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The student of contemporary pros
thetics cannot help but be struck by 

the plethora of techniques avai lable for 
the suspension of the below-knee pros
thesis. Since the introduction of the 
patel lar- tendon bear ing below-knee pros
thesis in 1959 the field has been besieged 
by a variety of methods, all to accomplish 
a common purpose . T h e question that in
evitably arises is "why?" Is it that the basic 
methods are so unsuccessful or that the 
possibilities for innovation so grea t? 

As an abundance of statistics will show, 
the predominant cause of amputa t ion in 
western society is peripheral vascular 
disease, a n d increasingly the preferred 
site of amputa t ion is below the knee. T h e 
below-knee prosthesis can, therefore, be 
character ized as the "b read a n d butter 
prosthesis," the one upon which the pros
thetist counts to pay salaries a n d over
head . T h e tendency is to use the method 
which the prosthetist finds best enables 
him to satisfy the many needs of the pa
tient most expeditiously and eco
nomically. T h e concern, of course, ex
tends beyond the point of delivery and 
the prosthetist desires to find a technique 
that will be both durab le and readily ad
jus tab le so as to facilitate repairs . The re 
are, of course, other motives than base 
economics at work. 

Given this preponderance of experi
ence with one basic prosthesis the practi
tioner in t ime develops the confidence for 
innovation. ( T h e converse, of course, is 
true; one is more inclined to eschew ex
per imentat ion when confronted with an 
unfamil iar si tuation.) Secure in the 
knowledge that he can always fall back 
on basic techniques the prosthetist is 
more likely to try out the newer methods 
he has learned of as well as his own ideas . 
Th i s tendency is an outgrowth of not only 
a desire for innovation, but also in reply 
to perceived inadequacies of the older 
techniques that come with clinical ex
perience. T h e majori ty of below-knee 
amputees seen not only provides motiva
tion for new developments, but also 
scope. It is difficult to exper iment with 
non existent patients as well as to ga in the 
experience to either criticize established 
methods or to perceive the solutions. 

T h e answer to the question then would 
seem to be mult i faceted. If financial 
forces were the only ones at work the 
ready and economical solution to obtain
ing proper suspension for a P T B with cuff 
suspension s t rap would simply be to a d d a 
waist belt, a n d we would not have wit
nessed the development of newer and 
more sophist icated methods . W e may 
safely asume that prosthetists have been 



motivated by such factors as a desire for 
personal satisfaction, to advance the pro
fession, and a genuine wish to improve 
the lot of individual patients. 

In the following discussion two works 
in par t icular a re regarded as bench-
works: Orthopaedic Appliances Atlas 
Vol. 2 (1 ) , a n d Human Limbs and their 
Substitutes (2 ) . Published in 1960 and 
1956 respectively (after m a n y years in 
prepara t ion) they seem to m a r k the tran
sition from a per iod of fertile investiga
tion to a later per iod of intensive clinical 
appl ica t ion. Encapsula t ing the experi
ences of the first period on the one h a n d 
a n d presaging the events of the second on 
the other, the work of Dr. Eugene Mur
phy in both references must be cited as 
being of par t icular relevance to the ques
tion at hand . 

in Vol . 2 o f the Orth. Ap. Atlas (3) qui te 
clearly shows the use of a thigh corset and 
below-knee joints, and since then their 
use (until the introduction of the P T B ) 
has become synonymous with the "con
ventional" below-knee prosthesis (Fig . 2 ) . 
If properly contoured proximal to the ad
ductor tubercle of the knee the thigh cor
set can provide suspension as well as 

weight bear ing a n d stabilization against 
anterior-posterior and medial- la teral 
forces. T h e thigh corset is not primari ly 
prescr ibed for its suspension component , 
of course, and today thigh corsets and 
joints are a d d e d to the basic P T B in an 
a t tempt to bolster a s tump that for one Fig . 1. T h e V e r d u i n L e g [ F r o m (3)] 

F ig . 2 . T h e "convent ional" be low-knee prosthes is 



reason or another is unable to cope with 
the external forces appl ied to it. None the 
less, in the spirit of extract ing m a x i m u m 
performance from each component it 
would seem logical to properly contour 
a thigh corset when used to achieve 
suspension without a waist belt. T h e mat
ter does not rest here, however. 

In Newsletter . . . Amputee Clinics 
Vol. V I I , N o . 3 J u n e 1975 (4) the ques
tion of using a thigh corset with a P T B 
was raised with specific reference to 
whether or not the two were incompat ib le 
due to no al lowance being m a d e for rela
tive mot ion between the prosthesis and 
patient 's l imb. In response to the question 
H u g h Panton described methods of deal
ing with the problem, including loosen
ing the fit of the socket. 

In a subsequent issue of the newsletter 
(5) respondents to the questions, while 
not addressing themselves directly to the 
matter , tended to support Mr. Panton's 
ra t ionale for modifying the socket. If this 
is the case then a thigh corset that fits in
timately enough about the knee to pro
vide adequa te suspension can only ex
acerbate the problem. It may very well be 
then that a thigh corset incorporat ing 
suspension should not be fitted without a 
slip socket. The re can be no ready solu
tion to this conjecture and inevitably the 
decision must be m a d e on an individual 
basis . 

C u f f Suspens ion S t r a p 

T h e cuff suspension s t rap (Fig. 3) is, of 
course, an integral par t of the P T B pros
thesis as descr ibed by Radcliffe and Foort 
(6) and as such has come to figure pro
minently in the present day pract ice of 
prosthetics. Prior to the introduction of 
the P T B Dr. Eugene Murphy has de
scribed the use of a soft suspension s t rap 
in conjunction with the "Muley" pros
thesis (Fig . 4) ( 1 , 2 ) . As described by Dr. 
Murphy this precursor of the P T B had 
apparent ly been fitted for many years 

Fig. 3. T h e cuf f suspens ion s t r a p of the or ig ina l 
P T B prosthes is 

F i g . 4 . T h e Muley Prosthesis [ F r o m (2)] 



with mixed results with some patients 
resorting to the use of a thigh corset after 
only two or three years, while others con
t inued to wear a Muley successfully for 
considerably longer periods. T h e dis
pa ra t e results were contr ibuted by Dr . 
Murphy, not only to more accura te initial 
fitting, but also to more vigilant and fre
quent followup. (These s ame factors, of 
course, apply today and perhaps the true 
significance of the P T B is that they have 
become the norm rather than the excep
tion.) In any event, the s t raps in the illus
trations of Muley prostheses shown by Dr. 
Murphy are a t tached rather well forward 
of the position in vogue today. 

In their m a n u a l on the P T B , Radcl i f fe 
and Foort (6) give explicit directions for 
locat ing the a t tachment points as well as 
criteria for the proper function of the 
s t rap . These exact ing conditions are 
somewhat difficult to fulfill and not all 
patients lend themselves to them; nor do 
all prosthetists rigorously m a k e the at
tempt . T h e authors of the P T B m a n u a l 
implicitly recognized these facts when 
they gave equa l space to fabricat ion of a 
waist belt as to a cuff suspension s t rap . It 
is interesting to speculate what percen
tage of P T B s fitted include a waist belt as 
well as a cuff suspension s t rap . Almost all 
temporary B K prostheses include a waist 
belt. It is the author 's impression that 
even with definitive prostheses waist belts 
are used m o r e often than circumstances 
dictate . T h a t cuff suspension straps are 
soft and flexible items, and thus readily 
subject to stretching and wear, can only 
c o m p o u n d the prob lem. Recogni t ion of 
these facts has given cause over the years 
to m u c h innovation. 

T h e basic s t rap has been modif ied by 
the addit ion of elastic elements a n d 
replaced entirely by Velcro straps a n d 
single piece figure-of-eight s t raps . In 
their report on prosthetic devices sui table 
for India , Gir l ing and Commings (7) de
scribe such a s t rap that consists of a 25 

m m . wide cotton t ape that wraps a round 
the patient 's knee, passes through two 
slots in the side of the prosthesis, passes 
posteriorly and is tied together anteriorly. 
A device is avai lable commercial ly to 
facilitate location of the proper attach
ment points, a n d not least, such radical ly 
different means of suspension as the P T S 
socket have been advanced . 

Wais t B e l t 

A waist belt is most frequently a d d e d to 
the basic below-knee prosthesis in order 
to supplement the inadequa te efforts of 
another suspensory component . As such 
it is most broadly referred to as a secon
dary or auxil iary means of suspension. 
Th i s designat ion is quest ionable since it is 
possible to ga in sufficient suspension with 
a waist belt without recourse to other 
m e a n s in just about every case, while a 
waist belt is a d d e d to a prosthesis after 
another form of suspension has proven its 
inadequacy . It would seem then that a 
case could be m a d e for designat ing the 
waist belt a pr imary suspensor that 
relegates other suspensory components to 
a secondary role when used. Waist belts 
are objected to by prosthetists as 
unaesthetic a n d by patients as uncom
fortable, difficult to keep clean, and fre
quently in need of repair . Perhaps then 
they should be reserved for last resort 
when other more appea l ing means have 
failed. All of this having been said, it 
must be acknowledged that there exists a 
p lace for the waist belt in the everyday 
pract ice of prosthetics. 

T h e first would, of course, be with a 
thigh corset a n d joints . In this instance 
the waist belt is most frequently a t tached 
to the prosthesis by means of a fork s t rap 
that divides p rox imal to the pate l la and 
courses down from there on either side o f 
the pate l la to a t tach to the anterior por
tion of the prosthetic shin. 

Alternative means of a t tachment do 
exist a l though they are infrequently, if 



ever, used. Dr . Murphy (2) describes 
what might be termed an abbrevia ted 
fork s t rap as it a t taches on either side to 
the uprights p rox imal to the knee joint 
rather than distal to, as in the former 
case . H e also mentions how rollers m a y 
be a t tached to the uprights a n d cords 
passed through them to correct with the 
waist belt posteriorly as well as anteriorly. 
Th i s latter case would have the advan tage 
of main ta in ing equal tension in all posi
tions of hip flexion and of distr ibuting 
the l o a d m o r e broadly about the belt . 

T h e second c o m m o n use of a waist belt 
would be with a temporary P T B prosthe
sis a n d cuff suspension s t rap as men
tioned earlier. T h e desire here, of course, 
is to provide a readily adjustable means 
of ga in ing g o o d suspension dur ing a 
per iod of r ap id change a n d thus avoid the 
possibility of d a m a g e to the immatu re 
s tump. 

T h e third use of a waist belt is with a 
definitive P T B for one reason or another. 
While other means of suspension exist, 
some prosthetists a n d clinic teams will 
resort to a waist belt rather than to other 
methods when the cuff fails as a means of 
suspension. T h e most compel l ing reason 
for this is mental confusion on the pa
tient's par t . Most people are familiar with 
fastening belts a n d straps a n d thus readi
ly adap t to the use of a waist belt when 
they m a y have difficulty with other forms 
of suspension. When a waist belt is worn 
with a cuff suspension s t rap (part icularly 
in this last cited case) it is not infrequent 
to see the cuff worn altogether too loose, 
either as a result of improper adjustment 
or of wear a n d stretching. In this case, 
then, the waist belt converts the cuff 
suspension s t rap to a form of fork s t rap 
that happens to be a t tached posterior to 
the knee center rather than anterior. 

One variant that gives recognition to 
this fact is that descr ibed by J a c k 
Caldwell , C . P . , in 1965 (8 ) . T h e cuff 
suspension s t rap (Fig . 5 and 6) is done 

away with and replaced by two straps and 
a stainless steel r ing as used in upper 
extremity prosthetic harnesses. As de
scribed, each strap is fastened at some 
point at the anterior portion of the 
socket, pass proximal ly u p through the 
ring, a n d then distally to a point in the 
popli teal a rea of the socket. T h e straps 
are allowed to pass freely through the 
r ing dur ing flexion and extension and the 
r ing is jo ined to the elastic thigh s t rap of 
the waist belt with a quick disconnect 
snap fastener. T h e author further states 
that hyperextension of the knee can be 
controlled by varying the location of the 
anterior a t tachment points . 

S u s p e n d e r s 

Over the shoulder suspenders used with 
a below-knee prosthesis are so ra re as to 
constitute a genuine curiosity when en
countered. The i r use can not be dis
missed altogether, however. It m a y very 
well be that for any number of concomi
tant reasons a par t icular patient can use 
no other means of suspension; a n d there 
always exists the true individual who will 
hear of no other m e a n s however powerful 
the clinic team's a rguments against it. 
T h e author encountered such a person a 
number of years ago who suspended his 
prosthesis (which also included a thigh 
corset) with an ar rangement m u c h the 
same as a ba ldr ic used to suspend a sword 
from the shoulder. A single b road belt 
passed proximal ly from the A S I S on the 
involved side u p over the contralateral 
shoulder, distally down the back, and 
a round the side to the or iginat ing point 
where the two ends were secured togeth
er. F r o m there an elastic s t rap and " Y " 
s t rap were used to secure the ba ldr ic to 
the prosthesis. 

It is, of course, possible to devise con
siderably more complex ar rangements 
using two suspenders, chest belt, waist 
belt, and either elastic s traps anterior-
posterior to the prosthesis or rollers and 



F i g . 5 . T o p view o f the V - s t r a p s with the knee 
e x t e n d e d 

F i g . 6 . Pos ter ior view o f the V - s t r a p s while pa t i en t 
is s t a n d i n g 

roller cords. Franz a n d Aitken refer to 
such a setup for infants cal l ing it a "tod
dler harness ." T h e premise is that the 
chubby child a n d relatively indistinct 
skeletal features of the infant necessitate 
such drastic measures . A n addit ional 
reason is, of course, the need to m a k e the 
total prosthetic system "wriggle proof." 

B l e v e n s U n d e r c u t C a l f Socket 

T h e socket (F ig . 7) developed and 
patented by Emmet t Blevens a n d evalu
a ted by N . Y . U . can be rega rded as a 
precursor of a number of concepts just 
recently beginning to receive serious at
tention. As descr ibed by Murphy (1) the 
socket was carved of wood to accommo
da te a s tump encased in two wool s tump 
sockets with a hollow carved in the 
posterior wall distal to the popl i teal . A 
foam rubber p a d was sandwiched be
tween the two sockets so as to fill the 

hollow once the socket was properly 
donned . Since the p a d was fitted so as to 
r emain compressed, tension was devel
oped between the socket and s tump a n d a 
suspension effect was obta ined . Appa r 
ently some amputees , with t ime a n d pro
per effort, were able to redevelop pre
viously a t rophied muscles and , thus, 
eventually d iscard the rubber p a d . In ad
dition, a sunction valve was fitted to some 
sockets a n d negative pressure was used to 
enhance suspension. 

Th i s , the work of a private individual, 
failed to find favor with the "prosthetic 
establ ishment" and little or nothing has 
been heard of it since. T h e reasons for 
this conservatism are not ha rd to fa thom. 
T h e P T B h a d not yet been properly in
t roduced a n d once it was, considerable 
effort was necessary to overcome the 
obstinacy with which a corsetless B K 
prosthesis was greeted. In addi t ion the 



Fig . 7. T h e socket d e s i g n e d by Blevens 

Blevens' socket, being carved of wood, re
quired, as all such sockets, considerable 
skill a n d trial and error to fit and as such 
it was undoubtedly considered unprofit
able to formalize the Blevens' method 
and teach it. While little information 
about the technique appears to be avail
able and the efficacy of compressing the 
highly vascular structures of the posterior 
calf is open to question; the two hurdles 
ment ioned have been conquered a n d per
haps the t ime is now ripe for further study 
of the methods of Blevens. As will be seen 
in the following discussion such study on 
the par t of some researchers is underway. 
In a related development Fred H a m p t o n 
of the University of Miami has in private 
communica t ion described the use of a 
similar if not identical suspension tech
nique (by serendipity a n d as auxil iary sus
pension only) for edematous a n d bulbous 
immatu re s tumps frequently seen when 
fitting early temporary prostheses. In 
such instances to avoid d a m a g e to the 
fragile tissues, Mr. H a m p t o n has used a 

liner bui lding u p the posterior and 
media l a reas p rox imal to the bulbous end 
of the s tump. Th i s liner is removed from 
the socket and donned separately and the 
s tump and liner are then pushed into the 
socket. Mr. H a m p t o n reports that consid
erable suspension can be ga ined by this 
expedient . 

M u s c u l a r G r a s p 

Relatively little attention has been pa id 
to this concept over the years. Dr . Mur
phy describes it in conjunction with the 
Blevens' socket (1) and Grevsten (9) men
tions it in his description of the suction 
socket below-knee prosthesis. The re can 
be little doubt that many amputees use it 
to supplement or el iminate more conven
tional means of suspension. More than 
one patient, when quest ioned closely, has 
described being able to walk short dis
tances about the house without fastening 
the cuff; and this mechanism presumably 
accounts for the ability to ambu la t e 
without ill effects or complaints with an 
improperly fitting cuff suspension s t rap . 
T h e author encountered some years ago 
two young amputees (secondary to con
genital defects) who h a d d iscarded any 
other forms of suspension. One, a young 
female in her teens, had literally thrown 
the media l br im of her supracondylar 
suspension prosthesis away, a n d the 
other, a female in her 30's , was an active 
skier who evinced a desire for an auxil iary 
suspension a id only in that activity. 

Recently Dr. Ernest Burgess of Seat t le , 
Washington, has described his research 
in this a rea (10, 11) referring to it as 
physiological suspension. Th i s is an 
outgrowth of his earlier work to create 
more functional s tumps by such methods 
as myoplasty and myodesis, and has led 
him to re-evaluate the concepts of 
Blevens. 

Certainly, the idea is philosophically 
attractive. Not only would it result in a 
cleaner looking, more cosmetic prosthesis 



without a cuff or supracondylar br ims to 
prot rude above the knee in sitting, pro
mote greater activity of the remaining 
muscula ture with physiological benefits, 
it would also max imize the patient 's 
potential to minimize his dependence on 
an external a id with impor tant psycho
logical a n d philosophical overtones. Cer
tainly, the technique is not app l icab le to 
all pat ients and much work needs to be 
done to develop logical criteria for the 
method 's appl ica t ion. 

S u c t i o n Socket 

In his discussion of suction socket 
below-knee prostheses Dr. Murphy (2) 
states that the U . S . Army's Commiss ion 
on Amputa t ions a n d prostheses in its tour 
of Germany after the war observed a few 
suction socket B K s a n d considered them 
relatively unsuccessful. Dr. Murphy at
tr ibuted this to the relatively high rat io of 
bony prominences to soft tissues (as com
pa red to the above-knee s tump) a n d the 
consequent need to establish an initial ac
cura te fit a n d subsequently main ta in it 
with grea t accuracy despite changes in 
s tump volume a n d contour. T h e attrac
tions of suction are great a n d certainly 
are not to be dismissed lightly. If suspen
sion can be established in the distal por
tion of the socket the p rox imal tr im lines 
can be lowered with greater cosmesis and 
free the pat ient of constraints about the 
knee. Further, suction should reduce the 
possibilities of skin abrasions and increase 
the patient 's awareness of the prosthesis. 

While Amer ican interest in the suction 
socket for the below-knee ampu tee has 
been dormant , since about 1968 Swedish 
investigators (9 , 12) have been working 
with the P T B suction prosthesis. Con
siderable work has been done by them 
over the years to demonst ra te the effects 
of suction sockets a n d this work was 
recently summar ized by Grevsten in 
Prosthetics and Orthotics International 
(9) . Similar ly Gunna r Holmgren has 

discussed the mat te r from the prosthetist's viewpoint (12) . Both authors 
stress the necessity to displace the soft 
tissues of the s tump distally, both for 
safety in weightbear ing a n d to develop 
tension between the skin a n d socket walls 
for suspension. Indeed Holmgren is quite 
emphat ic about this be ing a major factor 
in the proper function of the PTB-suc t ion 
socket. Th i s use of tension between the 
socket walls a n d the skin is very similar if 
not identical to the principle used in the 
Blevens socket. However, as the informa
tion or technique is scanty it is difficult to 
fully assess these mat ters . One dis t rubing 
note concerning the Grevsten article (9) 
suggests itself. In the picture sequence 
showing the pat ient donning the pros
thesis the use of a rubber suspension 
rubber suspension sleeve to preserve 
suction in extreme knee flexion is men
tioned. T h e true advan tage of a suction 
socket would seem to be the el iminat ion 
of the necessity to encompass the knee 
for suspension. 

R u b b e r Sleeve S u s p e n s i o n 

Since about 1968 (13 ,14) the workers 
at the University of Michigan, Ann Ar
bor , have accumula ted considerable 
experience with a form of suspension 
us ing a rubber sleeve (Fig . 8) in conjunc
tion with and without a gel liner. In an 
article (13) describing an investigation of 
the functioning principles three suspen
sory forces are at t r ibuted to the rubber 
sleeve: negative pressure, friction be
tween the s tump a n d socket, a n d longi
tudinal tension in the sleeve. With the 
use of pressure t ransducers and by means 
of selectively introducing leaks in the 
sleeves of nine subjects the investigators 
were able to demonst ra te to their satis
faction that negative pressure p layed an 
impor tan t role in the suspension of the 
protheses. It is interesting to note, as the 
investigators point out, that one subject 
with a very full a n d fleshy s tump showed 



F i g . 8 . T h e r u b b e r sleeve suspens ion t e c h n i q u e 

no degrada t ion of suspension affect when 
the sleeve was punctured. 

It is obvious, then, both from a clini
cal point of view and from laboratory 
studies that the rubber suspension sleeve 
is a relatively s imple a n d effective means 
of suspension. T h e only question that 
remains is whether or not the suspension 
effect is worth more than the side ef
fects. While doubtlessly many patients 
are more than satisfied using suspension 
sleeves other patients have been disturbed 
by the sense of constriction, heat and 
perspirat ion bui ld-up under the sleeve, 
a n d the relative fragility of the sleeves. 
T h e question must , of course, be an
swered on an individual basis , but it is 
possible in a broader sense to register an 
objection on aesthetic or idealistic 
grounds . It would seem that the true 

advan tage of suction suspension is the 
freeing of the knee joint from the con
strictions necessary for suspension. A 
rubber suspension sleeve that passes 
p rox imal to the knee joint would seem 
to violate this principle. Whether or not 
it is possible to main ta in suction without 
a sleeve remains to be established and the 
simplicity of appl ica t ion of the sleeve is 
certainly a point in its favor. 

B r i m Suspens ion 

In contrast to the suspension tech
niques discussed until now, br im suspen
sion techniques find no ment ion in the 
two works of Dr . Murphy cited earlier 
(1 ,2 ) . It would seem then that the con
cept is a new one and a logical outgrowth 
of experience with the P T B (the author 
can not assert positively that there is no 
precursor as the world li terature is un
avai lable and by no means has a search 
for historical predecessors been m a d e ) . 
It is interesting that the extensive ar
m a m e n t a r i u m of b r im suspension tech
niques developed while such earlier forms 
of self-suspending sockets as suction and 
muscu la r g rasp were slighted. It is also 
interesting that the pendu lum has begun 
to swing in the other direction. 

In any event the central issue of br im 
suspension is how to permit pas sage of 
the wide femoral condyles through the 
relatively narrow inlet necessary to secure 
a proper g r ip immediate ly p rox imal to 
the adductor tubercle. It is the various 
solutions to this question that has given 
rise to the many variations reported on 
in the l i terature. In addi t ion to suspen
sion, extending the trimlines p rox imal 
affords other benefits as well. An increase 
in surface a rea encompassed leads to a 
decrease in the unit pressure, while the 
extension of lever a rms proximally and 
int imate gr ip of the bony structure of the 
knee increases stabil ization against such 
undesirable motions as lateral shift in 
the case of supracondylar suspension and 



supracondylar-suprapate l lar suspension 
and , in addi t ion, hyperextension in the 
case of supracondylar-suprapate l lar 
suspension. T h e net effect then of such a 
prosthesis when properly fitted is an 
increase in pat ient control a n d comfort 
with a decrease in pistoning a n d other 
undesirable motions. These positive 
benefits mus t be ba l anced by such nega
tive factors as a possible decreased cosmesis, increased weight, greater expense, 
difficulty in fitting, and difficulty in 
adjustment to the supracondylar pres
sure . It must also be remembered that 
br im suspension techniques have m a d e 
it possible to fit patients that otherwise 
would be unamenab le to anything but 
knee joints and a thigh corset (15 ,16 , 
17) . For the most par t , it is now neces
sary to resort to this latter extreme only 
in cases where the patient 's s tump needs 
positive relief from super imposed weight. 

T h e proliferation of P T B variants 
led the Veterans Adminis t ra t ion to issue 
a P rogram Guide in 1970 (18) that or
ganized the variants in a logical fashion, 
developed a consistent nomencla ture , 
and gave recommendat ion for their 
prescription. Since then the nomencla
ture presented has come to be adopted 
by most writers in the field. Every at
tempt is m a d e in the ensuing discussion 
to adhere to this s tandard nomencla ture 
in referring to br im configurations. 
A revised version of the chart to reflect 
developments m a d e since 1970 is shown 
in F igure 9. In a similar vein J a m e s 
Breakey (19) set forth the me thod he used 
to objectively determine the specific 
b r im configurat ion (supracondylar vs. 
Supracondylar -suprapa te l la r ) that best 
met a par t icular patient 's needs. Despite 
these efforts, there is no universally 
agreed u p o n procedure or set of recom
mendat ions for prescr ibing br im con
figuration, wedge or suspension type, or 
socket type (hard vs. soft). N o r is there 
one m a n u a l or s t andard procedure for 
cas t ing and fitting the various br im sus

pension techniques despite their many 
points of similarity. It m a y be a rgued 
that it is unnecessary to develop such 
universal procedures but it should be kept 
in mind that the present system, 
shrouded as it is in parochia l i sm, denies 
all pat ients equal access to all the options 
a n d means that a prosthetist a t tempt
ing an unfamil iar technique for the first 
t ime m a y have nothing in the way of writ
ten gu idance to g o on. Th i s m a y very well 
m e a n needless experimentat ion, frustra
tion, and eventual abandonment of an 
otherwise successful var iant . 

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 P T B 
( P T S ) 

Apparent ly the first formal introduc
tion of the supracondylar-suprapate l lar 
technique (F ig . 10) occurred in a 1964 
edition of Atlas d'Appareillage Prosthe'tique et Orthope'dique (20) by 
Pierquin, Faja l , a n d Paqu in who referred 
to it as the P T S (Prosthe'se t ibiale Supracondylienne). Points of contrast between 
the P T S and the P T B were covered in 
a subsequent issue of Orthotics a n d Pros
thetics in 1965 (21) . Kurt Marschal l and 
Rober t Nitschke described the P T S in 
the Amer ican literature first in 1966 
(22) and aga in in 1967 (23) and have 
become in t ime inextricably l inked to 
the development of it in this country. 

As described by these various authori
ties the supracondylar-suprapate l lar 
( S C - S P ) P T B includes a flexible insert 
a n d extends p rox imal to the patel la and 
femoral condyles. Great emphasis is put 
on the role of the suprapate l la r identation for suspension of the prosthesis and 
for prevention of undesirable hyperex
tension of the knee by the pat ient in ga i t 
a n d s tance. In contrast to the work of 
other developers relatively little emphasis 
is given in these early reports to the sus
pension possibilities inherent in the 
supracondylar extensions. More emphas is 
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is given to their contribution to stabili
zation of the prosthesis. 

While the names of Nitschke a n d Mar
schall have become almost synonymous 
with the use of a liner, in both articles 
(22 ,23) they describe in pass ing the use 
o f a ha rd socket a n d even ment ion in one 
(23) the possibility of using compressible 
media l a n d lateral wedges in a ha rd soc
ket, if necessary. Similarly, Breakey and 
Foort in 1970 (24) described a S C - S P 
P T B featuring a socket l amina ted of 
flexible polyester connected to a pylon 
by a rigidly lamina ted socket receptacle 

that also provided support in the weight-
bear ing a reas . H a r d socket P T B ' s with 
S C - S P suspension continue in use but 
their use is very m u c h taken for g ran ted 
as there is little or nothing publ ished 
describing the par t icular features or 
problems involved in their use . Pre
sumably the lack of a yielding or re
movable element above the condyles 
would imply that a ha rd socket P T B 
with S C - S P suspension would be used for 
a pat ient for whom only a smal l reduc
tion in supracondylar M L was necessary 
or who could achieve sufficient suspen
sion elsewhere (suprapatel lar , muscu la r 
g ra sp , e tc . ) . Patients who wear such a 
socket generally don it from the posterior 
aspect through the suprapopl i teal open
ing with a corkscrewing motion. 

R e m o v a b l e M e d i a l W e d g e 

In 1966 Dr . C . G . K u h n (25) publ ished 
details of a prosthesis he n a m e d Kondylen Bet tung Munster ( K B M ) and in J u n e 
1966 Car l ton Fil lauer (26) published in 
Orthotics and Prosthetics details of the 
development a n d fabricat ion of a similar 
design (Fig . 11) b a s e d on Dr . Kuhn ' s 
work. Mr . Fil lauer proposed to call this 
prosthesis the S . T . P . or Supracondylar 
T i b i a Prosthesis. Neither n a m e ever 
really caught on a n d today the design is 
generally referred to as P T B with remov
able media l wedge or P T B with Fil lauer 
wedge. 

In any event, whatever the n a m e , it 
describes a ha rd socket P T B cut low over 
the patel la with supracondylar wings and 
a removable med ia l wedge. T h e wedges 
are prefabr ica ted of Plastisol, in a range 
of sizes a n d thicknesses and avai lable 
f rom Fil lauer Orthopedic Supply . In use 
the cast is taken over the wedge which is 
secured in p lace p rox imal to the med ia l 
condyle by a strip of t ape . Elast ic plaster-
of-Paris b a n d a g e is used and snugly 
wrapped proximal ly to reduce the supra
condylar M L diameter . Similarly the cast 
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is filled with the wedge in p l ace and the 
model is modif ied to provide a narrow 
lip in the socket p rox imal to the wedge 
to hold it in p lace . T h e socket is also 
l amina ted with the wedge in p lace . 

An interesting variat ion on the basic 
concept of a removable media l wedge is 
that developed at the Prosthetic Research 
Study in Seat t le , Washington. Described 
as early as 1969 (27) this technique was 
described in greater detail by Joseph 
Zettl at the "Workshop on Below-Knee 

a n d Above-Knee Prostheses" held in 
Seat t le , Washington J a n u a r y 1973 (28) . 

Basical ly, a custom fitted wedge is 
fabr icated over the modif ied model of 
the patient 's l imb using nylon stockinette, 
Dac ron felt, polyester resin, and Sulkafloc. One or two pins prot rude medially 
from the wedge and lock it into p lace on 
the media l wall of the socket. If only one 
pin is used, the wedge is free to pivot 
dur ing flexion of the knee, affording 

greater comfort to the amputee . Th i s lat
ter point is a refinement from the ori
ginal technique where two pins were 
routinely used. Mr. Zettl emphasized that 
the wedge could be used with both supra
condylar a n d supracondylar-supra
patel lar sockets, any kind of soft insert, 
readily modif ied, and , if necessary, p a d 
ded. 

Compres s ib l e M e d i a l W e d g e 

T h e Compress ib le Medial W e d g e is a 
suspension variant pecul iar to southern 
Flor ida where it has achieved a con
siderable measure of populari ty. Perhaps 
the earliest ment ion of it in the literature 
occurs in the Augus t 1970 issue of News
letter . . . Amputee Clinics (29) in which 
Dr . Newton C . McCul lough III briefly 
describes it and attributes its develop
ment to Wil l iam Sinclair , then chief 
research prosthetist at the University of 
Miami . Similar ly Dr. Augus to Sarmiento 
writing in the Spr ing 1971 issue of Bul
letin of Prosthetic Research (30) de
scribes the wedge and states that some 
200 patients had been fitted with it by 
that t ime. 

Essentially the media l a n d lateral 
br ims of the P T B socket are extended 
proximal ly above the level of the adduc
tor tubercle a n d dur ing the fitting process 
a soft wedge similar in shape a n d cross-
section to the removable media l wedges 
sold by Fil lauer Orthopedic Supply is 
loca ted in p lace above the adductor 
tubercle so as to achieve proper suspen
sion. When proper shape and locat ion of 
the wedge is determined it is g lued in 
p lace and covered with leather. In use 
then, to don or doff the prosthesis the 
patient would merely push or pull his 
l imb in or out of the prosthesis a n d the 
wedge would compress to allow passage 
of the femoral condyles. Wil l iam Sin
clair has s tated (28) that in most instances 
a media l wedge alone has proven suffi
cient, but, if necessary, a lateral wedge 

F i g . 1 1 . T h e F i l l a u e r r e m o v a b l e m e d i a l w e d g e 
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can be used and in cases of supracondy
lar-suprapatel lar suspension the com
pressible wedge has been extended 
anteriorly p rox imal to the pate l la . These 
wedges are most often carved of the polyurethane foam used for S A C H foot heel 
cushions us ing a wire wheel, a l though 
H u g h Panton in personal communica 
tion has ment ioned mold ing them of the 
R T V Silicone Elastomer formerly used 
for below-knee distal end p a d s . 

Th i s then would seem to be a very use
ful and easily adop ted suspension tech
nique, and the reasons why it has not 
enjoyed wider populari ty are somewhat 
puzzling. The re would seem to be 
nothing radical ly different to be done in 
the cast ing a n d modif icat ion procedures 
and the carving and fitting of the wedge 
would seem to offer no par t icular diffi
culties. Once g lued in p lace and covered 
the wedge is an integral par t of the pros
thesis a n d can not be removed a n d lost, 
which should be a welcome thought to 
those used to the vagar ies of some pa 
tients' behavior. 

R e m o v a b l e M e d i a l B r i m 

Apparent ly the first ment ion o f the 
removable b r im (F ig . 12) technique 
occurs in J u n e of 1971 in an edition of 
Newsletter . . . Amputee Clinics (31) . 
Car l ton Fil lauer then gave fuller details 
of the ra t ionale behind the br im's de
velopment a n d the fabricat ion technique 
in December 1971 (32) . In this article 
Mr. Fi l lauer s tated that the development 
of the removable media l b r im resulted 
not from dissatisfaction with the re
movable media l wedge, but rather from 
the need for a technique to a c c o m m o d a t e 
patients in whom the difference between 
the condylar M L diameter and the supra
condylar M L diameter was greater than 
could be accommoda t ed with the avail
able prefabr icated removable media l 
wedges. T h e method consists of fabri
cat ing a supracondylar P T B hard socket 

with a curved metal ba r a n d channel 
posit ioned medial ly so that the entire 
media l wall p rox imal to the widest point 
of the femoral condyles could be removed 
a n d replaced. N o at tempt is m a d e to 
cushion or upholster the media l wedge 
a n d Mr. Fil lauer stated his belief, in 
opposit ion to those who advocated such 
soft wedges, that ha rd wedges when 
properly fitted were well tolerated by 
patients. 

T h e hardware has changed some since 
its original introduction but the method 
remains substantially unchanged . Mate
rial can be a d d e d or removed from the 
media l b r im as necessary and indeed the 
fit can be altered if needed by bending 
the metal b a r to br ing the wedge in or out 
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or to change the angle relative to the 
sagi t ta l p l ane . Further, the height of the 
wedge can be changed in a similar fash
ion. When properly finished the b r im of 
the prosthesis presents a very acceptable 
cosmetic effect both sitting s tanding. 
While intended to be used with ha rd 
socket supracondylar P T B ' s it can be 
used with liners or in supracondylar-
suprapate l la r sockets. In this latter con
figuration the media l horizontal cut is 
extended anteriorly and meets with a 
vertical cut that splits the pate l la . T h e 
only p rob lem that may b e encountered 
with this variat ion is g a p p i n g of the 
vertical cut when the patient 's knee goes 
into hyperextension in late s tance phase . 
Th i s g a p p i n g can be minimized by being 
certain that the ba r and channel assem
bly are properly posit ioned on the mid
line of the media l wall or even slightly 
anterior to it. 

I n f l a t a b l e M e d i a l W e d g e 

In March of 1973 (33) and aga in in 
December of 1973 (28) Timothy Staa ts 
descr ibed the development of inflatable 
media l wedge (Fig. 13) which he as
cr ibed to Lincoln B a i r d . Basical ly two 

fluid filled bulbs are used with a short 
length of tube connecting the two and a 
needle valve used to control the passage 
of fluid between them. One, an ordinary 
rubber squeeze bu lb as used in measur ing 
b lood pressure, is secured in the popli teal 
a rea of the prosthesis. T h e other re
sembles the removable media l wedge as 
described by Car l ton Fil lauer and is 
p laced inside the prosthesis p rox imal to 
the med ia l femoral condyle. In use 
fluid would be p u m p e d into the suspen
sion wedge to affect suspension a n d 
evacuated to permit donning and dof
fing. T h e critical feature is that it permits 
the patient to adjust the suspension so 
suit himself and to a c c o m m o d a t e fluctua
tions. 

Mr. S taa t s ment ioned that a l imited 
number of patients were fitted with very 
encouraging results, but that numbers 
were l imited by the number of units 
avai lable . L e a k a g e apparent ly was a 
problem with the first units fabr icated 
but this was subsequently el iminated. 
Since these early publicat ions little or no 
information is avai lable in print nor do 
the units seem to be commercial ly avail
ab le . 

A telephone conservation with Mr. 
S taa t s in J a n u a r y of 1979 elicited the fol
lowing facts . T h e inflatable wedge 
continued to be used for some 2 or 3 
years after 1973 and some 50 patients 
were fitted with it. Contrary to the early 
expectat ions l eakage continued to be a 
problem a n d eventually the Removab le 
Medial wall supplanted it. T h e inflatable 
wedge is no longer avai lable and the 
remaining stock of some 50 units was 
dona ted to the prosthetic curr iculum and 
U C L A where its use is still taught as one 
of the options to be considered for sus
pension of the P T B . 

C o n c l u s i o n 

A general overview of Below-Knee 
Prosthetic suspension techniques has Fig . 13 . T h e i n f l a t a b l e m e d i a l wedge 



been conducted. In general , three b road 
trends can be discerned. First, a g roup of 
older suspension techniques have re
ma ined static and been supplan ted by 
new ones since the introduction of the 
P T B and variants . Second, another 
g roup of techniques abandoned when the 
P T B was introduced have recently ga ined 
fresh apprecia t ion. Th i rd , an entire new 
g roup of suspension variants , all employ
ing c o m m o n principles, have emerged 
and ga ined widespread acceptance . It 
may very well be that the ul t imate sus
pension technique is skeletal a t tachment 
but in the mean t ime there is no lack of 
options to be considered. What apparent 
ly is lacking is a universally accepted set 
of clearly enuncia ted guidelines to il
luminate the si tuation. 
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