
FOIWOEB [»1 

J u n e 1979 
V o l u m e 33 
N u m b e r 2 

Orthotics 
and 
Prosthetics 
Journal of the American Orthotic and Prosthetic Association 



Keep Sticky Back VELCRO Fasteners 
where they'll do the most good. 

V E L C R O b r a n d f a s t e n e r t a p e s , w i t h se l f -s t ick a d h e s i v e b a c k i n g , in 
convenient d ispenser packs . 
V e r s a t i l e , h a r d - w o r k i n g V E L C R O h o o k a n d l o o p f a s t e n e r s , n o w a v a i l a b l e w i t h -a a p r e s s u r e s e n s i t i v e a d h e s i v e b a c k i n g t h a t w i l l s t i c k a l m o s t a n y w h e r e . I d e a l fo r 
a t t a c h i n g s t r a p s or p a d d i n g t o h a r d - s u r f a c e m a t e r i a l s — s p l i n t s , b r a c e s , s t a n d s , 
f r a m e s . S i m p l y pee l o f f p ro tec t i ve c o v e r str ip , p r e s s t a p e into p l a c e . T a p e f a s t e n e r s 
a r e r e a d y t o u s e i m m e d i a t e l y , o p e n a n d c l o s e h u n d r e d s o f t i m e s w h i l e a d h e s i v e 
b a c k i n g h o l d s l ike g l u e . E f f ic ien t , s e l f - s t a n d i n g , she l f - s i ze b o x e s k e e p y o u r S t i c k y 
B a c k V E L C R O f a s t e n e r s o n t h e j o b a n d h o s p i t a l c l e a n . S e p a r a t e b o x e s for h o o k or 
loop t a p e s ; c o n v e n i e n t m e a s u r i n g d e v i c e on e a c h b o x . 
C o n t a c t y o u r s u p p l i e r t o d a y 
I M P O R T A N T T O R E M E M B E R : A l l h o o k a n d l o o p f a s t e n e r s l o o k m u c h a l i k e . But 
t h e y don ' t f u n c t i o n tha t w a y . For d e p e n d a b i l i l y ' s s a k e ; d e m a n d t h e b e s t — V E L C R O 
brand f a s t e n e r s . Y o u c a n ' t a f fo rd l ess . 



American 
Orthotic & Prosthetic 

Association 

1979 National Assembly September 26 Thru 30,1979 

Washington Hilton, Washington, D . C . 

For Program Details and Registration Information 
write to 

The American Orthotic and Prosthetic Association 
1444 N Street, N.W. 

Washington, D.C. 20005 

The Assembly is open to all who are interested in the rehabilitation of the orthopedically disabled. 





Orthotics 
and 
Prosthetics 

E d i t o r 
A . Bennett Wilson, J r . 

M a n a g i n g E d i t o r a n d D e s i g n 
B r i a n A . Mast ro 

J u n e 1979 Volume 33, No. 2 

C O N T E N T S 

Commentary: Our Present Challenge 
Kurt Marschall 

Suspension of the Below-Knee Prosthesis: An Overview 
Charles Pritham 

Vacuum-Forming Procedure for Fabrication of Non-Standard 
Spinal Orthoses 

Larry Mortensen 

T h e Genucentric Knee Orthosis—A New Concept 
Robert Foster, John Milani 

20 

31 

Evaluation of Ultralight B K Prosthesis 
Brian Reed, A. Bennett Wilson, Jr., Charles Pritham 

45 

Individual Engineering—Orthopedic Care for Patients 
with Infantile Cerebral Palsy 

R. Volkert 

54 

Technical Note 
Gary Supan 

63 

New Publications 67 

Classified Ads 68 

Editorial Board 

Alvin L . Muilenburg, C.P.O. 
1979 

Michael Quigley, C.P.O. Thomas Bart, C O . 
1979 1980 

Michael Pecorella, C.P.O. Kurt Marschall, C P . 
1979 1980 

GuntherGehl, C P . 
1981 

William L . McCulloch 
Ex Officio 

Copyright © 1979 by the American Orthotic and Prosthetic Association 
Printed in the United States of America. 

All Rights Reserved 

Second Class Postage Paid 
at Washington, D . C 
US ISSN 0030-5928 



Advertiser's Index and Hotline 
A c e X 

213-644-9336 

B e c k e r V I I I 
313-644-4540 

Drew S h o e X V I 
614-653-4271 

F l o r i d a B r a c e X V 
305-644-2650 

G T R Plast ics I I 
614-498-8304 

H a l l m a r k X 
213-446-4882 

J o b s t C-3 
419-698-1611 

J o h n s o n & J o h n s o n V I 
201-524-0400 

K n i t - R i t e X V I I I 

800-821-3094 

Ot to B o c k X V I I 

P e l X I I 

216-267-5775 

R e d Cross X V I 

S m a l l e y & B a t e s C - 2 
201-661-5155 

S u t t o n X I X 
314-225-5255 

T r u f o r m I X 
513-271-4594 

T r u m o l d V I I I 
716-874-3474 

W a s h i n g t o n Pros the t i c s X I 
202-628-1037 

Advertisers shown in bold-face type are member of 
The American Orthotic and Prosthetic Association 

Orthotics and Prosthetics is issued in March, June, September, and December. 
Subscription price, payable in advance, is $10.00 a year in the U.S. and Cana
da. Rate elsewhere is $11.00 a year. Single issues, $3.00 each. Publication does 
not constitute official endorsement of opinions presented in articles. The Jour
nal is the official organ of the publisher, The American Orthotic and Pros
thetic Association in collaboration with the American Academy of Orthotists 
and Prosthetists, and serves as the U.S. organ for Interbor. All correspondence 
should be addressed to: Editor: Orthotics and Prosthetics, 1444 N St., N.W., 
Washington, DC. 20005. Telephone, Area Code 202, 234-8400. 

Orthotics and Prosthetics is indexed by Current Contents/Clinical Practice. 

I V 



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

O F F I C E R S 

P r e s i d e n t — W i l l i a m M . B r a d y , C P . 
Kansas City, Missouri 

P res ident -E lec t—Wi l l i am D . H a m i l t o n , C P . S e c r e t a r y - T r e a s u r e r — T h o m a s R. B a r t , C O . 
Scottsdale , Ar izona O m a h a , Nebraska 

Vice P r e s i d e n t — J o h n E. E s c h e n , C . P . O . Immediate-Past P r e s i d e n t -
N e w York , N e w York D a n i e l G . R o w e , C . P . O . 

S t . Paul , Minnesota 

R E G I O N A L D I R E C T O R S 

Region I — J o h n F i c o c i e l l o , C . P . O . 
Burl ington, V e r m o n t 

Region II — R o b e r t M a n d f r e d i , C . P . O . 
Long Branch, N e w Jersey 

Region I I I — I v a n S a b e l , C . P . O . 
Bethesda, Mary land 

Region I V — F r a n k F l o y d , C . P . O . 
W i l m i n g t o n , Nor th Carolina 

Region V — J o s e p h S h a m p , C P . 
Canf ie ld, Ohio 

Region V I — J a c k M i l b u r n , C O . 
Springfield, Illinois 

Region V I I — T h o m a s R. B a r t , C O . 
O m a h a , Nebraska 

Region VIM — C l i n t S n e l l , C . P . O . 
Shreveport , Louisiana 

Region I X — J o s e p h L y d o n , C O . 
San Francisco, California 

Region X — D a l e J e n k i n s , C P . 
Phoenix, Ar izona 

Region X I - J o s e p h H . Z e t t i , C P . 
Seat t le , W a s h i n g t o n 

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

O F F I C E R S 

P r e s i d e n t — M i c h a e l Q u i g l e y , C . P . O . 
D o w n e y , California 

President-Elect— 
E d w a r d V a n H a n s w y k , C O . 
Syracuse, N e w York 

Vice P r e s i d e n t — R o b e r t F. H a y e s , C P . 
W e s t Springfield, Massachusetts 

S e c r e t a r y - T r e a s u r e r — R i c h a r d L a T o r r e , C O . 
Schenectady , N e w York 

Immediate-Past P r e s i d e n t -
S i e g f r i e d W . P a u l , C . P . O . 
N e w i n g t o n , Connect icut 

D I R E C T O R S 

E u g e n e F i l ipp is , C . P . O . 
Detroit , Michigan 

J . D o n a l d C o g g i n s , C O . 
Philadelphia, Pennsylvania 

G u n t e r G e h l , C P . 
Chicago, Illinois 

H . R . L e h n e i s , C . P . O . 
N e w York , N e w York 

V 





You're 
in the 
Business 

You' re in the business. Y o u know how much the orthotic and prosthetic field has grown in 
the last d e c a d e . Y o u know that complex technology has replaced the methods and devices 
of yesteryear. Y o u know that a facility can not function without a qualified orthotist or pros-
thetist. Y o u can look ahead to more growth, more development , and a n e e d for more qual
ified pracitioners w h o s e education has prepared them for the future. 

W h e r e will w e find these practitioners? At universities and colleges. Students are will
ing and eager to enter the professions; unfortunately, a professional educat ion is e x p e n 
sive. Y o u c a n assure our profession of a s teady supply of we l l -educated , cert i f ied ortho
t ic a n d prosthet ic pract i t ioners by giving to t h e A m e r i c a n Or thot ic a n d Prosthet ic Edu
ca t ion F u n d , Inc., w h i c h | 1 
s e e k s out a n d a ids deserv ing 
s tudents . 

Your tax-deduct ib le contr i 
bution will support the educa
tion of these bright young 
people. Your profession 
n e e d s your help today, to ed 
ucate the pracitioners of to
morrow. S e n d a check now. 

Y e s , I 'd l i k e t o h e l p o u r i n d u s t r y b y h e l p i n g a d e s e r v i n g s t u d e n t o f or 
t h o t i c s a n d p r o s t h e t i c s . E n c l o s e d p l e a s e f i n d m y c h e c k t o r $ 

N a m e 

F i r m . 

A d d r e s s 

C i t y . . S t a t e Z i p . 
(make checks payable to AOPEF, and mail to 1444 N S t , NW, Wash. , D.C 20005) 
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Commentary 

Our Present Challenge 

T he field of Prosthetics and Orthotics has 
moved in giant strides in the last three 

decades. New materials have been intro
duced, new techniques have been developed, 
resulting in new fitting methods and complete 
redesign of our Prosthetic-Orthotic arma
mentarium. 

However, it behooves us not to rest on our 
laurels and past accomplishments, but to 
pause to take a look into our humble begin
nings, when the predecessor of AOPA, 
OALMA, was organized in the forties. It took 
men of great determination and foresight to 
mold countless small Prosthetic and Orthotic 
splinter organizations into one nationwide 
association called AOPA. 

To these founding fathers, AOPA must 
have seemed like a rough and uncut precious 
stone looks to the diamond cutter's eye. They 
recognized full well that the potential was 
there, but to bring out the beauty in the pre
cious stone, to make it shimmer and sparkle, 
they knew it would take the skillful hands of 
master craftsmen to cut the numerous facets 
into its sides. 

The first facet, and one of the most beauti
ful, was the realization that at long last they 
had attained some form of professionalism. 
Although vague at first, what did they come 
to learn? They learned that to be a profes
sional you have to behave like one, not only 
towards your peers but also towards the pro
fessionals of other disciplines with whom you 
come in daily contact. Foremost, however, is 
the professional treatment and management 
of your patients. 

The founding fathers also realized that in 
order to preserve your professionalism, your 
knowledge in your chosen field must be supe
rior to those outside it, and you must speak a 
unified language, which we call nomencla
ture. Our Prosthetic and Orthotic Teaching 
Institutions were a result of this realization, 
and so another facet was added to this rough 
and uncut stone of which I speak. 

Then came the introduction of new mate

rials, namely plastics which revolutionized the 
field of Prosthetics and Orthotics as a whole 
and our approach to fitting and alignment 
principles in particular. Some gifted research 
scientists and engineers entered our field, 
joined hands with us and solved some of our 
troublesome technical and biomechanical 
problems that we neither had the time nor 
knowledge to solve. This made for a happy 
marriage between two highly skilled disci
plines. By this time our precious stone was al
ready recognized all over the world for its daz
zling beauty and sparkle. But today we should 
take a long, hard look at where our profession 
stands and where it is heading in the years to 
come. Never before have I seen a situation 
which cries so loudly for intelligent planning 
and determined handling of affairs of our 
profession by our members and representa
tives. 

Today we are standing at a cross-road of 
whether to continue a policy that spells non-
recognition of standards by the State and Fed
eral Governments, or whether we are willing 
to end this status quo, in reality a no-mans-
land, by fighting and striving for licensure by 
these governments through the only qualified 
body that I know of, namely our own Ameri
can Board for Certification. As it stands 
today, the hippy is more protected from 
ending up with a crew cut at the hands of an 
unqualified barber, than are the crippled and 
disabled from mal-treatment by unqualified 
infiltrators into our field. 

In striving for this goal of licensure, how
ever, we are not attempting to prevent anyone 
from entering our field. But we should make 
it unmistakably clear that our rules and regu
lations, self imposed for many years, are the 
only ones of sufficiently high caliber to com
mand adherence to. It would be fool-hardy to 
step back even one iota from these rules and 
regulations that we established and fought for 
so long, under the guise that we might violate 
democratic principles. On the contrary, it is 
exactly our constant willingness to impose 
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these high standards of performance and ethi
cal conduct for the benefit and betterment of 
our patients that makes us more democratic 
to man-kind as a whole. 

In the absence of this recognition by State 
and Federal Government, we can only fall 
back on the old method of persuasion, trying 
to emphasize to physician, surgeon, and clinic 
chief alike the need to utilize, for the protec
tion of his patient, only qualified practition
ers and facilities. This also imposes the adher
ence to ethical standards on the part of the 
practitioner as far as his product and service 
are concerned. But in either case, our house 
must be kept free of unethical conduct, 
shoddy workmanship and deliberate non
compliance with a doctor's prescription. And, 
I much prefer our own broom for the job in 
the absence of government licensure, for 
eventually we can expect standards imposed 
upon us that might not be to our liking. 

To keep pace with constantly changing 
times, materials, designs and other develop
ments, it is imperative that we take very seri
ous our continuing education programs as 
they are now offered all over the land by the 
American Academy of Orthotists and 
Prosthetists. These work shops and seminars 
are designed not only for the facility owner or 
manager, but also for any member of his es
tablishment who hungers for knowledge and 
appreciates such exposure. 

Only by accepting this continuous flow of 
learning and untiring effort to serve the dis
abled can you demand that you be respected 
as a professional. And the world will gladly 
give you that respect. From this resulting 
superior knowledge and constant pursuit of 
excellence, you can demand that you be treat
ed as a professional. And the world will gladly 
afford you that treatment. These qualifica
tions will entitle you to expect to be paid as a 
professional. And the world will gladly give 
you your due. 

Inherent rights bring with them inherent 
obligations. In this high standard of perfor
mance, we must not overlook a necessary pro
fessional relationship with our fellow practi
tioner. It is my firm belief that today new 
ideas and new concepts in Prosthetics and 
Orthotics should be willingly shared with 
everyone who wants to learn and listen. I 
shudder when I recall the days when trade 

secrets were jealously guarded and I cringe 
with pain when I remember when a successful 
Orthotist and Prosthetist was measured, not 
by his ability to rehabilitate the handicapped, 
but by how many of their shoes he could 
deposit on his employers bench on a weekly 
basis. 

Today every self respecting Orthotist and 
Prosthetist should give freely of his time and 
knowledge to teach his art and science to 
others, as the Medical Profession has done in 
such an outstanding manner long before us. 
Ever since the initiation of the Hippocratic 
Oath, which states in part: ". . . to consider 
dear to me . . . him who taught me this art 
. . . to look upon his children as my own 
brothers, to teach men this art if they so desire 
without fee or written promise." 

Our obligation as a professional continues 
with the dedication, devotion and support we 
are willing to give our organization and ruling 
body to which we profess to belong. But 
belonging means to participate. Belonging 
means to be productive. Belonging means to 
be active. Belonging means to speak out and 
to be heard of. Ours is this marvelous publica
tion "Orthotics and Prosthetics," an ideal 
vehicle to disseminate your knowledge and 
your "know-how" in an unselfish manner to 
your peers. 

You must realize by now that this Journal is 
distributed not only in the United States, but 
enjoys a worldwide circulation. Its contents 
will always be the show-window for our pro
fessional state of affairs. It needs your input 
and your contribution. It needs you, who 
has been sitting on the sidelines for too long. 

And finally, a professional's obligation ex
tends to untiring dedication to our patients. 
He entrusts his rehabilitation into our hands. 
It is he who relies on us to perform at the 
highest level always. It is he who can expect of 
us that we keep pace with changing times, 
that we persevere despite difficulties in attain
ing results, and that we display an unlimited 
ability for the absorption of the new. And he 
has every right to do so. It is only we who can 
lead the way to new heights in our chosen 
field of endeavor if the betterment of our pa
tient remains paramount in our mind. This is 
what I believe in . . . 

Kurt Marschall, C P . 
Member of the Editorial Committee 
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Suspension of the Below-Knee Prosthesis: 
An Overview 

C H A R L E S H . P R I T H A M , C . P . 0 . 1 

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 



F i g . 10. T h e P T S system 

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 
system 



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 

F i g . 12 . T h e F i l l auer r e m o v a b l e b r i m system 



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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Vacuum-Forming Procedure for the Fabrication 
of Non-Standard Spinal Orthoses 

L a r r y Mortensen , C . O . 1 

T o d a y in orthotics there are many 
plast ic orthotic modules readily avai lable 
to the orthotist in the m a n a g e m e n t of 
scoliosis and other spinal problems. T h e 
m o d u l a r systems can be used most effec
tively in correct ing a n d / o r posit ioning, 
achieving g o o d results in many cases. 
Wha t about the patient who is ha rd to 
fit with a modu la r orthosis or the ortho
tist who would like a more int imate fit 
by controll ing the modificat ions of the 
positive m o d e l ? 

T h e " D r a p e Vacuum-fo rming Proce
dure" is a s imple procedure for the fabri
cat ion of a "cus tom" orthosis that can be 
carr ied out easily by two people . 

F a b r i c a t i o n 

T h e first step in p repar ing the positive 
model for the vacuum-forming proce
dure is to draw a mid-l ine with indelible 
pencil down the posterior aspect of the 
model (F ig . 1). 

A long shaft 1/2-in. d iameter drill is 
used to drill a hole from the distal to 
p rox imal surfaces paral lel to the midl ine 
a n d from 1- 1/2 inches to 2 inches below 
posterior aspect of the model (Figs. 2-
4 ) . If the drill shaft is shorter than the 
length of the cast a hole can be drilled 
from the p rox imal end to meet the one 
started from the distal end, or vice versa. 

F i g . 1. T h e m i d - l i n e is used as a re ference point 
for a l i g n i n g bit when dr i l l ing l o n g i t u d i n a l shaft . 



A #29 drill is used to provide holes 
approximate ly 1/2 in. apar t down the 
mid-l ine drawn on the posterior aspect of 
the model to connect with the longitu
dinal shaft (Figs . 5 a n d 6) to permit 
evacuat ion of air between the model and 
the plast ic when the plastic is d r aped over 
the mode l . 

A n air hose should be used to clear 
plaster debris from all surface holes and 
the m a i n shaft. Once all holes are drilled 
and cleared, the interface is appl ied . T h e 
interface I prefer is m e d i u m density 
Pelite, non-perforated, 5 m m ( 3 / 1 6 in
ches), because of its resistance to com
pression dur ing the vacuum-forming 
procedure . 

F i g . 2 . L o n g i t u d i n a l shaft m u s t be well be low pos
terior s u r f a c e to a c c o m m o d a t e for i rregu lar i t i e s in 
the pos ter ior s u r f a c e o f the m o d e l , a n d to prevent 
cave- in f r o m the dr i l l ing of the s u r f a c e holes . 

F i g . 3 . T h e dri l l bit m u s t be he ld level to pos ter ior 
s u r f a c e . It m u s t not dev ia te f r o m m i d - l i n e when 
dr i l l ing shaft . H . S . — hor izonta l shaf t . 

F i g . 4. If the shaft o f the dri l l is not l o n g e n o u g h 
to r e a c h the p r o x i m a l e n d a ho le to m e e t it is 
dr i l l ed . 

F i g . 5. S u r f a c e holes a r e dr i l l ed a p p r o x i m a t e l y 
inch a p a r t to d irect the flow of v a c u u m air evenly 
f r o m a r o u n d m o d e l when the p las t i c is d r a p e d a n d 
suct ion is a p p l i e d . 



F i g . 6 . S u r f a c e holes a r e u s e d for e v a c u a t i o n of a ir 
f r o m a r o u n d the m o d e l , a n d for a l i g n m e n t o f the 
poster ior s e a m when d r a p i n g p las t i c o n m o d e l . 

T h e Pelite is hea ted at 265 deg F about 
one minute or until m o l d a b l e . It is then 
stretched and wrapped with Ace b a n d a g e 
to conform to the model (Figs . 7 and 8 ) . 
When the Pelite is cool, one side of the 
interface is s tapled as close as possible 
a long the surface holes (Fig . 9 ) . Excess 
mater ia l is cut off, and the procedure is 
repeated on the opposi te s ide (Fig . 10) . 

T h e polyethelene may be formed 
directly over the Pelite liner in which case 
the two mater ia ls are bonded to each 
other. However, I prefer to p lace a layer 
of cotton stockinet (Fig. 11) over the 
liner-covered model to prevent bonding 
because this a r rangement permits the 
insertion of p a d s between the liner and 
shell if needed a n d finishing is easier 
when the two mater ia l s a re separa te . 
Proximal a n d distal end caps fabricated 
of Plastizote and about one inch la rge 
in diameter than the proximal a n d dis
tal ends are put into p lace and the proxi
m a l Plastizote cap is heated in the center 
with a heat gun and pul led over the end 
of the p ipe to form a nipple (Fig . 12) . 
A small " X " is cut into the top of the 

Fig . 7. T h e Pelite i n t e r f a c e is h e a t e d , then s tretched over the m o d e l . 



nipple a n d pulled down, exposing the 
p ipe . 

T h e prox imal c a p is sprayed with a 
foam type of upholsterer 's contact cement 
and a t tached to the mode l . T h e nipple 
opening is t aped securely with electrical 
t ape at the base of the p ipe forming an 
air-tight connection. T h e distal c a p is 
then p laced on the model and an " X " 
marked on the Plastizote indicat ing the 
location of the horizontal shaft hole (Fig . 
13). T h e " X " a rea is aga in heated to form 
a nipple a n d cut as before. T h e vacuum 
supply hose is p laced into the distal end 
c a p nipple and t aped securely. It should 
extend about 1/2 inch beyond the inside 
of the nipple so that it may be inserted 

Fig . 8 . A c e b a n d a g e is u s e d to h o l d Pel i te in p l a c e . 

F ig . 9. W h e n the Pel i te is cool one e d g e is s t a p l e d 
as c lose as poss ib le a l o n g the s u r f a c e holes . 

F i g . 10. Exces s Pel i te is cut off a n d the e d g e is sta
p l e d a l o n g the s u r f a c e holes . 



F i g . 1 1 . C o t t o n stockinet is u s e d to p r o v i d e a non-
a d h e r i n g in ter face between Pel ite a n d p las t i c 
sheet . 

F i g . 12 . T h e polyethylene f o a m Plast izote e n d c a p 
is h e a t e d a n d a n i p p l e is f o r m e d to be used to se
c u r e e n d c a p to p i p e . 

F ig . 13. L o c a t i n g distal hor izonta l shaft to f o r m 
n i p p l e . 

F i g . 14. T h e v a c u u m s u p p l y hose is inser ted in the 
distal e n d c a p n i p p l e a n d t a p e d securely. 



F i g . 15 . P . P . A . (pos ter ior p r o x i m a l a r r o w ) po ints to s u r f a c e holes a n d is u s e d for a l i g n m e n t of p las t i c 
when m o l d i n g . 

F ig . 16. P . D . A . (pos ter ior d is ta l a r r o w ) points to s u r f a c e holes a n d is u s e d for a l i g n m e n t of p las t i c 
when d r a p e m o l d i n g . 



into the horizontal air shaft when the 
cap is cemented to the model as before 
(Fig . 14) . After the Plastizote end caps 
are cemented in p lace they are t r immed 
about the periphery to about 1/4 in. 
from the stockinet to insure a good con
tact surface between plastic a n d the end 
caps so the vacuum can draw the air 
a round the mode l . 

T h e openings of the longitudinal hole 
are located a n d m a r k e d on the p rox imal 
(F ig . 15) a n d distal (Fig. 16) end caps 
with an arrow. T h e anterior surface of 
the model is bisected and the location is 
m a r k e d on the Plastizote end caps , 
p rox imal a n d distal (Fig. 17). T h e cotton 
stockinet is then sprayed with a Silicone 
par t ing agent or is powdered so that 
plastic will not adhere to the Pelite or 
stockinet. 

IT IS VERY IMPORTANT that the 
end caps are kept clean to insure proper 
adherence of the plast ic. T h e end caps 
are c leaned with acetone and the model 
is now ready for the vacuum-forming 
phase . 

T h e thermoplast ic I like to use is 5 
m m . ( 3 / 1 6 inch), low density polyethelene. I prefer the low density polyethy
lene for its combina t ion of physical 
strength characterist ics. Polyethylene 
has exceptional resistance to chemicals 
and a fair drawing ratio ( 2 . 5 : 1 ) . A n 
orthosis fabr icated from low density 
polyethylene is easier for a patient to don 
and will not fat igue and crack from 
flexure of the orthosis when it is donned. 

T o determine the size of the mater ia l 
for d rap ing , two measurements are need
ed. T h e largest d iameter of the model , 
plus 7.5 c m . (3 in.) is the circumferential 
width. T h e length of the model plus 
3.75 cm. (1-1/2 in . ) will give you the 
total length of the mater ia l . 

T h e plast ic is p laced on a bench and 
the circumferential width of the model is 
divided in half; markers are p laced 
proximal ly a n d distally on the plastic 

(Fig . 18). T h e "a l ignment marks" insure 
the proper a l ighment of the plastic to 
the p rox imal and distal marks on the 
mode l dur ing the d rap ing phase of the 
vacuum-forming procedure . 

It is best that the oven be preheated to 
265-270 deg F (125 to 130 C . ) before 
insertion of the plast ic . T h e moldabil i ty 
of the plast ic varies according to the 
type of oven used a n d the heat ing t ime 
involved. For e x a m p l e , it will take ap
proximately 35 to 40 minutes at 265-
270 deg F for mo ldab le condition to be 
reached in a non-circulat ing g a s oven 
while a Grieye's electric circulat ing oven 

F i g . 17. P r o x i m a l anter ior a l i g n m e n t m a r k a n d 
distal anter ior a l i g n m e n t m a r k on e n d c a p s . 



will require 15 to 20 minutes for the 
s ame amount of mater ia l . This t ime is 
based on a piece of plastic 35 in. x 22 in. 
x 3 / 1 6 i n . 

T h e plastic is heated at a low tempera
ture to prevent surface pool ing and 
shr ingkage caused by higher tempera
tures. Lower temperatures actually ex
p a n d the mater ia l from 1.5 cm. (1/2 
inch) to 2.5 cm. (1 inch), in length and 
width. Obviously, at the lower tempera
ture the mater ia l retains its solidity and is 
easier to handle when being removed 
from the oven for d rap ing . 

T h e plastic is now placed in the oven; 
15 to 20 minutes for a circulat ing oven, 
or 35 to 40 minutes for a non-circulat ing 
oven. When the plastic reaches the s tage 

of moldabil i ty it becomes transparent 
throughout . T h e vacuum p u m p is turned 
on and set at 20 to 28 inches of mercury 
vacuum. T h e heat ing tray is taken from 
the oven and the heated plastic removed 
by two people g rasp ing the corners of 
either end. T h e plastic is lifted from the 
tray and held over the model . It is then 
lowered to the model , the a l ignment 
marks on the plastic coinciding with the 
proximal and distal a l ignment marks 
on the model (Fig. 19). T h e ends of the 
plastic are released a n d permit ted to 
h a n g ; the corners are taken proximally 
and brought together at the p rox imal 
posterior (a l ignment arrow). T h e plastic 
is pressed to the end cap , m a k i n g sure the 
polyethylene adheres to the Plastizote 

F i g . 18. A . M . ( a l i g n m e n t m a r k ) . T h e s e a l i g n m e n t m a r k s will co inc ide with p r o x i m a l a n d distal a l i g n m e n t 
m a r k s on e n d c a p s when plas t ic is d r a p e d onto m o d e l . / T h i s also will a l low e q u a l a m o u n t of m a t e r i a l to fall 
to each side; thus r e d u c i n g the a m o u n t of stretch n e e d e d to b r i n g ends of p las t ic to m i d l i n e a n d m a i n t a i n i n g 
a u n i f o r m thickness t h r o u g h o u t . 



F i g . 19. H e a t e d p las t i c is a l i g n e d over m o d e l . F i g . 2 1 . T h e h e a t e d p las t i c is m o l d e d over the 
distal e n d c a p . 

F i g . 20 . T h e h e a t e d p las t i c is m o l d e d over the p r o x i m a l e n d c a p . 



Fig. 22. The heated plastic is pressed together along the surface holes and the air is withdrawn. 

Fig. 23. Lateral view of orthosis just after removal 
from model. 

Fig. 24. Posterior view of orthosis just after 
removal from model. 



(Fig . 20) . Th i s is repeated on the distal 
posterior a rea (Fig. 21) . When the ends 
of the plastic are properly al igned and 
the plastic is pressed circumferentially 
to the end caps , the plastic a long the sur
face holes is pressed together and the 
vacuum process begins evacuat ing the 
air from around the model , forming the 
plast ic to the model (Fig. 22) . 

T h e vacuum p u m p remains on until 
the plastic is cool and once aga in o p a q u e . 
T h e plastic is then t r immed from the 
model when it has been completely 
cooled as shown in Figures 23, 24, and 
2 5 . 

S u m m a r y 

This pape r presents a s imple method of 
d r a p e vacuum forming of T . L . S . O . 
and L . S . O . Using this procedure an or
thosis can be fabr icated for the difficult, 
non-s tandard pat ient . 

Here at the Rehabi l i ta t ion Engineer
ing Center of Children's Hospital at 
Stanford, we have fabr icated over 100 
T . L . S . O . and L . S . O . ' s , using this pro
cedure . 

T h e longitudinal shaft and surface 
holes that are used for suction and align
ment can be p laced anteriorly, lateral 
or posterior, depending on where open
ing is needed in the orthosis. Finally, 
this is not the answer to all vacuum-
forming procedures , but just one that 
m a y help m a n a g e the unusual needs of 
some of our patients . 

Footnotes 

1 H e a d of Orthotics, Rehabi l i ta t ion 
Engineer ing Center, Children's Hospital 
at Stanford, 520 Willow R o a d , Palo 
Alto, California 94304. 
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F ig . 2 5 . Anter ior view of orthosis jus t after 
remova l f r o m m o d e l . 



The Genucentric Knee Orthosis—A New Concept 

R O B E R T F O S T E R , B . S . 1 

J O H N M I L A N I , B . S . , C P O 2 

T h e Genucentric Knee Orthosis 3 

(Fig . 1) offers a un ique polycentric 
(Genucentr ic) joint as an alternative to 

single axis or conventional polycentric 
joints for patients with mediola tera l 
instability or genu recurvatum. Con-

Fig . 1. A n t e r i o r a n d m e d i c a l view o f the G e n u c e n t r i c K n e e Orthos i s . 



ceived by the authors and developed at 
the Veterans Adminis t ra t ion Prosthetics 
Center ( V A P C ) , this orthosis features 
lightweight construction, improved 
cosmesis, supracondylar -suprapate l la r 
suspension, and a knee-tracking capa 
bility that el iminates pistoning and mi
grat ion. T h e most distinct feature is the 
Genucentric joint (Figs . 2 and 3), with 
its ability to app rox ima te its instan
taneous center of rotation with the struc
turally sound a n d / o r pathologically 
de ranged knee. Clinical results thus far 
indicate that the intended goal of de
signing a polycentric joint to accommo
da te the ana tomica l knee, such as to 
el iminate completely the joint as a source 
of pistoning at the orthosis-limb inter
face, has been achieved. 

T h e G e n u c e n t r i c J o i n t 

A detai led description of the mechani
cal aspects of the Genucentric joint must 

begin with a discussion of the movements 
of the ana tomica l knee, since mimicking 
the ana tomica l knee is the desired result. 
Al though considerable research has been 
devoted to the biomechanics of the knee 
joint , it is beyond the scope of this arti
cle to restate this research in full. We 
will, however, discuss briefly points 
found pertinent to the development of 
the Genucentric joint . 

K a p a n d j i (2) states that movement of 
the femoral condyles upon the tibial 
p la teau is accompl ished by a combina
tion of rolling and sliding. A purely rol
l ing mot ion requires a tibial p l a t eau of 
approximate ly twice the width that 
actually exists to prevent dis locat ing the 
knee. A purely sliding mot ion would 
cause the femur to strike the posterior 
aspect of the tibial p la teau , br inging 
flexion to a p remature halt . T h e ratio 
of rolling to sliding varies throughout 
the flexion range . Beginning with rol
l ing for the first 10 to 15 deg . for the 

F i g . 2 . C l o s e - u p view of G e n u c e n t r i c J o i n t . F i g . 3. C l o s e - u p view of G e n u c e n t r i c J o i n t fully 
f l exed . 



media l condyle, a n d 20 deg . for the 
lateral condyle, sl iding becomes pro
gressively more impor tant until it be
comes the only mot ion toward the end of 
the flexion r ange . T h e difference be
tween the rolling-to-sliding rat io of the 
med ia l a n d lateral condyles explains 
why the lateral condyle covers a greater 
dis tance than the media l condyle, and 
accounts for the transverse rotat ion found 
at the knee joint . 

T h e changing radius of curvature of 
the surface of the femoral condyles causes 
the instantaneous center of rotat ion of 
the knee to displace dur ing flexion and 
extension. It is never d isplaced beyond a 
2.3 cm circle about the lateral femoral 
condyle, unless severe structural de
rangement is present. 

Frankel a n d Burstein (1) state that 
"It has been well-documented that nor
m a l mot ion (of the knee) involves a 
moving instant center of rotat ion. There
fore, it is unreasonable to expect that 
normal mot ion m a y be forced or created 
by the use of a well-fitted, single-hinged 
knee b race . If there is sufficient c learance 
or play between the elements of the 
b race a n d the leg, normal mot ion m a y be 
permit ted providing the joint itself is 
c a p a b l e of p roduc ing it by being dis
p laced . However, if it is desirable to force 
normal mot ion with well-fitted braces 
or hinged casts, a knee which produces 
a moving instant center of rotat ion is 
necessary." 

T h e inherent p rob lem in using a sin
gle-axis jo int to b race the mult i -axis knee 
is that the single-axis joint tends to be
come disp laced in its effort to follow the 
moving center-of-rotation of the ana
tomical knee. Th i s movement is trans
mit ted to the cuff sections and produces 
an angular change in the cuff sections 
that causes them to shift u p a n d down 
a long the l imb (pistoning). Discomfort 
and s l ippage are the result. 

Polycentric joints commonly used 

today utilize a moving center-or-rotation 
to reduce pistoning. However, they 
provide only one ideal pa th of instant 
centers and lack the flexibility needed to 
conform to individual variat ions found 
in healthy as well as pathological ly de
ranged knees. By contrast , the slotted 
disk sandwiched between the thigh and 
ca l f sections permits the instant center 
of the Genucentr ic joint to move through 
a variety of paths , thereby allowing the 
joint to follow the pa th of the individual 
ana tomica l knee while providing the 
necessary support (Figs . 4 a n d 5 ) . Plots 
of the instant center, using the methods 
outlined by Frankel a n d Burstein, show 
a concentrated locus of centers that lie 
within a 2 .5 c m circle, indicat ing that the 
motions of the Genucentric joint can 
mimic the motions of the ana tomica l 
joint . L ike the ana tomica l knee, the 
Genucentric joint has a sl iding as well as 
a rolling component in its mot ion. T rans 
verse rotat ion of the ana tomica l knee 
was not considered significant in the 
design of the Genucentric joint since this 
mot ion is adequate ly absorbed by the 
soft tissues between the skeletal members 
a n d the cuff sections. 

Polypropylene is used in the construc
tion of the Genucentric joint because it 
afforded the opportunity to m a k e the 
joints continuous with an intimately 
fitting polypropylene calf and thigh 
cuffs (Fig . 5) . Th i s was accomplished 
dur ing mold ing by extending the thigh 
piece below the knee center on the cast, 
terminat ing in a semicircle. T h e calf 
piece was extended as equal distance 
above the knee center and thigh piece, 
terminat ing in a similar manner . Th i s 
provided a circle of over lapping plastic 
about the knee center within which to 
construct the joint . Sandwiched between 
the plast ic cuff extensions are a luminum 
disks with two holes dril led in a hori
zontal p lane . (See fabricat ion sequence 
below.) T h e holes provide the required 



joint pivot points that are ma tched by 
a single hole in each of the plast ic cuff 
extensions. Two stops (cap screws) are 
then a d d e d to each joint , one to the distal 
end of the thigh extension, the other to 
the p rox imal border of the a luminum 
disk, that are ma tched by slots in the ad
jacent structures. T h e stops keep the 
joints in proper a l ignment while donning 
and doffing the orthosis, and provide a 
halt to extension at full extension or at 
the desired degree of flexion. 

T h i s manner of construction offers 
significant advantages over conventional 
orthoses. T h e t ime consuming processes 
of bending, polishing, al igning, and 
riveting s idebars to cuffs are e l iminated. 
And , by removing the bulky sidebars , 
a lighter-in-weight, more streamlined, 
a n d most cosmetically appea l ing appli
ance is p roduced . 

Suspension is accomplished by a com
bined supracondylar-suprapate l lar 
system in which tissue is compressed 
above the pate l la and the condyles. A 
built-in flare for the displaced tissue in 

the distal posterior section of the thigh 
cuff at the level of the suspension im
proves the effectiveness of the suspension 
and enhances comfort . 

T h e Genucentr ic Knee Orthosis in
corporates many improvements over the 
conventional knee orthosis while main
taining the basic b iomechanica l princi
ples of the conventional orthosis. This 
orthosis, like the conventional orthosis, 
relies on a three-point pressure system to 
stabilize desired motions of the extremity 
while preventing undesired mot ions . 
Clinical results indicate that the Genu
centric Knee Orthosis can be worn with 
significant improvements in comfort 
when c o m p a r e d to more c o m m o n knee 
orthoses, with pistoning reduced to the 
point of becoming undetectable , and 
with migra t ion e l iminated. 

C a s t i n g a n d M o d i f i c a t i o n P r o c e d u r e s 

1. T a k e s t andard measurements of 
l imb. T o utilize supracondylar suspen-

Fig . 4 . As k n e e is flexed, it's i n s t a n t a n e o u s center of r o t a t i o n is d u p l i c a t e d by the G e n u c e n t r i c J o i n t . 



Fig . 5 . E x p l o d e d view o f the G e n u c e n t r i c J o i n t . 

sion, take a tight medicolateral measure
ment above condyles. 

2 . Place T u b e g a u z on l imb a n d secure 
from moving. Use latex tubing to help 
facilitate cast removal in the usual 
manner . 

3. Mark the following ana tomica l 
l andmarks with indelible penci l : patel
la , p rox imal borders of femoral condyles, 
knee center (determined by add ing 18 
m m (3/4 in.) to the media l t ibial p l a t eau 
height), iliotibial band , head of f ibula, 
t ibial crest, and any pressure sensitive 
a reas . 

4 . Cast l imb with all defomities cor
rected as m u c h as possible. T o accentuate 
bony prominences , cast the knee in five 
deg . of flexion and with only par t ia l 
weight-bearing while s tanding. 

5. Use elastic plaster b a n d a g e to ob
tain a smooth cast . Start the wrap distally below mid-ca l f and extend proxi

mal ly above mid- thigh. Compress a reas 
immediate ly above condyles with p a l m s 
of hands as plaster begins to set to accen
tua te suspension a reas . 

6. Once cast is set, d raw a vertical 
reference line on anterior surface of 
cast . Th i s line should be paral le l to the 
mid-sagi t ta l line. 

7. R e m o v e cast a n d prepare for pour
ing. 

8. After plaster sets, use an awl to 
penetrate wrap on vertical reference 
line to transfer it to positive mold . 

9. R e m o v e wrap a n d smooth positive 
mold of all irregularit ies. T a k e care not 
to remove indelible marks , especially 
those indicat ing knee center. 

10. T a k e M - L dimension above con
dyles down to within 3 m m of the mea 
surement . Ensure that all circumferences 
a re brought down to measurements a n d 
b lended into the contours of the l imb . 
Pressure sensitive areas are relieved with 
s t andard plaster bu i ldups . 

11 . Because tissue is squeezed above 
the condyles a n d pate l la for suspension, 
it tends to bu lge posteromedial ly and 
posterolaterally. T o avoid flesh from 
be ing pinched by the edges of the ortho
sis, extend the modif ied cast in these 
areas (Fig . 6 ) . T h e amount extended 
depends on the amount of subcutaneous 
tissue present. Cast should be extended 
12 m m on slender patients, a n d 25 m m 
on heavyset pat ients . 

12. T h e joints of the Genucentr ic 
Knee Orthosis are built as continuations 
of the cuff mold ings (Fig . 6) . E a c h cuff 
overlaps the other at knee-center level. 
Flat , circular bui ld-ups on the cast are 
needed to create flat surfaces for joints . 
T h e bui ld-ups should be 42 m m in dia
meter, paral lel to both the mid-sagi t 
tal line and the line of progression, and 
bui ld-ups should not increase the epicondyle M - L measurement . Ex tend the 
bui ld-ups distally by 18 m m beyond cir
cular portions of the joints, to allow 
offsets to be created in calf cuff and 



F i g . 6. A . Anter ior view of posit ive m o d e l showing b u i l d u p s p a r a l l e l to the anter ior reference l ine. B . M e d i a l 
view of posit ive m o d e l showing jo in t b u i l d u p s , f lare extens ions , a n d tr im lines. 

thereby allow the thigh cuff to flex to 135 
deg. 

13. P lace trim lines and flares on cast . 
Mark each joint bu i ldup with vertical 
and horizontal reference lines that will be 
used to al ign disks later. 

F a b r i c a t i o n P rocedure s 

Cast is p repared for both vacuum 
d rape mo ld ing a n d s tandard hand mold
ing without vacuum. 

1. Use 5 mm-thick polypropylene to 
vacuum mold thigh cuff. Set vacuum to 
15 psi. 

2 . After cooling, remove plastic from 
cast, trim it to trim lines, and p lace back 
on cast . 

3. T a p e a 3 mm-thick blank alu
minum disk that is larger in d iameter 
than proposed joint diameter , to knee-
joint position on thigh cuff (Fig. 7A) . 
Mold calf cuff over both thigh cuff ex
tension a n d disk (Fig. 7 B ) . 

4 . Remove calf cuff after cooling and 
trim to trim lines. 

5. H a n d - m o l d tongues on cast using 2 
mm-thick low density polyethylene. 
Skive tongues where they fit under cuffs. 

6. At tach reinforced Velcro straps, 
tongues, and 25 m m stainless steel loops 
reinforced with lamina ted Dacron tape , 
to cuffs. 

7. P lace completed cuffs on cas t : 3 
m m spaces paral le l to both the mid-



F i g . 7. A . T h i g h cuff with b l a n k a l u m i n u m disk on cas t . B . C a l f cuf f m o l d e d over th igh cuf f a n d b l a n k disk . 
C . B o t h cuffs in pos i t ion after t r i m m i n g a n d po l i sh ing . J o i n t s p a c e s for a l u m i n u m disks s h o u l d b e p a r a l l e l in 
all p l a n e s . 

F ig . 8. D i m e n s i o n s of the disk. 



Fig . 9. A . R e f e r e n c e l ines t r a n s f e r r e d f r o m posit ive m o d e l to th igh cuff. B . Disks a r e pos i t ioned over refer
ence l ines. Anter ior pivots a n d dis ta l # 3 0 holes in disks a r e m a r k e d a n d dr i l l ed t h r o u g h p las t i c . 

F i g . 10. C l o s e - u p of disk b e i n g r o t a t e d a b o u t ante 
rior pivot . A penci l is u sed to scr ibe p a t h that s top 
travels t h r o u g h . 

sagit tal line and the line of progression 
at joint surfaces should be observed 
(Fig. 7C) . 

8. T h e spaces created are for two 3 
mm-thick a luminum disks. Each disk 
will have two pivots and two stops (Fig. 
5) . Fabr ica te disks as shown in Fig . 8. 

9. Remove ca l f cuff while main ta in ing 
thigh cuff in p lace on cast . T h e somewhat 
translucent plastic will permit reference 
lines previously drawn on cast to show at 
knee-joint a rea (Fig. 9A) . Position disks 
so that holes line up with reference lines 
(Fig. 9 B ) . T h e anterior pivot point of 
each disk should be marked and drilled 
through plastic with a 9 m m ( 3 / 8 in.) 
drill. At tach disks to thigh cuff using 
s t andard ankle joint bushings and screws. 



Real ign disks, mark , then drill lower # 3 0 
holes in plast ic . Insert a pencil through 
plastic jo int (Fig . 10) a n d scribe an arc 
on disks a s they a re rota ted a round an
terior pivots. R e m o v e disks a n d expand 
lower # 3 0 holes by dril l ing in disks to 7 
m m or 9 / 3 2 in. Us ing the scr ibed arcs 
as guides (F ig . 11A a n d B ) , cut slots into 
disks (Fig . 5) to permit 6 m m c a p screw 
heads to run smoothly within slots. En
la rge # 3 0 holes by dril l ing in plast ic to 
# 4 size holes so that post screws can be 
inserted into plast ic . Place c a p screws 
and post screws into plast ic thigh cuff, 
then a t tach disks a n d rotate them. There 
should be no binding. P lace thigh cuff 
back on cast . 

10. Secure disks against c a p screws 
with mask ing t ape (Fig. 12A) . At tach 
ca l f cuff to cas t . Use holes in disks for 
reference marks since disks now obscure 
reference marks on cast (Fig. 12B) . Mark 
posterior pivot points and upper # 3 0 
holes onto plastic calf cuff. Remove calf 
cuff a n d drill posterior pivots in s a m e 
manner as anterior pivots. Drill upper 
# 3 0 holes into plast ic . R e m o v e disks from 
thigh cuff and a t tach to calf cuff at 
posterior pivot points . Insert pencil 
through # 3 0 holes in disks, rotate disks 
about posterior pivots, and scribe arcs 
onto plast ic as previously done for thigh 
cuff in step 9 above. En la rge #30 holes 
by dril l ing in plast ic cuff to 10 m m or 
5 / 1 6 in. Use arcs on plastic as guides to 
cut slots in plast ic (Fig. 5) and thereby 
permit cap-screw heads to run freely 
within slots. En la rge upper # 3 0 holes 
by drill ing in disks to #21 size holes and 
tap holes for 10-32 threaded c a p screws. 

1 1 . Reassemble orthosis. N o b inding 
should be present and joints should be 
square in all p lanes . 

12 . T h e orthosis is now ready for fit
t ing. N o localized pain or skin pinching 
should occur . However, some initial dis
comfort over condyles m a y be experi
enced owing to snug fit for suspension. 
A piece of tubular stockinet m a y provide 

relief until patient becomes accus tomed 
to orthosis (Fig. 4 ) . 

13. Since only minor a l ignment 
changes can be carr ied out on the or
thosis, all steps should be followed care
fully. 

C l i n i c a l E x p e r i e n c e 

T h e Genucentr ic Knee Orthosis was 
delivered to patients with mediola tera l 
instability a n d / o r genu recurvatum of 
the knee. Following are reviews of four 
case studies of patients who have worn the 
device for sufficient periods of t ime to 
obta in meaningful results. 

1. Patient B . C . , a 24-year-old active 
m a l e , an au tomobi le body-and-fender 
m a n , sustained gunshot wounds of the 
left femur in 1970. Resul t ing deformi
ties inc lude: l imited range-of-knee mo
tion (15 to 100 deg . ) , genu varum of 22 
degrees, a n d a one-inch shortening. T h e 
patient 's ma jor compla in t was pa in at 
the lateral aspect of the knee on s tanding, 
walking a n d squat t ing, which resulted in 
loss of t ime from work. B . C . was ori
ginally provided with a double b a r K A F O 
with corrective p a d s . However, due to 
weight, bulk and overall extensive 
brac ing , he refused to wear the device. 
A n elastic hinged knee orthosis was then 
prescribed, but while the pat ient liked 
the weight and freedom of the orthosis, 
his condition worsened. 

T h e clinic t eam, in Apri l 1978, de
cided to provide B . C . with a Genucen
tric Knee Orthosis. After wearing this 
orthosis for five weeks, the patient was 
seen in the clinic for follow-up examina
tion. He was able to walk a n d s tand with 
less pa in and his deformities were con
trolled. In addit ion, he found the ortho
sis to be lightweight, cosmetic and com
fortable, and it provided sufficient free
d o m for his needs. Dur ing seven months 
of wearing this orthosis, the pat ient has 
experienced no problems concerning 
function or wear of components . 



F i g . 1 1 . A . Disk h a v i n g s c r i b e d p a t h o f s top o n it. B . Slots in disks p e r m i t c a p screw h e a d s to r u n freely 
within t h e m . 

F ig . 12 . A . Disk a s s e m b l y on thigh cuff. B . C a l f cuff pos i t ioned over disk. Poster ior pivots a n d p r o x i m a l #30 
holes a r e m a r k e d a n d dr i l l ed t h r o u g h p la s t i c . 



2 . Patient J . A . (Fig. 13), a middle-
a g e d ma le , injured his right knee after 
falling from a truck in 1953. T h e result
ing t r auma created mi ld laxity in both 
the A-P a n d M - L planes . In addit ion, 
the patient has pain , atrophy and a mod
erate l imp. Active range-of-knee mot ion 
is l imited from 0 to 100 deg . due to 
severe pa in and joint d a m a g e . Since 
the onset of this condition, the pat ient 
has worn various knee suppor ts ; the 
latest be ing an elastic knee orthosis with 
media l and lateral p a d s . Disabl ing pa in , 
however, persisted. 

T h e pat ient was provided with a Genu
centric Knee Orthosis in May 1978, a n d 
was seen for a follow-up examina t ion five 
weeks after the orthosis was delivered. 

Al though J . A . still h a d pain , he no 
longer experienced the sharp pa in he had 
with previous devices. Laxi ty in both A-P 
and M - L planes were well controlled; 
the patient found the orthosis to be light
weight and cosmetic, and it d id not 
piston as previous devices had (Fig . 14) . 

3. Patient M . L . (Fig. 15), a 55-year-
old ma le , suffered a head injury in 1945, 
secondary to shell f ragment wounds, 
with resulting hemiplegia on his right 
s ide. He walks with a spastic equinovarus deformity of the right foot. His 
quadr iceps are g o o d and he is s table 
while s tanding and walking. M . L . was 
provided with a single ba r A F O with 90-
degree p lan ta r stop a n d varus corrective 
s t rap . With the passage of t ime, stresses 

Fig . 13. Pat i ent J . A . N o r m a l knee m o t i o n s a r e unres tr i c t ed even while he is s e a t e d , e n h a n c i n g b o t h comfort 
a n d cosmes i s . 



act ing on the right knee caused posterior 
l igament stress, anterior knee compres
sion, and excessive hyperextension, all 
resulting in pa in a n d fat igue. 

T h e clinic t eam, in Apri l 1978, de
cided to provide M . L . with a K A F O 
utilizing a polypropylene shoe insert and 
a Genucentr ic Knee Jo in t . T h e orthosis 
was fitted, but due to upper extremity 
involvement and spastic equinovarus , the 
pat ient could not don the device inde
pendently. However, when assisted in 
donning the device, the patient func
t ioned well with it on. T h e orthosis was 
modif ied by main ta in ing the knee section 
and replac ing the shoe section with an 
a luminum media l upright , cal iper 
st irrup with 90-degree p lan ta r s top, and 
varus corrective s t rap . With these modi 
fications, M . L . was able to don and doff 
the orthosis independently. Five weeks 
after delivery, a follow-up examina t ion 
revealed that the patient was doing well; 
genu recurvatum was controlled, pa in 
a n d fat igue were e l iminated. 

4 . Pat ient G . H . , a 44-year-old active 
m a l e truck driver, injured his left knee 
when he fell from a ladder in 1956. Car
t i lage was removed from the media l as
pect of the knee. G . H . has m a r k e d 
atrophy of the thigh, l imited range-of-
knee mot ion (15 to 90 d e g . ) , pa in , and 
some A-P instability. He was given a 
Jones knee cage , with d rop locks for occa
sional use . T h e V A P C Knee Orthosis, 
prescr ibed in October 1974, was lighter 
in weight, provided g o o d function, and 
h a d no locks. T h e pat ient was seen in 
M a y 1978 for a new orthosis because the 
V A P C Knee Orthosis was no longer 
serviceable. 

T h e clinic t eam decided to use the 
Genucentr ic Knee Orthosis to el iminate 
pistoning. T h e patient found the new 
design to be lighter in weight, more cos
met ic , and better in function than pre
vious devices. 

F i g . 14. I n t i m a t e fit c a n b e o b t a i n e d with G e n u 
centr ic K n e e Orthos i s . 



Fig . 15 . Pat i ent M . L . w e a r i n g p las t i c K A F O with G e n u c e n t r i c K n e e unit . Cosmes i s o f this device is excel
lent . 



S u m m a r y 

T h e Genucentr ic Knee Orthosis em
ploys a un ique new joint to el iminate 
pis toning. Th i s is due to the capabil i ty 
of the joint to dupl icate the mot ion of 
the individual ana tomica l knee it con
trols. With pistoning el iminated, a n d 
with a firm foundat ion provided by its 
supracondylar -suprapate l la r suspension 
system, migra t ion of the orthosis becomes 
clinically undetectable , even after 
lengthy periods of active use. In addit ion, 
to further enhance patient comfort and 
acceptance of this unique rehabil i tat ion 
approach , the orthosis is fabr ica ted of 
lightweight plastic utilizing vacuum-
forming and d rape-mold ing techniques. 

T h e Genucentric Knee Orthosis is 
presently be ing clinically tested on pa 
tients with various knee p rob lems ; four 
patients have thus far worn the device 
for sufficient periods of t ime to compile 
definitive results. In each case , the p a 
tient found the orthosis to be comfortable 
a n d non-restrictive to the desired mo
tions of the l imb . Neither wear nor me
chanical failure have been observed, even 
though some of these patients a re young 
and quite active. 
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Evaluation of an Ultralight Below-Knee Prosthesis1 

B R I A N R E E D , R . P . T . 2 

A . B E N N E T T W I L S O N , J R . 2 

C H A R L E S P R I T H A M , C . P . O . 2 

T his is a report on experience ga ined 
since publ icat ion of the article by 

Wilson a n d Stills (1) in the March 1976 
issue of "Orthotics and Prosthetics" on ul
tralight prostheses for below-knee a m p u 
tees m a d e by vacuum-forming sheet poly
propylene (Fig. 1) . T h e design resulted in 
a prosthesis that weighs one-third of the 
more conventional P T B prosthesis, with 
essentially the s a m e function, depending 
upon the t reatment of the sole and heel. 
In addi t ion to offering the possibility of 
a decrease in energy requirements , sus
pension problems might be reduced. In 
the article it was s ta ted that the Rehabi l i 
tat ion Engineer ing Center would wel
come other g roups to par t ic ipate in the 
development of this concept . 

With part ia l support from the Vet
erans Adminis t ra t ion work on this pro
ject was continued and a l though the 
original a im of the project was to provide 
a better prosthesis for the geriatr ic pa 
tient, it was found that the active pat ient 
also apprec ia ted advantages offered by 
the new design. By March 1976 a draft 
of a m a n u a l was sufficiently complete so 
that it was pract ical to invite prosthetists 
from each of the Rehabi l i ta t ion Engi
neering Centers, the Veterans Adminis
tration Prosthetics Center, and several 
privately prac t ic ing prosthetists to North
western University to become acqua in ted 

with the technique so that it could be 
appl ied in their own setting a n d provide 
information useful in m a k i n g the tech
n ique as pract ical as possible. 

With the help of the par t ic ipants the 
original fabr icat ion technique was modi
fied to use hand d r ap ing of the poly
propylene to mo ld the shank to provide 
more uniform wall thickness a n d an an
terior s e a m . A n alternate method of 
fabr icat ing the foot was also introduced 
(F ig . 2 ) . Dur ing the fall of 1976 a fabri
cat ion m a n u a l (2) was p repa red and 
submit ted to the V A with the suggest ion 
that the ultralight below-knee prosthesis 
be evalua ted nationwide through the V A 
outpat ient ampu tee clinics. 

Instead of act ing upon this suggest ion, 
the V A requested a proposal from us for 
the conduct of clinical trials through the 
Phi ladelphia Regional Office A m p u t e e 
Clinic. T h e proposal was accepted by the 
V A , a n d the p r o g r a m was init iated in 
J a n u a r y 1978 . 

M e t h o d 

Seven Phi ladelphia-area prosthetic 
firms agreed to par t ic ipate in the study. 
T h e prosthesis design selected was the one 
using the r igid toe section since it was the 
lightest of the two designs. T h e prosthe
tists were instructed in the fabr icat ion 



Fig . 1. S t e p s in f a b r i c a t i o n o f u l t ra l ight be low-knee prosthes is f r o m sheet t h e r m o p l a s t i c . 

a n d fitting of the ultralight prosthesis in 
a twelve-hour course at the Rehabi l i ta
tion Engineer ing Center of Moss Reha
bilitation Hospital in J a n u a r y 1978. 
T h e prosthetists then fitted amputees 
from the V A Regional Office A m p u t e e 
Clinics, and from their own private prac
tices who were referred to the study from 
two other local clinics. Amputees who 

were receiving their first definitive pros
thesis as well as amputees who already 
were successful P T B users were included 
in the study. D a t a were collected by 
means of questionnaires (Appendices A 
a n d B ) . For the former P T B users, one 
quest ionnaire was administered before 
fitting and another one was adminis
tered two weeks after a "satisfactory" 



F i g . 2 . T h e f o o t - a n d - a n k l e sect ion o f a n u l t ra l igh t be low-knee prosthes i s when the full funct ion o f a S A C H 
foot is des i red . 

fit was obta ined. A "satisfactory" fit was 
one which was agreeable to both the 
pat ient a n d prosthetist. In addit ion, an 
unannounced followup was done one 
month after the final fitting in order to 
determine if the subjects were still using 
the ultral ight prosthesis or if they h a d 
gone back to their conventional pros
thesis. At this t ime the subjects were also 
asked whether they liked the lightness of 
the prosthesis, other factors as ide . T h e 
prosthetists were given a quest ionnaire 
(Appendix C ) after all patients h a d been 
fitted in order to assess fabricat ion and 
fitting problems and the applicabil i ty of 
the device as a first definitive prosthesis 
versus a P T B replacement . D a t a in this 
respect were not collected on the new 
amputees since they had no prosthetic 
experience on which to base a compar i 
son. 

T o da te (January 1979), the sample 
consists of thirty-six patients who have 

been fitted with the ultralight prosthesis. 
Of that number , four are receiving it 
as their first definitive prosthesis. Of the 
remain ing thirty-two patients, complete 
d a t a have been obta ined on fourteen. 
All but one are m a l e . One pat ient d ied 
dur ing the course of the study from an 
unrela ted cause . 

Resu l t s 

T h e patient d a t a are presented in 
F igure 3. T h e responses of one patient , 
H . G . , need to be considered in light of 
the fact that shortly after receiving the 
prosthesis he moved out of s tate . H e then 
h a d a structural failure of the foot of 
the prosthesis which altered its cosmesis, 
fit, and a l ignment . He indicated that 
this was the reason for his unfavorable 
response to several of the questions. 
Those responses are circled. H e was un
ab le to return to Phi ladelphia to be fitted 



with another ultralight prosthesis. 
T h e following general conslusions can 

be drawn from this prel iminary d a t a : 

1. Al though wear ing t ime and walking 
dis tance do not appea r to increase 
when the lighter prosthesis is used 
the overwhelming majority of the 
subjects felt that the lighter pros
thesis requires less energy to walk 
with than a conventional prosthesis. 

2 . Opinions were mixed regard ing 
which prosthesis is easiest to control 
a n d which one was the most com
fortable to walk on. In both cases, 
however, the majori ty favored the 
exper imental prosthesis. 

3. T h e majority of the subjects felt 
that conventional prostheses are 
more cosmetically acceptab le than 
the ultral ight (polypropylene) 
mode l . 

4 . For the most par t , either there was 
no difference in ease of donning and 
doffing, or else the lighter pros
thesis was slightly superior in this 
a rea . 

5. T h e overall preference was over
whelming for the ultralight pros
thesis. T h e two who preferred their 
conventional prosthesis both liked 
the lightness of the exper imental 
prosthesis, but they were very dis
satisfied with the foot act ion. 

6. The re were six incidences of struc
tural fai lure. Th ree were fractures 
of the polypropylene at the toe a rea 
of the foot. T w o other cases 
involved crushing of the internal 
keel foot. T h e other failure was a 
subluxat ion of the socket within 
the shank. T h e first two problems 
were corrected by using an external 
keel foot. T h e socket problem was 
solved by using a heavier g u a g e 
polypropylene and meticulous 
welding at the b r im. It m a y be 
noted that structural failures oc
curred with both of the bilateral 

amputees . Structural failure also 
occurred most frequently in patients 
who subjected the prosthesis to ex
treme stress, as would be expected. 

7. All but three subjects were using the 
ul tral ight prosthesis at follow-up. 
Of the three who did not, two gave 
their reasons as dissatisfaction with 
the "fit" that they h a d as a result of 
the r igid foot. T h e third subject 
( H . G . ) was not wearing his prosthe
sis because the crushed foot pre
c luded its use . 

8. T h e subjects were unan imous in 
their approval of the lightness of 
the prosthesis. 

9. Ha l f of the patients commented 
that they disliked the r igid foot of 
the prosthesis, and there were some 
interesting comments about the 
light weight of the prosthesis. T w o 
subjects ( L . B . and J . C . ) commented 
that the lighter weight noticeably 
reduced pistoning of the s tump in 
the socket. T w o others ( A . W . and 
H . G . ) stated that they had found 
the leg useful for work in and 
a round water. A . W . also Com
mented that his s tump was in better 
condit ion than it h ad ever been 
before. R . S . felt that the light
weight legs were superior to his con
ventional ones in every way except 
durabil i ty. D a t a from the prosthetists's questionnaires has not 
been compi led yet since some sub
jects are still undergoing fitting 
modif icat ions. F r o m informal com
municat ion, however, the princi
pa l complaints of the prosthetists 
a r e : (a ) that the ultralight pros
thesis is difficult to modify once it 
is m a d e ; (b) structural failures, 
especially at the foot, pose a prob
lem. 

Discuss ion 

T h e prel iminary d a t a seem to indi
ca te that the concept of an extremely 



Fig . 3 . C h a r t showing i n t e r i m resul ts o f c l in ica l t r ia l s o f u l t ra l ight be low-knee prosthes i s . 

light below-knee prosthesis is val id . T h e 
model used for this study seems to be 
inferior to conventional below-knee pros
theses only in the areas of adjustability, 
durabil i ty, and , in some cases, function 
of the foot. Ha l f of the patients sampled 
compla ined about action provided by 
the rigid foot. Most frequently the com
plaint was that heel-strike was j a r r ing , 
and that it was hard to walk up inclines 
because of difficulty in "rolling over" 
the foot. T h e complaints about the rigid 
foot may be simply a matter of "gett ing 
used to it," especially after being used to 
a S A C H foot. Nevertheless, the rigidity 
of the foot as well as its structural weak
ness can probably be solved by the incor
pora t ion of an external keel foot, a pos
sibility now be ing considered by the R E C . 
It is es t imated that an external keel foot 
would a d d about 8 oz. to the prosthesis. 
R e g a r d i n g cosmesis, the R E C is now 
investigating the use of prosthetic skins 

that have been developed elsewhere. 
T h e current model is probably best used 
with patients who do not subject the pros
thesis to extreme stress. It is of potential 
benefit to amputees of all ages , but it may 
be part icularly indicated for patients 
with cardio-vascular impai rments . 

A final report on this project will be 
issued toward the end of 1979. Mean
while a new fabricat ion m a n u a l will be 
published, a n d it is hoped that the Amer
ican Academy of Orthotists and Pros
thetists will undertake a nationwide clini
cal evaluat ion of this technique on behalf 
of the Veterans Adminis t ra t ion. 
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Howard Ze idman, Chief, Prosthetics 
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Individual Engineering-Orthopedic Care for 
Patients Suffering From Infantile Cerebral Palsy 1 

R . V O L K E R T 2 

A special consult ing hour for patients 
was set u p within the scope of col

labora t ion between the Orthopedic 
Clinic of the University of Mainz a n d the 
Children's Neurological Center of the 
state of Rhine land-Pala t ina te . Emphas i s 
is p laced on conservative care of children 
suffering from cerebral and behavioral 
disorders. 

T h e purpose of engineering-ortho
pedics in this case is to modify proven 
designs to meet par t icular individual 
needs a n d to apply new techniques in 
dea l ing with the multi-faceted problems 
presented. 

It mus t be unders tood that , basical ly, 
the cerebral-palsy child is a b ra in -dam
a g e d child. T h e d a m a g e is in the first 
central motor neuron, the disorder af
fecting predominant ly the control mech
anisms of mot ion. T h e resultant neuro
muscu la r malfunct ioning takes the form 
of various pathological symptoms, but 
provides only a par t ia l indicat ion of the 
overall d a m a g e ; or ought to b e con
sidered as such. Roughly speaking, a 
distinction is m a d e between hemiplegia , 
d ip legia , a n d te t raplegia . Disordered 
coordinat ion of mot ion (a tax ia ) and also 
involuntary non-controlled mot ion 
(Athetosis) are frequently noted in this 
respect. 

Because of these pathological ly symp
tomat ic conditions, the patients are pre
destined for special care involving 
modern therapeutic gymnast ic methods . 
Correction of neuromuscular dysregulation a n d improper posture can be 
achieved in an au tonomous manner . 
Supplement ing a n d functionally im
proving steps m a y also be introduced and 
realized with directed at tention-absorb
ing therapeutic techniques. T h e work by 
this pa i r of professional groups ( K G and 
B T ) must be given priority over technical 
or thopedic measures . A fairly g o o d sup
port of the therapeutic measures is pro
vided by commercial ly avai lable orthoses. 
However, the desired goals cannot always 
be achieved in individual care by using 
fairly heavy (conventional) orthoses. Th i s 
is especially the case because fairly heavy 
appl iances , in m a n y instances, enhance 
the propensity for spasticity because of 
their r igid, mechanica l construction, and 
because the pat ient cannot tolerate the 
loads exerted. T h e orthoses to be used, 
therefore, must be so designed that they 
complement exist ing residual functions 
with a mod icum of equipment and that 
they correct pathological dysregulat ion 
and improper postures by means of 
modera te loads of pressure. 

They must not hamper existing func-



tions, and simultaneously they must l ead 
to functional improvements by exploi t ing 
given s tat ic-dynamic condit ions. 

A n earlier report by this author (1) 
discussed provision of orthoses in dea l ing 
with neuromuscular malpos ture in the 
region of the upper l imbs . T h e present 
report extends these considerations to 
the lower l imbs . 

T h e following ought to be the goals in 
the presence of pathological functioning 
and malpos tur ing of the lower l imb in 
b r a i n - d a m a g e d children: 

1. L igh t to Modera te Dysregula t ion: 
• compensa te for inadequa te static 

a t t i tudes; 

• correction o f pathological pat 
tern of mot ion ; 

• suppression of pathological be
havior of mot ion to pave the way 
to proper movements . 

2 . Serious a n d Most Severe Fai lures 
a n d Manifold H a n d i c a p s : 
• achievement of s tanding; 
• provision of devices for correction 

of existing improper rest posi
tions of the l imbs ; 

• technical or thopedic measures to 
ease care and prevention of con
tractures. 

T rea tmen t p rog rams corresponding to 
these goals were drawn up (Fig . 1) for the 
most frequent problems found in the 

F i g . 1. T r e a t m e n t s c h e m e for lower - l imb for spas t i c foot de formi t i e s . 



F i g . 2 . E x c e r p t f r o m the t r e a t m e n t s c h e m e for the s t i l l - to-be c o m p e n s a t e d e q u i n e foot . 



lower l imbs. In conformity with the dys
functions listed, the individually required 
technical-orthopedic procedures can then 
be appl ied in a rat ional manner , as 
shown by the d i a g r a m of Figure 2. 

Whereas slightly pathological foot 
positions can be well corrected by means 
of shoe accessories or special insoles, it 
is the functional equine foot with flexion 
contractures o f the knee a n d hip joints 
which is the greatest p rob lem. T h e fore
foot lever can b e extended as shown in 
Figure 3 so that the body weight auto
matical ly corrects the pointed foot by 
applying a slight pressure so that, in turn, 
the lower l imb straightens. 

As regards the spast ic equine foot 
without foot pathology, the body resting-point can be moved forward (Fig . 3) 
a n d thus the forefoot lever can be ex
tended in a problem-free manne r by 
means of a s imple meta l insole in the shoe 
and by corresponding p a d s p rox imal and 

Trea t i ng the equine foot when appre
c iable supinat ion is present (frequently 
seen in hemiplegia) (Fig . 5) is substan
tially more difficult. 

In this case it is found that supinat ion 
can be quite well corrected by providing a 
pivoting posterior single-upright A F O 
with adjustable "subta lar" joint , whereby 
also the equine foot is very well corrected. 
As seen in Figure 6, the prosthetic ba r 
first assumes the function of correcting 
the supinat ion by pivoting the foot into 
the lower-leg axis , the foot be ing brought 
into the r ight-angle position to the lower 
leg in the second s tage by a back-swing of 
the dorsal lower-leg b race par t (Fig . 7 ) . 
A lateral projection of the rail fastening 
mechanism passes in p lan ta r manner to 
the base art iculat ion of the little toes 
and thereby prevents the elasticity of the 
shoe from following the wrong posit ional 
tendency of the foot (F ig . 8) . T h i s tech
n ique makes it possible without the use of 
expensive equipment to achieve foot-
position correction which contributes 
extensively to sure-footed s tanding and 
walking of the patient (Fig . 9 ) . 

F i g . 3. S ta t i ca l ly d e t e r m i n e d b o d y - s t r a i g h t e n i n g . 

posterior to the calcaneous , with an addi 
t ional shoe-tongue cushion (Fig . 4 ) . T h e 
purpose of the latter is to fix the foot in 
the shoe. 

F i g . 4. S c h e m a t i c o f m e t a l insoles a r r a n g e m e n t o f 
f ix ing p a d s . 



F i g . 5. Pat i ent with left-s ide p las t ic h e m i p l e g i a in 
typical a t t i t u d e . 

GELENKANSCHLAGSTELLUNGEN 

SCHWENKBARE FERSENWINKELSCHIENE 

F i g . 6. D i a g r a m of pos ter ior s ingle u p r i g h t ankle -
foot orthosis with a d j u s t a b l e " s u b - t a l a r " jo in t for 
c o r r e c t i n g s u p i n a t e d foot. Poster ior view. 

F ig . 7. L a t e r a l view of pos ter ior s ingle u p r i g h t 
orthos is with " s u b t a l a r " jo int showing correc t ion o f 
p l a n t a r - f l e x i o n c o n t r a c t u r e . 

F ig . 8. P l a n t a r view of shoe a t t a c h m e n t b a r a n d 
shoe showing la tera l extens ion . 

T h e spast ic equine foot in combinat ion 
with severe deformity in the sense of the 
extensively contract ing buckled flat foot 
(valgus) , as well as the varus foot in 
sickle form, can be well corrected by 
means of a shoe insert and a lateral single 
upr ight orthosis ( G O C H T ' s inside and 
outside lever b race ) . T h e corrective forces 
which are provided can be distributed 
over a larger , optimally shaped surface 
so as to be very easily tolerated by the 
pat ient (Fig . 10) . T h e advan tage of the 
single bar orthosis in this sort of treat
ment is that the foot can be brought 
gradual ly into the opt imal corrective 
position in successive s tages. 

T h e movab le a n d partly blocked ankle 
joint permits all the activities which op
pose the deformity, and these accessories 
therefore entail only a l imited inactivation opposing the pathology. T h e long 



meta l sole under the shoe insert, the stop 
in the ankle joint , and the firm front 
s t rap below the knee joint are known 
techniques to offset forward the body's 
center of gravity and further to provide a 
mechanical ly static suppor t to achieve 
lifting of knee and hip (Fig. 11). Th i s 
propensity to stretching the knee and hip 
art iculations may be enhanced by using a 
functional b a n d a g e (s trap) as shown in 
Figure 12. 

Multiply hand icapped patients (Fig . 
13) can achieve, postsurgically, good 
ability to s tand a n d walk in the conven
tional sense by means of individually 
designed devices that increase their radi
us of action (Fig . 14). 

Technica l orthopedic measures for 
children most severely affected physi
cally and mental ly will only be meaning
ful if correction of posture and preven
tion of contractures (Fig . 15) are 
achieved. 
dis turbed children, technical or thopedic 
accessories of the most var ied kinds are 
used to prevent pathological behavior 
pat terns . By suppressing such deviant 
behaviorism, the hand icapped child can 
ga in access to t reatment in psychology, 
special pedagogy , and behavioral science. 
T h e equipment required to such ends are 
i l lustrated by two cases. 

T h e disturbed behavior of the first 
patient, a female , took the form of per
manen t onan ism. A n individually m a d e 
chastity belt (Fig . 16) interrupted this 
aberrant behavior and simultaneously 

F i g . 9. Pat ients with poster ior s ingle u p r i g h t A F O 
with " s u b t a l a r " j o i n t . 

F ig . 10. Pat i ent with a p p r e c i a b l y spas t i c v a l g u s 
flat feet 

a ) without orthos i s 
b ) s t r a i g h t e n i n g by a G o c h y ins ide lever b r a c e 

with w a l k i n g shoe ( m e d i a l s ingle u p r i g h t 
A F O with shoe insert s a n d a l ) 

F ig . 1 1 . S a m e p a t i e n t fo l lowing technica l o r t h o p e 
dic c a r e with G o c h t ins ide lever b r a c e s with m e d i a l 
s ingle u p r i g h t A F O with shoe insert s a n d a l s in 
r e a d y - m a d e shoes . 



F i g . 12 . a a n d b : S c h e m a t i c a n d a c t u a l r e p r e s e n t a t i o n of s u p p o r t for knee a n d h i p s tre tch ing by funct ional 
s t r a p s . 

F i g . 13 & 14. Mult ip ly h a n d i c a p p e d pat i ent with a p p r e c i a b l e restr ict ions o n knee a n d h ip funct ions . T h e 
s a m e pa t i en t e q u i p p e d with e n g i n e e r i n g o r t h o p e d i c m e a n s . 



allowed introduction of specific thera
peutic procedures . 

Technica l or thopedic devices m a y also 
be indicated for patients whose aberrant 
behavior takes the form of self-aggres
sion. Frequently substantial injuries oc
cur, the patients using their own body 
par ts to such ends most of the t ime. 
F igure 17 illustrates a boy who first in-

ju red his face and head with his hands . 
After be ing prevented from doing so, he 
used his head to abuse his shoulders. 
T o prevent this as well, Plastazote foam 
devices covering the endangered shoulder 

F i g . 15 . Pat i ent with defect ive a t t i t u d e of lower 
extremity in whee lchair , without a n d with correct 
i n g m e a n s . 

F i g . 16. F e m a l e p a t i e n t with chast i ty belt in var i 
ous views. 

F ig . 17. In jur ie s o f a n a u t o - a g g r e s s i v e p a t i e n t . 



Fig. 18. Technical orthopedics with Plastazote arm splints. 

parts were formed and fitted to the pa 
tient. T h e elastic mater ia l and the rela
tively loose back connection (Fig . 18) 
allows considerable freedom of mot ion 
for all sorts of activities without permit
t ing self-injury. 

Besides be ing protected, the patient 
was also expected to be beca lmed so he 
could be treated with appropr ia te psy
chotherapy. 

T h e t reatment discussed herein should 
provide an overview of technical ortho
pedic measures which have been found 
pract ical within the scope of the special 
care of children suffering from cerebral 
palsy and behavioral disorders. 

In conclusion, I wish to thank here my 
col laborators for their support , without 
which the care a n d treatment described 
above could not have been implemented . 
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Technical Note 

Three-Stage Impression Technique 
For The Upper Arm 

A three-stage technique has been de
veloped for accura te impressions of the 
a r m for above-elbow prostheses. It has 
been used successfully in our laboratory 
for approximate ly two years, and experi
ence indicates it can produce an accura te 
impression which requires little, if any, 
modif icat ion of the axil la border . T h e 
technique also is useful in orthotics. 

T h e technique consists of a " s t age" 
impression similar to the Fil lauer method 
(1) for below-knee prostheses, in con
junct ion with a wire-reinforced latex 
tubing s imilar to that used by Thranhardt (2) for the d iagonal posterior trim 
of below-knee prostheses. By combining 
these two methods the prosthetist-ortho
tist can give more t ime to the mold ing 
procedure . 

T h e impression technique for an 
above-elbow prosthesis is i l lustrated in 
Figures 1 through 5. (For orthoses the 
technique must be altered to facilitate 
removal of the plaster from an intact 
l imb . Th i s is most easily accompl ished by 
using plaster splints, instead of the plaster 
b a n d a g e shown in F igure 4, as with the 
Michigan technique (3) for ankle-foot-
orthoses.) T h e l imb is covered with T u b e -
gauz® or stockinet and all skeletal land
marks are outl ined (Fig . 1) . L a t e x tubing 
reinforced with mal leab le wire is con
toured to the axi l la while the l imb is in 

a flexed position a n d extended against 
resistance (Fig . 2) in order to accentuate 
the pectoral and latissimus tendons to 

F i g . 1. L i m b is p r e p a r e d in the u s u a l m a n n e r . 



their fullest. T h e media l border (anterior 
and posterior) of the socket can also be es
tablished with this tubing. Plaster-of-
Paris splints, six layers thick, are used to 
cover the axil lary port ion of the tubing 
a n d encapsula te the end of the l imb to 
permit accura te control of socket length. 
After the splints have hardened, the 
l imb is covered distally from the axi l la 
level with an elastic plaster b a n d a g e 
reinforced with regular plaster (Fig. 4 ) . 
When this port ion has set, the p rox imal 
impression is taken with splints nine 
layers thick (Fig . 5) . A t this t ime both 
hands are free to concentrate on mold ing 
the anterior and posterior wings in the 
deltoid a rea . Because the tubing requires 
min imal space in the axi l la a rea , there is 
less chance of lateral g a p p i n g of the 
prosthesis resulting from too m u c h 
shoulder abduc t ion dur ing the impres
sion procedure . F i g . 2 . W i r e - r e i n f o r c e d la t ex t u b i n g is c o n t o u r e d 

to the a x i l l a . 

F i g . 3 . S ix layers o f p la s t er spl ints f o r m ax i l l a b o r d e r a n d " c a p " dis ta l end . 



F i g . 4. E las t i c p la s t e r , r e in forced with r e g u l a r p la s t e r , encases the d is ta l l i m b . 

F i g . 5 . N i n e layers o f p l a s t e r spl int f o r m the p r o x i m a l sec t ion . 



T h e impression technique described 
here produces an accura te model of the 
l imb which requires little or no modifi
cat ion of the axi l la a rea . T h e method 
also permits an accurate overall impres
sion because the prosthetist-orthotist 
has g o o d control dur ing all aspects of 
the impression procedure . A n orthosis or 
prosthesis can then be fitted to the pa 
tient with less chance of discomfort that 
is the case with more conventional meth
ods . 

T h i s work was suppor ted by Veterans 
Adminis t ra t ion Contract V101(134) 
P326 . 
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New Publications 

Muscles Alive, J . V . Basma j i an , 4th Edi
tion, Wil l iams and Wilkins, 495 p p . 176 
illustrations. 

T h e progress m a d e in electromyog
raphy has been so rap id a n d the d e m a n d 
for "Muscles Alive" so great that it was 
necessary for Dr. Basma j i an to prepare 
this fourth edition only four years after 
the third edition was issued. As most 
readers know the previous editions have 
been excellently organized, well docu
mented, and beautifully p roduced . T h e 
fourth edit ion carries on the tradit ion. 

Amputations and Prostheses, Miroslaw 
Vital i , Kingsley P. Robinson , Br i an G. 
Andrews, and Edward E . Harr is , Bai l lere 
T inda l l , London (avai lable in the U . S . 
through Macmi l l an Publishing C o . ) , 241 
p p . 167 illustrations, $27 .50 . 

T h e authors of this authoritat ive vol
u m e are four well known or thopaedic 
surgeons all of whom have been con
nected closely for a number of years with 
the L i m b Fitt ing Service of British Min
istry of Heal th . It is therefore not surpris
ing that the emphasis is more on surgery 
and medica l care than it is on prostheses. 
T h e philosophy set forth is quite similar 
to that expressed by leaders in prosthetics 
in the United States . T h e text is clear and 
to the point . T h e illustrations are well 
chosen. 

It is an excellent reference book and no 
collection of mater ia l on l imb prosthetics 
will be complete without this well 
presented book. 

E r r o r : 

T h e March '79 O & P Journa l had the following two mistakes. Please take note 
and make the appropriate corrections for your records. 

• Figure 18 located on p. 49 should be switched with Figure 1 on 
p. 53 and vice versa. 

• The correct spelling of the authors of the article entitled "An 
Effective Orthotic Design for Controlling the Unstable Sub
talar Joint" are J . Martin Carlson, M.S. , C O . and Gene Berg-
lund. 

We regret any inconvenience caused by these two errors. 

Also please note: Due to production problems, the June '79 O&P Journal has ar
rived late. We again regret any inconvenience created by this delay. 
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O R T H O T I S T , P R O S T H E T I S T , O-
T e c h n i c i a n s , P - T e c h n i c i a n s — I m m e 
diate Openings , Excellent Benefits, C o m 
petitive Salar ies . C h i c a g o / C h i c a g o 
S u b u r b s . Resumes K e p t in Confidence. 
A O P A B o x 5794. 1444 N St . N . W . 
Washington, D . C . 20005 . 

C E R T I F I E D O R T H O T I S T ( + C E R T . 
P R O S . T E C H N . ) — d e s i r e s situation. 7 
yrs e x p . , specialty in Spinal , sports med , 
burns . , Full clinical + Fabr ica t ion exp. 
R e s u m e a n d references on request. 
Contact Dav id A. Guest , 11015-96 S t . , 
Edmonton , Al ta , C a n a d a T 5 H - 2 K 7 . 

I M M E D I A T E N E E D — C e r t i f i e d Pros
thet i s t -Lab Work a n d clinic a progressive 
m o d e m facility, excellent benefits, send 
resume listing experience. Sa lary 
negot iable . W a g n e r Prosthetics Inc. 
2 0 2 N 23rd . P . O . B o x 274. St. Louis , 
M O . 314-436-0996 

C E R T I F I C A T I O N E L I G I B L E — B . S . 
degree from U. of Wash, p r o g r a m . O n e 
year experience. Seeking position in 
Northwest. Send reply to: Personal, 2704 
At lanta Dr. Silver Spr ing , M D . 20906 

P R O S T H E T I C I N S T R U C T O R — 
U N I Q U E O P P O R T U N I T Y — A s s i s t 
with design a n d implementat ion of per
sonalized training p r o g r a m for Prosthetic 
Practit ioners. 916 Vocat ional Technica l 
Institute is extending its career ladder 
offerings to provide short t erm/cer 
tificate training in Prosthetics. 
Competent , creative C P O or C P needed 
to help develop this midwestern training 
p r o g r a m . Cal l or send resume: K e n 

Chagnon . (612) 770-2351 , Ext . 256, 916 
V o - T e c h Institute, 3300 Century Ave. 
N . , White B e a r L a k e , M N 55110. (Metro 
St. P a u l / M i n n e a p o l i s area) 

C O . A N D / O R C P . — B e n e f i t s include 
health a n d dental insurance , life insur
ance, retirement p lan , p a i d vacat ion a n d 
all m a j o r holidays. Sa lary open. Replies 
confidential E . H . Rowley C o m p a n y , 
Inc . , 11330 W o o d w a r d Ave. , Detroit, M I 
48202 

O R T H O T I C A S S I S T A N T O R T E C H 
N I C I A N — E x p e r i e n c e d Orthotist wanted 
who is qualif ied to fabr icate a n d fit all 
types Orthotic appl iances . Pa id Life , 
Health , a n d Vacat ion , salary negot iable . 
Please send resume and references to R . 
E . Lebo ld , S a l e m Orthopedic & Pros
thetic Inc . , 675 12th St . S E , S a l e m , 
Oregon 97301 

C E R T I F I E D P R O S T H E T I S T — B e a u 
tiful S . E . mounta in resort area has imme
diate opening for experienced C . P . 
Excellent working conditions a n d benefit 
p a c k a g e . Send resume to: A O P A Box 
5793, 1444 N Street N . W . , Washington, 
D . C . 20005 . All inquiries confidential. 

C E R T I F I E D O R T H O T I S T O R 
C P O — E s t a b l i s h e d f irm, p a i d vacat ion, 
health insurance , retirement p lan , salary 
plus bonus, two hours from Yellowstone 
Park a n d J a c k s o n , Wyoming. W e have 
lady fitter a n d Orthotic technician. Send 
resume to Medical Mart Orthotics and 
Prosthetics Division, P . O . B o x 2467, 
Idaho Falls , Idaho 83401 . 1-208-523-
0402 Seth Jenkins . 
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C E R T I F I E D P R O S T H E T I S T — W e l l 
established firm in lovely New Jersey sea
side community needs a prosthetist with 
wide experience. S e n d resume a n d salary 
requirements . All inquiries confidential. 
Reply A O P A , Box 6792, 144 N Street, 
N . W . Washington, D . C . 20000 

C E R T I F I E D P R O S T H E T I S T - O R -
T H O T I S T — p o s i t i o n avai lable for a 
progressive pract i t ioner seeking M a n a g e 
ment position with an established firm. 
Sa lary commensura te with experience. 
Excellent benefits a n d incentive plans . 
Replies confidential . Please send resume 
to: Daniel L . S h a m p , C . P . O . , S h a m p 
Prosthetic Center, 3090 Wadsworth 
R o a d , Norton, Ohio 44203 

O R T H O T I C T E C H N I C I A N — O p p o r 
tunity to work in a dynamic university 
setting with exposure to a wide variety of 
orthotic appl iances . Requires one year of 
experience or training in an orthot-
ic /prosthet ic p r o g r a m . Duties will 
include fabr icat ion of polypropylene 
C T L S O , T L S O ' s and lower l imb ortho
ses. Excellent benefits. Apply to Employ
ment Office, 126 Eleanor Tay lor B ldg , 
39th & Rainbow Blvd . K a n s a s City, 
K a n s a s 66103, University of K a n s a s 
Medical Center, Col lege of Heal th 
Sciences a n d Hospital - an equal oppor
tunity employer 

O R T H O T I S T / P R O S T H E T I S T — C e r 
tified or b o a r d eligible. Loca t ion S a n 
J u a n , Puerto Rico . Span i sh speaking not 
necessary. Sa lary dependent on expe
rience. Trave l expenses re imbursed for 
interview. Excellent opportunity for 
advancement with growing company . 
Patient contacts include office, shop a n d 

hospitals. Send resume to A O P A , B o x 
2 7 9 1 , 1444 N Street, N . W . , Washington, 
D . C . 2 0 0 0 5 . 

C E R T I F I E D O R T H O T I S T O R 
B O A R D E L I G I B L E — P o s i t i o n open in 
well established midwest facility. Twenty-
five years in s a m e location. Will consider 
partnership to honest rel iable person. All 
replies are held in confidence. Send 
response to A O P A , B o x 5 7 9 1 , 1444 N 
Street, N . W . , Washington, D . C . 20005 

D I R E C T O R O F P R O S T H E T I C S 
A N D O R T H O T I C S N E E D E D — f o r a 
m a j o r Center for the Development and 
Service of artificial l imbs. Appl icant 
should be B o a r d certified in both Pros
thetics and Orthotics; and member , 
A c a d e m y of Orthotists a n d Prosthetists. 
Should have considerable b a c k g r o u n d in 
facility m a n a g e m e n t . Prior experience in 
teaching a n d prosthetics a n d orthotics 
research will be highly desirable . Sa lary 
a n d benefits negot iable . Send resume: 
F . W . Cl ippinger , M . D . , Professor, 
Orthopaed ic Surgery, B o x 3935, Duke 
University Medical Center, D u r h a m , 
N . C . 27710 (An E q u a l Oppor
tunity/Aff irmative Act ion Employer) 

C E R T I F I E D P R O S T H E T I S T A N D 
C E R T I F I E D O R T H O T I S T — E x c e l 
lent professional opportunit ies to work in 
a teaching Medical Center with a dy
n a m i c a n d growing rehabil i tat ion pro
g r a m for children a n d adults . S trong 
growth potential . S u b u r b a n type living 
within 2V4 hours of Washington, D . C . 
Send resume a n d salary requirements to: 
Personnel Department , University of 
Virginia , Charlottesville, V A 22903 -
Aff irmative A c t i o n / E q u a l Opportunity 
Employer. 
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J T W O - P O S T O R T H O S I S f o r s t a b i l i z i n g 

c e r v i c a l a n d u p p e r t h o r a c i c r e g i o n s . 

S p i n a l o r t h o s e s a r e o u r o n l y p r o d u c t . T h e y a r e o n l y 

a v a i l a b l e t h r o u g h e t h i c a l d i s p e n s i n g o r t h o t i s t s . B e c a u s e 

o f t h i s w e h a v e t h e m o t i v a t i o n a n d t h e s k i l l t o p r o v i d e 

y o u w i t h t h e h i g h e s t q u a l i t y o r t h o s e s p o s s i b l e f o r m a x 

i m u m a c c e p t a n c e b y y o u r d o c t o r s a n d p a t i e n t s . A n d w e 

b a c k y o u u p w i t h 2 4 - h o u r d e l i v e r y o f y o u r p r e s c r i p t i o n 

o r d e r s a n y w h e r e i n t h e c o u n t r y . P l u s , w e h a v e a p r i c e 

s t r u c t u r e t o m a k e o u r s e r v i c e » « a 

y o u r m o s t p r o f i t a b l e w a y t o mi MfOtTWCklSL 
f i l l p r e s c r i p t i o n s . F l o r i d a B r a c e 

C o r p o r a t i o n , P . O . B o x 1 2 9 9 , I I V A C f i 
W i n t e r P a r k , F l o r i d a 3 2 7 8 9 . 

C o r p o r a t i o n 



FOR FIT and COMFORT 
S H O E S F O R 

E V E R Y N E E D ! 

O U R FAMOUS 

Rover 
• L E A T H E R S O L E & H E E L 
• L O N G C O U N T E R 
• E X T R A S T R O N G S T E E L S H A N K 
• G O O D Y E A R W E L T C O N S T R U C T I O N 

SIZES: 5 - 1 2 IN VARYING 
WIDTHS, LEATHER UPPERS. 

COLORS: Black, White, 
Beige, Blue and Green Gluv, 
Brown and Toupe Thorobred 

A N D POPULAR 

Rings 
COLORS: Black, Camel, Bone, White 
Blue and Red 

Please Send For Our In Stock Catalog 

D R E W S H O E C O M P A N Y 
2 5 2 QUARRY ROAD 

LANCASTER, OHIO 4 3 1 3 0 
( 6 1 4 ) 6 5 3 - 4 2 7 1 

A Public Service of this magazine &The Advertising Council K» 

Last year millions upon millions 

counted on us. 

R e d C r o s s . 

V W r e . 
c o u n t i n g 

y o u . 

T h e G o o d N e i g h b o r . 
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A new adjustable rotation adapter 
for the OTTO BOCK lower extremity Modular System 

O R T H O P E D I C I N D U S T R Y IMC. 
U N I T E D S T A T E S O F A M E R I C A 

610 Indiana Avenue North 
Minneapolis • Minnesota 55422 

The need for a simple socket rotation adjustment in 
medium or long B / K and A / K amputation cases led 
us to develop the new 4R37 base plate adapter. 
By loosening the four attachment screws, the socket 
can be rotated through a total range of 40° (20° inter
nal and 20° external). 

This new product is a tremendous aid to the Prosthe
tist in achieving optimum dynamic alignment for the 
Patient. 

X V I I 



CERVICAL ORTHOSES 
i i w i m i m \ \ \ m \ \ m 

Knit-Rite Cata log Pages 6 1 , 62 , 63 

POLYURETHENE SOFT CERVICAL C O L L A R 

P L A S T A Z O T E CERVICAL C O L L A R 

F O A M C O L L A R / H A L T E R 

T H O M A S A D J U S T A B L E PLASTIC C O L L A R 

A D J U S T A B L E FLEXION C O L L A R 

WIRE FRAME CERVICAL C O L L A R 
W i t h P a d T y p e B a c k — T h r e e S i z e s 
W i t h P o s t e r i o r P l a t e — T h r e e S i z e s 

A D J U S T A B L E PLASTIC C O L L A R 

SIDE OPENING C O L L A R 

A D J U S T A B L E CERVICAL C O L L A R 

SINGLE POST CERVICAL B R A C E S 

S T A N D A R D FOUR POST 

FOUR POST CERVICAL B R A C E 

W i t h B a l l a n d S o c k e t A d j u s t m e n t 

A L L M E T A L CERVICAL B R A C E 

CERVICAL-DORSO B R A C E 

S.O.M.I. 

1 6 S T Y L E S 

5 7 S I Z E S 

Distributed by KNIT-RITE, INC 

2020 G r a n d , P.O. Box 208 , Kansas Ci ty , M i s s o u r i 64141 
Cal l T O L L FREE 1-800-821-3094 / MISSOURI COLLECT 816-221-0206 

September, 1978 
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2 Great New Machines To Enhance The 
Skills Of The Orthotic Professional 

S1000 
T h e S 1 0 0 0 h a s t w o u l t r a - h i g h s p e e d 6 0 " q u i c k c h a n g e b e l t s , t h e n e w 
Q u i k - A d j u s t s o l e t r i m m e r t h a t l e t s y o u d i a l a n y s i z e e d g e i r o n t o a 
# 3 6 w h i l e t h e m a c h i n e i s r u n n i n g , a n d a f u l l y d u c t e d d u s t c o n t r o l 
s y s t e m t h a t is s o e f f i c i e n t it d o e s n ' t e v e n n e e d a b a g s h a k e r . T h e 
S 1 0 0 0 f i t s i n t o a 5 0 - i n c h s p a c e a n d c o m e s w i t h a h e e l b r e a s t e r , 
1 - 9 / 1 6 " w i d e b e l t , a 4 1 / 2 " b o t t o m s a n d e r , a 4 " b e l t , a n d a d r u m 
s a n d e r . A l t e r n a t e s h a f t c o n f i g u r a t i o n s a v a i l a b l e . 

This Shaft For T h e C o m p l e t e F in isher 

S500 
T h i s c o m p a c t s a n d e r f i t s i n a 4 0 " s p a c e a n d m a y 
b e o r d e r e d w i t h a n y c o m b i n a t i o n o f t w o 4 " o r 
1 - 9 / 1 6 " b e l t s . B e l t s a r e a f u l l f i v e f e e t l o n g f o r 
m a x i m u m c u t t i n g s p e e d . S t e e l b r u s h f o r r i g h t 
e n d o f s h a f t , h e e l b r e a s t e r f o r l e f t e n d , w i t h a l l 
d u s t a r e a s f u l l y p o r t e d t o h i g h l y e f f i c i e n t d u s t 
c o n t r o l s y s t e m . S w i n g a w a y a c c e s s d o o r s f o r f a s t 
b e l t c h a n g e s . 

O r d e r y o u r S 1 0 0 0 t o a c c e p t t h e c o m b i n a t i o n b r u s h - b u r 
n i s h e r w h e e l s . M o u n t e d w i t h b a y o n e t f i t t i n g s , t h e b r o w n 
o r b l a c k w h e e l s s n a p o n t h e r i g h t e n d o f t h e s h a f t q u i c k l y , 
e l i m i n a t e t h e n e e d f o r a s e p a r a t e b r u s h - b u r n i s h e r u n i t . 
D o z e n s o f o t h e r f i t t i n g s t o f i t s h a f t e n d . 

S c a r l e t O a k B o u l e v a r d • S t , L o u i s , M O 6 3 1 2 2 

T o l l f r e e : ( 8 0 0 ) 3 2 5 - 3 5 4 2 ; I n M o . d i a l ( 3 1 4 ; 
I ] S e n d c o m p l e t e i n f o r m a t i o n o n t h e S 1 O O 0 
| ) S e n d i n f o r m a t i o n o n t h e S 5 0 0 

2 2 5 - 5 2 5 5 . 

N a m e 

F i r m 

A d d r e s s 

C i t y , S t a t e , Z i p 

T e l e p h o n e 
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A N I N V I T A T I O N T O J O I N T H E I . S . P . O . * 

T h e I n t e r n a t i o n a l S o c i e t y f o r P r o s t h e t i c s a n d O r t h o t i c s w a s f o r m e d i n C o p e n h a g e n , 

D e n m a r k i n 1 9 7 0 t o p r o m o t e h i g h q u a l i t y p r o s t h e t i c s a n d o r t h o t i c s c a r e t h r o u g h o u t 

t h e w o r l d f o r p e o p l e w i t h n e u r o m u s c u l a r a n d s k e l e t a l d i s a b i l i t i e s p r i m a r i l y b y c o n 

d u c t i n g c o n g r e s s e s , s e m i n a r s , a n d e v a l u a t i o n p r o g r a m s , p u b l i s h i n g a p p r o p r i a t e 

r e p o r t s , a n d a c t i n g a s a s o u r c e o f i n f o r m a t i o n . 

T o d a t e t h e r e a r e 6 2 N a t i o n a l M e m b e r S o c i e t i e s a n d a p p r o x i m a t e l y 1 6 0 0 m e m b e r s . 

B e n e f i t s f r o m m e m b e r s h i p i n t h e S o c i e t y : 

1 . R e c e i p t o f t h e j o u r n a l " P r o s t h e t i c s a n d O r t h o t i c s I n t e r n a t i o n a l . " P u b l i s h e d t h r e e 

t i m e s p e r y e a r , " P r o s t h e t i c s a n d O r t h o t i c s " i s t h e o n l y p r o f e s s i o n a l j o u r n a l i n 

p r o s t h e t i c s a n d o r t h o t i c s t h a t i s t r u l y i n t e r n a t i o n a l . I t p r o v i d e s a f o r u m f o r i n t e r 

d i s c i p l i n a r y i n t e r c h a n g e o f i n f o r m a t i o n a n d i d e a s c o n c e r n i n g r e s e a r c h , d e v e l o p 

m e n t , e v a l u a t i o n , c l i n i c a l a p p l i c a t i o n , a n d e d u c a t i o n i n p r o s t h e t i c s , o r t h o t i c s 

a n d r e l a t e d a r e a s . A s a m p l e c o p y c a n b e o b t a i n e d b y c o n t a c t i n g A . B e n n e t t 

W i l s o n , J r . , M o s s R e h a b i l i t a t i o n H o s p i t a l , 1 2 t h S t r e e t a n d T a b o r R o a d , 

P h i l a d e l p h i a , P a . 1 9 1 4 1 . ( L i b r a r i e s a n d n o n - m e m b e r s m a y s u b s c r i b e t o " P r o s 

t h e t i c s a n d O r t h o t i c s I n t e r n a t i o n a l " f o r $ 2 0 . 0 0 p e r y e a r . ) 

2 . R e d u c e d r e g i s t r a t i o n f e e a t I . S . P . O . s p o n s o r e d p r o g r a m s . A W o r l d C o n g r e s s i s 

h e l d a t d i f f e r e n t s i t e s e v e r y t h r e e y e a r s ; i n t e r n a t i o n a l s e m i n a r s o n s p e c i a l t o p i c s 

a r e h e l d f o r p r a c t i t i o n e r s a n d o t h e r s f r o m t i m e t o t i m e . 

A c o p y o f t h e c o n s t i t u t i o n o f t h e S o c i e t y i s a l s o a v a i l a b l e f r o m M r . W i l s o n . A n a p p l i 

c a t i o n f o r m e m b e r s h i p c a n b e f o u n d o n t h e r e v e r s e s i d e o f t h i s p a g e . T h e m e m b e r 

s h i p f e e i s $ 3 0 . 0 0 p e r y e a r , $ 5 . 0 0 o f w h i c h i s r e t a i n e d b y t h e U . S . C o m m i t t e e . 

A . B e n n e t t W i l s o n , J r . 

C h a i r m a n , U . S . N a t i o n a l C o m m i t t e e 

" T h e I n t e r n a t i o n a l S o c i e t y o f P r o s t h e t i c s a n d O r t h o t i c s 
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INTERNATIONAL SOCIETY FOR 
PROSTHETICS AND ORTHOTICS 

APPLICATION FOR ELECTION TO MEMBERSHIP 
I herewith apply for admission to the Internat ional 

Society for Prosthet ics and Orthot ics. 

F I R S T N A M E ( S ) : S U R N A M E : 

(IN BLOCK LETTERS, PLEASE) (IN BLOCK LETTERS, PLEASE) 

N A T I V E L A N G U A G E : 

D A T E O F B I R T H : S E C O N D L A N G U A G E : 
A D D R E S S : 

P R O F E S S I O N : 

. C O U N T R Y : 
( IN BLOCK LETTERS, PLEASE) 

( ) Physician or Surgeon ( ) P-0 Technic ian 
( ) Engineer ( ) Therapist 
( ) Prosthetist or Orthotist ( ) Other (please detai l ) 

P R E S E N T P O S I T I O N : . 

I N S T I T U T I O N / F I R M : 

L E N G T H O F S E R V I C E : . 

R E S P O N S I B I L I T Y : 

Q U A L I F I C A T I O N S / D E G R E E S : 

M E M B E R S H I P O F O T H E R P R O F E S S I O N A L S O C I E T I E S : 

S I G N A T U R E : . D A T E : 

Please make checks payable to U S . Nat ional Commi t tee . ISPO 

M A I L A D D R E S S : H o w a r d R . T h r a n h a r d t , A c t i n g S e c r e t a r y - T r e a s u r e r , I S P O , U . S . N a t i o n a l M e m b e r S o c i e t y , 
8 7 C u n n i n g h a m D r i v e , N e w S m y r n a B e a c h , F l o r i d a 3 2 0 6 9 



I N F O R M A T I O N F O R A U T H O R S 

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

I N V I T E S T H E S U B M I S S I O N O F A L L A R T I C L E S A N D M A N U S C R I P T S 

WHICH C O N T R I B U T E T O O R T H O T I C A N D 

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

E D U C A T I O N 

ALL SUBMITTED MANUSCRIPTS SHOULD INCLUDE: 
1. T H E O R I G I N A L M A N U S C R I P T A N D T W O C O P I E S IF POSSIBLE, THE DUPLICATE MANUSCRIPTS 

SHOULD BE COMPLETE WITH ILLUSTRATIONS TO FACILITATE REVIEW AND APPROVAL. 
2. B I B L I O G R A P H Y . THIS SHOULD BE ARRANGED ALPHABETICALLY AND COVER ONLY REFERENCES MADE IN 

THE BODY OF THE TEXT. 
3. L E G E N D S LIST ALL ILLUSTRATION LEGENDS IN ORDER, AND NUMBER TO AGREE WITH ILLUSTRATIONS. 
4. I L L U S T R A T I O N S . PROVIDE ANY OR ALL OF THE FOLLOWING: 

A. BLACK AND WHITE GLOSSY PRINTS 
B. ORIGINAL DRAWINGS OR CHARTS 

DO not SUBMIT: 
A. SLIDES (COLORED OR BLACK & WHITE) 
B. PHOTOCOPIES 

P R E P A R A T I O N O F M A N U S C R I P T 

1. MANUSCRIPTS MUST BE T Y P E W R I T T E N , D O U B L E - S P A C E D AND HAVE WIDE M A R G I N S . 
2. INDICATE F O O T N O T E S BY MEANS OF STANDARD SYMBOLS (*). 
3. INDICATE B I B L I O G R A P H I C A L R E F E R E N C E S BY MEANS OF ARABIC NUMERALS IN PARENTHESES (6). 
4. WRITE OUT NUMBERS LESS THAN TEN. 
5. DO NOT NUMBER SUBHEADINGS. 
6. U S E THE WORD "FIGURE" ABBREVIATED TO INDICATE REFERENCES TO ILLUSTRATIONS IN THE TEXT (. . . AS 

SHOWN IN FIG. 14) 

P R E P A R A T I O N O F I L L U S T R A T I O N S 

1. NUMBER ALL ILLUSTRATIONS. 
2. ON THE BACK INDICATE THE TOP OF EACH PHOTO OR CHART. 
3. WRITE THE AUTHOR'S NAME ON THE BACK OF EACH ILLUSTRATION. 
4. DO NOT MOUNT PRINTS EXCEPT WITH RUBBER CEMENT. 
5. USE CARE WITH PAPER CLIPS; INDENTATIONS CAN CREATE MARKS. 
6. DO NOT WRITE ON PRINTS; INDICATE NUMBER, LETTERS, OR CAPTIONS ON AN OVERLAY. 
7. IF THE ILLUSTRATION HAS BEEN PUBLISHED PREVIOUSLY, PROVIDE A CREDIT LINE AND INDICATE REPRINT 

PERMISSION GRANTED. 

N O T E S : 
—MANUSCRIPTS ARE ACCEPTED FOR EXCLUSIVE PUBLICATION IN O R T H O T I C S A N D P R O S T H E T I C S . 
—ARTICLES AND ILLUSTRATIONS ACCEPTED FOR PUBLICATION BECOME THE PROPERTY OF O R T H O T I C S A N D 

P R O S T H E T I C S . 
—REJECTED MANUSCRIPTS WILL BE RETURNED WITHIN 6 0 DAYS. 
—PUBLICATION OF ARTICLES DOES NOT CONSTITUTE ENDORSEMENT OF OPINIONS AND TECHNIQUES. 
—ALL MATERIALS PUBLISHED ARE COPYRIGHTED BY THE AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIA

TION. 
—PERMISSION TO REPRINT IS USUALLY GRANTED PROVIDED THAT APPROPRIATE CREDITS ARE GIVEN. 
—AUTHORS WILL BE SUPPLIED WITH 2 5 REPRINTS. 



NEWSLETTER.. • P r o s t h e t i c s a n d O r t h o t i c s C l i n i c 

A q u a r t e r l y p u b l i c a t i o n p r o v i d i n g t h e m e a n s f o r i n t e r d i s c i p l i n a r y d i s c u s s i o n a m o n g p h y s i c i a n s , t h e r a p i s t s , 
a n d p r a c t i t i o n e r s . I t s e i g h t p a g e s c o n t a i n i m p o r t a n t a r t i c l e s , s p i r i t e d d i a l o g u e , a n d a s e n s e o f s h a r e d d i s c o v 
e r y , m a k i n g it a v a l u a b l e p u b l i c a t i o n . 

Enclosed is my check for $8.00 for a 1 -year subscription to the Prosthetics and Orthotics Clinics Newsletter. 
(Foreign Subscription Price is $9.00) 

Mall to: 
AAOP 
1444 NStreet, N.W. 
Washington, D.C. 20005 

Name 
Address 
City State z i p 

L _ l 



J o b s t * P o s t - O p A i r B o o t ® P r o v i d e s C o n t i n u i t y 

o f K i n e s t h e t i c S e n s e o f G a i t a n d B a l a n c e 

An Immediate Post-Op Prosthesis 
Following Below-Knee Amputation. 

CONTINUITY OF KINESTHETIC SENSE OF GAIT AND 
BALANCE 
DECREASE OF PAIN —INCREASE OF COMFORT 

• RAPID HEALING 
• QUICKER STUMP MATURATION 
• EARLIER PROSTHESIS FITTING 

M E D I C A L A D V A N T A G E S 
• RIGID DRESSING 
• EASY APPLICATION AND REMOVAL —ALLOWS VIEWING 

OF HEALING WOUND 

Air Pressure Control Unit easily attached to 
inflate correct pressure, AND REMOVED FOR 
AMBULATION 
COMFORTABLE —AVOIDANCE OF FLEXION CONTRACTURES 
DECREASE AND CONTROL EDEMA 
HEMOSTASIS 
CLINICALLY PROVEN EFFECTIVE 

A V O I D S T H E S E C O M M O N P R O B L E M S 
UNEVEN PRESSURE WHEN APPLYING ELASTIC BANDAGES 
FAULTY POSITION OF KNEE 
PROXIMAL CONSTRICTION OF SOCKET AND UNEVEN 
PRESSURE OVER CONDYLES 

M o d e l N o 28 -01 w i t h 
I n f l a t i n g S y s t e m 

JOBST 
Jobst Institute, Inc. 
Box 653 
Toledo, Ohio 43694, U.S.A. 

Please send fu l l i n f o r m a t i o n o n l o b s t P o s t - O p A i r - B o o t 



American Orthotic and Prosthetic Association 
1444 N Street, N.W. 

Washington, D .C. 20005 


