
REPORT OF WORKSHOP ON BELOW-KNEE 
AND ABOVE-KNEE PROSTHESES1 

O P E N I N G R E M A R K S 

Mr. Joseph H. Zett l , Chairman of the Work
shop , introduced Mr. William Stonebraker , Ad
ministrator of the Seattle Veterans Administra
tion Hospi ta l . Mr. S tonebraker welcomed the 
Workshop part icipants on behalf of the V A Hos 
pital, which had made its facilities available for 
the meet ing. He noted that al though the hospital , 
opened in 1951. was not the largest in the count ry , 
it did have an excellent prosthet ics workshop and 
that Dr. Ernest Burgess had contributed signifi
cantly to the deve lopment of this workshop . All 
participants were invited to tour the limb facility, 
if they so des i red . 

Dr. Burgess welcomed the gathering on behalf 
of the Prosthet ics Research Study. He stated that 
significant changes in amputa t ion surgery had 
occurred over the past ten years , resulting in im
provement in the configuration of the s tump, 
which called for changes in prosthet ics design. 
The surgeon was now taking his rightful role as a 
par tner to the prosthet is t , doing bet ter amputa
tions and providing bet ter s tumps . Dr. Burgess 
emphas ized that the modern s tump is at the 
below-knee level and calls for a total-contact , 
end-bearing type of fitting. 

Mr. Zettl reminded the part icipants that the 
focus of the present Workshop was on AK and 

B K prostheses and fittings. He recalled that the 
last B K workshop had been held in 1968, and the 
last A K workshop even further back than that . 
H e n c e , the plan of the present Workshop was to 
conduct a comprehens ive review of both amputa
tion levels in accordance with the agenda. 

A list of part icipants is included at the end of 
this report . 

R E P O R T O F M E E T I N G A T 
A S C O T , E N G L A N D 

Mr. Anthony Staros stated that the Asco t 
meet ing had been sponsored by the Ministry of 
Heal th, United Kingdom, and was primarily con
cerned with modular lower-l imb pros theses . The 
United Kingdom, apparent ly , has a serious prob
lem in the delivery of services to patients. It was 
hoped that the findings and recommendat ions of 
the meeting would help solve these problems. A 
report of the conference at Ascot will be pub
lished this spring and will contain a number of the 
papers presented , together with recommenda
tions of the various syndicates or work groups . 
At the Ascot conference it was agreed that pa
t ients were entit led to quick service and im
proved cosmesis , and that there was need for an 
aggressive research effort to accomplish the de
sired improvement in cosmes is . Improved test 
s t andards for modular pros theses were desirable, 
but requirements should not be made so rigid as 
to inhibit innovation design. 

B E L O W - K N E E P R O S T H E S E S 

C A S T I N G 

Three-Step Plaster-Wrap Technique 

Mr. Car l ton Fillauer s tated that he had de
veloped the three-step cast ing procedure because 
of dissatisfaction with the convent ional plaster-
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wrap technique . He contended that the conven
tional wrapping procedure tends to convert the 
cross section of a BK s tump, which is typically 
triangular, to a circular configuration. The three-
step procedure provides an accurate reproduc
tion of critical areas of the s tump. The first of the 
three steps in the procedure involves the forma
tion of a rigid splint cast over the bony anterior 
half of the s tump; the second, a circumferential 
wrap over the first splint to a level jus t below the 
patella; and the third, splint casting of the ante
rior, medial , and lateral supracondylar areas . De
tails of the procedure are to be found in the art icle. 
" A Patel lar-Tendon-Bearing Socket With a De
tachable Medial B r i m . " that , appeared in the 
December 1971 issue of Orthotics and Pros
thetics (3) . 

According to Mr. Fil lauer. this method of 
casting produces a mold which requires very 
little modification. 

Utrecht Dilatancy Technique 

Mr. Wilson described briefly the stump-cast
ing technique developed at the Insti tute of Medi
cal Physics T N O , in Utrecht . The Nether lands . 
This technique had been viewed in its develop
mental stages by American visitors to the Insti
tu te , and a report has recently been written en
titled " E q u i p m e n t for Evacuated Grain Impress
ing ." by M.W. Koster (6). A rubber sheath is 
applied to the s tump, which is then inserted into 
a container partially filled with fine casting sand. 
To facilitate entry of the s tump, the sand is fluidized by blowing air into it. The air is then evacu
ated from the container , leaving the negative 
mold of the s tump sharply defined in the sand. 
The amputee may exert a desired amount of 
weight-bearing on the s tump prior to the evacua
tion of air from the container . The negative mold 
is filled with plaster of Paris; fabrication then pro
ceeds in the usual manner . 

V A P C Technique 

Mr. Thomas Pirrello reported that V A P C was 
seeking to develop a suction-socket BK prosthe
sis and had been e x p e r i m e n t i n g with m a n y 
methods of cast- taking. It was believed, he said, 
that present stump-casting methods do not pro
vide sockets which meet all the requirements of 
comfort, control , and suspension because of the 
many physiological changes that occur in the 
s tump. In an effort to compensa te for these vari
ables, the V A P C is currently seek ing to combine 
" p r o v e n " socket fabrication methods with sev
eral innovations in fitting all levels of lower-limb 
pros theses . 

Mr. Pirrello itemized the following concepts 
which are being applied to modular and endoskeletal prostheses wherever possible; 

• A soft insert liner to provide a more comfort
able s tump receptacle . 

• A suction-socket valve to reduce the relative 
motion between s tump and socket . 

• Total contac t t o improve support of body 
weight. 

• Air cushioning to minimize s tump displace
ment and improve socket comfort . 

• An insert liner which will permit donning of, 
first, the liner, and then the shell of a suction 
socket in the sitting position. 

• A removable liner to facilitate minor socket 
adjustments . 

The recent d e v e l o p m e n t of a th in-wal led , 
closed socket for the Syme ' s prosthesis has been 
found to be superior in strength to the type with 
open walls, i .e., poster ior or medial windows and 
panels (Fig. 1). The removable Cordo-Plas tazote 
liner reduces the overall size and weight of the 

Fig. 1. Closed-wall Syme's prosthesis with Cordo-Plastazote liner. 



Fig. 2. Cordo-Plastazote liner with suction valve for 
BK prosthesis. 

Fig. 3. Liner inserted into rigid BK socket. 

prosthesis and provides a method of obtaining the 
effects of suct ion-socket suspension without the 
use of a valve. 

Mr. Pirrello further reported that the below-
knee socket liner was also being fabricated in 
Cordo-Plas tazote with controlled flexibility. The 
liner is held to the s tump by means of an air-ex
puls ion (suc t ion) va lve located in the distal 
socket (Fig. 2 ) . The patient gains access to the 
liner in the same manner as for an above-knee 
suction socket . Since the liner is flexible and has 
a reasonable degree of elasticity, it remains in 
contact with the s tump for longer periods of time 
and compensa tes for minor volumetr ic s tump 
changes . The outer surface of the liner is con
toured to " k e y " into the rigid socket shell and 
lock the liner in place (Fig. 3) . The rigid socket is 
deeper than the liner, thus providing an air cham
ber in the socket benea th the liner. The liner end 
is free to expand and contract with s tump volume 
changes . A second valve is placed in the outer 
socket wall, opening into the chamber beneath 
the liner. The res is tance set t ings of the two 
valves are adjusted to maintain a lower positive 
pressure in the air chamber beneath the liner, 
producing an air cushion. The external valve is 
easily depressed through the foam to release the 
liner from the socket . 



The above-knee socket liner is fabricated in 
the same method as the be low-knee , except that 
the liner walls are heavier . The liner may be sup
ported distally by the rigid socket . Where the 
liner is in contact with the rigid socket , an open
ing is made in the socket wall for access to the 
valve. If air cushioning is desired, a second valve 
is installed in a space below the liner in the same 
m a n n e r as for the be low-knee use . In bo th 
methods the outer surface of the liner is " k e y e d " 
into the socket walls for retention. 

Prosthet ics Research Study (PRS) Pre-Modification Technique 

Mr. Zettl described the pre-modified casting 
technique developed at the Prosthet ics Research 
Study for the patel lar- tendon-bearing prosthesis . 
This technique has been written up in consider
able detail e lsewhere . He cited such references 
as " T h e Management of Lower-Ext remi ty Am
p u t a t i o n s " by Burgess , R o m a n o , and Zettl (1), 
and "Pre-Modif ied Casting for the P T B Pros
t h e s i s , " by Zettl and Traub (17). According to 
Mr. Zettl , the pre-modified casting procedure 
can be used with relatively minor modifications 
for the sup racondy la r or the sup racondy la r -
suprapatel lar (PTS) prosthesis with wedge sus
pension. 

The pre-modification technique involves the 
application of a heavyweight sock, together with 
suitable sized and shaped pressure-relief pads . 
A second (lightweight) cast sock is then applied, 
very wet , and provision is made for hamstring-
tendon relief by the use of special pads . Com
pression pads are then glued to the s tump sock 
over pressure- tolerant areas . Beginning at the 
dis ta l - la teral a spec t of the s t u m p , an elast ic 
plaster-of-Paris wrap is applied in a prescribed 
sequence . When the wrapping is comple ted , the 
be low-knee PRS-model casting fixture is used 
to define the patella. 

S O C K E T S 

Clear Sockets 

Mr. Snelson described the work being done at 
R a n c h o L o s A m i g o s wi th t r a n s p a r e n t B K 
socke t s m a d e of the po lyca rbona te mater ia l , 
" L e x a n . " He proposed that the prime applica
tion of these sockets should be as " c h e c k " or 
" s t u d y " socke t s . Breakage had been experi
enced when a t tempts had been made to use these 
sockets on a long-term basis . H e ment ioned the 
difficulties experienced in handling the polycar
bonate sheets and the need to dry them out thor

oughly. Drying time and tempera tures appar
ently varied in different cl imates. The Rancho 
Los Amigos procedures on the fabrication and 
fitting of t ransparent polycarbonate sockets are 
described in the March 1972 issue of Orthotics 
and Prosthetics (7). 

Soft Sockets 

Mr. Ni t schke expressed the opinion that a BK 
socket with a soft insert was easier to fit—and 
easier to adjust in order to maintain good fit— 
than was a hard socket . For more than two years 
he had been using inserts made of " C o r d o , " 
a po lyv iny l c h l o r i d e c o m p o u n d . A de ta i led 
description of the procedures followed, using 
Cordo , is contained in Mr. N i t schke ' s article 
entitled " C o r d o : A N e w Material in Prosthet
ics and O r t h o t i c s , " in t he S e p t e m b e r 1972 
issue of Orthotics and Prosthetics (9). 

Silicone Gel Sockets 

Dr. Koepke described the B K prosthesis de
veloped at the Univers i ty of Michigan, especially 
designed for the fitting of difficult s tumps . Es 
sentially, the item involves a s tandard patellar-
tendon-bear ing prosthesis with a S A C H foot, 
modified by substi tuting silicone gel in an en
velope of lightweight horsehide for the conven
tional Kemblo socket liner. Cot ton , wool , or ny
lon s tump socks are applied to the s tump before 
the pros thes is is donned . The prosthesis is sus
pended by a rubber thigh sleeve. The silicone gel 
below-knee prosthesis is more fully described in 
the Sep tember 1971 issue of the Inter-Clinic In
formation Bulletin (5). 

The Wellington Socket 

Mr. Titus reported on exper iences at Duke 
University in evaluating the Wellington foam-
fitting technique on three pat ients who had ex
perienced excess ive shrinkage in s tandard P T B 
hard-socket p ros theses , so that they were wear
ing at least two 5-ply s tump socks over the entire 
s tump, with up to five 5-ply socks over the distal 
end. All the s tump socks were removed, then one 
thin 3-ply cot ton s tump sock was put on and a 
rubber balloon pulled over the s tump and sock. 
The so-cal led " W e l l i n g t o n f o a m " was then 
mixed and poured into the bot tom of the socket . 
(The "Wel l ington f o a m " is a polyurethane for
mula made by Cooke Paint C o . of New Orleans.) 
The s tump was inserted into the socket , and an 
a t tempt was made to stabilize it while the material 
was foamed around between the s tump and the 



wall of the socket . Two-pound foam was used in 
two sockets and 10-lb. in one . 

Howeve r , after the sockets were formed, the 
pat ients could not tolerate them because of dis
comfort to their s tumps caused by the rough tex
ture of the foam material . Mr. Titus indicated he 
would make a further effort with the technique , 
using the 10-lb. foam which seemed the more 
promising of the two . 

Universi ty of Miami Sockets 

Mr. Sinclair descr ibed the Univers i ty of Miami 
exper iences with sockets made of Tazlon. This 
intermeshed material conforms to the shape of 
the s tump. It is applied as a sleeve and tied off at 
the end. Considerable exper imenta t ion over a 
period of more than a year had failed to p roduce a 
sat isfactory appl icat ion in that pa t ients com
plained of too much distal pressure on the s tump. 

Mr. Sinclair also spoke of working with o ther 
thermoplas t ic mater ia ls , part icularly polypro
pylene , which he thought easier to work with 
than po lyure thane . 

The N P R L Socket 

Mr. Asbelle descr ibed the N a v y Prosthet ics 
Research Labora to ry ' s exper iences with the use 
of " L i g h t c a s t " as a socket material . More re
cent ly, Merck , Sharp and Dohme have arranged 
with Solar Laborator ies (who developed Light-
cast) to develop and p romote "L igh tcas t I I . " A 
special company , M S D Orthopaedics Company , 
Inc . , of West Point , Pennsylvania , was formed 
for this purpose . Sockets of Lightcast II are 
formed directly on the s tump. T w o B K s tump 
sockets were displayed, one made with the origi
nal Solar Labora tor ies sys tem, the other with 
Lightcast I I . The finer, closer s tructure of the 
older material provides a smooth inner socket 
surface. The newer material has a more open 
fiber glass cons t ruc t ion , but both offer a satisfac
tory s t ructure promoting ventilation for s tump 
tissues (Fig. 4). The most significant change is in 
the ultraviolet light and the increased speed of 
polymerizat ion—the combinat ion of the newer 
type of light plus the more open s t ructure of the 
fabric comple tes polymerizat ion in three minutes . 
The new lamp is more easily adjusted to posi
t ions required, and after three minutes the Light-
cast I I socket is sufficiently hardened for imme
diate use (Fig. 5). 

Disadvantages of Lightcast I I include surface 
roughness and irregularity of the inner socket 
surface because of the more open s t ructure of the 
mater ial ; the problem of dust and exposure of the 
fiber glass to contac t with the skin when cut edges 
are filed; and difficulty in cleaning the s tump 
socke t s . These areas require further work on the 
part of the Navy Prosthet ics Research Labora
tory . 

Mr . Zet t l , a lso , spoke of his exper ience with 
direct molding of Lightcast . Mr. Dillee spoke of 
the superior qualities of Pe Lite as a material for 
socket liners and reported that use of Pe Lite had 
been included in the B K course at N Y U . Pe Li te 
is descr ibed in ISPO Bulletin N o . 1, January 
1972(10). 

S U S P E N S I O N 

The Detachable Medial Brim 

Mr. Fil lauer indicated that in his pract ice the 
insert or removable wedge-suspension mecha
nism for the supracondylar BK prosthesis had 
been almost entirely supplanted by the use of the 
removable medial-brim techn ique . This tech
nique had been descr ibed in Orthotics and Pros
thetics, December 1971 (3), and had been sum
marized in Newsletter . . . Amputee Clinics, 

Fig. 4. Demonstration of the porosity of Lightcast 
socket. 



A u g u s t 1972 (8) . E s s e n t i a l l y , t h e m e c h a n i s m involved t h e f a b r i c a t i o n of t h e p r o s t h e s i s s o t h a t 
t h e p r o x i m a l m e d i a l p o r t i o n c o u l d b e d e t a c h e d 
( a n d r e p l a c e d ) a t a b o u t t h e l eve l o f t h e medialtibial p l a t e a u . T h e s e p a r a t i o n m e c h a n i s m ( F i g . 
6) i n v o l v e s a s t a i n l e s s - s t e e l b a r l a m i n a t e d i n t o t h e 
d e t a c h a b l e b r i m , t h e n i n s e r t e d i n to a c h a n n e l 
l a m i n a t e d i n t o t h e l o w e r p o r t i o n o f t h e s o c k e t . 
T h e c h a n n e l h a s a s p r i n g - b a l l a s s e m b l y for r e 
t e n t i o n o f t h e u p p e r b a r . W i t h t h i s m e t h o d o f s u s 
p e n s i o n , n o a d d i t i o n a l s t r a p s o r a c c e s s o r i e s w e r e 
r e q u i r e d . 

C o r d o - P l a s t a z o t e W e d g e s 

M r . N i t s c h k e r e m a r k e d t h a t h e c o u l d n ' t c o m 
p l e t e l y a g r e e w i t h M r . F i l l a u e r in t h e u s e o f t h e 
d e t a c h a b l e m e d i a l b r i m , w h i c h w a s e s s e n t i a l l y a 
h a r d l a m i n a t e d s e g m e n t o v e r t h e m e d i a l c o n d y l e . 
H e felt t h a t s o m e s o f t n e s s a n d f lex ib i l i ty in t h e 

w e d g e a r e a w a s n e c e s s a r y for c o m f o r t , p a r t i c u 
la r ly for o l d e r a m p u t e e s . In his o w n p r a c t i c e , 
t h e r e f o r e , M r . N i t s c h k e s a i d he h a d b e e n u s i n g a 
P l a s t a z o t e w e d g e o v e r t h e a r e a o f t h e m e d i a l 
f e m o r a l c o n d y l e . T h i s w e d g e w a s c o v e r e d w i t h 
t h e r e q u i r e d l a y e r s o f g a u z e , s a t u r a t e d w i t h 
C o r d o a n d a l l o w e d t o d r y o v e r n i g h t . T h e i n s e r t 
w a s t h e n t a k e n off t h e c a s t a n d a l l o w e d t o d r y for 
t w o a d d i t i o n a l d a y s . W h e n d r y . t h e i n s e r t w a s 
a g a i n p l a c e d o n t h e c a s t for t h e c o m p l e t i o n o f 
f a b r i c a t i o n . In h i s e x p e r i e n c e . M r . N i t s c h k e s a i d , 
a d j u s t m e n t s t o t h e C o r d o i n s e r t c a n b e m a d e 
m o r e e a s i l y t h a n w i t h a n y o t h e r t y p e . 

M o d i f i e d S u p r a c o n d y l a r S u s p e n s i o n S y s t e m 

M r . Z e t t l r e p o r t e d t h a t , s i n c e 1967. t h e P r o s 
t h e t i c s R e s e a r c h S t u d y in S e a t t l e h a s i n c o r 
p o r a t e d a c u s t o m - f i t t e d s u p r a c o n d y l a r w e d g e 
s u s p e n s i o n for b o t h s u p r a c o n d y l a r a n d s u p r a c o n 
d y l a r - s u p r a p a t e l l a r b e l o w - k n e e p r o s t h e s e s ( F i g . 
7) . W h i l e t h e h a r d - s o c k e t , h a r d - e n d t y p e o f 
p r o s t h e s i s is a d v o c a t e d a n d u s e d r o u t i n e l y a t 
t h i s C e n t e r , t h i s s y s t e m c a n be u s e d s u c c e s s f u l l y 
in c o n j u n c t i o n w i t h a n y t y p e o f sof t i n s e r t . 

T h e w e d g e is f a b r i c a t e d o n t h e p o s i t i v e s t u m p 
m o d e l , u s i n g a l a m i n a t e l a y - u p o f n y l o n s t o c k i -

Fig 5. l i g h t c a s t socket on adjustable pros thes is . 

Fig. 6 Fillauer removable brim suspension system 
for BK pros theses . 



Fig. 7. Two views of the Seattle supracondylar wedge-suspension system. 

nette and dacron felt saturated with N o . 4110 
polyester resin and Solka Floc mixture . Thick
ness of the wedge is predetermined by measuring 
the difference be tween the mediolateral dimen
sions at the epicondyles and the supracondylar 
thigh. Bulk is held to an absolute minimum, the 
proximal socket shell be ing m a d e j u s t large 
enough to allow donning and doffing of the pros
thesis. Two protruding stainless steel pins (1/8 in. 
stainless steel rivets) are incorporated into the 
laminate wedge lay-up, and corresponding holes 
are drilled into the medial proximal socket brim, 
locking the wedge securely in place. 

Act ive knee flexion dur ing gait , including 
muscle activity, not only results in a minimal 
amount of a t rophy in the tissue under the wedge , 
but also occasionally causes chafing of the skin. 
By eliminating one of the two suspension pins, 
the wedge is allowed to rotate during swing or 
ext reme s tump flexion when the patient is seated, 
thus providing a more comfortable s tump posi
tioning which avoids chafing and discomfort . 

Since a proximal brim retention lip is not re
quired in this sys tem, the bulk of the resulting 
proximal medial socket is minimal. This suspen
sion wedge can be readily adjusted to accommo
date atrophic s tump changes . Soft sponge or rub
ber can be added to suit individual patient re
quirements or preferences. 

Inflatable Wedges 

Mr. Staats described a method of supracondy
lar suspension developed at the U C L A Prosthet

ics-Orthotics Program by Lincoln Baird, an in
ventor and amputee . The "inflatable wedge sus
pension s y s t e m " (Figs. 8 through 11) consists 
of two fluid-filled bladders connected by a piece 
of tubing with a needle valve be tween the two 
b l a d d e r s . O n e b ladde r is w e d g e - s h a p e d and 
serves as the suspension bulb, while the other is 
the inflation bulb, or reservoir . The casting pro
cedure and fabrication of the inflatable wedge 
system are similar to those of the Fillauer hard-
wedge variant. The major difference is that the 
inflatable wedge is not as critical as the hard 
wedge in te rms of placement about the knee, 
partly because of the tendency of the inflating 
wedge to conform to the shape of the condyle . 
Prototype models of the inflatable wedge fitted to 
a m p u t e e s s h o w e d tha t the w e d g e p r o v i d e d 
secure , comfortable, reliable suspension with a 
built-in adjustment not available in o ther suspen
sion methods . Development is continuing. Addi
tional material on this technique may be found in 
the March 1973 issue of Orthotics and Pros
thetics (14). 

University of Miami Soft Wedges 

Mr. William Sinclair reported that he had tried 
the Fillauer supracondylar wedge system for the 
s u s p e n s i o n of BK p r o s t h e s e s . H o w e v e r , in 
Miami a move had been made to the use of soft 
wedges . General ly, these wedges were made of 
polyurethene and, in fact, were carved from the 
material used in the construct ion of heels for 
S A C H feet. A piece approximately the size of a 



Fig. 8. Inflatable wedge prototypes. 

Fig. 9. Medial condyle placement, similar to Fillauer 
wedge. 

Fig. 10. Inflating wedge using knee pressure. 

Fig. 11. Inflated bulb is buried in depression made in 
gastrocnemius bulge area. 

Fillauer wedge and 3/8 to 1/8 in. in thickness is 
shaped and at tached to the supracondylar " e a r " 
of the prosthesis . In approximately 80 percent of 
the cases , a medial wedge only is found to be 
necessary , but , in some cases , both medial and 
lateral wedges are used. In supracondylar-suprapatellar-type f i t t ings, wedge mater ial is a lso 
added anteriorly above the patella. 

C O N S T R U C T I O N 

Repor t from Ascot Meet ing 

Mr. Muilenburg presented a number of points 
from the Ascot meeting which he thought were 
of particular significance: 

• Modular and endoskeletal systems enable 
prosthet is ts to supply cont inuous t rea tment . 

• All pa r t s of p ro s the se s should be inter
changeable within a period of 24 hours . 



• The socket is one part that cannot be pre
fabricated; it must be cus tom-made or " b e 
s p o k e . " 

• There was probably a place for both heavy-
duty and light-duty modular or endoskeletal 
sys tems . 

A considerable discussion ensued concerning 
the strength and durability of current endoskele
tal p ros theses . Failure of systems to hold up had 
been a problem with some prosthet is ts . although 
Mr . Muilenburg s t ressed that b reakdown was 
minimal when the devices were correctly applied. 
However , he indicated that he used them pri
marily for female pat ients . 

Mr. Foor t urged that modula r sys t ems be 
taught in the schools . He felt that , with increased 
use , present problems would be eliminated. 

The Indian Method 

Mr . A. Bennet t Wilson, Jr . , descr ibed some of 
the features of the below-knee pros theses being 
made at the Christian Medical Hospital in Vellore, S o u t h e a s t I n d i a . ( T h e c o m p o n e n t s of 
these limbs are made by craftsmen who under
stand very little about the principles of prosthet
ic al ignment.) 

• The heel height in the S A C H foot used is 
lower than standard in order to accommo
date the local footwear , so this configuration 
allows the patient to walk short dis tances 
without shoes . 

• For the patel lar- tendon-bearing prosthesis 
fitted, a hollow laminated polyester shell is 
used with a wooden ankle block laminated 
into it. 

• In place of the standard P T B cuff a 1/2 meter 
length of 25 mm (1 in.) wide tape is used. 
This tape is passed in a figure 8 around the 
knee through slots in the pros thes is , and 
then tied with a knot at about the level of the 
patellar t endon bar. 

T h e Indian t e chn iques are more fully de
scribed by Girling and Cummings in Prosthet
ics International (4). 

B a r r e d o / U S N M e t h o d of Fab r i ca t i ng Ul t ra-
Lightweight Be low-Knee Leg 

Mr . Wilson reported that Dr. Joseph Barredo , 
a physicist and below-knee amputee ( traumatic) , 
believes that weight in the below-knee prosthesis 
is very important and, with the coopera t ion of the 
U . S . Naval Hospital , Philadelphia, has fabri
cated a completely crus tacean PTB- type below-
knee prosthesis that weighs in the neighborhood 

of 19 oz . Certainly a reduct ion in weight makes 
suspension less of a problem. The method used 
is similar to that described by Wollstein in Pros
thetics International, Vol. 4, N o . 2, 1972 (16), 
but Barredo relies on the shape of the " f o o t , " 
rather than elastic material , to provide function. 
Force-plate da ta on various foot configurations 
will be obtained at Moss Rehabilitation Hospital , 
and a t tempts will be made to fabricate the crus
tacean prosthesis of polypropylene or some o ther 
sheet plast ic, using the vacuum-forming equip
ment . It is felt that this type of pros thes is might 
very well be appropr ia te for the geriatric patient , 
if not for o thers . 

The P V C Tube and the Weber-Watkins Rota tor 

Mr. Staros reported on two items that the V A 
was following with interest . 

The first of these was the use of a polyvinyl 
chloride ( P V C ) tube by Mr. Lehneis of the Insti
tute of Rehabili tation Medicine as a subst i tute for 
aluminum in some light-duty t emporary prosthe
ses (Fig. 12). Mr. Lehneis had made a number of 
applications of these tubes and reported that as
sembly was quick and easy. Postfitting changes 
in alignment could be made simply by heating and 
bending the tube . Mr. Staros commented that . 

Fig. 12. The Weber-Watkins rotator. 



Fig. 13. Use of a P V C tube as a supporting structure 
(shank) for a below-knee prosthesis. 

for heavy-duty use, a luminum would probably 
have to be substi tuted for the P V C , or a laminate 
layer would have to be laid over the plastic tube 
would have to be laid over the plastic tube to 
provide the needed strength. 

The second item was the Weber-Watkins rota
tor which consis ts of two thrust bearings con
nected to each other by a piece of rubber hose and 
several hose c lamps (Fig. 13), In ra ther limited 
applications to da te , this sys tem has proved to be 
quite durable . Mr. Ni tschke has fitted two pa
t ients , and V A P C is following up on three units 
which have been in service for per iods of up to 
eight months . These three units are being worn 
by two unilateral above-knee amputees and one 
below-knee amputee who is a golfing enthusias t . 
Mr. Staros ment ioned that the rota tor weighed 
700 grams , which was excess ive . However , a 
change in materials might help to reduce the 

weight significantly. It was also necessary to 
check whether the rotation capability in each di
rection would produce instability during normal 
walking, the possible benefits of a reduction in 
shear be tween s tump and socket , as well as any 
benefits the rotator might have for the ampu tee ' s 
golf game. 

Vacuum Forming 

Mr. Snelson remarked that additional experi
ence needed to be gained with some of the newer 
materials , such as polyethylene and polypropy
lene for use in prosthet ic socke ts . Howeve r , 
vacuum-forming techniques lend themselves ex
tremely well to the central fabrication concept . 
There is evident need for a continuing exchange 
of information be tween the people who are ex
perimenting and working in the field of vacuum 
forming. With an increasing number of centers 
possessing vacuum-forming appara tus , a small 
workshop for an exchange of " k n o w - h o w " be
tween the various centers would be useful. 

F O O T A N D A N K L E 

Mauch Modified Ankle 

Mr. Mauch reported that the basic design of 
the modified ankle had been completed , and it 
included the following features: 

• The hydraulic sys tem proper . The 5-deg. for
ward motion of the shank to initiate the dorsiflexion stop had been eliminated. The dorsiflexion s top will now be produced solely by 
the application of the ampu tee ' s weight to 
the ankle unit. Technical details concerning 
the hydraul ic mechanism are contained in 
the Quarter ly Progress Report of Mauch 
Labora tor ies , Inc . , for the period ending 
December 31 , 1972 (12). 

The basic configuration of the modified de
sign is much simpler than the previous one , 
but it is still so similar in shape that the exist
ing castings can be used, with some modifi
cat ions , for the pro to types of the new de
sign. 

• Foo t a t t achmen t and evers ion/ invers ion . 
The control principle for eversion/inversion 
has been changed. Evers ion will be blocked 
to provide stability in the mediolateral direc
tion, and inversion will be permitted against 
a modera te elastically yielding resis tance. 
Toe pick-up can be varied by the prosthe-
tist by the rearrangement of leather washers . 

• Shank a t tachment and t ransverse rotation 
control . Elimination of the anterior/poster-



ior adjustability has simplified the design 
considerably and permits the installation of 
the ankle system in s tandard small-diameter 
pylons (down to 1 in. I .D . ) . The design 
change also allows the prosthet is t to either 
block or permit t ransverse rotation to ac
commoda te preferences of amputees . 

All in all, the new design of the foot and shank 
a t tachments is much simpler, less expens ive , less 
noise-prone, easier to install, and probably more 
durable and maintenance-free than the previous 
design, wi thout loss of significant functional 
features. Test wearing of the pro to type unit will 
resume shortly. 

C O S M E S I S 

Otto Bock Modular Sys tems 

In discussing the Ot to Bock modular prosthe
ses, Mr. John Hendr ickson ment ioned that de
sign objectives of the company , in order of impor
tance , were (1) cosmes is , (2) comfort , (3) opera
tional safety, and (4) function. The Ot to Bock 
endoskeletal sys tem had been introduced to the 
United States in the fall of 1970, and from January 
1971 until March 1972, six instructional seminars 
were conduc ted with close to 100 prosthet is ts 
at tending. They were instructed in the correct 
al ignment and fabrication p rocedure s for this 
new type of pros thes is . 

Mr. Hendr ickson repor ted that improvements 
were constant ly being made to the Ot to Bock 
system as the result of exper iences in the field. 
One of these improvements was an improved ex
tension assist and the provision of the modular 
system hip joints in two models , one with lock 
and one without , the devices being interchange
able. Moreover , when the Bock system was first 
offered, it included only a single-axis, constant-
friction knee that could be used with or without 
an extension assist and a S A C H foot. Current ly , 
two knee units are offered: (1) a single-axis, con
stant-friction knee and (2) a single-axis, constant-
friction knee with a manual lock and improved 
mechanical swing-phase control , and a choice of 
three foot-ankle m e c h a n i s m s — S A C H , single-
axis, and five-way. A proto type yielding-friction 
knee similar in function to the Bock safety knee 
has been designed, fabricated, and is scheduled 
for product ion in the near future. Plans are also 
being made for a polycentr ic knee unit and a 
swing-phase control unit that will provide the 
same functions as present pneumatic or hydraulic 
units , or bet ter . 

Hosmer BK Modular Pros theses and Soft Covers 

In the absence of Mr. Cecil Benton who was 
called away from the meet ing, Mr. Leigh Wilson 
reported on the Hosmer /Dor r ance below-knee 
m o d u l a r p r o s t h e s e s and the P r o s m e t i c soft 
covers . More than 300 stock sizes and shapes of 
the soft BK covers are now considered to provide 
the ult imate in prosthetic cosmes is . These covers 
are said to be lightweight, tough, and exceptional
ly durable , and their composi t ion of urethane and 
integrated skin provides a natural appearance 
and softness. 

The soft covers are for use with plastic sockets 
laminated to the PSL-100 adjustable pylon or 
with the so-called " m o d u l a r two-stage s y s t e m " 
where the plastic socket is dynamical ly aligned 
on an adjustable leg and then transferred into a 
duplicating jig. The special a t tachment plate of 
the P P K 200 fixed pylon is then laminated into 
the aligned socket with the pylon in the correct 
M-L and A-P posit ions. These applications are 
more fully described in the Hosmer /Dor r ance 
Prosthetic Hotline, Vol . 48, Series 1-71 (11). 

Kingsley I tems 

Mr. Kenne th Kingsley presented t w o i tems of 
fairly recent development at the Kingsley Mfg. 
Co. He called one of them the "scu lp ted- toe 
ladies ' foo t " (Fig. 14). This item had been de
ve loped for a s e c r e t a r y at the ins i s t ence of 
Roy Snelson, Project Director of the Amputee 
and Problem F r a c t u r e Se rv ice , R a n c h o Los 
Amigos Hosp i t a l , D o w n e y , Cal i fornia . T h e 
second item was the so-called "flat f oo t " (Fig. 
15). Originally designed for barefoot ambulat ion 

Fig. 14. Two views of the sculpted-toe ladies' foot. 



Fig. 15. The flat foot. 

with an immediate-postoperat ive prosthesis at 
the instigation of Dr. Vert Mooney and Roy Snel
son at Rancho Los Amigos Hospital , its applica
tions have since expanded into use with pros
theses for swimming and water-skiing, and the 
wearing of flat-heeled shoes . Flexible leather ap
plied to the sole enhances the foot ' s wearing 
qualit ies. If sufficient demand developed, this 
leather could be a t tached during product ion. 

D I S C U S S I O N 

It was emphasized that the s tump socket inter
face was still a matter of prime concern , particu
larly at the BK level since B K s const i tute the 
majority of amputa t ions at the present t ime. A 
concept was introduced of sockets that would 
grasp the s tump and s tumps that would grasp the 
socket . 

The desirability of spelling out prescription 
criteria for the various casting, fitting, and sus
pension techniques was discussed. It was agreed 
that the delineation of prescription criteria was 
very difficult, and that , ultimately, the technique 
used for a given patient was the one that the pros
thetist did best and with which he was most com
fortable. 

The desirability of a compara t ive evaluation of 
various casting procedures with a check of the 
ou tcome by means of t ransparent sockets was 
stressed by various speakers . 

The inclusion of adminis t rators in workshops 
and meetings dealing with the delivery of services 
was s t ressed. Items made available to pat ients 
are frequently determined by lists and fee sched
ules, and it was felt that development of adminis
trative procedures was necessary to make pos
sible the delivery of the best available pros theses . 

A B O V E - K N E E P R O S T H E S E S 

C A S T I N G 

The B R A D U Above-Knee Socket 

Dr. Harris descr ibed briefly the socket which 
is being developed for selected AK amputat ions 

in the Biomechanical Research and Develop
ment Unit at Roehampton . Dr. Verne Inman of 
Berkeley had suggested that if pressures could be 
evenly distributed over the whole surface, the 
AK s tump would support the body weight with
out producing high loads on the ischial tubero
sity. This concept had greatly interested Dr. 
McKenzie of Roehampton who had made many 
a t tempts to cast the AK s tump with weight-bear
ing in the stance phase . The problem was that in 
casting the s tump with weight-bearing, the soft 
t issues were displaced proximally, thus shorten
ing the soft-tissue e lements of the s tump and in
creasing its c i rcumference. Consequent ly , when 
the s tump was pulled into the socket that had 
been fabricated from this cas t , the soft t issues 
e longa ted and pa t i en t s c o m p l a i n e d tha t the 
socket was too short. In the swing phase , the 
weight of the prosthesis distracted the soft t issues 
of the s tump, elongated them, and reduced the 
circumference of the s tump. The socket could 
then no longer maintain its pressure differential. 

Redhead and Alcock of Roehampton then pos
tulated that if the s tump could be cast in s tance 
with the soft t issue distracted as much as possible, 
there could be no further distraction in the swing 
phase , and the pressure differential would be 
maintained. They developed a method of casting 
the s tump on this principle. The s tump is pulled 
into long-underwear- type t runks made of spe
cially woven elastic and distracted, thus produc
ing an evenly distributed circumferential pres
sure over the surface of the s tump . A cast is then 
made with the patient supine. Pressure applied 
evenly and ci rcumferent ia l ly over soft t issue 
must result in a round c ross sec t ion; hence , 
B R A D U - t y p e sockets are round, rather than 
q u a d r i l a t e r a l , a n d a r e n o t i s c h i a l - b e a r i n g . 
Sockets made by their method on selected pa
tients who were previously suction-socket wear
ers have proved successful in approximately 70 
percent of the cases . Difficulties had arisen be
cause of inability to cast the end of the s tump 
under pressure , and there had been other prob
lems. Dr. Redhead had made a number of modi
fications to the technique and was still revising it. 
Dr. Harris said that those who had a satisfactory 
fit were very satisfied, but the whole method of 
weight t ransference was totally different from 
that of o ther pros theses . If the procedure were 
abandoned at any t ime, not only the suspension 
but also the whole method of loading would be 
changed. He suggested that the concept showed 
promise, but was still under development and, 
pending further deve lopment , it should not as yet 
be considered for U . S . evaluat ion. 



Fig. 16. Two-component type of total-contact AK suction socket designed for geriatric AK amputees. 
Left, flexible inner socket; center, rigid outer shell with anterior window; right, complete assembly of 
socket and shell held together by Velcro strap on lateral side. 

N E W T E C H N I Q U E S 

Suction Socket for the Geriatr ic AK Amputee 

Mr. Sinclair described the above-knee socket 
which had been developed at the Universi ty of 
Miami for aged pat ients . This socket incorpo
rates an R T V silicone liner made with three 
layers of s tockinet te and a suction valve. The 
outer laminated shell of the socket had been fabri
cated with variously located cutouts in efforts to 
determine the configuration which provided ade
qua t e s t rength and re ten t ion with min imum 
weight (Fig. 16). T h e ampu tee dons the liner, 
inserts the s tump with liner into the socket , and 
connec ts the two with Velcro. 

Unfortunately, Mr. Sinclair repor ted , this sys
tem did not work as well as had been hoped. Pa
tients still found it difficult to don their pros theses 
in the sitting position. Development is continuing. 

This suction socket for geriatric amputees is 
described in the Spring 1969 issue of Artificial 
Limbs (13). 

Cordo Insert Sockets 

Mr. Ni tschke stated that , in the Roches ter ex
per ience, Cordo inserts had proven to be very 
useful for many above- as well as below-knee 
amputees . Flexible liners had been fabricated for 
patients with very bony s tumps , and padding had 

been added where very little natural padding was 
present , e.g., in such a reas as the lateral distal 
femur and the ischial tuberosi ty . T h e liner not 
only greatly increased patient comfort , but ad
jus tment be tween the liner and the socket could 
be made very easily. 

In cases where suction sockets are required, 
Cordo inserts can still be used. The valve is in
serted into a hole 1/2 in. in diameter after the area 
around the hole has been heated. The flared por
tion of the insert can then be tied off in the groove 
in the valve with a nylon cord to make a perma
nent seal . The area around the valve may then be 
built up with Plastazote and blended into the con
tours of the s tump. When desirable , the last layer 
of Cordo may be deferred until the Plas tazote has 
been added . It can then be used to finish off the 
liner. 

Cordo inserts are apparent ly working very well 
in suction sockets for endoskeletal p ros theses . 
The s tump is first pulled into the insert and sealed 
with the valve; the amputee then inserts the 
s tump with the liner into the plastic socket . A 
disk about 1 in. in d iameter and 1/4 in. thick is in
corporated onto the Cordo insert , jus t lateral to 
the Sca rpa ' s triangle area. This disk fits into a 
cutout in the same area of the plastic socket . This 
ar rangement keeps the insert in proper position 
and prevents it from slipping out of the plastic 
socket . It is not necessary to pull the cosmet ic 



cover down or install cu touts for the valve. 
A schematic view showing installation of a suc

tion socket valve into a Cordo liner is shown in 
Figure 17 (9). 

Air-Cushion Technique 

Mr. J. E . Dillard of Nashvil le, Tennessee , 
described the fitting of air-cushion AK sockets to 
patients with problem s tumps , particularly those 
with marked discoloration at the distal end. Ex
cellent relief had been obtained (Figs. 18 and 19). 

The procedures for fabricating the AK air-
cushion socket were based on those developed at 
the University of California San Francisco Medi
cal Center by Wilson, Lyquis t , and Radcliffe for 
BK pros theses . Essentially, the distal two-thirds 
of the socket was made of three layers of stocki
nette impregnated with N o . 384 Silastic Elasto
mer. A suction valve is located distally, and an air 
space is p rovided be tween the Silastic inner 
socket and the outer shell. A more complete des
cription may be found in the article, " A . K . Air-
Cushion S o c k e t s , " in the June 1970 issue of Or
thotics and Prosthetics (2). 

O T H E R I T E M S 

T H E V E R M I L L I O N L E G M E C H A N I S M S 

Mr. Charles W. Vermillion of Roseburg , Ore
gon, presented a film showing above-knee and 
hip-disarticulation pros theses he had developed. 
These prostheses could be adjusted manually to 
control the forward movement of the hip and the 
backward movement of the knee , and permitted 
selective locking or unlocking. The mechanism 
of the prosthesis is described in greater detail in 

U . S . Patent N o . 3.663,967, entitled " Jo in t Move
men t L i m i t i n g A r r a n g e m e n t for P r o s t h e t i c 
L e g s " (15). 

S E A T T L E P R O S T H E S E S F O R S P O R T S 
A N D R E C R E A T I O N 

Mr. Jack Graves described at some length his 
skiing exper iences as a be low-knee ampu tee , 
using prostheses that he had developed. It was 
r e c o m m e n d e d that Mr. Graves p repa re this 
material for publication in Orthotics and Pros
thetics. 

R E C O M M E N D A T I O N S 

In an effort to bring together the various agree
ments that had been reached during the work-

Fig. 17. Suct ion-socket valve installation in an AK 
prosthes is with a Cordo liner. 

Fig. 18. Distal end of s tump before fitting with air-
cushion socket . 

Fig. 19. Distal end of s tump after fitting with air-
cushion socket . N o t e the major change . 



shop, Messrs . Foort and Hampton presented a 
list of proposed recommendat ions for considera
tion by the group. These items were : 

• Carlton Fi l lauer 's three-stage casting tech
nique and Joe Zet t l ' s pre-modified plaster 
impression technique should be evaluated as 
quickly as possible (within six months , in
cluding preparat ion of teaching material) . 
All necessary information needed for the 
evaluat ions should be supplied by the de
velopers . Transparen t sockets with modular 
components should be used to evaluate the 
products of these casting techniques . 

• Casting techniques which would permit the 
making of impress ions under dynamic condi
t ions should be investigated. 

• O t h e r i n s t i t u t i ons b e s i d e s R a n c h o L o s 
Amigos Hospital , and including the prosthet
ics schools , should investigate the values of 
t ransparent sockets as check sockets . 

• A manual on the fabrication of gel-socket 
pros theses should be made available to the 
schools . 

• Investigations to develop the V A P C below-
knee suction socket and the N P R L method 
of socket fabrication should be cont inued. 

• Efforts to develop prescription criteria for 
use of the n u m e r o u s var iants of the B K 
prosthesis should be intensified. 

• Part icipants in the workshop should make 
available to the schools all pert inent infor
mation concerning their variat ions in the 
PTS wedge-suspension techniques . The 
schools should include these techniques in 
their teaching programs , as appropr ia te . 

• T h e p r o s t h e t i c s s c h o o l s s h o u l d o b t a i n 
vacuum-forming equipment so that they can 
keep abreast of developers in applicat ions of 
the technique , and they should disseminate 
information on uses , as appropr ia te . 

• Functional characterist ics and design cri
teria for the S A C H foot should be reviewed 
periodically in the light of field exper ience . 

• F l e x i b l e , c u s t o m - m a d e , c o s m e t i c - c o v e r 
techniques should be recorded and made 
available to the schools so that prosthet is ts 
may become familiar with them. 

• T h e s c h o o l s shou ld i n c l u d e l a b o r a t o r y 
demonst ra t ions of the new materials , such as 
those used to make cus tom cosmetic covers , 
vacuum forms, e tc . , and the sources of the 
materials should be indicated. 

• With regard to modular sys tems , it is recom
mended that the schools use the sys tems 
available (1) in the investigation and evalua

tion of the new techniques referred to (cast
ing techniques , t ransparent sockets) , and (2) 
as alignment devices for use in teaching. 
This approach will allow quick assembly of 
trial devices and familiarize s tudents with 
modular devices without necessar i ly rec
ommend ing them for general use at this 
t ime. 

• M a n u f a c t u r e r s should supply m o d e l s of 
their equipment to the schools so that stu
dents can become familiar with them. Manu
facturers should be encouraged to contr ibute 
to the schools , and this would be a good way 
to do so. 

• All of the new developments in A K socket 
design which have been shown at the work
shop are of sufficient value to warrant the 
preparat ion of manuals . Evaluation should 
be under taken so that indications and con
traindications for use can be establ ished. 

• Various me thods for sheathing the s tump, 
including a s tump-sock design, should be 
vigorously investigated, and manufacturers 
should be made aware of their impor tance . 

• Study of the effects of shear and other forces 
on living tissue should be intensified. 

• It is strongly recommended that a functional 
terminology related to prosthet ics and orthot
ics be developed and that investigators use 
this terminology to identify their inventions. 

• Surgeons should be encouraged to experi
ment with s tump design in an effort to im
prove weight-bearing character is t ics and the 
socket-grasping capabilit ies of muscle-stabi
lized s tumps. 

• A strong effort should be made to improve 
prosthet ics for children and women. Women 
should be encouraged to involve themselves 
in the solution of this problem. 

• C P R D should look into the possibility of re
lating to the various information retrieval 
sys tems of such professions as the various 
groups of engineers with a view to solving 
problems which relate to these specialt ies, 
e.g., materials . 

• A " b y - m a i l " brainstorming operat ion spon
sored by C P R D on the problem of cosmet ic 
restoration of modular pros theses is recom
mended . Contr ibutors would be asked to at
tend a workshop designed to further the 
brainstorming. T h e expecta t ion would be 
that some research group would involve it
self vigorously in the problem of cosmetic 
restoration of modular devices , on a high-
priority basis . 



• The ski prosthesis presented by Jack Graves 
should be writ ten up and published as an 
art icle. 

• Studies on James Foor t ' s electric alignment 
unit should be react ivated. 
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