ordinary PTB prosthesis have 
been made to analyze and unders tand their 
function. In a roentgenological study the s tump 
movements in simulated walking were analyzed 

(Grevsten and Eriksson, 1975). It was shown 
that the vertical displacement (Fig. 4) in stance 
phase was on average 11.3 m m less in the 
suction prosthesis than in the P T B prosthesis. 
N o air was seen in the socket of the suction 
prosthesis in any of the simulated stride move­
ments but this too was always the case in the 
ordinary P T B prosthesis. It was also shown 
that with the suction prosthesis the main 
sagittal compression of anterior soft tissues of 
the s tump occurs when the prosthesis is sus­
pended and at double support . This is com­
patible with the line of action of the floor 
reaction force acting posterior to the knee 
making a relaxed knee flex (Radcliffe, 1962). 

A study of the pressure variations (Pearson et 
al., 1974), in the suction socket verified a 
theoretical idea of a pressure gradient in the 
socket. Fur ther added negative pressure due to 
muscle action, beside the pressure induced by 
the swing phase load of the weight of the 
prosthesis, was also observed. These analyses 
were made through a mathematical model of 
assumed forces acting on the below-knee s tump. 
F r o m this model a formula was derived giving 
predicted values for the pressure in stance phase 
and swing phase to be compared with the 
observed values. 

Fig. 2. The semi-rigid insert suction socket version 
of the PTB-suction prosthesis—the detachable 

socket. 

Fig. 3. Left, donning the semi-rigid insert suction socket version of the PTB-suction prosthesis. Centre, the semi-
rigid insert suction socket about to be put into the hard socket component of the prosthetic limb. Note the rubber 
sleeve around the socket opening which reduces the possibilities of air leakage into the socket encountered upon 
extreme flexion of the knee joint. Right, the semi-rigid insert suction socket being inserted into the hard socket 

component of the prosthetic limb. 



This study also illustrated an interesting 
relationship between the intercavity pressure in 
the socket and the b lood pressure in the s tump. 
When walking, the arterial and venous blood 
pressures are oscillatingly overlapped by the 
pressure variat ion in the PTB-suct ion prosthesis, 
accounting for a pumping effect which assists 
the normal pumping action of the below-knee 
muscles and thus improves the circulation 
(Wilson, 1969). 2 

In AN electromyographic study of the residual 
muscles of the amputa t ion s tump while walking 
with ordinary PTB and PTB-suction prosthesis 
a muscular activity pat tern in the suction 
prosthesis similar to that of a normal leg is 
suggested (Grevsten and Ståhlberg, 1975). 
Presumably the normal muscle activity is a 
spinal reflex easily elicited as long as n o strong 
irregular sensory input is present. Walking with 
the P T B prosthesis often shows simultaneous 
contractions of antagonistic muscles which 
were assumed to be a defence reaction to the 
piston action resulting from the loose suspension 
of the P T B prosthesis. 

F r o m 1969 to 1976, 46 patients were fitted 
with PTB-suction prosthesis and 27 patients 
were converted t o it (Grevsten, 1977). They 
represent the patients with the s tump problems 
initially pointed out. In this group 12 patients 

were observed with healing of skin lesions while 
walking with the prosthesis. A further 6 
patients with extreme excess of soft tissue 
(more than 30 mm) distal to the bony end of the 
s tump and with great problems when using the 
P T B prosthesis became the best users of the 
suction prosthesis. 

The PTB-suction prosthesis was introduced 
for those wearers of the ordinary P T B prosthesis 
who often sustained contact sores and skin 
irritation. It is seen in the clinical presentat ion 
that in such cases the skin lesions generally 
disappear in the PTB-suction prosthesis. There 
are still some groups of patients who are left 
unsatisfied, however, as all below-knee amputees 
are not able to use this suction model . Wi th 
very short s tumps fitting the prosthesis is a 
physical impossibility, and with too slender and 
bony s tumps the problems for the prosthetist 
in fitting the socket to obtain sufficient sealing, 
preventing air being sucked in during activity, 
are too great. The PTB-suction prosthesis is, 
however, very practicable for s tumps longer 
than 125 m m and with a reasonable amount of 
soft tissue. If these two criteria are fulfilled this 
prosthesis comprises a prosthetic therapy and 
an alternative for s tumps with areas of sensory 
disturbances, frail skin, a tendency to contract 
sores or eczema and/or ischaemic problems. 

Fig. 4. Difference in downward displacement D of the stump between the PTB and PTB-suction prosthesis. 
(a) At mid swing; (b) At mid stance. 



The PTB-suction prosthesis is also cosmetically 
favourable, which has been particularly apprec­
iated by the female amputees. 

A n optimal prosthetic suspension should bo th 
minimize s tump movements and distribute the 
load evenly over the s tump. The above studies 
have shown that the PTB-suction prosthesis 

fulfils the conditions for such an opt imal 
prosthetic suspension which the ordinary PTB 
prosthesis generally does no t do al though, as a 
rule, it functions satisfactorily. Thus when the 
ordinary PTB prosthesis results in skin problems 
for the wearer there are good reasons t o 
consider the PTB-suction model. 
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Prostheses for partial hand amputations* 
L. F . B E N D E R 

Rehabilitation Institute, Detroit, Michigan 

*Based on a paper presented at the Second World 
Congress ISPO, New York, 1977. 

Abstract 
Amputa t ion of par t of a hand may create 
significant functional limitations for the amputee 
which are difficult to ameliorate by either 
orthoses or prostheses. T o help develop a 
logical approach t o devices for partial hand 
amputa t ions the pat terns of losses have been 
studied and a division into four categories has 
been proposed .Transpha langea l , thumb spared; 
thenar , part ial or complete; t ransmetacarpal , 
distal ; t ransmetacarpal , proximal . 

By utilizing basic principles of orthotics and 
prosthetics and by exercising ingenuity, it is 
often possible to provide considerable improve­
ment in function and/or cosmesis to individuals 
with part ial h a n d amputa t ions . Case illustra-
t ions and their prosthetic solutions are presented. 

The au thor has a t tempted t o provide bo th 
function and cosmesis to many persons with 
part ial h a n d amputa t ions and has been con-
fronted by a variety of pat terns of amputa t ion 
and many different vocational a n d avocational 
needs. Because of this great variat ion in pat terns 
of amputa t ion and also to help develop a 
logical approach to devices for part ial h a n d 
amputa t ions the losses have been studied and 
divided into categories. 

Traumat ic amputa t ion of a par t of the h a n d 
in an industrial accident usually occurs in a 
straight line through the phalanges or me ta -
carpals but may be at any angle with relation-
ship to a line through the distal row of carpal 
bones . T h e injury may remove, spare, o r 
partially involve the t h u m b . 

F a r m accidents, on the other hand , are more 
often uneven a t the amputa t ion site due t o the 
tearipg, clawing or shredding action of farm 
implements . 

The loss classification proposed (Fig. 1) 
divides part ial h a n d amputa t ions into four 
categories : 

1. Transphalangeal , t humb spared. 

2. Thenar , partial or complete. 

3. Transmetacarpal , distal ; t h u m b spared or 
involved. 

4. Transmetacarpal , proximal ; t h u m b spared 
or involved. 

Transphalangeal amputat ions usually involve 
the four fingers to similar or slightly varying 
degrees. Most often these patients need n o 
device, but they m a y desire cosmetic fingers; 
these can be easily fitted if at least half of the 
proximal phalanx remains for each finger. 
Cosmetic fingers may be held on by suction or 
by special adhesives. Occasionally such a person 
needs a n d desires addit ional function. 

Fig. 1. Levels of partial hand amputation. 1. Trans­
phalangeal; thumb spared. 2. Thenar—partial or 
complete. 3. Transmetacarpal, distal; thumb spared 
or involved. 4. Transmetacarpal, proximal; thumb 
spared or involved. 



Case illustration 

A thirty year old male lost his right fingers in 
an industrial accident involving metal shears. A 
por t ion of the proximal phalanx of digits two 
through five remained with good range of 
mot ion and strength at the metacarpophalan­
geal joints , the t h u m b was spared. H e was right 
dominant and wanted t o continue to use tools 
with his right hand. However, the proximal 
phalanx of the fifth digit was considerably 
shorter than that of the second digit so power 
grip was not effective. A stainless steel pros­
thesis with Plastisol covering was designed and 
fabricated (Fig. 2). 

The side M C P hinge moves freely and permits 
the strength of the finger flexor muscles to flex 
the opposit ion bar a n d provide satisfactory 
grip of handles and tubular objects (Fig. 3). 

Amputa t ion of the t h u m b alone is relatively 
rare in our experience. When it does occur a n d 
involves the metacarpal , as well as the phalanges, 
a prosthetic t h u m b can be made (Fig. 4 ) . 
Plastic laminates can be shaped to closely 
resemble a t h u m b and to provide a shallow 
socket that fits against the second metacarpal 
and is held on by a Velcro or Plastisol s t rap 
a round the hand. If other digits adjacent t o the 
t h u m b are also amputa ted , the prosthesis can 
be m a d e with a wider socket and still provide a 
satisfactory prehension post . 

Fig. 2 . Transphalangeal amputation of the second 
through fifth digits. Prosthesis with dorsal meta­
carpal and phalangeal bars, side rivet pivot hinges 
at the MCP joint. 

Fig. 3. Effective grasp of a hammer handle between 
thumb and prosthesis. 

Fig. 4. Thumb prosthesis. 



Amputa t ions through, the distal transmeta­
carpal area are quite c o m m o n in the au thor ' s 
industrial location. Since most of these persons 
have been involved in hard working occupations 
and probably will cont inue t o d o skilled and 
semi-skilled labour, stout devices must be made 
for them. 

Basically, two alternatives are available t o 
the orthotist or prosthetist in dealing with distal 
transmetacarpal amputa t ions . A prosthesis 
shaped like a mitt can be constructed or an open 
steel prosthesis can be designed to fill a specific 
need (Fig. 5). 

The mitt prosthesis must be particularly 
s t rong in the distal por t ion. The palmar area is 
lined with Neoprene so it will not be too 
slippery. This prosthesis provides a large pre­
hension area for gross activities such as lifting 
furniture and also permits finger t ip prehension 
a long the r im of the mit t . 

Poor skin coverage of the amputa t ion site is 
a n unusual problem. Surgical techniques 
usually permit satisfactory skin coverage of 
distal amputa t ion sites. 

Case illustration 
A sixty year old farmer lost all fingers, 

including the t humb , at the distal t ransmeta­
carpal level in a corn-picker machinery accident 
(Fig. 6). Adequate skin coverage was not 
achieved because he did not permit addit ional 
surgery to cover the s tump with skin graft. The 
amputa t ion site was sensitive and needed p ro ­
tection. H e also desired function; needing to 
grasp mechanical milkers firmly so he could 
a t tach them to his cows. A stainless steel 

prosthesis was designed with a contoured piece 
of 1 '2mm stainless steel dorsally which wrapped 
a round the fifth metacarpal and s topped at the 
fourth metacarpal . A small steel r od was 
posit ioned in the t h u m b web space for stability 
and to prevent proximal movement of the 
prosthesis. Stainless steel rods , 4 .5mm in dia­
meter, were contoured dorsal and slightly distal 
t o the sensitive amputa t ion site to prevent 
bumping it and to add strength to the unit . A 

Fig. 6. Top, amputation through the distal trans-
metacarpal area of digits 2, 3, 4 and 5 with loss of 
the distal phalanx of the thumb. Skin coverage is 
inadequate for hand activities. Centre, stainless steel 
prosthesis designed to protect the amputation site 
and permit prehension. Bottom, picking up a tube 
with the prosthesis. 



second set of stainless steel rods were then 
posi t ioned so that they would hold a semi­
circular opposi t ion post in place. The post is 
silver soldered t o the rods at the appropr ia te 
angle t o hold tubular objects such as milkers. 
Proper design and positioning of the post is 
important . One must consider carefully the 
length, range of mot ion , and strength of the 
t h u m b as well as the size, shape and weight of 
the objects t o be picked up . Plastisol coating 
provides a non-absorbent , resilient, pleasing 
appearance but the Plastisol must be roughened 
on the prehension surface of the opposit ion 
pos t t o provide adequate friction for good 
function. 

The t h u m b may be spared, partially 
amputa ted , or absent in amputa t ions through 
the proximal transmetacarpal area of the hand . 
Either cosmetic hands or functional prosthesis 
o r bo th m a y be used to restore appearance and 
function. 

Case illustration 
A twenty nine year old female lost all right 

fingers and t h u m b in a punch press accident 
(Fig. 7). A right dominant person, she desired 
cosmesis and sufficient function to hold small 
objects and feeding utensils. Appearance of her 
h a n d was restored by a cosmetic plastic glove 
with semi-rigid fillers in the fingers and a zipper 
fastening on the volar aspect of the wrist. 

A n opposit ion post also was constructed 
with a short post to oppose the s tump of the 
first metacarpal . It provided the desired function. 

A n alternative solution in proximal transmeta-
carpal amputa t ions with sparing of the thumb is 
to fabricate an epoxy resin mitt (Fig. 8 ) . T o 
gain stability the mitt will usually have t o 
encase the carpal area. It can be m a d e suffic­
iently flexible yet semi-rigid that it can be 
slipped over the s tump a n d held in place with 
a single Velcro s t rap. The r im of the mitt can 
be made to any desired shape so that utensils 
and small objects can be picked u p as well as 
providing sufficient opening to grasp larger 
objects like an electric razor. 

By utilizing basic principles of orthotics a n d 
prosthetics a n d by exercising ingenuity it is 
often possible to provide considerable improve­
ment in function and/or cosmesis to individuals 
with partial h a n d amputat ions . 

Fig. 7. Amputation through the proximal area of all 
metacarpals as the result of a punch press accident. 
An orthosis with opposition post provides pre­
hension. 

Fig. 8. Epoxy resin mitt-shaped prosthesis for 
amputation of fingers at the proximal transmeta-
carpal area with sparing of the thumb. 



Prostheses, pain and sequelae of amputation, 
as seen by the amputee* 

H . C. C H A D D E R T O N 

The War Amputations of Canada, Ottowa, Ontario 

*Based on a paper presented at the Second World 
Congress ISPO, New York, 1977. 

Abstract 
Results of a survey of 19 organizations belonging 
to World Veterans Federation indicate that 
major complaints of amputees include; poor 
fitting, poor dissemination of knowledge t o 
doctors and amputees regarding new prostheses, 
lack of opportuni ty for " i n p u t " from amputees 
at research level and inadequate measures to 
deal with p h a n t o m and s tump pain. Suggested 
improvements by amputees ; decrease in weight 
of prostheses, reduct ion in maintenance for 
swing and stance-phase control units, develop­
ment of recreational prostheses, more frequent 
checks through use of X-ray a n d film techniques, 
particularly during the "break- in" of a new 
appliance. Older veterans showed increasing 
concern in regard to development of conse­
quential disabilities arising from amputa t ion ; 
premature arthrit ic changes in spine and 
remaining limb, circulatory problems and 
gastro-intestinal problems due to ingestion of 
drugs to control pain. 

Introduction 
With the co-operation of the World Veterans 

Federat ion, information was requested from 19 
veteran organizations in 14 countries. Replies 
were received of varying significance from all. 
The enquiries were based on a questionnaire, 
the basic elements of which were: 

Legs 
Weight of the prosthesis. 
S A C H feet versus articulated feet. 
Wearing of rubber-soled shoes. 
Cosmetic appearance. 

Soft socket versus hard socket, below-knee. 
Plug socket versus quadrilateral socket, 

above-knee. 
Swing phase control units, above-knee. 
Modula r versus s tandard l imb. 

Arms 
Münster fitting versus harness. 
Myo-electric hands . 
Cosmesis—hands. 
Wearing of prosthesis, above-elbow. 

Adjustment 
D o you see yourself in your dreams as an 

amputee ? 
Psychological effect of dismemberment . 
Sequelae (medical) of amputat ions . 
Recreational limbs. 

The replies to the questionnaire were, in the 
initial stages of review, sent to a computer firm 
for analysis. It was evident, however, that the 
response could not be measured in terms of 
" y e s " or " n o " and it was recommended that 
an at tempt be made to obtain a "feeling" from 
the replies which might be useful. Therefore, 
this survey should not be considered as a fully 
accurate statement of response and the views 
herein must be seen in this light. 

Fitting 
It seems possible to draw a startling con­

clusion from the replies concerning comfort. I t 
appears that many amputees were prepared to 
accept an uncomfortable fit as " p a r t of the 
game" . 

A significant number of amputees suggested 
that use should be made of X-ray a n d film 
techniques and of biomechanical devices in 
measuring the accuracy of a prosthetic fit. 



Information on new prostheses 

The amputees seemed to be overwhelmingly 
of the opinion that there was a lack of informa­
tion on the part of medical doctors in this area. 

I t was evident also that , with certain excep­
tions the amputees themselves were poorly 
informed on new prostheses. Understandably, a 
number of amputees commented that they knew 
far more about the new models of automobiles 
than about the new models of limbs. 

Input at the research level 

The respondees stated they were unaware of 
any concerted effort to obtain opinions from 
amputees concerning the types of research 
which should be done to improve prostheses. 
T o be fair, some replies indicated that " ampu tee 
inpu t " may be going on bu t they did not know 
about it. Significantly, however, they felt tha t 
there should be more liaison at the " u s e r " level 
with the researchers. 

Pain 

Universally, p h a n t o m limb pain appeared t o 
be a significant problem and the amputees felt 
tha t very little was being done to develop 
remedial measures. A review of the replies 
indicated that the usual advice was t o take 
aspirin and a ho t drink. Obviously this has not 
been effective and the amputee is looking for 
something more concrete. 

Many amputees complained also of s tump 
pain, as separate from phan tom limb pain, stat­
ing that massage, heat t reatments and sometimes 
surgery h a d been successful in its elimination. 

Weight of prostheses 

There were two distinct " c a m p s " in the 
replies, some 62 per cent wanted lighter 
prostheses but 12 per cent stated some weight 
was essential and felt tha t good hardware 
should be used, despite addit ional weight. 

Feet 
N o t rend was evident on the quest ion con­

cerning S A C H versus articulated feet. There 
was, however, a small bu t dedicated group of 
amputees who sincerely believed that an 
articulated foot was much superior. This group 
described the S A C H foot as " t o o springy" or 
"uns tab le" . 

Rubber-soled shoes 
By far the majority of leg amputees preferred 

rubber-soled shoes for stability and heel strike. 

Cosmetic appearance 
This did not appear to be a factor. However, 

the respondees were all war amputees whose 
average age would be 60 which is perhaps 
significant. 

Sockets 
By far the majority of below-knee amputees 

preferred a soft socket for reasons of comfort. 
The question on the plug versus quadrilateral 

socket for the above-knee amputee elicited the 
information that , for the most part , the quadr i ­
lateral socket users were well aware of the 
advantages, stating them as being "bet ter 
circulation", " m o r e comfort" , "easier s tanding" , 
" t ak ing the weight on the ischium", etc. 
Tragically, perhaps , many plug socket users 
were unaware of the difference between the 
two types. 

Controls 
The question concerning swing phase controls 

elicited a very high response, indicating that a 
large propor t ion of the amputees were no t 
familiar with these devices. (We had not dared 
ask for information on stance phase controls as 
we were reasonably certain that the concept is 
not known to the majority of amputees.) It 
would seem, from the replies, that many more 
amputees would be prepared to try these 
devices if they knew of their existence! 

Modular versus exo-skeletal 
Here again the majority of the amputees 

replying (approximately 60 per cent) did no t 
know the difference. There were, however, a 
dedicated group of modular users w h o recog­
nized the advantages of alignment, light weight 
and cosmesis who were " s o l d " on modulars . 
Here again, a conclusion can perhaps be d rawn 
regarding the necessity for the dissemination of 
more information. 

Munster versus harness fitting 
The answer was predictable. The below-elbow 

amputee is very partial to a light fitting for a 
passive hand . Alternatively, he seems to have a 
passionate love affair with his hooks and 
harness when he wants t o d o heavy work or 



engage in recreation. This was an area in which 
the amputee seemed to be fairly well satisfied, 
except as brought out below. 

Myo-electric hands 
There was a distinct feeling among Wor ld 

W a r II veterans that they h a d been passed over 
by the myo-electric stage. Many h a d apparent ly 
been told that they were t oo old to adjust t o 
myo-electric fittings. The majority of the replies 
stated " y e s " t o the quest ion of whether they 
would like an opportuni ty to be fitted with a 
myo-electric hand . 

Cosmesis 
The replies on cosmesis (or lack of it) for 

hands contained comments such as "disgust ing" 
and ' ' lack of sensitivity". Surprisingly, many 
hand amputees appeared to have no knowledge 
of the cosmetic skins and stated they were 
wearing either b r o w n o r black leather gloves 
over their passive hands . 

Wearing of prosthesis, above-elbow amputees 
The rejection ra te was predictably high. 

Some farsighted individuals (amputa ted one side 
only) suggested that they should get used to 
wearing a prosthesis in the event that they 
developed medical difficulties in their other a rm, 
arising from strokes, arthritis, etc. The second 
par t of this quest ion indicated there was little 
knowledge of lighter prostheses now available 
through the use of modular designs. 

Dreams 
The question on dreams was th rown in only 

for general interest. The respondees seem to 
divide 50-50 as to whether they visualize them­
selves as amputees in their dreams or not . 

Psychological effect 
Perhaps surprisingly, a large number of war 

amputees describe their feelings about the loss 
of their limb in terms of being "grief stricken", 
" lost my best friend", "embarrassed" , etc. It 
should be remembered that this survey asked 

for truthful answers. Psychological effect is 
perhaps an area which we tend to ignore as it 
could be interpreted as indicating a lack of 
machismo, etc. The Adolph Meyer school of 
psychiatric thought may be of interest on this 
subject should any one wish to develop it 
further, that is, depression can follow from a 
physical disorder such as amputa t ion . 

Sequelae 
Most of the replies indicated consequential 

disabilities. Leg amputees ; bad backs, arthrit is 
in the remaining leg and foot. A r m amputees ; 
cervical pain, headaches. Both ; gastro-intestinal 
problems which were believed due t o ingestion 
of drugs as well as " inner tension" associated 
with the continuing discomfort of amputa t ion . 
The respondees were careful to suggest they 
were no t trying to prove their case, but felt that 
more study should be done upon the medical 
after effects and side effects of amputa t ion . 

Recreational limbs 
This question resulted in possibly the most 

significant response. There were requests for 
special legs for swimming, golfing, skiing, tennis, 
rowing and motor sports. The a rm amputees 
were almost frightening in their requests for the 
development of special prostheses for fishing, 
playing baseball, cricket (for holding bats) , 
golf, tennis a n d rowing. 

Conclusion 
It must be said that the information presented 

in this paper was not the subject of any strict 
statistical t reatment . In this sense this is not a 
"scientific paper" . This highlights the problem 
of communicat ion in this field between the 
consumer on the one h a n d and the professionals 
involved on the other. However, it is essential 
that such communicat ion be fostered if energies 
and resources are t o be channelled in the most 
fruitful direction. It is hoped that against this 
background the views contained herein will 
prove useful, highlighting as they d o the 
opinions of a substantial number of pat ients . 



Rehabilitation engineering as the crow flies 
P A R T I — D E V E L O P M E N T O F T H E B I O M E C H A N I C S CLINIC T E A M 

J. F O O R T , R. H A N N A H and S. C O U S I N S 

Department of Surgery, Division of Orthopaedics, University of British Columbia, Vancouver 

Abstract 
This series of five papers , three of which are 
presented here, provides an overview of re­
habili tation engineering from the development 
of a clinic team through to problem-solving 
techniques. The first paper discusses the 
development of the biomechanics clinic team, 
identifies the differences in engineering and 
medical approaches t o patient problems and 
proposes guidelines for successful teamwork. 
The second paper demonstrates that the five 
parameters of mot ion, force, neural function, 
shape and tissue quality are basic to information 
needs for biomechanical problem-solving. The 
third paper describes a framework for problem-
solving that has been successfully employed for 
bo th device and process development. The 
fourth paper delineates the criteria a n d con­
straints that determine clinical viability of 
" p r o d u c t s " in rehabili tation engineering and 
the last paper of the series outlines a very 
productive dynamic group problem-solving 
technique. The papers are intended to enhance 
communicat ions and demonstrate a more 
disciplined approach to rehabilitation engineer­
ing. The remaining two papers will be published 
in a forthcoming issue of Prosthetics and 
Orthotics Internat ional . 

The biomechanics clinic is the prime arena for 
rehabili tation engineering and hence factors 
which influence development and define 
functions of team members need to be con­
sidered. W e have undergone the process of 
developing such a team at the Canadian 

Arthritis and Rheumat ism Society in Vancouver, 
detecting in the process a number of factors 
which lead us to recommendat ions for others 
who may wish to develop such a team. 

The problems 

It is the inclusion of engineers that creates 
bo th expectation and dismay among team 
members who are not really prepared for the 
dichotomy between the medical and engineering 
role. 

The major differences are: 

Medical people see the patient as a problem. 

Engineers see the patient as an example of a 
problem. 

The action period of engineers is long by 
medical time standards. 

Medical people want an immediate, unique and 
complete solution to a particular patient's 
problem, while engineers want general solutions 
for populat ions. Once these differences are 
grasped, there is some hope that the team can 
work together toward real solutions. In the 
meanwhile, the pitfall for the engineers is that 
medical people may press for interim solutions 
to resolve this immediacy of need by having 
engineers adopt and modify existing solutions. 
Unless this serves as par t of the educative 
process for the engineers tha t helps them t o 
become familiar with existing solutions, it is a 
waste to have them do what prosthetists and 
orthotists are better trained to do. The engineer­
ing role is to define and solve problems. This is 
t ime consuming as it involves considerable 
personal education on the specific p rob lem 
before anything useful can accrue. 



The dichotomy eventually evaporates when 
good results are achieved th rough t eam action 
and when these results can be identified as a 
p roduc t of team action, that is, when a solution 
evolves which is clinically acceptable. Fo r this 
t o happen, there will be recognition that a given 
solution is transferable from the engineering to 
the regular t reatment programme. New items 
can be transferred only when acceptable to the 
people who must use them. 

Acceptability usually means that the solution 
fulfils such requirements a s ; 

(a) improving the function of patients 

(b) reducing work for the t reatment staff 

(c) having a cost benefit 

(d) providing new insights. 

Barriers to transfer need to be considered by the 
engineering people so that their solutions can be 
organized to offset these barriers. 
The barriers a r e ; 

(a) new solutions make development of new 
skills necessary 

(b) they cost money 

(c) they make different demands on prac­
tit ioner 's time. 

When these barriers are overcome by the 
benefits of either improved function, less work, 
lower costs, new insights or some worthwhile 
combinat ion of these, then the new item will 
be accepted. 

The solution and temptations to avoid 
The team should be organized for mutual 

education. This can be achieved initially through 
involvement in modest practical research 
related to improving patient benefits through 
technology. Better use of what exists, trying 
new things (evaluation programme), literature 
reviews, using engineers in an advisory capacity 
at first, or using solutions they have already 
established competence in, are ways to initiate 
development. We have at tempted to use and 
demonstra te positive problem-solving tech-
niques, where negative feelings are reserved 
while team members strive to be supportive or 
t o offer even better ideas as a solution is 
evo(lving. Members of the team will soon 
develop enough familiarity and confidence to 
cross each others professional boundaries under 
the influence of such positive feedback thus 

engendering the prospect for the overlapping of 
roles which exists in a ma tu re team. 

There is a temptat ion to get a "b ig g u n " into 
the team during team development, and this 
can work well enough if he does not dominate . 
The t ru th is that local talent is too easy 
to undersell. The team can develop well 
th rough the mutual education that goes on 
spontaneously and formally in any com-
munity large enough to warrant a biomechanics 
clinical team. Academics appreciate the assoc-
iation with clinical research activities, especially 
when there is an education component and so 
here we use Master programmes to get the 
information we need for problem-solving and 
to encourage academic commitment . At the 
same time, we would like to see a por t ion of the 
other team mates ' t ime earmarked for research 
on relevant aspects of clinical problems as a 
natural pa r t of their service commitment . 
Academics, commit ted t o science can also 
benefit from having clinical responsibilities 
when their professional area is relevant. 

Another temptat ion is to believe that a 
sophisticated laboratory and equipment are 
basic requirements, this is sometimes fostered 
by people who are experienced in the bio­
mechanics field because of their acquisition of 
skills in unison with the development of 
facilities in previous positions. The truth is that , 
for the engineers w h o are backed by academic 
personnel and their facilities, little is needed 
that cannot develop out of the sort of research 
that must be par t of problem-solving in the 
clinic. Wha t really is required is improvement 
of facilities, such as occupational and physical 
therapy, that deliver the services to the patient. 
Such improvements include instrumentat ion for 
measuring various functions (motion, shape, 
etc.) and equipment with which to m a k e things, 
especially simple things that can be used to 
supplement existing aids and equipment. A n 
example might be a vacuum former in an 
occupational therapy department . Approaching 
the facilities problem in this way has forced us 
as engineers to fraternize productively with both 
the academics and the treatment staff for mutual 
gain. As engineers, we have only office facilities 
and storage space. Fo r everything else we depend 
on existing facilities tailored to other ends. You 
can imagine the benefits gained in terms of 
overheads, keeping machines busy or main­
tained, etc., but on the other hand there are the 



demands m a d e on us in order to mainta in 
productive good will. Research is a good cement 
for all. 

Consolidation 
When seeding of the t eam through exploit­

at ion of what exists a n d what can be conven­
iently improved has reached a stage where 
demands on the team indicate it, then is the 
t ime to expand backup facilities to serve the 
t reatment and research functions of the team. 
Thus , having reached close t o that stage here, 
we would expect facilities which would allow us 
to make more complicated things of a one-off 
na ture or to make pre-product ion runs which 
cannot be put into a manufacturer 's hands and 
which are inappropriate in a university or other 
institutional facility such as a limb shop. 

A n inhibiting organizational fact is that bio­
mechanics clinic teams are too strongly assoc­
iated with research when in fact they should be 
identified with service at the interface between 
knowledge and ignorance. Besides the research 
and service function, their relationship to 
education is obvious. F o r the engineers, even 
more strongly identified as researchers, the big 
advantage is that they cross institutional and 
professional boundaries at will. Such mobility 
needs t o b e the right of all t eam members . 
Eventually, when the benefits that can derive 
from biomechanics clinic teams and the assoc­
iation with engineers are assured through the 
establishment of rehabili tation engineering, the 
a im should be to keep the engineers communi ty 
a n d patient oriented a n d to keep access t o 
technology open through a process of con­
tinuing education, a prolongat ion of post 
graduate studies. 

Functions and responsibilities 
In the day to day operat ion of the b io­

mechanics team, among the influences on 
productivity are the willingness of those on the 
team to share functions, their flexibility in terms 
of t ime use, and their relationships with patients 
serving as test wearers or subjects. W e set a 
morning aside for clinical activities, that is 
seeing patients , and followed u p wi th a very 
flexible t ime allotment using " f ree" staff 
(usually the researchers) or t reatment people 
with open t ime assignments. 

On patients who are good representatives of 

the problem, the team will try out existing and 
new ideas in a mutually beneficial way. The 
purpose of this, besides improving a solution 
which is developing, is to uncover the prescrip­
t ion criteria which govern use of a part icular 
solution at any stage. This is achieved by fitting 
patients who vary from ideal in ever increasing 
degrees of complexity t o determine the 
boundaries beyond which the solution does no t 
work. The patient on w h o m it does work defines 
the criteria for its use! This is an impor tant 
function of the team. It may be evaluating the 
solutions of others as well as their own. The 
purpose is to have available for such a clinic a 
variety of solutions to a range of problems so 
that decisions can be made quickly and effect­
ively to improve patient function and manage­
ment . 

Biomechanics clinic teams are responsible for 
developing prescription criteria for the devices 
they evaluate. When they have so established 
criteria for the clinical application of any device 
or procedure they are in a posit ion to educate, 
field-test, and move on to other researches . . . 
their role is that of problem-solving. Others pick 
u p where their functions are complete. 

Summary 
W e estimate that a biomechanics team 

including a rehabil i tat ion engineer can be 
supported by a populat ion base of 200,000 or 
over, and that one engineer per 200,000 is a 
reasonable ra t io . 

The best setting is within a rehabil i tat ion 
unit with occupational and physical therapy 
staff and associated social workers. The skills 
of these people will expand as they relate t o 
engineers and to each other, each taking on 
some of the functions of the other. The skills of 
the engineers must be extended by further 
technical training as well as adopt ing the skills 
of others. Such administrative details as 
establishing engineering positions for re­
habil i tat ion will come in time. 

The biomechanics clinic team needs to 
establish a position on the development of 
devices and procedures of potential economic 
value. The main purpose of the team is to get 
help to their patients and other considerations 
are secondary. The broader responsibility is t o 
extend the use of good solutions as widely as 
possible. If this conflicts with economic 
interests, economic interests must yield. 



PART II—INFORMATION N E E D S FOR BIOMECHANICAL PROBLEM-SOLVING 

F o r rehabili tation engineers to be relevant 
beyond the ordinary in the clinic, they must a im 
to obta in ha rd da ta for use in problem-solving 
whenever possible. Some da ta can be found in 
scientific literature. Some must be found 
directly by measurements m a d e on the patient. 

When we measure for problem-solving in the 
clinic, we gain the advantage of information 
which is in a form easily grasped and which can 
be used t o describe, compare and classify in 
universally useful terms. W e mean by useful 
that the information be as exact as the end use 
requjres. The basic a im is to use measurements 
t o define the patient 's existing level of function 
and to estimate his needs so that the gap can be 
narrowed through clinical action. Visualize a 
typical clinical situation in which a b io-
mechanical approach to problem-solving is 
called for. We can easily recognize that the 
ability to move is a crucial factor t o the pat ient ; 
forces between body par t s and between the body 
and the environment are also relevant. Neural 
function, the basis for control , is impor tant . In 
order to do anything useful by means of 
external support of body par ts , addit ional 
factors which are significant include the shape 
of body par ts against which forces must be 
directed and the quality of the tissues which 
must bear them. 

So, we recommend that rehabili tation 
engineers concentrate on measur ing; motion, 
force, neural function, shape and tissue quality. 

The objectives of making such measurements 
should be clinical and be intended to aid in 
assessment, defining status, identifying changes, 
classifying disability, providing design data and 
comparing results. 

Such information will be used to aid in 
making predictions, giving protection and 
developing means for improving function. 

Approach 
W e recommend that rehabili tation engineers 

approach clinical problems of a biomechanical 
na ture with the view that the patient is central 
and that the measurements are incidental in the 
sense that their exactness is defined more by the 
results achieved for the patient than on their 
reprpducabil i ty, exactness in detail, or h o w 
nearly they ma tch ideals established by more 
exact scientific means . It is remarkable , for 

example, how much insight can be derived by 
nothing more complicated than compar ing 
function on one side of the body to function on 
the other. We see asymmetry of gait as impor tant 
for defining quality of function in prosthetic 
knee implants and have used this asymmetry t o 
make predictions. We m a k e this recommenda­
tion for a sort of oppor tunism in the use of 
measurements as a counter balance t o the 
scientific obsession with exactness. 

Measuring such quantit ies as mot ion , force, 
neural function, shape and tissue quality will 
then rest on the pragmat ic premise that the 
quality need only serve the end. Often n o more 
than go-no-go information is sufficient t o aid in 
making an intelligent and useful clinical 
decision. Fo r example, we note that people with 
prosthetic knees are maintaining their knees in 
a posit ion of fixed flexion throughout stance 
phase. A n obvious possibility is that they are 
splinting the knee with their muscles for some 
protective purpose. It would be very easy to 
demonstrate this with simple off-on muscle 
myography and then use biofeedback t o aid 
them in judging the posit ion of the knee as they 
stand on it. 

Clinical viability 
If immediate usefulness is the objective for 

data collection in the clinic, then some 
boundaries are placed on how data is processed. 
We recommend that da ta should be delivered 
while the patient is available, preferably within 
seconds or minutes, and that it be in a form 
which is easy to read. It can then be used for 
deciding right on the spot while at tention on 
the person is keen, and all the other factors are 
in view. In our studies of mot ion we get a direct 
readout on a strip chart recorder. The records 
are considered at the t ime in some instances, 
and in others pondered over for the prepara t ion 
of an analytical report . Records of mot ion, for 
example, are easy enough to make some sense 
of when the discrepancies are gross; the eye 
alone is also a good instrument at such times. 
The difference lies in the capacity to remember 
for purposes of later comparisons. W e find that 
there are obvious things only the very best eye 
will detect but some which the eye may no t 
detect yet which the instrument will easily find. 
As the patient is more important than the 



measurement or the system of measurement , so 
the measurement is more important than the 
reference system when we speak clinically! W e 
realize that this may no t suit the purist , but in 
fact there are many measurements that can be 
m a d e which are strictly related t o the patient 
a t an instant in t ime and which are not con­
sidered as fodder for future analysis or statistical 
collections. Just recognizing a pat tern can be 
clinically useful. Just knowing that the force 
through a cane is under or over a given factor 
can be useful. W h a t we look for in any informa­
tion collection process is enough insight to make 
the intuitive mind click for a better clinical 
result. If such inspiration can be derived from 
relative information it would be folly to be pure . 

Equipment 
Of course, the question of equipment immed­

iately arises. W e see a number of high quality, 
technology-intense laboratories studying gait, 
for example, and we ponder o n how the 
products of such laboratories can be brought 
directly into the clinic. If we allowed the 
demand for measurement to be generated out 
of patient needs we would see something quite 
different developing for clinical use. First of all, 
measuring equipment would be portable and 
have different modular elements (especially 
transducers) to permit varied, direct and con­
venient use in the clinic. Equipment would 
evolve which ensured that at every stage in 
development something of clinical relevance was 
gained. There might be mot ion measuring 
equipment that quantified only a small amoun t 
of information at a t ime, to be assembled as 
needed. Biofeedback equipment could be 
refined into force measuring systems in response 
t o obvious clinical needs. 

The temptat ion is to embark on a p rog ramme 
of developing equipment to carry out such 
clinical measurements , thumbing through the 
myriad catalogues of electronic components and 
handbooks while keeping in mind the last 
scientific advance. Better t o check the equip­
ment that exists first and proceed th rough a 
course of minimal modification toward the end 
that you have rather than make a measurement 
system. When you must (as you well may) have 
equipment that is different and new then the 
kind of product wanted needs to be thoroughly 
established before design and development 
work is considered. Easily 80 per cent of the 

costs before usefulness are in such develop­
ments , only a minor par t being costs of defining 
a solution. Any at tempt to upgrade equipment 
should relate to ease of operat ion, convenience 
to the patient and delivery of information of 
more use in the clinic. I t is wor th remembering 
that while we may wish to replace the medical 
professionals with instruments there is n o chance 
that we will, and such information as can be 
derived from measurements will only be used if 
it speeds up clinical processes, cuts costs, 
improves results for patients and provides new 
insights. The information provided through 
measurements is only par t of the information 
being used to m a k e judgements . Clinicians will 
establish the criteria for the design of special 
equipment which they will ultimately use or 
abandon . Their criteria will relate to the clinical 
function. As an example, we know that a single 
curve rather than a stream of similar curves is 
favoured. This could lead us to microprocessing 
or some different way of displaying data . But 
ultimately it is for the clinicians to choose. 

Tha t aspect of equipment development which 
has n o clinical relevance—the hardware aspect 
—is best kept right out of the clinical environ­
ment . If fundamental design factors are involved 
academic people should take them on. If they 
involve adapta t ions of equipment and techniques 
already in use, industry should deal with them. 

Use of resources 
N o one or half dozen rehabili tation engineers 

who are trying to solve clinical problems can 
cope with doing everything that arises as 
at tempts are made to use objective means t o 
supplement subjective findings in problem-
solving. It is better that there is co-operat ion 
between various laboratories and clinic teams 
so that sharing evolves. I t is quite feasible for 
one group to become masters of mot ion 
measurement for clinical service, and another , 
through an interest in biofeedback, to become 
expert in force equipment use, or on mat ters of 
tissue quality or shape. Highly developed 
expertise in a limited area by specific individuals 
or groups can open the way for other groups to 
adopt the application of techniques and equip­
ment which the more experienced recommend. 
W e recommend a modula r approach to the 
assembly of skills as well as equipment and 
procedures. If such a m o o d were created or 
existed, specified laboratories would take 



responsibility for discrete par ts of the whole 
process of using measurements in clinical 
processes until one day all would be able to use 
everything useful by this means , and therapists 
and doctors ra ther than engineers would be 
manning the pumps . 

Well established laboratories designed to 
produce refined measurements would carry out 
work which provided statistical information 
and established s tandards. They would take 
da ta from clinics for analysis against s tandard 
information to give back results for use in the 
clinic and generally carry out what is accepted 
as scientific enquiry. They could also use their 
da ta bank information for modelling systems 
so that comparisons could be m a d e between such 
models and patients for postulat ion of possible 
solutions. 

People 
Rehabil i tat ion engineers should no t be so 

equipment and process conscious as to forget 

the value of training and experience. Collectively 
we know very much more than any one of us . 
Par t of this is training, par t perception, and 
par t experience of practice. All of this needs to 
be organized into a bra in-bank which ensures 
that people with well defined problems can be 
matched as nearly as possible with people who 
possess solutions. This also means that there 
should be geographic fluidity so that people 
can move a round and be shared without 
jealousy. 

While we recommend that rehabili tation 
engineers become involved and informed in 
matters of measurement , and specifically in 
measuring mot ion, force, neural function, 
shape and the quality of tissues, we realize that 
they will also get involved in t rue research 
because they are involved in design, develop­
ment and clinical measurements , but hopefully, 
they will resist the tempta t ion to escape into 
purely scientific studies until they have ceased 
to identify themselves as rehabilitation engineers. 

PART III—A FRAMEWORK FOR PROBLEM-SOLVING 

O u r interest in modern problem-solving tech­
niques led us to examine our successful projects 
for a logical sequence. F r o m this we derived 
the problem-solving framework shown below. 

Problem-solving framework 

Stage 1—developing a hypothesis; 
phase i —problem identification 
phase ii —problem definition 
phase iii —solution generation 
phase iv —solution selection 
phase v —modelling. 

Check against criteria for this stage. Abandon , 
recycle or go on to Stage 2. 

Stage 2—testing the hypothesis; 
phase vi —clinical pro to type fabrication 
phase vii —proto type development 
phase viii —prototype evaluation 
phase ix —test ba tch product ion. 

Check against clinical criteria. Abandon , 
recycle or go on to Stage 3. 

Stage 3—solution transfer; 
phase x —field test quanti ty product ion 
phase xi —field testing, functional refine­

ments 
phase xii —dissemination of information 
phase xiii —supply development. 

Continuing improvements through user-maker 
dialogue. 

The three main stages through which our 
successful projects seemed to pass were (a) the 
assembly of information which would permit us 
to form a hypothesis ; (b) collection of informa­
tion which would establish the merit of the 
hypothesis ; and (c) transferring the solution t o 
users and producers . 

W e consider this framework a good model for 
others in rehabilitation engineering t o adopt . I t 
will enhance communicat ions within and 
between groups by referring t o the stage or 
phase of a project in a way that avoids con­
fusion as to what is happening. This would be 
particularly useful to people w h o are working 



on segments of a general problem which must 
eventually generate a total solution. Different 
workers could be paced to meet at a particular 
point in t ime and so be organized to optimize 
results. Grant ing agencies would find such a 
framework useful. They could fund to the level 
of each main stage, abandoning projects or 
continuing as results indicated, with the degree 
of risk well defined for each stage. Repor t ing 
would include reference t o the stage and phase. 
The framework could also be usefully employed 
in support of grant applications. People within 
a group would have a clearer picture of project 
progress. This leads t o other possibilities. When 
granting agencies o r institutions have "ski l l s" 
inventories combined with such a format as 
this framework, it would be possible t o see that 
a project was getting beyond a group which had 
been handling it. Transfer to others more 
suitably organized for more advanced stages or 
phases could then be logically proposed and 
contracts let. This prospect of transferring 
projects to the best suited laboratory or workers 
suggests that grant applications themselves 
should be accorded a special status for which 
applicants could be rewarded, not necessarily 
by receiving it themselves, bu t by receiving 
funds for grant application development. When 
work on problems is considered in these terms 
it is quite apparent that different people suit 
different stages and phases. Rehabil i tat ion 
engineering can be more fruitful by matching 
people and expertise to the most suitable 
phases. 

It may be tempting to consider this as nothing 
new. W e counter by not ing confusion experi­
enced in some of our own projects and in 
projects of others. Such an organizational form 
for problem-solving could start us on a pa th 
of enhanced communicat ions without imposing 
a straightjacket. The outcome could be improved 
sharing of the work of rehabili tation engineering 
for more efficient delivery of solutions. 

T o clearly describe the problem-solving 
framework, we will work through the phases 
by example. 

Stage 1—developing a hypothesis 
Phase I—problem identification: W e were told 

that lifting heavy flaccid children was a major 
problem and that a lifting device was needed. 
W e looked at such children and watched them 
being handled by staff and parents ; in and out 

of cars, on to work surfaces, into seats, beds, 
toilets, etc. W e examined lifts and various other 
mult ipurpose devices. This involved about three 
months of s trenuous effort and included 
development of many criteria against which we 
could evaluate some existing solutions. By the 
end of this exploratory period we felt confident 
enough to make a definition of the problem. 

Phase II—problem definition: The result was 
to change the environment so that lifting was 
less necessary. W e could see that by reorganizing 
our approach from "lifting" to " n o t lifting" we 
could solve the problem better. 

More intense effort went into looking at what 
others had done to improve the environment 
as well as to lift such patients until we could, 
by checking these solutions against the criteria 
which were developing, see the advantages and 
shortcomings. It is important to d o this because, 
no t infrequently, something quite different 
emerges as a key factor. F o r example, it may be 
prohibitively expensive t o "change the environ­
m e n t " t o solve the lifting problem. 

Phase III—solution generation: O n another 
project, Frac ture Bracing, we embarked on 
generation of solutions which involved going 
far outside the field of normal rehabili tation 
engineering. W e looked at birds, snakes, 
geological processes, and a host of other things 
in nature t o find a "b ionic analogy" to our 
problem. The outcome was a variety of p r o ­
posals for solving the problem that looked very 
different from what we had seen. The process of 
"measur ing" with established criteria and 
defining the boundaries of possibilities or con­
straints ensured that any solution which ra ted 
high could be adopted. This solution could be 
something entirely new or something already in 
existence. When existing solutions are pert inent 
the rehabili tation engineer should be encouraged 
to adopt them. It is no t necessary t o reinvent 
the wheel. 

Phase IV—solution selection: The solution 
that scores highest is the one to select. There is 
n o need for procrast inat ion at this point ("it 
will cost too mu ch " , " i t will be t o o heavy" , 
"e tc ." ) because all the objections are accounted 
for in the criteria and constraints ! This includes 
a statement on costs and time and skills needed 
to raise it t o succeeding phases. Thus , with a 
solution selected the evidence to support con­
tinuing to phase V will be included. 



Phase V—modelling: Modelling is intended to 
be a super communicat ion. There is more of 
" h o w it works" than "use it on a pa t ien t" in 
this phase, and there may well be more than one 
model because even though the solution has 
been stated in general terms, its eventual form 
is far from established. In the case of the 
C A R S - U B C Brace for example, there were 
sketches, cardboard models and more sub-
stantial models built over plaster models of legs 
as well as analogies formed to illustrate to other 
team members what was proposed. W e even did 
" h a n d s o n " force demonstra t ions on each other 
and on patients. New criteria evolved out of 
this, some of which anticipated succeeding 
phases. Eventually, there was a demand to 
proceed to trials on patients (rather than to 
recycle through previous phases or abandon) . 
The demand could as well have been to adop t 
an existing solution if it better met the criteria 
so far developed. Such an alternative solution 
would just as readily be cycled into the next stage. 

Stage 2—testing the hypothesis 
W e had hypothesized that the knee brace for 
arthritics with medial or lateral instability should 
be an intermittent force application device which 
supports when the knee is extended and relaxes 
during flexion. With the experience of modelling, 
development of a clinical prototype is con­
ceivable. 

Phase VI—clinical prototype fabrication: A 
number of these can be made , each intended for 
a patient carefully selected t o avoid extraneous 
factors. Thus for the knee brace, people with 
subluxation or flexion-extension instabilities 
were initially avoided. The braces were made on 
plaster cast models, with each prototype a 
variant on the theme in all but functional terms. 

In another project, the Joint Mot ion Measur­
ing System, reproducibility of curves was 
initially checked out on a joint mot ion simulator, 
but eventually came to be used on patients. 
This was a variation with the same aim, to 
develop confidence in those who apply it and 
in those who are subjects. 

The emphasis in terms of team involvement 
is tha t non-engineering team members gradually 
shift from advisory to active roles as problem-
solving reaches the stage of involving patients. 
Later , the emphasis shifts further as these 
members take over and the engineering members 
become advisory. 

Phase VII—prototype development: This is 
very much the engineers' j o b but the other team 
members are getting involved via pat ient 
contact and through this are revising and 
adding criteria as they evaluate it. If the solution 
is fruitful, the engineers and support ing 
technologists are soon supplying devices in a 
fairly rout ine way to keep u p with developing 
demand. 

Phase VIII—prototype evaluation: In typical 
formal evaluation programmes everything is 
held constant as a device is tested. This is no t 
the case in this phase. Rather , this is the t ime 
when engineers and other team members are on 
their knees a round the patients. A great deal of 
pressure is felt at this phase (not only on the 
knees) because if the solution is good, it must 
be delivered in ever increasing quanti ty. This 
pressure is in itself a positive factor in design. 
It led us to mass product ion techniques, this 
being the only way we could cope. In making 
the shift from individual or custom fabrication 
to standardized fabrication, other improve­
ments in design were adopted leading directly 
into the next phase. 

Phase IX—test batch production: Just as first 
clinical trials represent the moment of t ru th in 
the clinic, test batch product ion is another 
moment of t ru th for potential product ion. The 
producer can inject new criteria into the design 
process t o m a k e the item producable and 
marketable . At the same time, if success is 
assured in the clinic, introduction of the device 
to a manufacturer relieves some of the pressure 
on designers and sets the scene for the final 
stage. 

Stage 3—solution transfer 

Barring obstacles that preclude further 
development, this stage is entered with the 
objectives of getting the process or device out 
of the hands of the engineers (as designers) and 
into the s tream of clinical use. This involves 
essentially two things: (1) t o ensure p roduc t ion ; 
and (2) t o ensure a market through educat ion 
and the subsequent development of confidence 
among patients and treatment staff. There is n o 
better way to prime the manufacturing or clinical 
p u m p than through field-test programmes. This 
time, the evaluation process is more formal 
because it is further from h o m e and from the 
help of those who know most about it. 



Phase X—field-test quantity production: This 
phase puts designers a n d the producer in close 
touch until they bo th deal confidently with the 
product . Emphasis will shift from the manu­
facturer advising to the engineers advising until 
the transfer is complete. 

Phase XI—field-testing and functional refine­
ments: At this phase, the designers advise on 
how the produced item can better serve its 
purpose as information arises out of field 
testing. There is now a three or four way stream 
of communicat ion as the manufacturer faces 
the item as a product , the designers face users 
on issues of function and users face patients on 
issues of competence and function. As com­
petence evolves at the clinical level through 
field testing, there can begin to develop a direct 
relationship between the users and producers to 
permit withdrawal of the engineers after success­
ful transfer. 

The dilemma designers face is when to let go. 
There is a reluctance to stay involved (tiring), 
especially if there is clearly success, bu t also 
some reluctance to make a clean break (anxiety 
—pride). This can be resolved by documenting 
and publishing results to aid in fostering general 
use of the system which has been developed. 

Phase XII—dissemination of information: This 
takes many forms. Information is given in 
articles, through injection of new ideas and 
principles into the educational process, and so 
on. The manufacturer serves his interest by 
making his product known. Dialogue is 
generated between producer and user on an 
ever increasing basis. Enlarging programmes of 
field-testing may be necessary in some cases to 

improve the manufacturer 's prospects for main­
taining viability in the early stages and to 
develop familiarity among users and patients. 

Phase XIII—supply development: The best 
compliment a design group can experience is 
demand for what has been designed. This is no t 
necessarily a measure of merit however, no r is 
merit an assurance that this can happen. There 
will be of necessity a phase during which supply 
development may have to be promoted. This 
requires that the developers co-operate with 
others in furnishing information related to 
development of supply. Lecturing a t con­
ventions, writing articles, assisting on an 
advisory basis on demand are a m o n g ways 
supply development can be helped. Increasing 
geographic scope of field-testing in an outward 
wave from the design group using manufacturers 
and users as those w h o carry the message is 
warranted to keep a good idea from dying. 

Conclusion 
The problem-solving framework discussed is 

a viable way to organize solving any problem 
whether it is a process, a device or a p rogramme. 
The terms may change slightly or be unders tood 
differently, but the process of evolution will 
endure. As an exercise, it was applied t o the 
problem of alcoholism a n d absenteeism from 
work to see if it would hold up and it did. 
Within the phases of the framework are areas 
tha t require further consideration such as 
development of criteria for design in rehabilita­
tion and more disciplined approaches to 
problem-solving but these will be discussed 
separately at a later da te . 
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Abstract 
Patients are referred to the amputee clinic at the 
Medical College of Georgia from all areas of 
the State of Georgia. Most referrals are made a 
considerable t ime after amputa t ion and most 
patients live from 50 to 250 miles from the 
amputee clinic. A special p rog ramme was 
designed to alleviate some of the problems 
incurred by the distance and the delayed referral. 
Physical therapists, prosthetists, social workers, 
the vocational counsellor and the or thopaedic 
surgeon co-operate to provide maximum care 
on the day of the amputee clinic. The co-
operative efforts of all members of the team 
and the ability t o plan ahead for op t imum 
rehabili tation maximize the use of pat ients ' 
time and his rehabili tation level. 

The team approach to the management of 
the amputee is generally accepted as the 
op t imum approach. It is also recognized that , 
ideally, the amputee should be referred to the 
rehabili tation team even prior to surgery. 
Dur ing this period the patient can be prepared 
bo th physically and psychologically for the 
adjustments he will have to make . If pre-
surgery referral is no t possible then post­
surgical management should be initiated as 
soon after surgery as possible whether the 
patient was fitted with a rigid dressing or not . 
Early initiation of restorative programmes 
increases the likelihood that the patient will 
become a functional prosthetic wearer. This is 
particularly t rue a m o n g the elderly who require 
comprehensive therapeutic programmes to 
overcome the general debility which often 
occurs after a long period of incapacitating 
circulatory problems. 

Unfortunately, situational factors such as 
t ime and distance often interfere with the ideal 
rehabili tation p rogramme. A creative approach 

to prosthetic management may limit the 
negative influence of such factors and provide 
the patient with the best available rehabili tation 
programme. Such a p rogramme was developed 
at the Eugene Talmadge Memorial Hospital of 
the Medical College of Georgia in Augusta , 
Georgia. The hospital is the teaching hospital 
of the Medical College of Georgia and the 
referral hospital for the State of Georgia. 

Patients are referred to the amputee clinic in 
Augusta from all over the state, sometimes as 
far as three hundred miles. Some but no t all 
have been amputa ted at the Medical College of 
Georgia. In some instances referral may be soon 
after surgery but often referral is delayed for 
many months . Both adults and children are 
seen in the clinic but the majority of patients 
are elderly because the leading cause of amputa­
tion is vascular disease. The majority of patients 
present multiple physical and social problems. 

Amputee clinic is held on a bimonthly basis 
and the prosthetic rehabilitation team includes 
the clinic chief who is an orthopaedic surgeon, 
physical therapists, prosthetists from two local 
prosthetic facilities, occupational therapists, 
social workers, and a vocational counsellor. 
Also available on a call basis are a dietician 
and a nurse from the peripheral vascular disease 
service. 

The major problems faced in rendering 
op t imum service include: 

1. The delay in patient referral from private 
physicians throughout the state. Patients are 
frequently not referred for many mon ths 
after surgery. 

2. The distance the patient lives from the clinic. 
The majority of the patients live in rural 
areas from fifty to two hundred and fifty 
miles from the hospital . Most are in the 
lower socio-economic strata and must depend 



on others for t ransportat ion to and from the 
hospital . 

3. The lack of a local in-patient rehabilitation 
facility where patients can stay during their 
rehabilitation programme. Insurance and 
other third par ty payers usually will not 
finance hospitalization for rehabili tation 
care and most of our patients cannot afford 
to stay in a hotel or motel while undergoing 
prosthetic care. 

The programme that was developed to try 
and alleviate some of these problems is designed 
to maximize the patient 's t ime at the hospital . 
It requires the co-operation of all members of 
the prosthetic team and the ability to plan 
ahead. The physical therapy depar tment co-
ordinates the activities of the team to enhance 
effectiveness. 

Amputee clinics are held in the afternoon and 
all patients scheduled to be seen that day are 
requested to report first thing in the morning 
to the screening evaluation clinic held by the 
physical and occupational therapists. All 
patients scheduled for the afternoon clinic are 
first seen in the morning clinic. 

New patients on initial referral undergo 
complete evaluation to determine current 
physical and socio-economic status and needs. 
The physical therapy evaluation includes 
determination of muscle strength, range of 
mot ion, s tump circumference, self-care cap­
abilities, h o m e situation and general condit ion. 
If the patient is diabetic a dietician is called to 
review his diet. 

The social worker is contacted to help in 
determining financial status and to make plans 
for payment of prosthetic device, continued 
therapy and prosthetic training. The social 
worker will also assist the patient in obtaining 
appliances such as wheelchairs or meeting other 
social needs. If the patient is of an appropr ia te 
age the vocational counsellor may also be called 
that morning for an initial interview. The 
vocational counsellor provides liaison for 
clients of counsellors in remote areas and 
makes referrals to counsellors in the pat ient 's 
home county. The social worker and vocational 
counsellor work closely together to help the 
patient meet his socio-economic needs. 

If there is t ime during the morning session 
the pat ient will be taught proper s tump 
bandaging, condit ioning exercises and whatever 

transfer or ambula tory activities may be 
necessary. Depending on the patient 's s ta tus , 
a determination is made if further therapy is 
indicated to maximize self-care at home. If 
daily pre-prosthetic t reatment is indicated then 
the social worker may help the patient m a k e 
arrangements for t ransporta t ion to and from 
the department each day or for temporary 
living accommodat ion in Augusta. Sometimes 
the patient can be referred for pre-prosthetic 
treatment to a clinic or hospital closer to his 
home. The social worker and physical therapist 
work together with the patient to m a k e that 
decision. 

When the patient is seen by the total clinic 
team in the afternoon the physician has the 
benefit of the evaluation and a tentative re­
habilitation plan. The physician reviews the 
da ta and makes final recommendat ions . If the 
patient is ready for prosthetic fitting, or if a 
temporary prostheses is prescribed, the initial 
measurements can be taken later that day a t 
the prosthetic facility. 

Prosthetists from the two facilities in Augus ta 
work very closely and in co-operation with the 
rest of the team. All new limbs are checked ou t 
on the alignment instrument and the pat ient 
goes through the initial stages of gait t raining 
before the l imb is finished. The prosthetist 
usually schedules the final fitting on a clinic 
day ; he then sends the patient to the therapist 
for check-out that same morning. The open 
exchange of information and mutual respect 
between the prosthetists and the physical a n d 
occupational therapists m a k e for co-operative 
activities and effective patient management . 
Bo th prosthetic facilities are within two blocks 
of the hospital so that , if a problem develops 
during the check-out, the therapist can contact 
the prosthetist and necessary adjustments can 
be made . The physical and occupational 
therapists involved in the prosthetic rehabili ta­
t ion p rogramme are competent t o make m i n o r 
alignment adjustments themselves. 

The initial check-out for a new lower l imb 
amputee is done only to determine if the socket 
fit is adequate to initiate gait training. The 
check-out is completed and final alignment is 
determined when the amputee has developed 
an adequate gait. 

As soon as a prosthesis is prescribed, the 
social worker begins to help the patient p lan for 
living accommodat ion during gait t raining. I f 



the patient lives within commuting distance only 
t ranspor ta t ion arrangements need to be made . 
If the patient lives too far t o commute , then the 
social worker tries t o find a board ing house in 
the communi ty where the patient can live during 
gait training. While there is one boarding house 
in the immediate vicinity, the patient must be 
independent in self-care to stay there. Some­
times a relative or friend can be found in the 
communi ty bu t the problem of finding appro­
priate temporary living accommodat ion for our 
patients remains as one of the most persistent 
problems. Once the patient has been situated 
in the boarding house, the University's Public 
Safety department will provide t ransportat ion 
to and from the hospital and the prosthetic shop. 

Prosthetic problems that arise during gait 
t raining are quickly resolved between the 
therapist and prosthetist . The ready availability 
of the clinic chief for more major problems also 
enhances the total p rogramme. Once the patient 
has attained a satisfactory prosthetic function, 
he is again checked by the clinic team and the 
limb is finished. 

Dur ing the t ime it takes t o finish the l imb the 
pat ient re turns to his home. H e comes back for 
the next clinic a n d may again undergo a few 
days of training t o m a k e sure he has retained 
his skill in the use of the appliance. Following 
initial discharge from the treatment the patient 
is expected to re turn for his first recheck in four 
t o eight weeks. H e is maintained on a regular 
review p rogramme until the s tump has stabilized. 

N o patient is ever discharged from the clinic. 
Once the s tump has stabilized he is placed on a 
yearly re-evaluation. When the patient returns 
he undergoes a complete evaluation to determine 
his general condit ion, his physical status, his 
level of prosthetic adjustment and use and the 
condi t ion of the prosthesis. Necessary pros­
thetic adjustments and repairs are made dur ing 
this visit to the extent possible. Minor pros­
thetic repairs can be made in the morning pr ior 

to the afternoon clinic if payment is not a 
problem. Close co-operat ion between all 
members of the prosthetic team makes this 
possible. 

Prior to the onset of the p rog ramme the 
clinic chief, physical therapists and prosthetists 
reviewed the types of problems that could be 
handled directly between physical and occupa­
tional therapists and prosthetists without first 
being evaluated by the physician. Rout ine 
repairs and upkeep fall into this category bu t 
if there is a question about the best course of 
action or if a new socket is indicated then the 
decision is delayed until the patient has been 
seen by the total team in the afternoon. The 
ability to tighten joints , replace worn leather, 
replace broken straps or broken feet without 
waiting for the afternoon clinic has greatly 
enhanced the use of the pat ient 's t ime. Some­
times the social worker or the vocational 
counsellor will assist with a financial problem 
to further expedite repairs or maintenance of 
appliances. 

Conclusion 
This has been a brief description of a system 

that was devised to improve the quality and 
quantity of patient services and limit the 
number of trips a patient has to m a k e t o and 
from the prosthetic clinic. While it is no t ideal 
and there are still problems to be resolved, the 
system does maximize the patient 's t ime in 
Augusta through the co-operative efforts of all 
members of the team. The system is based on 
mutual respect, the ability of each health 
professional to work with other heal th care 
providers in the patient 's best interest, the 
ability of one service to function as co-ordinator 
and of the other services t o accept that role, 
and the ability to plan ahead and anticipate 
needs. The system worked so well in one 
hospital that it has been initiated in another 
hospital serviced by the clinic chief. 
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Abstract 
Some 550 disabled patients were examined by a 
rehabili tation team by organizing a rural camp 
at Meerut. This rehabili tation team consisted 
of or thopaedic surgeons, doctors , a pros-
thetist, an orthotist , a medical social worker 
a n d other skilled workers , Out of the 550 
disabled patients, 271, were amputees, and 184 
cases had poliomyelitis. Males predominated 
by 4 : 1 . Disability was most common u p to the 
age of 30 years. Of the 271 amputees, 146 were 
of upper l imb while 125 were of lower l imb. 
Only 86 lower l imb amputees were suitable for 
fitting a prosthesis, while 39 others needed 
surgery or physiotherapy. Only 87 of the 184 
polio cases were found suitable for appliances, 
the remainder needing surgery or physio­
therapy. 

Ways of reducing the numbers of disabled 
were examined and improved rehabilitation 
procedures suggested. 

Introduction 
It has been observed that a l though the 

percentage of disabled people in our district of 
India was quite high, their a t tendance at our 
city-based comprehensive rehabili tation centre 
was comparatively poor . The disabled residing 
in rural areas were not utilizing the services 
available due to various reasons such as 
ignorance of the available facilities, socio-
economic causes, fears of surgery and city life, 
and lack of proper t ransporta t ion facilities. 

It was therefore thought that keeping our 
personnel in the bigger cities with adequate 

rehabilitation services would no t help the 
masses residing in rural areas. The ultimate 
goal of providing modern rehabili tation services 
t o the disabled would not be complete unless 
we ourselves moved to help the rural popula t ion. 
With this in mind a camp was organized in the 
rural area of Meerut 60 k m from New Delhi , 
the capital of India. 

A rehabilitation team comprising two or tho­
paedic surgeons, three resident doctors , an 
orthotist , a prosthetist , a leather worker , a 
medical social worker a n d three art isans, 
a t tended the camp. The team was equipped to 
fit temporary artificial l imbs and to measure the 
patients for prosthetic and orthotic appliances. 
The funds for the camp were provided by 
phi lanthropic persons. Before the camp was 
set up it was publicised, patients were registered, 
and they were given appointments for their 
clinical examination. 

A p ro forma was used for assessing the 
disability and all the patients were screened by 
the rehabilitation team. The measurements of 
patients who required artificial l imbs a n d 
orthotic appliances were taken. A few of the 
patients wçre also provided with temporary 
artificial limbs for immediate walking. 

Observations 
The response of the rural popula t ion was 

very encouraging and a total of 550 pat ients 
at tended the camp. It was found that 386 
patients were below the age of thirty years a n d 
males outnumbered females by 4 : 1 . In males 
the numbers of disabled were at a peak between 
11 and 30 years of age, while in females the peak 
incidence was up to the age of ten years of 
age (Table 1). 



It was found that 49.27 per cent of the 
disabled patients h a d amputa t ions , 33.45 per 
cent h a d poliomyelitis, 8.18 per cent h a d 
cerebral palsy and hemiplegia, 1.09 per cent had 
degenerative condit ions, 0.90 per cent had 
congenital anomalies, and 7.09 per cent h a d 
other causes (Table 2). 

Of the 271 amputa t ions 125 were of the 
lower limbs and 146 of the upper l imbs. Of the 
125 lower limb amputees , only 86 stumps were 
suitable for fitting with a prosthesis. Surgery or 
physiotherapy was needed by the remaining 
cases. In 54 cases, a temporary artificial limb 
was fitted immediately (Table 3). 

Of the 184 patients with post-poliomyelitis 
disability, 87 were capable of being fitted with 
or thot ic appliances, a n d the remainder were 
advised t o have surgery or physiotherapy before 
being fitted with appliances (Table 4). 

Discussion 
It was observed that the majority of dis­

abilities were either amputa t ions or due t o 
poliomyelitis. Amputa t ions of the upper l imb 
were more frequent than those of the lower 
l imb. This may be at tr ibuted to modern 
methods in agriculture and other agricultural-
based cottage industries. In the lower l imb, 
train and motor car accidents were the main 
factors leading to amputat ion. In the study, 
very few cases of amputa t ion were due t o 
tumour or vascular impairment. 

In the present society in India females still 
remain confined to the home, while males are 
more exposed to the external environment 
which may be the reason for their greater 
incidence of disability. Many of the amputees 
were neglected for as long as thirty-five years 
and, in many of the cases, revision of the s tump 
was also required as bony projections, flabby 
musculature, contractures and sinuses were 
common. 

Close questioning by the medical social 
worker revealed many reasons for the patients 
not at tending a city-based rehabili tation centre. 
Amongst them were lack of knowledge of the 
existence of a rehabili tation centre, socio-
economic reasons, fear of city life, and lack of 
t ransport . 

These observations have led us to believe 
that problems of the disabled residing in rural 
areas of our country are quite different from 
those of the urban areas. Some 80 per cent of 
our populat ion reside in rural areas and serious 
thought must be given to their adequate 
rehabilitation. 

Several improvements could be considered: 

1. It can be made known through education 
and publicity that the disabled can be re­
habili tated and can once more be independent 
and earning members of society. 

2. There should be more emphasis on the pre­
vention of disabilities. Oral vaccine cam­
paigns could prevent poliomyelitis. R o a d 
safety campaigns could reduce car accidents 
and similar campaigns could be a imed a t 
train accidents and cottage industry accidents. 

3. Early management of the disabled should be 
encouraged as it would result in better 
rehabilitation as well as helping to prevent 
crippling complications. 

T A B L E I 
Breakdown of patients according to age and sex. 

T A B L E 2 
Incidence of Disabilities 

TYPE OF CASE No. OF CASES PERCENTAGE 

T A B L E 3 
Lower limb amputees 

T A B L E 4 
Poliomyelitis 



4 . It was also observed that the conventional 
type of artificial limb did not suit the 
amputees from the villages. They needed an 
artificial limb which would permit them to 
walk bare-footed, allow them to squat and 
which would also permit them to sit in a 
cross-legged position. In addition these limbs 
should be economic, strong, simple, and 
easily repaired. 

5 . Immediate fitting of temporary artificial 
limbs to these amputees in their villages, 
while they awaited their permanent artificial 

limb, would help tremendously in boosting 
their morale as well as resulting in early gait 
training and improvement in muscle power. 

These improvements could be achieved by a 
three tier system of medical rehabilitation 
services: 
a. At village level. 
b. At city level. 
c. At Medical College level. 

In addition there should be some model 
comprehensive centres which would conduct 
teaching, training and research programmes. 
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Abstract 
In severe cases of physical disability intimate 
supportive seating may be required t o provide 
maximum comfort, a good position for 
functional activities, improved respiration, 
relief of localized pressure, control of spasm, 
protection, or improved management . A service 
for providing such seating has been developed 
a t Chailey Heritage. The seat is vacuum-
formed from thermoplastic materials, having a 
soft non-absorbent foam for the liner and a hard 
semi-rigid outer shell. A mould is obtained by 
casting the patient using the vacuum con­
solidation technique and by recording the 
resulting impression using plaster-of-Paris. 
Near ly 200 seats have been made using the 
technique with a high ra te of success. 

The importance of seating 
G o o d seating contributes significantly to 

enjoyment and functional daily living for bo th 
the disabled and the able bodied. Most people 
spend several hours each day sitting, whether 
for eating meals, watching television or as par t 
of their jobs . Fo r the disabled the period may 
begin as soon as they are dressed in the morning 
and continue late into the evening, a period of 
perhaps 12-16 hours . 

Despite this long and intimate contact people 
frequently accept very poor quality seating. 
Observations once made in a furniture store 
revealed that , on average, people spend less 
than one minute sitting in a chair to test it for 
suitability before making a purchase. All too 
often a similar uncritical approach is applied t o 
the disabled by those responsible for specifying 
a pan;icular seating arrangement . 

What is the purpose of a seat ? 
Normal ly a seat can be specified from two 

considerat ions; firstly its function and secondly 

its relationship to the body tissues and ana tomy. 
Functionally, the specification is usually clear, 
alternatives being for such purposes as relaxa­
tion, manual tasks, vehicle control, and so on. 
The critical features in a seat's relationship to 
the body are, however, less clear and may 
include bo th comfort and stability of the total 
body as well as distribution of pressure, skeletal 
support and protection of individual par ts . All 
contr ibute to an improved quality of life. 

Partial solutions to satisfy these criteria may 
be sought through a variety of approaches 
(Chailey Heritage, 1977). The simplest is by 
using a cushion, or by interposing, say, a sheet 
of lambswool between the seat and the patient. 
These help to distribute pressure and reduce 
shear forces within the tissues. Lambswool is 
also able to absorb perspiration, thus increasing 
comfort. More support can be achieved by 
using wedge shaped cushions in s tandard sizes 
or shaped to suit the individual. If even further 
support is required it may be provided by using 
a modula r system, such as that produced by 
Trefler et al. (1977), in which vacuum moulded 
components can be combined in a variety of 
ways to build up an appropria te seat. Finally, 
if none of these approaches prove satisfactory, 
an intimate personalized seat shell, such as that 
produced at Chailey Heri tage (Fig. 1), must be 
used (Nelham, 1975). In such a shell the whole 
seat is accurately contoured to the individual 
patient in order to provide support , relief and 
protection, as appropria te , over the whole 
seating surface. 

Whichever seating system is used, it is 
important that the user shifts or relieves his 
weight at regular intervals. In the cases where 
seat shells are used this may require the 
assistance of an at tendant . Fo r many patients 
complete removal from the seat shell is necessary, 
say, every two hours . 



Performance specification 
In considering the provision of a moulded 

seat, it is important to be mindful bo th of the 
positive features and also of the limitations of 
such a piece of equipment. The seat will satisfy 
only certain criteria and care must be exercised 
to ensure that the medical requirements and 
the patient 's personal desires can be accom­
modated within these criteria. The features 
offered by the seat shell system at Chailey are 
as follows : 
1. Pressure distribution. By being accurately 

moulded to the body, the seat provides 
support over a large area and localized 
pressures are significantly reduced. 

2. Postural support. The intimacy of fit gives 
good postural support which may be 
extended to include the head. However, the 
seat will provide little or n o correction and 
where significant correction is needed an 
orthotic or other approach must be used. 

3 . Improved respiration. Improved postural 
support frequently produces improved respir­

at ion. This is especially t rue with cases of 
muscular dystrophy. 

4 . Spasm control. By holding the pat ient in a 
good postural position, spasm can frequently 
be reduced, largely, it is felt, because the 
patient is able to relax in a good position. 

5. Protection. The construction of the shell, 
which combines a washable foam liner with 
a semi-rigid backing, provides good p ro ­
tection for such condit ions as osteogenesis 
imperfecta or severe kyphosis. 

6. Improved management. F o r t ransport the seat 
shell provides excellent support and improves 
safety in bo th a wheelchair and a car or other 
motorized t ransport . Fur ther , for general 
nursing management , the seat can be used 
in a variety of ways. Some have found that 
it is easier to carry children in the seat. Also 
on the toilet an unlined seat (with a suitable 
hole) allows a patient to be independent of 
constant supervision. 

7. Increased independence. In addit ion to the 
example cited above, greater independence 
may be achieved for, say, self-propulsion of 
a wheelchair. 

The clinic and clinical considerations 
The team, which is led by a clinician, includes 

a physiotherapist and occupational therapist 
and appropria te members of the rehabili tation 
engineering staff. N o t all members are always 
present since frequently a child is escorted by a 
therapist or mother , under which circumstances 
one of the therapists from the team may no t be 
required. 

In organizing the clinic, emphasis is placed 
on the need for sufficient time to be available. 
The type of case seen has frequently been 
referred for this variety of seat as a " last resor t" 
and two to five hours in the clinic may be 
required t o ensure that the final seat will p rove 
satisfactory. 

Experience at Chailey has centred r o u n d four 
disabilities: cerebral palsy, spina bifida, mus­
cular dystrophy and osteogenesis imperfecta. 
Scoliosis has been present in a high propor t ion 
of these cases. The best that can be achieved for 
the t reatment of the scoliosis is t o afford suppor t 
by careful moulding over the prominent r ib 
curve and the contralateral pelvis in the hope of 
holding the scoliosis or retarding deterioration. 

Fig. 1. The Chailey moulded seat mounted in a 
wheelchair. 



Certain principles and techniques related to 
specific disabilities have been developed. Fo r 
cerebral palsy a comfortable posture is sought 
to encoμrage relaxation and the att i tude of the 
seat may be determined by function. In spastic 
cases a pommel is often incorporated to main­
tain abduct ion of the hips, which may also be 
held in a small amount of flexion to encourage 
relaxation. This can, however, be contra-
indicated on other grounds, for example urine 
drainage, and such flexion should be carefully 
assessed. 

The muscular dystrophy case is often floppy 
and difficult to handle. All round support is 
indicated with careful moulding in the small of 
the back to encourage extension of the upper 
spine, thus facilitating respiration. A pommel 
may be desirable, but should be considered in 
conjunction with toilet requirements since such 
cases may need to use a urine bottle while 
seated. 

Osteogenesis imperfecta is less common than 
the above groups. The main consideration is 
protect ion and for this purpose the seat is not 
so closely contoured to allow freedom of move­
ment while reducing the risk of accidental 
impact . 

Assessment and casting of patient 
The most important stages in the provision 

of a seat are the assessment and casting pro­
cedures. In assessing the patient, bo th medical 
consideration, as above, and functional con­
sideration are vital, such as the type of usage 
(for example, at h o m e or at school), any 
part icular situations of usage (such as, in a car), 
cosmesis, and so on. Once an assessment has 
been performed and indications for a seat 
agreed, the casting procedure is carried out. 
Clearly, this represents the foundation for 
ult imate success, and sufficient t ime must be 
allowed to achieve this. 

The technique used is based on vacuum 
consolidation, which has been widely reported 
elsewhere (Fitzgerald et al., 1965; Nichols et al., 
1971 ; Germans et al., 1975). Modifications to 
the technique have been introduced and it is 
now based on purpose designed latex bags 
which are filled with small (2 m m diameter) 
expanded polystyrene beads. Each bag, or 
compar tment , can be independently evacuated 
a n d sealed to maintain a posture. Thus , once 
an impression has been taken of the patient he 

can try out the att i tude and other features of the 
seat over an extended period in order to ensure 
the seat shape will provide the support and 
permit functional activity according to the 
team's recommendat ions. 

The impression is normally recorded using 
plaster-of-Paris bandage. This produces a cast 
which, with a minimal amoun t of rectification, 
is suitable as a mould for vacuum forming. 
Rectification is carried out in three steps. First, 
a " sk i r t " is added to the cast, when inverted, to 
ensure it sits firmly on the forming table. 
Second, a thin cream of liquid plaster is spread 
over the working surface of the cast to fill any 
small irregularities in the surface. Third, the 
cast is strengthened inside with a build-up of 
liquid plaster to a thickness of about 20 m m to 
prevent the cast collapsing under vacuum. 

Manufacture of seat 
The seat is manufactured using a vacuum-

forming machine capable of moulding plastic 
up to 1 metre square. The maximum depth of 
draw is 700 m m and the heater layout allows 
bo th top and bo t tom heaters to be controlled in 
appropr ia te zones. 

The materials used are 15 or 18 m m Evazote 
(Ethylene Vyoyl Acetate foam) and 5.5 m m ABS 
(Acrylonitrile-Butadiene-Styrene). The Evazote 
is a soft closed-cell foam which provides a 
comfortable liner for the seat and is able to 
accommodate small irregularities, such as 
creases in clothing. The seat is constructed by 
first forming a layer of Evazote over the cast 
and then a layer of ABS over the Evazote. 

In this condition the seat is prepared for a trial 

Fig. 2. First fitting—trim-line and attitude lines are 
marked. 



fitting by roughly tr imming the excess plastic. 
At the fitting stage the correct att i tude for the 
final seat is recorded, a trim-line is marked and the 
positions of any harnessing identified (Fig. 2). 
This fitting is also used to check the detail of the 
fit and, if necessary, small changes can be made 
by using a hot-air gun. As soon as the seat has 
been t r immed the patient sits in the seat for 
several hours , if possible, to ensure correctness 
of fit and maximum comfort. 

Once the team is satisfied that all is as 
required manufacture of the seat is completed. 
This involves locating a circular base on the 
shell and forming another layer of ABS over 
the whole seat (Fig. 3). When this layer has been 
tr immed to the final trim-line the seat is edged 
with a commercial edging strip and fitted with a 
suitable harness (Fig. 4). 

Logistics of service 
The provision of a seat of this type almost 

inevitably indicates that the patient is severely 

handicapped. Thus, speed of supply is con­
sidered extremely important to prevent deter­
ioration of the individual's condition. Normal ly 
a child is seen three weeks after the initial 
referral is received and he is then admitted, 
with his parents or escort, to a self-catering 
bungalow. Assuming that no complications 
occur, it is possible to deliver the seat on the 
same day as the child is first assessed. However, 
for practical reasons, manufacture is more 
reliably carried out over a three-day period, and 
the service has been developed according to this 
pattern. 

Fig. 3. A second layer of ABS is vacuum formed to 
locate the base plate and stiffen the seat. 

Fig. 4. An edging strip and harness are tilted to the 
final seat. 

T A B L E 1 

Moulded Seat Survey—December 1976 



Follow-up 
U p to September, 1977, 180 seats had been 

produced, 108 through the Chailey clinic and 
72 on casts produced at the Wolfson Centre in 
London . Regrettably it has not been possible 
to carry out the detailed follow-up which is 
clearly desirable. However, a questionnaire 
survey was carried out in December , 1976, of 
bo th the parents and the referring medical 
practitioner in 53 cases in order to obtain some 
impression of the seating system both in terms 
of its acceptability and to identify any clear 
disadvantages. There was an 80 per cent return 
and the answers are summarized in Table I. 
Clearly, these results lack the specificity which 
one would desire a n d it is intended to launch a 
follow-up early in 1978 by visiting children in 
the user situation. However, the results obtained 
from such an encouragingly high return do , at 
least, give reason for cautious optimism. 

Refitting of the seats has to be performed to 
allow for growth and, on occasion, deterioration. 
The period between refits is, of course, extremely 
variable but tends to be 9-12 months . 

Conclusion 
The: seating system described has been 

developed since 1973 and has had wide clinical 
exposure. The seats clearly perform a valuable 
function provided they are supplied to match 

the criteria stated. The success of the service 
centres a round three features, namely the rapid 
supply, the method of manufacture a n d the 
close team work. F o r this success, the authors 
would like to record their grati tude to all who 
have been involved in the development, par­
ticularly to Jill Rockey, K i m Bar ton and Steve 
Mot t ram, without whose expertise the p ro ­
gramme would not exist. 
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The Orlau swivel walker 
J. S T A L L A R D , G. K. R O S E and I. R. F A R M E R 

Orthotic Research and Locomotor Assessment Unit, 
The Robert Jones and Agnes Hunt Orthopaedic Hospital, Oswestry 

Abstract 
A new design of swivel walker for the severely 
disabled is described which has advantages over 
previous types. Increased rigidity improves the 
confidence of apprehensive patients, greater 
strength gives better reliability for those with 
good ambulat ion function and a novel con­
struction gives more opportuni ty for inde­
pendent transfer into and out of the orthosis, 
besides easing the burden of those caring for 
users of swivel walkers. 

Introduction 
Swivel walkers have long been established as 

a means of ambulat ion for severely disabled 
children (Motloch, 1966). In the 1960's Rose 
introduced a design (Fig. 1) for paraplegics 
which was described by Edbrooke (1970), and 
the D.H.S.S . published Notes for Guidance 
(1973), setting out the biomechanical and 
medical criteria to ensure that the relevant 
details were available to consultants wishing to 
prescribe the device. As a result of early 
experiences, Rose and Henshaw (1972 and 1973) 
described an updated design which, with 
modifications, has subsequently been adopted 
by the D.H.S.S. for prescription on the Nat ional 
Health Service in kit form. 

All these devices greatly increased mobility 
for many patients, but proliferation showed that 
the early designs provide only limited inde­
pendence and are not sufficiently stable for 
timid or apprehensive children. Other patients 
discovered that the structural strength was 
sufficient only for swivel walking ambulat ion 
and that more adventurous activities such as 
swing through gait with crutches or independent 
transfer carried the penalty of early structural 
failure. 

The at tempts of many orthotic firms to 
produce swivel walkers to their own design con­
firmed the wisdom of the kit approach advocated 
by Rose and Henshaw. Many swivel walkers 
have been constructed with scant regard for the 
mechanical principles with consequently dis­
couraging results. Other firms have produced 
very satisfactory swivel walkers but have found 
the individual approach increasingly costly. 

Fig. 1 . Early design of swivel walker. 



A major use for swivel walkers is for para­
plegic patients in special schools for the handi­
capped. It enables them to ambulate with their 
hands free so that many school activities are 
much easier to perform. Whilst many of these 
schools accepted the advantages of swivel 
walkers, all complained of the difficulty of t rans­
ferring patients into and out of the orthosis. 

In ah at tempt to limit the number of times a 
patient needed to transfer, designs began to 
incorporate hinges in the structure, ostensibly 
to permit patients to sit whilst wearing a swivel 
walker. Experience soon showed that patients 
were unable to use this facility independently 
a n d that physiotherapists were reluctant to 
operate the mechanism because of the stress on 
themselves and the patient. Patients using swivel 
walkers in the special schools were thus standing 
in the orthosis for most of the day, but were not 
complaining of tiredness from this activity. 
Since n o musculature is involved in standing 
upright in an exo-skeleton of the type used, 
this was—on reflection—not surprising. Joints 
in swivel walkers were therefore not being used 
a n d had the disadvantage of decreasing the 
rigidity of the exo-skeleton. 

Necessary improvements 
A ‡tudy of the problems of patients and 

physiotherapists in the special schools showed 
that the most important need was for inde­
pendent transfer into and out of a swivel walker 
from a wheelchair in order to limit the physio­
therapist 's intervention and so increase the 
efficiency of the school 's staff particularly at 
arrival and departure times. Some highly 
motivated patients had developed an ability to 
d o this by first descending to the ground, 
rolling into the device whilst laid down and then 
turning over face down to raise themselves 
laboriously into a standing posit ion by using a 
dining chair. This technique held the promise 
of increased independence for a few, but it was 
enormously energy consuming and not practical 
for the majority of swivel walker patients. 

Other factors were seen to inhibit the 
independence of some patients. Many appeared 
apprehensive when standing in a swivel walker 
due to a lack of rigidity in the structure and 
were most reluctant to commence ambulat ion. 
O n the other hand some highly motivated 
patients developed the ability to use swing 
through gait with crutches, but were severely 

hampered by the constant need for repair of a 
structure no t designed for that activity. 

It became increasingly obvious that for the 
full potential of swivel walkers to be realised 
improvements in four areas needed to be made : 
1 . Independent transfer. 
2. Structural rigidity. 
3. Strength. 
4. Ease of construction. 

Two modes of transfer h a d been evolved for 
patients using swivel walkers: 
1. Transfer from standing to sitting and vice 

versa. 
2. Transfer to and from the device. 

The first type of transfer was never achieved 
independently and without joints at three levels 
this is unlikely to occur. 

W h e n a normal person sits (Fig. 2), they flex 
their hips, knees and ankles in order t o mainta in 
their centre of gravity over the support area of 
their feet until the last possible moment , when 
they rock backwards into the chair, probably 
under the control of their a rms on the sides of 
the chair. Thus swivel walkers require joints at 
the level of the hips, knees and ankles if loss of 
balance is not to occur in the very early stages 
of descent (Fig. 3) and existing designs incor­
porated joints only at the level of hips and knees. 

Fig. 2. Normal person sitting—flexing hips, knees 
and ankles. 



N o existing design gave the facility of easy 
independent transfer of the second type. 
Patients who could, found that it was t ime 
consuming because of all the buckles a n d straps 
and that it was expensive in energy. A typical 
t ime for transfer from wheelchair to orthosis for 
those w h o were capable was 4 1/2 minutes, whilst 
the reverse process took approximately 1 
minute. The two major tasks were securing all 
the buckles and raising themselves with the 
orthosis into the vertical position. The need to 
provide simple location devices for the four 
support areas was apparent , as was the need to 
eliminate raising the body from the ground. 

A study of orthoses which demonstrated lack 
of rigidity causing patients to become appre­
hensive showed that it usually emanated from a 
combinat ion of low structural stiffness in lateral 
and sagittal planes coupled with footplate 
bearing play and low footplate stiffness. 

All existing designs of swivel walkers were 
ostensibly strong enough for their normal mode 
of operat ion, a l though most required adjust­
ment and repair once or twice a year. N o n e were 
capable of withstanding the rigours of swing 
through gait. The bearings were unable to cope 
with the extra bending moments applied by the 
impact loading on the front and back edges of 
the footplates and excessive play and bearing 
damage occurred very rapidly. Some structures 
failed under buckling and twisting from the 
addit ional loads imposed. Footp la te covering 
materials were inadequate t o cope with the extra 
abrasion at the front and rear and as a result the 
footplates themselves soon began to wear away. 
Swivel walkers used in this way required 
frequent attention t o keep them operational . 

Early designs of swivel walkers were manu­

factured individually for each patient. This h a d 
the advantage that idiosyncracies could easily 
be overcome and that a good fit should always 
be possible. However, the approach demanded 
a level of understanding and expertise of which 
only a few companies were capable. This made 
the provision of swivel walker kits an attractive 
proposit ion, especially if construction could be 
made simple. 

Orlau swivel walker 
The Orlau swivel walker (Fig. 4) provides an 

answer to the problems which occurred with 
the earlier designs. It consists of a rigid stable 
frame with improved lateral, sagittal and 
torsional rigidity, and presents an open aspect 
at the front for ease of transfer. 

The body stabilizing frame is constructed 
from a base plate of 10 swg half hard BS 1470 
aluminium sheet with pressed strengthening 
ribs, to which are bolted two sand cast side 
brackets of L M 6 M aluminium. Side members 
of l " 1 / 2 " 1 / 8 " (25 x 12 x 3 mm) H E 3 0 T F alu-
minium alloy channel section locate into the 
brackets and are bolted at one of two posit ions 
to permit some height adjustment. These side 
members are braced by 5 / 8 " ( 1 5 m m ) O . D . x 16swg 
HT19-WP aluminium alloy tubes which pick u p 
on spigoted brackets machined from BS 1476 
E I C M aluminium alloy which bolt to the rear-
ward facing side of the channel section. The tube 
is located by a cross rivet through the bracket 
spigot and is bonded with Loctite 601 Superfast 
Retaining Compound . A depth suitable to clear 

Fig. 3. Swivel walker patient sitting. Left, joints at 
hips and knees only, e.g. outside support area. 
Right, joints at hips, knees and ankles, e.g. main-

tained within support area. 

Fig. 4. The Orlau swivel walker. 



the patient 's body is achieved by providing two 
bends in the aluminium alloy tube, each of 90 
degrees. 

The patient 's knees are supported by hinged 
sections from each side of the orthosis, a 
development of the Parapodium (Motloch, 1971) 
as used on the Breda Splint (Orlau, 1976). 
These are located on the front facing side of the 
channel section. The hinged sections consist of 
BS1476 H E 30TF aluminium alloy strip 1 3/4" 
(44 mm) wide and 1/8" (3 mm) thick to which are 
bonded 2" (50 mm) thick medium density 
Plastazotc blocks. These are cut away to fit over 
the patient 's knees and the two sections are 
locked together by means of an over centre 
toggle c lamp. Protex 30593/02-502. 

Chest fixation is achieved by means of a 
leather s t rap to which is at tached a Plastazote 
pad, and this is anchored to one of the uprights 
by means of a c lamp plate and screws. The 
second, shorter chest strap is similarly located 
t o the second upright and the two straps are 
buckled together by means of a Britax car 
safety harness clip—the shorter s t rap being 
threaded through the tongue and the clip being 
riveted to the leather par t of the chest pad. 

F o o t location is provided by a two hooped 
bar which is attached to an over centre tooling 
c lamp, D e Sta. Co . N o . 202. This arrangement 
keeps the feet posit ioned with the heels adjacent 
t o the bo t tom of the leg shute to maintain fore 
a n d aft location and also prevents the swivel 
walker from sliding off the body during swing 
through. 

The footplates consist of a sand cast alu­
minium ribbed construction incorporating a 
machined bearing housing in which is fitted a 
F A G 3202 double row ball bearing located by 
a n Ander ton N A M 1300/137 circlip. This 
assembly is completed with Black 12 I ron 
Estasol bonded on to the bo t tom face with 
Evostik to give good grip combined with wear 
resistance for bo th normal swivel walking and 
swing through gait with crutches. 

The footplates are at tached to the baseplate 
with flanged cadmium plated M.S. bearing pins 
located into the inner race with an Ander ton 
A M 1400/56 circlip. F o u r tapped holes in each 
flange pick up with four clearance holes in the 
base plate and take 5 m m diameter screws. 

T o give parallel footplate mot ion a spring 
loaded linkage connects the two footplates and 
a stop mechanism operating between the 

bearing pin flange and the footplate on each side 
permits a degree of overtravel to facilitate 
manoeuvrabili ty. 

Sacral fixation is provided by a 2 m m poly­
propylene band which is clamped to the side 
members with M 5 x 12 m m countersunk screws 
and nuts . A series of holes permits limited 
adjustment so that an appropria te band depth 
can be easily achieved. 

Figure 5 shows an exploded view of the Orlau 
swivel walker a n d indicates the relationship of 
all the components in the proposed kit. 

In order to permit ease of transfer a moulded 
1 1/2 m m thick polypropylene leg shute is provided 
which is riveted to the sacral b a n d and screwed 
to the base plate. The shape has been developed 
so that the legs are guided into posit ion as the 
patient slides down the shute. They do this from 
their wheelchair with the swivel walker t o p 
bracing tube lodged into the seat of the chair 
(Fig. 6a). Having lifted their legs into the shute, 
they control a sliding descent on to the base 
plate by grasping the side members (Fig. 6b). 
Wi th their feet firmly held on to the base plate 
by gravity they are able t o simply operate the 
footclamp lever, fasten the toggle c lamp on the 
knee bar and clip the chest strap (Fig. 6c). By 
pushing u p behind them on the wheelchair they 
rise to the standing posit ion (Fig. 6d) and are 
quickly ready for swivel walker ambula t ion or 
swing through gait with crutches. 

Fig. 5. The Orlau swivel walker kit. 



Clinical trials 
Five patients were selected for early clinical 

trials of the Orlau swivel walker. Each of these 
patients were experiencing problems with their 
existing swivel walker which the Orlau design 
was intended to overcome. All the patients were 
within the immediate care regime of Orlau and 
this enabled particular aspects of the design to 
be tested in a controlled manner . The physio­
therapists responsible for the children were 
closely involved both in the monitor ing and 
further development of the device. 

The experience with each patient is reported 
below, and Table 1 shows bo th the details of the 
children concerned and, briefly, the changes 
brought about by the Orlau swivel walker. 

Patient A 
This patient, aged 10 1/2, had been using a 

swivel walker from the age of 2 1/2 years and had 
developed a degree of skill and endurance 
which gave him a high level of function. 

Using crutches he was able to ambulate for 
distances up to half a mile with swing through 
gait. In addit ion he could transfer entirely 
independently into his swivel walker from a 
wheelchair and back again. This was achieved 
by sliding onto the floor from his wheelchair 
then, after preparing his swivel walker, rolling 
into it so that he was supine a n d then, by sitting 
up , securing the footstraps and knee bands . The 
chest strap was then buckled by lying down and 
the patient rolled into the prone position. A 
nearby dining r o o m chair was then used to 
" c l imb" into the vertical position. 

This procedure took approximately 4 1/2 
minutes, was extremely energy consuming and 
left the patient in a tired condition. 

Fig. 6. Transfer into the Orlau swivel walker from a wheelchair. 
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Both swing through gait and the mode of 
transfer imposed stresses on the swivel walker 
structure for which it was not designed. F o o t -
plates and their bearings suffered frequent 
failures, as did the curved dural side sections of 
the body frame. In one period of three mon ths 
his swivel walker had major repairs on four 
occasions with numerous minor adjustments. 

When supplied with an Orlau swivel walker 
this patient quickly developed the new slide-in 
technique of transfer. This procedure t ook 
approximately 1 minute, and left the pat ient 
fresh for his activities. 

In addit ion the extra rigidity improved his 
swivel walking performance so that typically 
he was able to ambulate 6.1 m in 18 seconds as 
opposed to 24 seconds in his conventional swivel 
walker. 

In a nine m o n t h trial, during which all his 
activities a n d independence were maintained, 
the Orlau swivel walker did not require a single 
repair or adjustment, apar t from a minor 
change after one week. 

Patient B 
As a younger child this patient had been a 

good swivel walker, but as he became taller and 
heavier his ability diminished to the stage when 
he was extremely apprehensive and required 
somebody close at hand before he would 
ambulate . 

Standing still in his swivel walker the patient 
could be seen to feel insecure, making frequent 
adjustments to his a r m positions in order to 
stave off an imagined loss of balance. 

With this device the patient could ambula te 
6.1 m in 47 seconds and h a d to be transferred 
entirely by a physiotherapist, this taking 4 1/2 
minutes. 

When supplied with an Orlau swivel walker 
the pat ient 's confidence increased very rapidly 
and within two weeks he managed to ambula te 
6.1 m in 25 seconds, this t ime improved to 18 
seconds in the following months . 

Because of feelings of vertigo this patient was 
initially reluctant to adopt the slide-in transfer 
method. However, he did manage to roll into 
his orthosis and secure himself despite con­
siderable finger disfunction. This took 1 minute 
50 seconds, entirely independently, as opposed 
to 4 1/2 minutes physiotherapist assisted with his 
previous device. The time to attain an upright 
posture using a chair was approximately 30 

seconds with bo th swivel walkers. The patient 
is now content to slide into his swivel walker 
directly from his wheelchair and is developing 
the technique of pushing himself into the vertical 
position. 

Patient C 
This very young patient could not master the 

ar t of swivel walking due to a great feeling ol 
insecurity and h a d to be very closely watched 
whenever he was using his conventional swivel 
walker. His mother was never more than a 
couple of paces away because he was p rone to 
over-balancing. 

After he was supplied with the Orlau swivel 
walker he became much more independent and 
his mother was happy to leave him in a room 
by himself. 

The child was t o o young to manage inde­
pendent transfer, but the mother felt the benefit 
of much easier transfer of the patient. 

Patient D 
Despite months of training this very poorly 

motivated patient would no t ambulate in a 
conventional swivel walker without somebody 
in very close at tendance, preferably holding the 
swivel walker as he rocked from side to side. 

After a little training with the Orlau swivel 
walker the patient was prepared t o ambula te 
without a physiotherapist in close at tendance. 
However, his speed was still very p o o r a n d 
initially constant urging was required for h im 
to indulge in sustained ambulat ion. With further 
training this patient became more willing to 
ambulate and was t imed at 2 1/2 minutes for 6.1 m . 

Because of p o o r motivat ion this patient is 
unlikely t o become capable of independent 
transfer. 

Patient E 
This very tall patient suffers with spinal 

instability. Existing swivel walkers gave her 
feelings of insecurity and presented restrictions 
t o spinal orthoses of the type she required. 

The Orlau swivel walker gave her m u c h 
greater confidence and she became keen to use 
the device in contrast to her previous reluctance 
to use a swivel walker. 

Spinal instability still caused her discomfort 
and a spinal orthosis was m a d e to fit within t h e 
swivel walker to overcome that problem. 



Discussion 
The Orlau swivel walker offers the following 

specific advantages over earlier designs: 
1 . Ease of independent transfer. 

2. Improved strength t o withstand extra stresses 
of transfer and swing through gait. 

3. Increased rigidity to give confidence t o appre­
hensive patients. 
Experience has shown that t o eliminate 

problems of poor construction and incorrect 
mechanical adjustment of swivel walkers it is 
necessary t o m a k e them available in kit form. 
The Orlau design has been created for this 
method of assembly and a trial batch of 25 sets 
has proven to be simple to construct. T o reduce 
the amoun t of small ba tch product ion, each 
component has , as far as possible, been 
standardized for the complete size range. Off 
the shelf components , for example, the foot-
plate bearing, have been used wherever possible 
t o increase reliability and reduce supply 
problems. 

At 4.76 kg the Orlau swivel walker is heavier 
at the top end of its size range than the 4.66 kg 
of the lightest design of equivalent size, but 
significantly lighter than the heavier types. 

The price of the kit is likely t o be similar t o 
existing kit designs, bu t reductions in assembly 
t ime should be possible. 
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Abstract 
Several newly available plastics become malle­
able when immersed in warm water or subjected 
t o warm air; they re turn t o a more rigid state 
when cool. Because fabrication requires that 
they be heated only to temperatures tolerated 
by the skin, one can mould them directly on the 
patient to produce custom-designed a n d indi­
vidually-fitted devices. The new thermoplastics 
a re modified readily upon reheating with warm 
water or air. Al though varying in colour and 
texture, these materials all present a com­
paratively pleasing appearance. As a group , 
however, they are less rigid and less durable 
than other plastics or metals used in prosthetics 
and orthotics. While the initial cost of the new 
thermoplastics exceeds that of other materials, 
the finished appliance generally is less expensive 
because less time, skill, and equipment are 
needed for fabrication. Each plastic is analyzed 
in terms of its chemical and physical character­
istics; commercial forms, whether marketed in 
sheet, tape, or precut splint form; and fabrica­
t ion requirements. Al though their principal use 
is in upper-l imb orthotics, especially h a n d and 
forearm appliances, these plastics are suitable 
for selected application in spinal orthotics, such 
as collars and body jackets ; lower-limb or tho­
tics, particularly shoe inserts; and for the 
sockets of temporary prostheses. 

Greater utilization of plastics is one of the 
mos t impor tant t rends in modern orthotics. In 
the past , orthoses were made almost exclusively 
of metal , plaster of Paris, or leather. These 
materials are still used, but , as in prosthetic 
practice, plastics are employed with increasing 
frequency. 

Plastics are synthetic materials which may be 

moulded, extruded, laminated, or otherwise 
formed into various shapes. These materials 
m a y be categorized as thermoplastics and 
thermosets, the latter being formed by moulding 
liquid plastic over a positive model. Once 
solidified, thermosets cannot be reshaped, 
except to a minor extent, by subsequent 
application of heat ; they are very suitable, 
however, where great rigidity is required. 

Thermoplastics, in contrast , become formable 
when heated, a n d rigid when cooled. After they 
have cooled, they may be reheated and reshaped 
many times. This useful feature permits repeated 
alterations of the orthosis. Many newly 
marketed thermoplastics become malleable 
when heated to temperatures low enough to be 
tolerated by the skin and therefore can be 
applied directly t o the patient. 

Plastics which require n o more than 80°C 
(180°F) to become workable may be termed 
low-temperature thermoplastics. Some foams 
must be heated t o a higher temperature initially, 
but , since air convection cools their surfaces 
rapidly and they have low conductivity, they 
can be formed safely on the pat ient ; such 
materials also may be considered as low-
temperature thermoplastics. Since n o cast is 
needed, low-temperature thermoplastics hasten 
provision of orthoses to the patient and are so 
relatively easy to work that most rehabil i tat ion 
personnel can form devices with minimal 
practice and very little equipment. Even the 
most modestly furnished depar tment should be 
able to supply ho t water, scissors, and a source 
of ho t air such as a heat gun, toaster oven, or 
electric frying pan with which t o fabricate 
orthoses from most of the low-temperature 
materials. 

Thermoplastics for orthoses are generally 
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manufactured in sheets. A few are sold as rolls 
of plastic-impregnated fabric. Such bandage can 
be wrapped easily a round the body segment or 
can be applied as overlapping, layered splints. 

Plastics provide a very wide range of choices 
in physical characteristics, especially strength, 
rigidity, and appearance. Strength is indicated 
by the amoun t of force necessary to cause 
failure, either by breakage or stretching. 
Rigidity is indicated by the force needed to cause 
deflection of the material for a given distance. 
These properties depend on the thickness, as 
well as the chemistry of the material . Conse-
quently, orthotic design should include 
strategically-placed reinforcements, curves, 
corrugat ions, and rolled edges to increase 
rigidity selectively. 

It is very easy to cut a pat tern in low-
temperature thermoplastics with scissors, par­
ticularly when the material is warm. The very 
process of cutting the heated plastic, in most 
instances, produces smooth edges without need 
for sanding or polishing. Some of the stiffer 
plastics, however, can be cut better with a coping 
saw, while others are easier to cut with scissors 
when cool. 

Al though all materials have shrinkage and 
elastic memory, some display one or bo th of 
these properties t o a marked extent. Shrinkage 
is reduct ion in size due t o thermal stress; heat 
modifies intermolecular bonds which reduce 
their length. A material which shrinks markedly 
requires that it be cut from a pat tern which is 
large enough to compensate for shrinkage so 
tha t the orthosis, once completed, will not fit 
t oo t(ghtly. Low-temperature thermoplastics 
have á relatively long working t ime, adequate 
to form complex shapes without resorting to 
repeated heating or the use of expensive 
equipment such as vacuum formers. Those 
materials which exhibit considerable elastic 
memory can be stretched a great deal when 
heated, yet will re turn to the original dimensions 
when cool. Elastic memory generally refers to 
the return to the original manufactured form 
after a material is mechanically stressed; when 
stress is relieved, the intermolecular bonds 
return to their relaxed state. 

Most low-temperature thermoplastics are self-
adherent when warm. Straps and other attach­
ments can then be interlayered between folds 
of plastic. Some of those which are no t readily 
self-adherent may be bonded by removing a thin 

por t ion of the surface with a solvent, then 
pressing the two sheets of plastic together. 
Others require the use of contact, epoxy, or 
solvent cements. A n alternate me thod for 
securing at tachments is by the use of rivets o r 
similar fasteners. This type of hardware is not 
suitable for use in plastics which tend to creep, 
that is, deform slowly under sustained load; in 
such materials, fasteners may withdraw event­
ually from their holes. 

These plastics permit rapid fabrication of 
custom-fitted orthoses. One may either trace a 
pat tern from a pat tern b o o k or other source 
on to the plastic, or may design a pat tern on 
paper toweling, cutting and piecing until the 
required contour is achieved; the resulting 
pat tern is then traced on to the plastic. F o r those 
materials which are very elastic when hot , one 
need cut only general contours from the plastic, 
leaving broad margins, then shape and t r im the 
plastic while it is draped on the patient. F o r 
s tandard applications, such as a wrist orthosis 
to prevent pa lmar flexion, it may be expedient 
to purchase a pre-cut splint. The flat plastic is 
then heated, shaped, and t r immed to suit the 
individual. 

The principal use of low-temperature thermo­
plastics is in upper-l imb orthotics where rapid 
provision of assistive or protective orthoses is 
often desirable. One can maintain the arches and 
interdigital spaces of the paralyzed hand with 
simple thermoplastic orthoses. Less rigid 
plastics, especially those which are foamed, may 
need to be reinforced in areas of high stress by 
interleafing metal or polyethylene strips. Greater 
rigidity is also necessary in hand orthoses which 
will incorporate outriggers. F o r suppor t of the 
wrist, elbow, t runk, or other body segments 
which present relatively smooth curves, one 
should select stronger, more rigid plastic, 
perhaps adding a thin lining of polyethylene 
foam to improve pressure distribution. Foamed 
polyethylene is also useful for cus tom-made 
inner soles for patients with deformed feet, as 
well as for cervical collars. Many of the more 
malleable plastics are ideal for forming custom-
contoured handles on utensils for pat ients with 
impaired grasp. Low-temperature thermoplastic, 
particularly that manufactured in tubular form, 
is appropr ia te for fabrication into sockets, 
especially for below-knee and below-elbow 
prostheses. 

Low-temperature thermoplastics are no t 



suitable for all or thot ic applications. Where 
high stress is anticipated for example, in an 
orthosis to be worn for a long period, or one 
to be applied t o a severely spastic patient w h o 
will exert great force on it, thermoplastics which 
require higher heat for forming, thermosett ing 
plastics, or metal may be needed for the requisite 
strength. Al though sheets of low-temperature 
thermoplastics are generally m u c h more 
expensive than other plastics, metal , or leather, 
the relative reduct ion in fabrication time and 
technical skill needed to complete an appliance 
usually results in an appreciable net economy. 

Table 1 indicates pertinent information on the 
characteristics of plastics which can be formed 
directly on the patient. The comments are in­
tended t o highlight the distinctions of each 
plastic, ra ther than to provide the detailed analy­
sis o r fabrication instructions which can b e 
secured from the manufacturer . 

Low-temperature thermoplastics are an im­
por tan t addit ion to the professional arma­
mentar ium which may permit faster provision 
of custom-made orthoses t o speed patient 
rehabilitation. 

SUPPLIERS 

A L I M E D , 138 Prince Street, Boston, Massachusetts 
02113 (Aliplast). 

BRB INDUSTRIES, INC., 467 11th Street, Hoboken, 
New Jersey 07030 (Surgical Orthopaedic Splinting). 

HEXCEL MEDICAL PRODUCTS, 11711 Dublin Boule­
vard, Dublin, California 94566 (Hexcelite). 

JOHNSON AND JOHNSON, New Brunswick, New 
Jersey 08903 (Orthoplast). 

MERCK SHARP AND DOHME ORTHOPEDICS COMPANY, 
INC., 2990 Red Hill Avenue, Costa Mesa, 
California 92626 (Lightcast). 

ROLYAN MEDICAL PRODUCTS, Post Office Box 555, 
14635 Commerce Drive, Menomonee Falls, 
Wisconsin 53051 (Polyform). 

FRED SAMMONS, INC., BOX 32, Brookfield, Illinois 
60513 (Bioplastics, Kay-Splint). 

SMITH AND NEPHEW LIMITED, 2100 52nd Avenue, 
Lachine 620, Quebec, Canada (Plastazote, 
Glassona, San-Splint). 

THERMO-MOLD MEDICAL PRODUCTS, INC. , Route 
130, Post Office Box 36, Burlington, New Jersey 
08016 (Warm 'n Form). 

UNITED STATES MANUFACTURING COMPANY, 623 
South Central Avenue, Post Office Box 110, 
Glendale, California 91209 (Polysar). 

WFR CORPORATION, 199 Gregory Boulevard, 
Norwalk, Connecticut 06855 (Aquaplast). 



The international organizations—World Rehabilitation Fund Inc. 

E. J. T A Y L O R 

Address given at the International Assistance Programmes Session, 
Second World Congress of the International Society for Prosthetics and Orthotics, 

31 May, 1977 New York City 

The World Rehabil i tat ion Fund ( W R F ) began 
in 1955 as a very small organization. F o r the 
first few years our resources were expended t o 
provide fellowships to bring people from other 
countries to the United States of America and, 
in particular, to the Insti tute of Physical 
Medicine and Rehabil i tat ion, N e w York 
University Medical Centre for advanced 
training. 

Mos t of the resources were spent to provide 
fellowships for physicians. The Centre had been 
training physicians from overseas countries 
prior to the founding of the W R F and many 
of the leaders in rehabili tation throughout the 
world have had training at New York Un i -
versity. 

I n those early days fellowships were also 
provided directly from the Insti tute of Re-
habili tation Medicine and later from the W R F 
in the fields of prosthetics and orthotics. 
When the p rogramme at the Insti tute was run 
by the late William Tosberg, I recall we had 
trainees from Japan , Korea , Burma, Thai land 
and Colombia. 

In the early 1950's our President, H o w a r d A. 
Rusk , M.D. , made a trip a round South America 
t o visit a number of former physican trainees. 
When he returned he stated he was appalled by 
the lack of prosthetic-orthotic services. Those 
that were provided, primarily by unskilled 
persons in private shops, in many instances 
contr ibuted t o furthering the disability of a 
crippled child rather than correcting it. 

I have always believed that the two essential 
services for a crippled child in the developing 
country are mobility and education. A child 
must have mobility a n d must have some 
educat ion to have a fighting chance of becoming 
independent. 

In 1957 the Wor ld Rehabil i tat ion F u n d gave 

a fellowship to Mr. Juan Monros , a professional 
soccer player from Spain who h a d played in 
Switzerland who recognized that he was 
approaching an age when he could n o longer 
play soccer professionally and wanted to learn 
a trade. 

At that t ime we noted that a new technology 
in prosthetics and orthotics was beginning to 
emerge based on the use of plastics a n d pre­
fabricated par ts . The W R F decided t o test the 
hypothesis that a person with mechanical 
apt i tude, even though he lacked formal academic 
preparat ion, could be taught orthotics in five 
months . This we did successfully in Peru and 
then in Brazil. 

Since then we have been conducting training 
programmes th roughout the world a n d have 
now provided courses for approximately one 
thousand students. In many instances, however, 
the student took a course in orthotics and 
subsequently took a course in prosthetics, 
therefore, the number of individuals is some­
what less than 1,000. 

W e have specialized in the developing par ts 
of the world. N o fellowships for such courses 
have been given to persons from Europe , the 
Uni ted Kingdom, Ireland, Canada , Japan , or 
the United States. Of the 1,000 persons trained, 
to our knowledge, the vast majority are 
practising their professions. A r o u n d twenty 
have died or were killed in Vietnam and we 
know of only four instances where the t ra ined 
individual has left the profession for another 
occupation. 

The W R F global p rogramme in prosthetics 
and orthotics has been very carefully developed. 
After four or five years, the W R F established 
permanent regional training centres in pros­
thetics and orthotics. T o staff these centres a 
number of potential instructors were brought 



to the U .S . for a specialized course in 1971 at 
the Prosthetic-Orthotic School, New Y o r k 
University Medical Centre. F r o m time to t ime 
we have brought individual persons t o the U.S . 
to receive further training at the Prosthetic-
Orthot ic School, New York University Medical 
Centre, the Veterans Administrat ion Prosthetic 
Centre in New York , the Newington Children's 
Hospital in Newington, Connecticut ; and the 
Insti tute of Rehabili tat ion Medicine, New York 
University Medical Centre. We have received 
complete co-operat ion from these training 
sources. 

In June of this year (1977) we will hold a 
two-week course in cosmetic restoration at the 
Veterans Administrat ion Prosthetic Centre and 
a course in the use of plastics in orthotics at the 
Institute of Rehabil i tat ion Medicine, for trainees 
from Brazil, Peru, Nicaragua, Taiwan, Korea , 
and H o n g Kong. 

In July of this year the eleventh course in 
prosthetics and orthotics will be held a t the 
W R F Regional Training Centre in Sao Paulo. 
A total of approximately 200 technicians has 
been trained from all par ts of Brazil and from 
every country in South America, including 
Sur inam and Guyana . Trainees have been 
accepted from Hait i , the Dominican Republic , 
Jamaica, Trinidad, Nicaragua, Guatemala , and 
Mexico. W e have also had a number of trainees 
from Angola and Mozambique , the former 
colonies of Portugal , who speak Portuguese the 
language of Brazil. W e have also h a d trainees 
from other par ts of the world including H o n g 
Kong , and at the course starting in July, there 
will be one trainee from Korea a n d two from 
the Republic of China (Taiwan). 

Earlier this m o n t h the W R F began a five-
m o n t h course in Bangalore, India, which will 
be the third course held at the W R F Regional 
Training Centre in Prosthetics and Orthotics in 
Bangalore. This will be the fifth such course 
held in India. W e have had trainees not only 
from India but also from Thailand, Indonesia, 
Turkey, H o n g K o n g and Sri Lanka . 

The W R F started a regional training centre 
in H o n g Kong . At that t ime there was a long 
waiting list for persons needing artificial l imbs 
and braces. As a result of the courses there is 
n o longer a waiting list, consequently, W R F 
has transferred its regional training centre 
from Hong Kong to Taipei, Taiwan. While the 
centre was in H o n g Kong , it gave training to 

persons from Indonesia, Malaysia, the Philip­
pines, Western Samoa, New Hebrides, and 
Korea . 

The W R F has held two courses in Africa, one 
in Uganda and one in Ethiopia, and has trained 
people from Egypt, Kenya, Tanzania , Lesotho, 
Swaziland, Nigeria, Togo, Camaroon , Benin, 
G h a n a , Guinea , Liberia, Mozambique , Angola , 
Zaire, Zambia , and Upper Volta. 

The W R F entered into a tentative agreement 
with the Wor ld Heal th Organization, under 
which the W R F has agreed to provide con­
sultation services, training of personnel, impor t 
equipment and supplies, a n d supervision for 
prosthetic-orthotic shops in all of the African 
republics. Mr . Monros was in West Africa in 
March of this year and was scheduled to spend 
time at the W H O Regional Office for Africa in 
Brazzaville, The Congo. As the President of the 
Congo h a d just been assassinated a few days 
prior to his arrival, the borders were closed and 
Mr. Monros was not able to enter The Congo . 
This p rog ramme has been completely funded. 

We believe that prosthetic-orthotic services in 
Africa must be made available at low costs and 
should be provided as far as possible with 
supplies available within the country. W e do not 
believe in long term training, particularly in 
overseas countries which results in trainees 
emigrating as their own Governments cannot 
pay wages comparable to those in the developed 
par ts of the world. N o r do we believe in long 
term overseas training in which the technician 
becomes completely dependent upon supplies 
which must be imported. Neither the individual 
patient nor his Government can afford t o 
import supplies. Using the same techniques and 
often the same components it is possible t o 
produce, under the W R F approach, a P T B 
prosthesis in Africa for USŞ20-f50 and in 
India for USŞ20-Ş40. The huge difference 
between costs there a n d in the developed par t s 
of the world results from the fact that the 
salaries paid to technicians in Africa a n d India 
are one twelfth to one twentieth of the salaries 
pa id to a certified prosthetist-orthotist in the 
United States. 

Prior to the beginning of hostilities in Lebanon , 
there were two major prosthetic-orthotic 
services there, one of which was at the American 
University of Beirut. The W R F provided minor 
assistance in the training of its director, Amin 
Haa j , a n d provided some of the equipment for 



the shop and the physical therapy section. The 
second shop was a t Al-Kafaat , a voluntary 
organization providing shelter workshop 
services for approximately 125 disabled persons, 
a school for the physically handicapped and 
schools for the mentally re tarded and deaf, as 
well as the prosthetic-orthotic shop. The shop 
is intact, and the three principal technicians 
have remained throughout the hostilities in 
Lebanon. They have provided services for 
approximately 400 persons thus far in 1977, 
utilizing equipment and components flown to 
t hem by the W R F from Germany. The U.S . 
Agency for Internat ional Development has 
m a d e substantial grants to American University, 
the Internat ional Red Cross, and the United 
Nat ions , all of which are starting from scratch 
a n d ignoring the fact that a well trained cadre 
of technicians with the equipment is available 
at Al-Kafaat. 

The Du tch Government has sent an expert 
in prosthetics to Lebanon who has measured 
the amputees and the prostheses are being 
fabricated in the Nether lands. The Du tch will 
send a team of about 20 people to fit the 
prostheses and give patients training in their 

use. They have stated they cannot fit more than 
450. Currently the British Government is also 
considering giving some assistance in pros-
thetics and orthotics. The W R F is concerned 
that when the foreign personnel leave, there will 
be n o trained prosthetist-orthotist personnel for 
repairs or t o manufacture new devices for 
children who need new braces as a result of 
growth. We consider this a pr ime example of 
"reinventing the wheel" , when administrators 
who know nothing about prosthetics and 
orthotics m a k e decisions t o import personnel 
and totally ignore locally trained people who 
have had six t o seven years of experience plus 
training in the United States. 

The W R F estimates that the number of 
amputees in Lebanon is from 3,000 to 4,000. 
Actually no one knows. Persons without 
experience have reported there are 700 to 800 
amputees. As so frequently happens , the 
original estimate has been recopied in all 
official reports but there is evidence there are 
far more than the original number . 

The Wor ld Rehabil i tat ion F u n d has every 
intention of continuing its prosthetic-orthotic 
services until all the needs have been met . 



Education in prosthetics and orthotics* 
J. H U G H E S 

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

*This is one of the lead papers on Prosthetic/Orthotic 
Education presented at the Second World Congress. 
It is hoped that a forthcoming issue of Prosthetics 
and Orthotics International will carry the other lead 
paper by W. Kreiger. 

Introduction 

At the time of the first Wor ld Congress of ISPO 
a " w o r k s h o p " was held in Les Diablerets, 
Switzerland, to a t tempt to identify needs and 
establish priorities of act ion in prosthetics and 
orthotics th roughout the world ( ISPO, 1975). 
In response t o questionnaires sent out six 
mon ths pr ior t o this event, 33 countries, 
representing nearly half of the world popula­
tion, provided information on patient popula­
tion, facilities, professional staff, etc. While 
there were gaps in the information obtained 
and a l though many of the statistics provided 
were clearly suspect, it was possible t o get an 
impression of the extent of the problem. In 
the disability types considered, the number of 
physically handicapped was reported as being 
over 14,000,000 in a total popula t ion of about 
1,200,000,000. This suggests that about one 
person in 100 might require some type of 
appliance. It appeared that only 1,800,000 have 
been provided with devices, leaving over 
12,000,000 handicapped individuals for w h o m 
n o appliance h a d been made . I t was estimated 
that about 11 prosthetists, orthotists and 
technicians were needed to care for 1,000 
patients. Thus , to provide service for the 
12,000,000 handicapped presently uncatered 
for would require the training of 132,000 
persons. 

Even if these figures are substantially 
inaccurate, it can be seen that the problem is 
massive. It is no t surprising that in this world 
survey, in a section for special comment , there 
were more requests for assistance in educat ion 
and training than for any other service or facility. 

I t is apparent that in global terms present 
arrangements are grossly inadequate for the 
whole g roup of medical and paramedical 

workers involved in this field. The clinic team 
concept, already proven as the preferred means 
of t reatment for the pat ient requiring prosthet ic 
or orthotic provision, requires a high degree of 
professionalism of all its members . The key 
member in the team in this continuing process 
and the one whose educat ion and training gives 
most cause for concern is the prosthetist / 
orthotist . It is this problem which is the 
pr imary consideration of this presentation. 

The prosthetist/orthotist 

The emerging pat tern of practice th roughout 
the world involves two levels of operatives, the 
prosthetist /orthotist and the prosthetics/ o r tho-
tics technician. J o b specifications have pre­
viously been detailed in a number of documents 
(U .N . 1968, H .M.S .O . 1970) but the distinction 
is rather easily unders tood. The prosthetist / 
orthotist is the professional member of the 
clinic team who is directly concerned with the 
t reatment of the patient. The technician, on the 
other hand , is concerned largely with the manu­
facturing and assembly process, working to the 
instructions of the prosthetist /orthotist . I t is 
inevitable in this field that certain construct ion 
or adjustment work will be carried out by the 
prosthetist /orthotist and, on the other hand , 
the technician will, from t ime to time, be 
involved in working with the patient under the 
supervision of the prosthetist /orthotist . The 
two types of staff are , however, quite distinct 
in function and their selection, educat ion and 
training must reflect this. T o have one individual 
handling all stages of measuring, construc­
tion, assembly and fitting is inefficient in the 
use of high grade staff and puts excessive 
demands on the abilities of lower grade staff. 



It is recognized that terminology differs 
th roughout the world and that even where the 
terms prosthetist /orthotist and prosthetics/ 
orthotics technician are not used, this two-tier 
s tructure of working exists. The only importance 
in formally recognizing its existence is clearly 
to identify that the two individuals involved 
would be selected for different attr ibutes and 
att i tudes, would require different entry qualifica­
t ions and subsequently would be educated to 
a quite different level. 

These statements are no t incompatible with 
the best practice anywhere in the developed 
world. The training of the technician is broadly 
craft based and will be adapted to local needs 
and the skills and resources available. The 
educat ion and training of the professional 
prosthetist /orthotist is much more demanding 
of resources and, moreover, is the key to the 
massive problem already identified of the 
world ' s untreated millions. 

Professional education and training 
The Internat ional Society for Prosthetics and 

Orthotics has a now clearly developed 
phi losophy in respect of prosthetic/orthotic 
educat ion and training. This philosophy has 
been documented in a series of publications 
which started with the Repor t of the United 
Na t ions Interregional Seminar on Standards for 
the Training of Prosthetists ( U . N . 1968), the 
so called Hol te Repor t , which was organized 
by the Uni ted Nat ions in collaborat ion with 
the Society's forerunner, the Internat ional 
Commit tee on Prosthetics and Orthotics 
(I .C.P.O.). The current status of the Society's 
views, which have not changed in concept over 
the years, is now embodied in two documents . 
The first, already referred to , "Needs in 
Prosthetics and Orthotics Wor ldwide" (ISPO 
1975) is the report of the workshop held at the 
t ime of the first Wor ld Congress. In this report 
it is stated that the Society's "phi losophy 
endorses formal long-term degree-level courses 
or the equivalent for prosthetists and or thot is ts" . 
T h e second document is the " In terna t ional 
Study Week on Prosthetic/Orthotic Educa t ion" 
(Hughes, Ed. 1976). The Study Week brought 
together representatives of most of the major 
educat ion programmes in prosthetics/orthotics 
th roughout the world to give detailed con­
sideration t o the current situation and m a k e 
plans for future development. This second 

publication, the proceedings of that study week, 
spells out in substantial detail the content and 
format of properly constituted education and 
training programmes. 

The Study Week Proceedings recognized 
that a wide spectrum of approaches exists 
ranging from the formal university course to 
the "gu i ld" based. Irrespective of the approach 
however, the essential ingredients of any course 
leading to professional qualification were 
specified a s : 

a. Teaching of theoretical subjects. 
b . Closely supervised practical instruction. 
c. Structured and controlled clinical experiences 

The theoretical subjects range over the basic 
physical and life sciences and the application 
of these to prosthetics and orthotics and related 
medical and social topics. I t is no t possible t o 
specify a curriculum in absolute t ime allocations 
because of nat ional variations in educational 
practice and conventions. The specification of 
degree level or equivalent establishes on a 
nat ional basis such things as entry qualifications, 
total t ime content and educational level. 

Closely controlled and supervised practical 
instruction in a laboratory or classroom 
situation was agreed as being essential to any 
of the various forms of training courses and a 
detailed min imum number of experiences was 
identified. These covered all the main prosthetic 
a n d orthotic devices and would take place in an 
instructor/student setting apar t from the normal 
service clinic environment. 

The normal clinical experiences required by 
the student which would take place during the 
course and the related internship were also 
identified as requiring structuring and control . 

Without a t tempting to impose a uniformity 
of approach, this specification still sets the 
boundar ies of any reputable course. The course 
with which the au thor is associated follows the 
formal university course pat tern. This three 
year course leads to a nationally recognized 
award, the Higher Dip loma, of degree equiv­
alent status. The hourly b reakdown of educa­
tion and training is as shown in Table 1. It will 
be seen that the theoretical teaching amounts 
to about 2,160 hours . The students have 
university entry level qualifications a n d this 
establishes the durat ion and type of course 
which is required to bring them to degree level. 
The closely controlled and supervised practical 



instruction amounts t o another 2,415 hours . It is 
difficult t o imagine that the experiences 
identified under this category by the Study 
Week G r o u p could be covered in the laboratory 
situation in any less. The durat ion of a course 
using an alternative approach would require 
to be adjusted accordingly. However, it would 
still need to include bo th these elements and so 
would inevitably be longer—there can be n o 
shorter pa th than concentrat ing bo th elements 
together. 

Al though flexible, there is nothing ambiguous 
about the ISPO philosophy. The educational 
level is clearly specified—degree level or 
equivalent. The educational aspects must be 
completely integrated with a clinical training 
p rogramme which, in the controlled environ­
ment of laboratory or classroom, provides the 
trainee prosthetist /orthotist with a specified 
min imum number of experiences relating to the 
whole range of devices he will encounter in his 
clinical career. It hardly needs to be said that 
throughout the p rogramme proper examinations 
and assessments would be carried out , records 
kept and gradings allocated. Standards must 
be maintained and one would expect to see 
similar wastage rates applying to this course as 
to any other university or college course. 
Within this flexible philosophy, courses or 
systems of education and training which do not 
conform to these outlines cannot be considered 
acceptable. 

In consideration of the duties of the p ro ­
fessional prosthetist/orthotist , it is difficult to 
visualize any different situation which would 
satisfy his needs, the needs of the clinic team 
and, of pr ime importance, the needs of the 
patient. 

The world need 
It was suggested in the introduction that there 

was a requirement to t rain 132,000 prosthetists, 
orthotists and technicians. This figure may no t 
be very accurate. I t does, however, indicate the 
size of the problem. 

In January 1974 ISPO carried out a survey 
of established prosthetics/orthotics schools. 
Eighteen were identified of which it must be 
said that several, perhaps as many as ten, d o 
not satisfy the criteria, already described, of 
providing a professional qualification. The 
existing schools are not even sufficient in 
number or size to deal with natural wastage. 
Since that t ime it does not appear that any new 
educational facilities have emerged—the situa­
t ion is static. Yet even if the provisional 
estimates of need are exaggerated, and there is 
n o reason to suppose that they are, the need is 
desperate. New schools should be developing. 
Existing schools should be inundated. 

There is an urgent requirement for inter­
national agencies t o channel resources into 
education and training—and education a n d 
training at a high level. As an ideal, the re­
habil i tat ion of the pat ient requiring prosthet ic 
or orthotic assistance must be of similar 
s tandard, regardless of the par t of the world 
where this t reatment takes place. This infers an 
eventual move towards uniformity of educat ion 
and training standards and subsequent qualifica­
tion. This is par t of the ideal of ISPO. The 
practical expression must come from the 
national and international groups w h o are 
responsible for committ ing funds. A n invest­
ment made now in educating and training a 
prosthetist /orthotist will no t mature for at least 
four years. A n investment in an instructor may 
take twice as long. F o r the patients w h o need 
our services, a decade of Rehabil i tat ion can only 
follow a decade of Educat ion and Training. 

TABLE I 
THEORETICAL TEACHING 

REFERENCES 
HUGHES, J . Ed. (1976) International Study Week on 

Prosthetic/Orthotic Education. HMSO, Edin­
burgh. 

INTERNATIONAL SOCIETY FOR PROSTHETICS AND 
ORTHOTICS (1975). Needs in Prosthetics and 
Orthotics Worldwide. ISPO, Denmark. 

SCOTTISH HOME AND HEALTH DEPARTMENT (1970). 
The Future of the Artificial Limb Service in 
Scotland. HMSO, Edinburgh. 

UNITED NATIONS (1968). Report of the United 
Nations Interregional Seminar on Standards for 
the Training of Prosthetists, Holte, Denmark. 
United Nations, New York. 
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Calendar of events 
1-5 May , 1978 
751C Course in Lower Limb Orthotics for Physicians and Surgeons. 
Informat ion : New York University, Pos t -Graduate Medical School, Prosthetics and Orthotics, 317 
East 34th Street, New York , N . Y . 10016. 
752C Course in Lower L imb Orthotics for Therapists. 
Informat ion: New Y o r k University, Pos t -Graduate Medical School, Prosthetics and Orthotics, 317 
East 34th Street, New York , N . Y . 10016. 

1-5 M a y , 1978 
772-B, 732-B Courses in Lower L imb and Spinal Orthotics for Physicians, Surgeons a n d Therapists . 
In format ion : Charles M . Fryer, Director , Prosthetic-Orthotic Center, Nor thwestern University 
Medical School, 345 East Superior Street, R o o m 1723, Chicago, Illinois 60611. 

8-12 May , 1978 
6 2 2 - G , 623G Courses in Lower L imb Prosthetics for Physicians, Surgeons and Therapists . 
In format ion : Charles M . Fryer, Director, Prosthetic-Orthotic Center, Nor thwestern University 
Medical School, 345 East Superior Street, R o o m 1723, Chicago, Illinois 60611. 

8-13 May , 1978 
741D Course in Lower Limb Prosthetics for Physicians and Surgeons. 
Informat ion : N e w Y o r k University, Pos t -Graduate Medical School, Prosthetics and Orthotics, 317 
East 34th Street, N e w York , N . Y . 10016. 

11-12 M a y , 1978 
681-G Course in Immediate Postsurgical Fit t ing for Prosthetists. 
Informat ion: Charles M . Fryer, Director, Prosthetic-Orthotic Center, Nor thwestern University 
Medical School, 345 East Superior Street, R o o m 1723, Chicago, Illinois 60611. 

15-18 M a y , 1978 
631-B, 632-B, 633-B Courses in Management of the Juvenile Amputee for Physicians, Surgeons, 
Therapists and Prosthetists. 
Informat ion: Charles M . Fryer, Director, Prosthetic-Orthotic Center, Nor thwestern University 
Medical School, 345 East Superior Street, R o o m 1723, Chicago, Illinois 60611. 

15-26 M a y , 1978 
758 Course in Upper L imb Orthotics for Orthotists . 
In format ion : N e w Y o r k University, Pos t -Graduate Medical School, Prosthetics a n d Orthotics, 317 
East 34th Street, New York , N . Y . 10016. 

22-26 M a y , 1978 
6 2 2 - H , 623 -H Courses in Lower L imb Prosthetics for Physicians, Surgeons a n d Therapists . 
In format ion : Charles M . Fryer, Director , Prosthetic-Orthotic Center, Nor thwestern University 
Medical School, 345 East Superior Street, R o o m 1723, Chicago, Illinois 60611. 

25-26 May , 1978 
6 8 1 - H Course in Immediate Postsurgical Fit t ing for Prosthetists. 
In format ion : Charles M . Fryer, Director , Prosthetic-Orthotic Center, Nor thwestern University 
Medical School, 345 East Superior Street, R o o m 1723, Chicago, Illinois 60611. 

31 M a y - 3 June 1978 
Scientific Congress and Exhibit ion Medizin-Technik 78, Stuttgart , Germany . 
Informat ion: Tagungsgeschaestsstelle, Medizin-Technik 78, Universitaet Stuttgart , Postfach 560, 
D-7000 Stuttgart 1, Germany. 
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June, 1978 
8th Internat ional Congress of the Wor ld Federat ion for Physical Therapy, Tel Aviv, Israel. 
Informat ion: Secretary General , Miss M . M . McKay , W.C.P.T. , Brigray House , 20/22 Mor t imer 
Street, L o n d o n W 1 P 1 A A . 
5-9 June, 1978 
750B Course in Prosthetics and Orthotics for Rehabil i tat ion Counselors. 
Informat ion: New Y o r k University, Pos t -Graduate Medical School, Prosthetics and Orthotics, 317 
East 34th Street, New York, N . Y . 10016. 

5-9 June, 1978 
622-1, 623-1 Courses in Lower L imb Prosthetics for Physicians, Surgeons and Therapists. 
Informat ion: Charles M . Fryer, Director , Prosthetic-Orthotic Center, Northwestern University 
Medical School, 345 East Superior Street, R o o m 1723, Chicago, Illinois 60611. 
5-23 June, 1978 
753 Course in Lower L imb Orthotics for Orthotists. 
Informat ion: New Y o r k University, Pos t -Graduate Medical School, Prosthetics a n d Orthotics, 317 
East 34th Street, New York , N . Y . 10016. 

8-9 June, 1978 
681-I Course in Immediate Postsurgical Fitt ing for Prosthetists. 
Informat ion: Charles M . Fryer, Director, Prosthetic-Orthotic Center, Northwestern University 
Medical School, 345 East Superior Street, R o o m 1723, Chicago, Illinois 60611. 

12-16 June, 1978 
745B Course in Upper Limb Prosthetics for Therapists . 
Informat ion: New Y o r k University, Pos t -Graduate Medical School, Prosthetics and Orthotics, 317 
East 34th Street, N e w York , N . Y . 10016. 

19-21 June, 1978 
755 Course in Spinal Orthotics for Physicians a n d Surgeons. 
Informat ion: New Y o r k University, Pos t -Graduate Medical School, Prosthetics and Orthotics, 317 
East 34th Street, New York , N . Y . 10016. 

26-30 June, 1978 
757B Course in Upper L imb Orthotics for Therapists . 
Informat ion: New York University, Pos t -Graduate Medical School, Prosthetics and Orthotics, 317 
East 34th Street, N e w York , N . Y . 10016. 

26-30 June, 1978 

751-A Course in Fit t ing and Fabricat ion of the C.T.L.S.O. (Milwaukee-type Orthosis) for Orthotists 
Informat ion: Charles M . Fryer, Director, Prosthetic-Orthotic Center, Northwestern University 
Medical School, 345 East Superior Street, R o o m 1723, Chicago, Illinois 60611. 

26-30 June, 1978 
801-A Course in Pedorthic Management of the Foot . 
Informat ion: Charles M . Fryer, Director, Prosthetic-Orthotic Center, Northwestern University 
Medical School, 345 East Superior Street, R o o m 1723, Chicago, Illinois 60611. 

2-7 July, 1978 

3rd Wor ld Congress of the International Rehabili tat ion Medicine Association, Basle, Switzerland. 
Informat ion: D r . W. M . Zinn, Thermes, C H 7310 Bad Ragaz, Switzerland. 

2-8 July, 1978 
7th Pan-American Congress on Rheumat ic Diseases, Bogota, Columbia. 
Informat ion: Secretariat, Associacion Colombiana de Reumatologia , Apa r t ado Aeteo 90331, Bogota, 
D . E., Columbie. 
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5-21 July, 1978 
743 Course in Above-Knee Prosthetics for Prosthetists. 
Informat ion: New York University, Pos t -Graduate Medical School, Prosthetics and Orthotics, 317 
East 34th Street, New York, N . Y . 10016. 
8-11 August, 1978 

Seminar on Funct ional Rehabili tation—Devices, Costs a n d Effectiveness, University of Strathclyde, 
Glasgow, Scotland. 
Informat ion: Professor R. M . Kenedi , University of Strathclyde, Bioengineering Unit , Wolfson 
Centre, 106 Rot tenrow, Glasgow G 4 0 N W , Scotland. 
13-25 August, 1978 
British Council Course 836 on Biomechanics of the H u m a n Body with Reference t o Orthopaedic 
Implants , Prostheses and Orthoses, University of Strathclyde, Glasgow, Scotland. 
Informat ion: The Courses Depar tment , The British Council, 65 Davies Street, London W 1 Y 2AA, 
or your local British Council Office. 
23-28 August, 1978 
9th Congress of the International Association of Educators for Handicapped Youth , Montreal , 
Canada . 
Information : (President of the Organizing Committee) M. Marcel Saint-Jacques, C.E.C.M., 3737 Est, 
Sherbrooke, Montreal , P.Q. , Canada . 
28 August-1 September, 1978 
The Sixth International Symposium on External Control of H u m a n Extremities, Dubrovnik , 
Yugoslavia. 
Informat ion: G o r d a n a Aleksic, Yugoslav Commit tee for E T A N , P .O. Box 356, 11001 Belgrade, 
Yugoslavia. 
13-15 September, 1978 
Third Conference on Materials for use in Medicine and Biology—Mechanical Properties of Bio-
materials, Keele University, and Bioceramics Symposium (16 September). 
Informat ion: D r . G . W. Hastings, Bio-medical Engineering Uni t , Medical Institute, Hartshill , 
Stoke-on-Trent, Staffordshire, ST4 7NY, U . K . 
Bioceramics Symposium information: Dr . G. J. Git tens, Depar tment of Ceramic Technology, N o r t h 
Staffs Polytechnic, College Road , Stoke-on-Trent, Staffordshire, U . K . 

20-22 September, 1978 
A u t u m n Meeting, British Orthopaedic Association, L o n d o n (combined with Spanish Orthopaedic 
Association). 
Informat ion: Miss M . Bennett, Honora ry Secretary, B.O.A., Royal College of Surgeons, Lincolns 
Inn Fields, L o n d o n W C 2 A 3PN. 

4-7 October, 1978 
VIII International Congress I N T E R B O R , Nat ional Congress and Exhibit ion Hal l , Madrid . 
Informat ion: D . Oriol Cohi , General Secretary, Enr ique Granados 131, Barcelona-8, Spain. 

5-11 November, 1978 
ISPO International Course on Above-Knee Prosthetics, Rungsted, Denmark . Registration form in 
this issue. 

Informat ion: ISPO Secretariat, P O Box 42, D K 2900, Hellerup, Denmark . 

16-18 November, 1978 
Course in Orthotics and Prosthetics for Consultants , Senior Registrars and Registrars (in Or tho ­
paedics, Rheumatology, Physical Medicine) and Senior Orthotists. T o be held at the Rober t Jones 
and Agnes H u n t Orthopaedic Hospital , Oswestry. 
Informat ion: Mr . G. K. Rose, Director , Orthot ic Research a n d Locomotor Assessment Unit , The 
Rober t Jones and Agnes H u n t Orthopaedic Hospital , Oswestry, Salop SY10 7 A G . 
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JOBST INTRODUCES A NEW 
I m m e d i a t e P o s t - O p P r o s t h e s i s 

( F O L L O W I N G B E L O W - K N E E A M P U T A T I O N ) 

POST-OP AIR-BOOT® 

PATIENT BENEFITS 
9 Continuity of kinesthet ic sense of gait and balance 

9 Decrease of pain — increase of comfort 

0 Rapid Healing 

0 Quicker stump maturation 

0 Earlier prosthes is fitting 

MEDICAL ADVANTAGES 
0 Rigid Dress ing 

# Easy application and removal — al lows v i e w i n g of 
heal ing w o u n d 

0 Air Pressure Control Unit easi ly attached to inflate 

correct pressure, and removed for ambulation 

0 Comfor tab le—avo idance of flexion contractures 

0 Decrease and control edema 

0 Hemostas i s 

AVOIDS THESE COMMON PROBLEMS 
0 U n e v e n pressure w h e n applying elastic bandages 

0 Faulty pos i t ion of knee 

0 Proximal constrict ion of socket and uneven pres­
sure over condyles 

PROVIDES CONTINUITY OF KINESTHETIC SENSE OF GAIT AND BALANCE 
Clinically Proven Effective. Low Cost, Simple and Easy to Apply or Remove. 

FOR FULL INFORMATION Call Toll Free 
Fill in coupon, cut out and send to JOBST. 1-800/537-1063 

PLEASE SEND FULL INFORMATION ON JOBST POST-OP AIR-Boot 
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JOBST BOX 653 • TOLEDO • O H I O 43694 • USA OP 
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r an outstanding tool biomechanics: 
TUE MElAf q u a r t z mu|ticomponent 11 πC NCW measuring platform for 
sports orthopedics neurology 

NEW 
Quartz Multicomponent Measuring 
Platform for Biomechanics -
this unique instrument determines 
together with a special electronic 
unit the following 6 measurands: 
• the 3 components F?, F y and F z 

of any force acting on it 
• the coordinates a x and a y of 
the instantaneous point of force 
application 
• the free moment M' z about an 
axis normal to the platform 

This system is an indispensable 
tool in various fields such as 
• sports: reaction forces in 
broad and high jump, shot put, 
running etc. 
• orthopedics: gait analysis, 
evaluating prosthesis, monitoring 
rehabilitation etc. 
• physiology of work: stress on 
workers, human engineering etc. 
• neurology: "Romberg" test, 
psychomotor phenomena. 
• posturography: more than a 
simple statokinesimeter, as the 
horizontal forces (in 2 compo­
nents!) exerted in maintaining 
equilibrium are measured, too. 
Over 110 systems are successfully 
used ail over the world! Special 
version with glass top plate 
available on request. 

The outstanding features are: 
• amazingly simple operation 
• factory calibrated 
• extremely wide measuring range 
• very low cross talk (typically <1%) 
• linear and free of hysteresis 
• natural frequency over 1 kHz 
• interchangeable top plates 
• simplified mounting. 
We offer a complete line of piezo­
electric transducers for pressure, 
force and torque, mult icomponent 
force, acceleration and charge 
amplifiers, also in miniature versions, 
and other electronic equipment. 

Piezo-Messtechn ik <ISTLER Kistler Instrumente AG 
CH-8408 Winterthur/Switzerland 
Phone: (052) 25 2821 
Telex: 76458 
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O l MASCH IN EN-SCH MID 
A long and successful 

tradition in machinery for 
Orthopaedic Supplies 

• ROBUST 
• STEADILY IMPROVED 
• DUST EXTRACTING 

Machinery and tools 
made in Germany 

by specialists for specialists 

For detailed information please write to: 

Maschinen-Schmid, Morenastr 3, D8000 Munich Germany 
Telephone 089/832510 

JOINTS AND BRACES 
Leg and hip joints, braces and 
shoe stirrups 

SPARE PARTS 
Feet, knees, socket blocks, hooks, 
hands, wrist and elbow units 

MATERIAL 

Fabricating supplies, tools 

LEATHER AND FABRICS 

TOOLS AND MACHINES 

'MIRA' 
Abduction pillow splints 

E. LINK & CO 
P.O. Box 394 

D - 7 2 0 0 TUTTLINGEN 
TELEPHONE (07461) 5018 
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ORTHOTIC PROSTHETIC MACHINERY 

Machines Designed 
To Enhance 
The Craftsmanship of 

The Orthotic /Prosthetic 
Professional 

S/J SERIES 

COMPACTNESS 
HI-EFFICIENCY VACUUM SYSTEM 

FIVE 7" DIA. X 60" TALL DUST COLLECTOR BAGS 
FRONT DRAWER CLEAN OUT 

HI-SPEED SOLE AND TOP LIFT TRIMMER 
CUTTER SHARPENER 
2" WIRE BRUSH 

FAST CUTTING 60" BELT SANDERS 
QUICK BELT CHANGE 

FAST CUTTING SANDING WHEELS 
2'/I" FLAT SURFACE SANDER 
"B" SHAPE SANDER 
HEEL BREASTER 

SEE "ACCESSORY PAGE" FOR ADDITIONAL OPTIONAL WHEELS 
9UICK CHANGE BAYONET FITTINGS 
NAUMKEAG ATTACHMENTS 7 

OTHER T2 SERIES 'SHAFT OPTIONS" AVAILABLE 

T/2 SERIES 

MODEL T72<S-RI 

• COMPACTNESS * H1-EFFICI!NCY VACUUM SYSTEM 

SJ SERIES COMET WITH ONE 4" BELT AND ONE 1-9/16" BELT (OR TWO OF 
EITHER SIZE)—BOTH a FULL 60" LONG FOR LONG LIFE, FAST CUTTING. SELF 
CONTAINED DUST CONTROL SYSTEM—ALL DUST-GENERATING POSITIONS ARE 
PORTED LEFT SHAFT EXTENDED OUT 8" PROVIDES ABUNDANT ROOM FOR 
SWINGING BRACES WHILE GRINDING OR POLISHING. THREE INCH SHAFT BK* 
TENSION ON RIGHT. BOTH SHAFT ENDS COVERED WITH SWINGE WAY HOODS. 
ADJUSTABLE NAUMKEAG WITH DUST EXTRACTION PORT. 

OTHER MODELS AI SO AVAILABLE 

3500 Scarlet Oak • St. Louis, Mo. 63122, USA • (314)225-5255 . Cabto: SUTCO 
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New from Protek: 
Original M.E. Müller 
total hip prostheses 
m m m un I I I I W \ ^=zs un //// \\\>—Ns=x — mi N r̂>' 

with BIOLOX A I 2 O g ceramic heads 

Biolox ' ceramic is chemically 
identical with the jewel sapphire ! 
For an outstanding friction 
and wear behaviour: 

High density RCH 1000 
POLYETHYLENE cup 
combined with a 
BIOLOX® A l 2 0 3 CERAMIC head 

Biolox® ceramic compared to metal has 
a b e t t e r b i o s t a b i l i t y 
a b e t t e r b i o c o m p a t i b i l i t y 
a h i g h e r c o r r o s i o n r e s i s t a n c e 
a b e t t e r w e t t a b i l i t y b y f l u i d s 
a h i g h e r h a r d n e s s 
a h i g h e r s c r a t c h r e s i s t a n c e 

PfObtKttöβm 
P.O.Box 2016 
Switzerland 

3001 Berne 

* Registered trade mark of Sulzer Bros. Ltd., Winterthur 
"Reg is te red trade mark of Feldmühle AG, Plochingen 



Jiééauefi Specials 
Illustrated literature available on all items shown. 

TORONTO 
PERTHES 

FOR HIP DYSPLASIA 

"A"FRAME TRILATERAL 
PERTHES 

PE-LITETM 
(Polyethylene Lite) 
(Foam Sheets) 

Soft, M e d i u m & Firm 

3 m m to 1 8 m m Thick PLAIN & PERFORATED 

PE-LITE TM 
VENTILATED 

for vacuum forming 

- I I . '%iéécUißtl O R T H O P E D I C 
ESTABLISHED 1935 

P.O. BOX 1678 CHATTANOOGA, TENN. 37401 



MANUFACTURERS AND SUPPLIERS OP PROSTHETICS 
ORTHOTICS AND MEDICAL EQUIPMENT 

Hugh Steeper (Roehampfon) Limited 
Registered Office: R*gist>r(d No. 4752β1 ENGLAND 

237-239 Roehampton Lane, London SW15 4LB 
Telephone: 01-788 8165-9 
Telex No. 261787 Telegraphic Address: Steeper London. 
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I S P O 
INTERNATIONAL COURSE ON ABOVE-KNEE PROSTHETICS 

RUNGSTED, DENMARK 
5th to 11th NOVEMBER, 1978 

REGISTRATION FORM 

N a m e 

(Please type or write in block letters) 

A d d r e s s 

P r o f e s s i o n 

I n s t i t u t i o n 

I S P O M e m b e r s h i p N o 

Registration Fee: I S P O Members D . K r . 1200 • 
Non-Members D . K r . 1325 • 

Accommodation at the Course Centre 
(Full Board including Course Dinner) D . K r . 1550 • 
Please indicate your requirements T o t a l D . K r 

Meals will be available at the Course Centre for Non-residents 

ATTENDANCE WILL BE STRICTLY LIMITED 
TO 90 PARTICIPANTS 

The registration form must be sent to the ISPO Secretariat, PO Box 42, 
DK 2900, Hellerup, Denmark, before 15th August, 1978. 

Following acceptance of registration, remittance for fees and accom­
modation must be received by 15th September, 1978 (please make cheques, 
etc., payable to I.S.P.O.). 



Prosthetics and Orthotics International, 1978,2 

Information for Contributors 
Contr ibut ions should be sent to Prosthetics and Orthotics International , Nat ional Centre for Training 
and Educat ion in Prosthetics and Orthotics, University of Strathclyde, 73 Rottenrow,Glasgow G 4 0 N G . 
In the meant ime considerable difficulty and delay is entailed in processing contr ibutions in languages 
other than English. Authors are asked to provide three copies of text, tables and figures. Papers are 
accepted on the understanding that they may be subject to editorial revision and that n o substantial 
pa r t has been, or will be published elsewhere. Subsequent permission to reproduce articles must be 
obtained from the publishers. Manuscripts should be typewritten in double line spacing o n one side 
of paper only with margins of 25 mm. Papers must commence with an abstract no t exceeding 250 
words. On a separate sheet must b e : 

(1) Title and short title. The short title should appear at the head of each page and should not 
exceed forty-five characters including spaces. 

(2) Authors ' names, initials and title. The present address of any au thor if different from the 
place where the work was done, may be shown as a footnote. 

(3) Department(s) in which the work was done. 
(4) The name and full postal address of the au thor t o w h o m correspondence and requests for 

reprints should be directed. This will appear as a footnote. 

Illustrations 
All illustrative material should be lightly marked on the back in pencil with the figure number in 
arabic numerals , title of paper, au thors ' name and a clear indication of the top of the figure. The 
approximate location in the text should be marked. Figure captions should be typed on a separate 
sheet. Tables should be used only when necessary t o clarify important points . Each table should be 
typed on a separate sheet and numbered consecutively in arabic numerals . 

References 
References in the text should follow the author /date system for example: Peizer (1971). If there are 
more than two authors—Solomonidis et al. (1974). References at the end of articles should be listed 
on a separate sheet in alphabetical order of (first) au thor ' s name, as follows: Marx, H . W. (1974). 
Lower l imb orthotic designs for the spastic hémiplégie patient. Orthotics and Prosthetics, 28(2), 14-20. 
Journal titles must be given in full. 

References t o articles in books should include author , year of publication, article title, book title, 
edition, editor (if different from author) , first and last pages, publisher and place of publication. 
F o r example, Hughes , J. (1975). Recent developments in prosthetics and orthotics. Recent Advances 
in Orthopaedics (2) Ed. McKibbin, B. , 196-216, Churchill Livingstone, Edinburgh. 

Reprints 
Ten reprints will be supplied free of charge to the first named author . Addit ional reprints will be 
available at cost if they are ordered when the proofs are returned. 
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YOUR 
AMPUTEES 

mm: 

•The Best 
You Can Provide 
in Prosthetics 

•The Best You 
Can Provide 
in Prosthetic Socks , 
KNIT-RITE 

K N I T - R I T E , I N C 
2 0 2 0 GRAND AVENUE • P . O. BOX 2 0 8 • K A N S A S CITY, MISSOURI 64141 

P H O N E : 816-221-0206 



We're actively involved 
in making it more reliable 

for active individuals. 

The Dyna-Plex Hydraulic Gait Control 
Unit is for active individuals 
wanting to fully exploit the many 
advantages of hydraulic gait 
control. It's made to give 
them a smoother more natural 
gait while lowering their 
energy expenditure during 
ambulation. It's also 
designed to let them vary 
their cadence within a 
variable preset range 
of speeds and fashioned 
to fit in any one of 
three lower extremity 
prostheses made by 
United States Manufac†7 
uringCo. The Dyna-
Plex Hydraulic Gait 
Control Unit is also 

constructed to give the active 
amputee total reliability. 

We manufacture the Dyna-Plex 
Unit in a completely con­

trolled environment, free of 
dust and other impurities. 

Every part is checked against 
stringent standards before 

assembly and each unit is 
tested on a simulating walker 

for 16,000 cycles before delivery. 
It takes an active individual to 

fully exploit the many advantages 
of the Dyna-Plex Hydraulic Gait 

Control Unit. It also takes a company 
like United States Manufacturing to 

make it reliable. 
For more information or a complete 
detailed brochure contact: 

UNITED STATES MANUFACTURING CO. 
P.O. Box 110, 623 South Central Avenue, Glendale, California 91209, U.S.A. 

Phone (213) 245-6855 • Cable: LIMBRACE • TWX No. 910-497-2279 
Sold on prescription only 


