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Polypropylene Lap Type 
Pelvic Joint & Band 

High Strength With Minimal Weight 

In keep ing wi th the latest t rends in the 
^^m* prosthet ic field today. United States Man

ufactur ing Co. is p roud to announce its latest 
V prosthetic Pelvic Joint and Pelvic Band. Developed 

for use where weight is a major factor such as the 
W ger ia t r ic a m p u t e e or the pat ient w h o is a l im i ted 
r ambulator. Machined f rom v polypropylene, this joint 

weighs only two ounces. U.H.M.W. polyethylene thrust 
washers provide a s m o o t h , wear - res is tant art iculat ing 
surface. The upper half of the joint has a ! : ' offset, and the 
lower half is convex for ease of at tachment to socket and 

suspension belt. The joint is securely locked together by 
k m e a n s of a steel joint sc rew a n d prec is ion g r o u n d 
I bearing nut. The pelvic bands are of 'a polypropylene. 
I Note: Illustration of the pelvic joint is actual size 

2L 213 — Polypropylene Pelvic Joint 

2L 217 — Polypropylene Pelvic Band 
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lets your 
patients function 
while they heal. 

E n c o u r a g e s m o b i l i t y a n d f u n c t i o n i n g o f t h e e x t r e m i t y d u r i n g t h e 
h e a l i n g p r o c e s s — A d j a c e n t joints remain mobile, reducing the need 
for post-fracture physical therapy—eases the economic burden for the 
patient by permitting faster resumption of full activities. 

O R T H O P L A S T 8 S p l i n t s : t h e i d e a l m a t e r i a l f o r f r a c t u r e b r a c i n g -
Lightweight, strong and durable, the ORTHOPLAST material is an 
easy-to-mold thermoplastic that can be worked with bare hands, is 
strong, conformable, self-adherent and washable, and has established 
its clinical benefits in tibial, femoral, Colles' and forearm fractures.1 5 

References: 1. Sarmiento, A.: Functional below-the-knee brace for tibial fractures, J. Bone Joint Surg. 
52-A:295, 1970. 2. Sarmiento, A.: Functional bracing of tibial and femoral shaft fractures, Clin. Orthop. 
82:2, 1972. 3. Sarmiento, A., Cooper, J . , and Sinclair, W.F.: Forearm fractures, J. Bone Joint Surg. 
57-A.297,1975.4. Sarmiento, A., etal.: Colles' fractures, J. Bone Joint Surg. 57-A:311,1975. 
5. Sarmiento, A.: Functional bracing of tibial fractures, Clin. Orthop. 105:202,1974. 

T o i m m o b i l i z e 
t h e f r a c t u r e , 
n o t t h e p a t i e n t ORTHOPLAST 

SPLINTS 
| ~| Educational literature, reprints, brace pat-

P l e a s e s e n d m o r e i n f o r m a t i o n o n f u n c t i o n a l b r a c i n g w i t h | terns and samples may be obtained by writing 
O R T H O P L A S T ® S p l i n t s . j to Johnson & Johnson, Department J-408, 

New Brunswick, New Jersey 08903. 

Hospital V V 

Address 

City State Zip J|©&u*cw*^©&*wn 1976 
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W h e n p r e s c r i b i n g , 
s e l e c t i n g , o r c r e a t i n g 
o r t h o s e s . . . 
A New Book! PRINCIPLES O F 
ORTHOTIC TREATMENT 
In this new book you'll find brief, concise 
information for prescribing the most 
suitable orthotic device for diseases 
affecting the lower and upper ex
tremities and the spine. The authors 
approach orthoses through the 
techniaue of functional analysis. 
By Wilton H Bunch. M D. Ph D and Robert D Keagy, 
MD„ MS August. 1976 144 pages plus FM I-VIII. 
634" x W . 174 illustrations Price. S17 50. 

ATLAS OF ORTHOTICS: 
B i o m e c h a n i c a l P r i n c i p l e s 
a n d A p p l i c a t i o n 
This volume investigates current orthotic 
devices and appliances from a 
biomechanical point of view. Selection, 
purpose, material fabrication, and ap
plication of design are described in 
detail after a thorough analysis of the 
upper and lower limbs, and spine. 
The American Association of Orthopedic Surgeons: 
with 36 contributors. 1975, 508 pages plus FM l-XIV, 
8W x 11". 836 illustrations. Price, S44 00 

d e p e n d o n M o s b y 
M Q 5 B Y r e f e r e n c e s 
T I M E S M I R R O R 
THE C V MOSBY COMPANY 1 1 830 WESTLINE INDUSTRIAL DRIVE ST LOUIS MISSOURI 631 4 1 

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

• Easy access to diapers 
• Completely adjustable-Several inches growth a l lowance plus ball and socket jo ints 

permit any desired sett ing 
• Impervious to body f luids-Plastisol d ipped cuffs wi l l not crack, peel, d iscolor or 

absorb ur ine 
• Avai lable XS-XL 
• Also avai lable with felt covered cuffs and/or harness in lieu of waistband. 

a c e o r t h o p e d i c c o m p a n y 
11913 South Prairie Avenue • Hawthorne, Cali fornia 90250 

Phone: (213) 644-9336 or (213) 644-5597 
Complete line of supplies for Orthotists and Prosthetists. 
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Leading Vascular Surgeons* 
giveTruform 

credit for 
elastic hosiery. 

Truform's surgical weight 
stockings are regularly 
prescribed to treat the post-
phlebitic syndrome associated 
with ambulatory venous 
hypertension. 

Leading vascular surgeons 
agree that Truform's two-way 
stretch surgical weight hosiery 
exerts sufficient pressure to 
control most postphlebitic 
limbs and most swelling due * 
to moderate lymphadema. 

The proportioned com
pression of Truform elastic 
hosiery improves the venous 
circulation of the leg by assist-* 

ing the return of blood to the 
heart and by minimizing dila
tion of the superficial veins. 
Sufficient force is exerted to 
all points along the leg to 
control existing venous hyper
tension. 

Truform offers a wide range 
of sizes in two-way stretch sur
gical weight hosiery which the 
doctor prescribes. Because fit 
^and comfort are so important, 
Jruform individually knits each 
elastic stocking, using a 
.unique circular knitting proc
ess that assures accurate 
tension on each strand of rub
ber time after time 

The combination of firm, 
proportioned compression 
with limited longitudinal 
stretch produces a massaging 
action as the patient moves 
about. If you'd like to know 
more about what leading vas
cular surgeons know, just 
send in the coupon below 
Your patients will give you a 
lot of credit for it. 
*R. R. Linton, "Post Throm- « 
botic Ulceration of the Lower. 
Extremity: Etiology and Surgi
cal Treatment," ANNALS OF 
SURGERY, Vol. 138:415. 
'John J. Cranley, Vascular 
Surgery, Vol. II, Peripheral 
Venous Diseases New York, 
N.Y: Harper & Row, 1975. 

T R U F O R M 
Orthotics and Prosthetics» 

... Gentlemen: < 
• Send complete details on Truform 

elastic hosiery. 
• I am interested in handling the Truform lines. 

Name_ 

0 Copyright 1976 by Truform Orthotics & Prostheses 
Cincinnati Rutherford, N.J. 
3960 Rosslyn Drive 285 Highland Cross 
Cincinnati, Ohio 45209 Rutherford. NJ. 
513-271-4594 07070 201438-4132 
„ „ TWX 780-989-0212 

®San Francisco 
»4SS Victory Aue. In Canada, Contact 
sSo. Son Francisco, Calif. Airway Surgical 
'94080 415.761-3335 Appliances Ltd., 
TWX 910-371- 7208 Ottawa, Ontario. 

K1R5T8. 

Company. 

Address. 

City-

State . Zip_ 

(Clip and mail to Mr. Alex Dumbadze, Truform Orthotics & Prosthetics, 3974 Rosslyn Drive, Cincinnati, Ohio 45209) 



G i v e h e r 
b a c k h e r 
f e m i n i n i t y . . . 
T h e totally 
n a t u r a l l o o k 
Of T h y s E l f 

Atter tne mastectomy, sne still 
wants to feel and look like a 
woman. Truform knows that . . . 
and offers the Thyself" 100% 
sil icone breast prosthesis and 
areola-nipple for that special 
woman. 

The wor ld s foremost bio-
engineers of si l icones have 
scientif ically des igned the 
Thyself for max imum comfor t 
and durability. Thyself is made 
with a new, non-oi ly high per
formance si l icone gel encased 
in a smooth si l icone elastomer 
skin. A base seam assures d i 
mensional s tab i l i ty . . .most im
portant in a natural, we ighted 
prosthesis. Eight years of clinical 
testing have shown that a 
seamed breast prosthesis is less 
likely to roll away from the chest 
wall , mold improperly, collapse 
in the bra cup o r lose its shape. 

The Thyself approximates the 
normaJ human breast in contour, 
softness and mobil i ty. It is made 

to tne same weignt ano specmc 
gravity as normal breast t issue. 
A wide range of sizes are avail
able that cor respond to actual 
weights of the human breast. 

The Thyself areola-nipple is 
worn on the Thyself form for the 
perfect ly natural look. Like the 
Thyself prosthesis, the areola-
nipple is 100% sil icone and 
looks, feels, and moves like the 
skin. This areola-nipple will cl ing 
to the sil icone breast and can be 
posit ioned on the form as 
desired. Delicately feathered 
edges defy detect ion in the 
sheerest bra. It can be easily 
t r immed to match the patients 
own nipple size. Look to Truform 
for innovations in orthot ics and 
prosthetics. ^ x T ' N . 

T R U F O R M V 
Orthotics and Prosthetics 
When better products are made. 
Trulorm will make them. 

Cirvrflnrtfih RJjTlWr*rjnrJ. 5̂ 74 Rosalyn Oriv# . . £65 Highland CroH ClncInrraTt Ohio 4$2D9 Rutnerford N J Q7Q70 51̂ 271-4534 20>-43a-4l32 TWX TWX 710-9S»O?12 
San Francijco in Canada. Contact Victory Avonu« Airway 3urqtc*l So S*r> Franctccci, Carirt Afcptt*ivwsud. fl*09tf 3335 On£w*. On&rlo TWX 910371 720B KlRSTS 
^Copyright, 137/ "friiform Orthotics *nd Prosrhettca 
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Orthotics and Prosthetics, Vol . 3 1 , N o . 1, pp. 1 - 2 , March 1977 

THE ABC'S OF IT 

W h e n " s p l i n t m a k e r s " a n d " l i m b m a k e r s " w e r e p u s h e d i n t o t h e f u t u r e b y a 
b u r s t o f t e c h n o l o g i c a l a n d e d u c a t i o n a l d e m a n d s , t h e m e d i c a l t e c h n o c r a t s o f t h e 
a g e r e n a m e d t h e m 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 . T h e n e w n a m e s d i d l i t t le t o a s s i s t 
t h e g e n e r a l p u b l i c in u n d e r s t a n d i n g e x a c t l y w h a t o n e d o e s w i t h t i t l e s t h a t a r e s o 
l o n g a n d d i f f i cu l t t o p r o n o u n c e . 

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

W h e n e v e r r e c o g n i t i o n a b o u n d s in m e d i c a l l y o r i e n t e d c i r c l e s , it b r i n g s i t s 
d e m a n d s . T h e c o m m u n i t y in w h i c h y o u p r a c t i c e r e c o g n i z e s y o u b y y o u r 
c r e d e n t i a l s , y o u r p e d i g r e e . W h a t w a s r e q u i r e d o f y o u to b e c o m e a n o r t h o t i s t -
p r o s t h e t i s t ? D i d y o u " d o - n o t - f o l d , - s t a p l e , - s p i n d l e , - o r - m u t i l a t e ( p l e a s e p r i n t o r 
t y p e ) " y o u r n a m e a n d a d d r e s s o n a f o r m , e n c l o s e a c h e c k for $ 1 0 . 0 0 a n d r e c e i v e 
a c e r t i f i c a t e in t h e m a i l ? W e r e y o u s i m p l y r e q u i r e d t o p u r c h a s e y o u r l o c a l 
" t r a d e r s l i c e n s e " a n d h a n g o u t y o u r n e o n s i g n ? P r e p o s t e r o u s p o s t u l a t i o n s ? 
I n d i g n a n t i n d u l g e n c e s ? Y e s , t o y o u a n d m e t h e s e a r e i n s u l t i n g t h o u g h t s a n d w h e n 
ce r t i f i ed 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 a r e a s k e d s u c h q u e s t i o n s , t h e r e s p o n s e is o f t e n 
p u n c t u a t e d w i t h r i g h t e o u s i n d i g n a t i o n . Y e t , q u e s t i o n s w i t h s i m i l a r v e i n s o f 
t h o u g h t a n d b a c k g r o u n d a r e b e i n g a s k e d b y f e d e r a l a n d s t a t e g o v e r n m e n t s e v e r y 
d a y . T h e y a r e a s k i n g al l p r o f e s s i o n a l s f a l l i n g in t h e s p h e r e o f h e a l t h c a r e " J u s t 
w h a t m a k e s y o u , a p a r t f r o m a n y o n e e l s e , a b l e t o p r o v i d e t h i s s e r v i c e ? " 

T h e A m e r i c a n B o a r d fo r C e r t i f i c a t i o n h a s b e e n a c t i v e l y i n v o l v e d in r e s p o n d i n g 
to H . E . W . , s t a t e g o v e r n m e n t s , a g e n c i e s , a n d i n d i v i d u a l s i n v o l v e d in p r o c u r e m e n t 
o f o r t h o t i c a n d p r o s t h e t i c s e r v i c e s . T h e y a s k w h y y o u , a l o n e , a r e q u a l i f i e d . T h e y 
p o i n t o u t t h e s e l f s e r v i n g a s p e c t s o f l i c e n s i n g a n d c e r t i f i c a t i o n . T h e y q u e s t i o n if it 
is r e a l l y n e c e s s a r y t o h a v e a n y q u a l i f i c a t i o n s . 

W e a re f o r t u n a t e . W e c a n p o i n t t o s p e c i f i c a r e a s o f p r a c t i c e t h a t d e m a n d s p e c i a l 
q u a l i f i c a t i o n s . W e w e r e a s k e d — w e d i d n o t d e m a n d — t o b e c o m e p r o f e s s i o n a l 
m e m b e r s of o u r c o m m u n i t i e s . W e w e r e i n v i t e d . F o r n e a r l y 3 0 y e a r s C e r t i f i e d 
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 h a v e m e t t h e c h a l l e n g e o f b e i n g r e c o g n i z e d a s a 
s p e c i a l i z e d e n t i t y . 

T o d a y , n e w a g e n c i e s , n e w d e p a r t m e n t s , n e w i n d i v i d u a l s a r e a s k i n g f o r 
i n f o r m a t i o n a b o u t u s . H o w d o w e g e t t o b e w h o w e a r e ? W e a r e o b l i g a t e d t o 
r e s p o n d , t o e d u c a t e t h o s e a r o u n d u s a b o u t t h e s t a n d a r d s , a n d t h e r a t i o n a l e fo r 
t h o s e s t a n d a r d s , w i t h i n o u r p r o f e s s i o n . T o fail t o r e s p o n d is s u i c i d a l . 

W e m u s t m a k e t h o s e a r o u n d us a w a r e of t h e n e e d fo r o u r e x i s t e n c e . C e r t i f i e d 
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 a r e a n e l i t e g r o u p o f i n d i v i d u a l s . T h e p r o c e s s b y w h i c h 
y o u h a v e b e e n a w a r d e d y o u r c r e d e n t i a l s is t h e v e r y f i n e s t a v a i l a b l e in h e a l t h - c a r e 
t o d a y . Y o u h a v e v o l u n t a r i l y s u b m i t t e d y o u r s e l f t o a n a r d u o u s e d u c a t i o n o n a 
p r o f e s s i o n a l p l a n e . Y o u h a v e b e e n t r a i n e d w i t h i n t he u n i v e r s i t y s y s t e m . Y o u h a v e 
s e r v e d a r e s i d e n c y u n d e r t h e s u p e r v i s i o n o f a ce r t i f i ed o r t h o t i s t - p r o s t h e t i s t 
f o l l o w i n g y o u r f o r m a l e d u c a t i o n . Y o u h a v e b e e n e x a m i n e d b y y o u r p e e r s a n d 
o r t h o p e d i c s u r g e o n s w h e n y o u t o o k y o u r B o a r d e x a m i n a t i o n s . Y o u r " b o a r d s " 
d id no t c o m e e a s i l y . Y o u w e r e e x a m i n e d in t h r e e c l i n i c a l a r e a s ; y o u w e r e 
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e x a m i n e d in an oral i n t e r v i e w ; y o u s u c c e s s f u l l y c o m p l e t e d a c o m p r e h e n s i v e 
wr i t ten e x a m i n a t i o n . 

Y o u h a v e o b t a i n e d a formal e d u c a t i o n , l earned a var ie ty o f s k i l l s , and h a v e 
p r o v e n t o y o u r e x a m i n e r s that y o u are qua l i f i ed t o p r o v i d e orthot ic a n d prosthet ic 
care t o pa t i en t s . Y o u are Cert i f i ed . " J u s t w h a t m a k e s y o u , apart f r o m a n y o n e 
e l s e , ab l e t o p r o v i d e this s e r v i c e ? " Y o u r e d u c a t i o n ; y o u r ski l l ; y o u r s p e c i a l i z e d 
b o d y o f k n o w l e d g e ; y o u r credent ia l s ; y o u r p e d i g r e e . T h e total i s y o u r persona l 
a c h i e v e m e n t . T h a t i s a l s o w h a t A B C is all about . 

C H A R L E S D A N K M E Y E R , C . P . O . 
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In the late 1940 ' s the suct ion socket pros
thesis for above-knee amputees was introduced 
into clinical pract ice in the Uni ted States 
through the combined efforts of the Amer ican 
Orthot ic and Prosthet ic Associa t ion , the Na
tional A c a d e m y of Sc iences , and the Veterans 
Adminis t ra t ion . For nearly ten years the ac
cepted pract ice was use of the so-cal led quad
rilateral shaped cross-sect ion, p roposed by the 
B iomechan ics Labora tory , Universi ty of 
California, Berke ly , and a suction socket va lve , 
but with a space distal to the s tump. Further 
studies at the Univers i ty of California indicated 
that if p roper contact over the entire s tump 
could be obta ined the circulat ion in the s tump of 
the above-knee amputee would be improved 
and thus many of the p rob lems then beset t ing 
prosthetists and pat ients would be al leviated. 

Initial exper iments were with wooden sock
ets , but it was soon shown that it was easier to 
obtain the same or better results by laminat ing 
Dacron stockinet with polyester resins over a 
modif ied posi t ive mode l of the amputa t ion 
s tump . T o d a y , the total contact socket , with or 
wi thout suct ion, is a lmost universally pre
scribed for the above-knee patient. 

The a rmamen ta r ium of devices for the 

above-knee amputee also includes sophist icated 
knee mechan i sms that p rov ide excel lent control 
of the leg dur ing the swing and stance phases of 
locomot ion , ankle units that permit mot ion in 
three p lanes , and devices that reduce the shear 
stress about the s tump dur ing the s tance phase . 

Yet , there is one type of patient for which 
nearly every one of the recent advances in 
prosthet ics offers no advantage — the geriatr ic , 
dysvascular amputee . Exper ience has shown 
that this type of patient with his l imited energy , 
emot ional labili ty, poor j u d g m e n t , and s tump 
with unstable vo lume often does poorly with 
modern prosthetic devices for the fol lowing 
reasons: 

— W e i g h t — C r u s t a c e a n prostheses with pel
vic belt suspension are normally heavy and 
therefore the prosthesis is difficult to con
trol and the patients tire more readi ly . 

—Instabi l i ty — Knee uni ts , even braking 
knees , are difficult for the patient to adjust 
to , and therefore much training is needed . 
Patients will often reject the prosthesis 
because they feel unstable . T h e manual 
locking knee is an except ion. 

— D o n n i n g — Suction sockets , as we k n o w 
them, require more energy and skill to don 
than most geriatric amputees have . Even 
the standard pelvic belt suspension can 
cause p rob lems due to the rigidity of the 
sys tem. 

— S o c k e t Fit — E d e m a problems and weight 
changes are a lways present . These pat ients 
often cannot adjust for vo lume differences 
because they do not understand how to add 
or subtract prosthetic socks . Discomfort 
leads to ei ther constant visits to the pros-

1Rehabilitation Engineering Center at Rancho Los 
Amigos Hospital, County of Los Angeles, University of 
Southern California, Downey, California 90242, The Re
habilitation Engineering Center — Rancho Los Amigos 
Hospital — Los Angeles County — University of Southern 
California is one of a group of National Centers funded and 
supported by The Rehabilitation Services Administration, 
Department of Health, Education and Welfare, United 
States Government Financial support is also derived from: 
The Veterans Administration, The National Institutes of 
Health, The National Aeronautics and Space Administra
tion, and certain Industrial Corporations. 



thetist for ad jus tments , or rejection of the 
pros thes is . 

A new sys tem of m a n a g e m e n t for the geriat
ric pat ient has been deve loped at R a n c h o Los 
A m i g o s Hospi ta l us ing a po lypropylene adjust
able socket , an endoskele ta l s t ructure , and a 
manua l ly locked knee (F ig . 1). This des ign 
incorporates the fol lowing advances over previ
ous des igns: 

— L i g h t w e i g h t — Polypropylene socket and 
endoskele ta l s tructural m e m b e r s permit the 
fabricat ion of a pros thes is that we ighs 
about 50 percent less than the crustacean 
type des igns c o m m o n l y used . (The pros
thesis is des igned for l ight du ty , and is not 
in tended for use on ext remely active pa
t ients . ) 

—Stabi l i ty — A manua l locking knee is used 
to prov ide knee stability a l though the 
pa t ien t ' s gai t is less cosmet ic than with an 
act ive k n e e . H o w e v e r , e l iminat ion of the 
possibil i ty of the knee buckl ing ou twe ighs 
this d i sadvan tage . 

—Adjus tab i l i ty — T h e socket can b e tight
ened or loosened to al low for vo lume 
changes , p rox imal weight -bear ing toler
ance , and suspens ion . Only one prosthet ic 
sock is needed because the socket can b e 
adjusted for volumetr ic changes , resul t ing 
in m o r e comfor t , m o r e total contac t , less 
donn ing t ra ining, and fewer adjus tments . 

— C o m f o r t — T h e prox imal br im can be 
m a d e more flexible than is the case with 
thermoset t ing p las t ics , and is therefore 
more comfor table . 

— E a r l y Pat ient Tra in ing — Pat ients m a y be 
fitted with a prosthesis before vo lume 
changes are comple t e , therefore a l lowing 
earlier pat ient activity and training and a 
reduct ion in overal l rehabil i ta t ion t ime . 

H I S T O R Y A N D D E V E L O P M E N T 

Al though adjustable AK sockets have not 
been in c o m m o n use s ince the leather socket 
went out of vogue , a number of notable at
tempts have been m a d e to develpp adjustable 
sockets . T h e most widely k n o w n unit is on the 
" C o s m e v o " pros thes is , invented by C o s m o 
Invidiato of Pa terson , N e w Jersey, which is an 
" o f f - t h e - s h e l f type of A K prosthesis that in
corporates length and a l ignment adjustments as 
well as having air b ladders in the socket to 
provide for a snug fit. The " C o s m e v o " pros
thesis has been used for both definitive and 
temporary u s e . 

Three different types of adjustable A K sock
ets have been used on temporary , or t ra ining, 
pros theses . In 1964, Foort ( 2 ) reported on an 
" I n s t a n t Prosthesis for Thigh A m p u t e e s " that 
merged his work at the Universi ty of California 
Biomechan ics Laboratory with that at Mani toba 
Rehabil i ta t ion Hospi ta l , and resulted in three 
socket sizes that could be at tached quickly to an 

Fig. 1. Patient donning the prosthesis Note the adjustment 
straps that compress the anterior and posterior socket 
panels. 



adjustable pylon for t empora ry use as a pros
thet ics training and evaluat ion dev ice . In 1965 , 
M a g a t o and Rosenbe rg (4) repor ted on an 
adjustable t raining leg that had been used on 23 
pat ients . A polyes ter laminated quadri lateral 
socket with screw adjustments and an Ot to 
Bock Safety knee with a S A C H foot were used. 
Tra in ing t ime was decreased from five to three 
w e e k s . The prosthesis was not used defin
itively. Brownsey and Fi l lauer (1) used a poly
ester socket with an adjustable anterior wall on 
a pylon structure with an offset knee jo in t and a 
metal-and-t i re- t read foot. All but two of the 21 
pat ients in the study p lanned to progress to a 
convent ional pros thes is . 

It was apparent that adjustabili ty in the socket 
was a key e lement contr ibut ing to the success of 
the three types of adjustable training pros theses . 

Silastic b ladders have also been tried in A K 
sockets by Sinclair (6) and Hor iuchi (3) in order 
to p rov ide vo lume adjus tments , but fabrication 
and leakage p rob lems eventual ly caused dis
favor with this technique . 

Both the air b ladder and the Silastic tech
niques were tried at R a n c h o L o s Amigos Hos
pital in the late 1960 ' s . Four air b ladders were 
placed in the proximal br im of the socket , one 
on each wall . T w o serious p rob lems existed; the 
pressure from the b ladders eventual ly deformed 
the pa t ien t ' s residual l imb into a square cross-
sect ion, and there were leakage p rob lems al
mos t constant ly . The laminated Silastic air 
cushion A K socket was meant to apply constant 
total contact and partial weightbear ing forces. 
Unfor tunate ly , upon use the patient was 
" p u m p e d o u t " of the socket . 

The advent of thermoplast ic materials and 
vacuum forming techniques in the early 1970 ' s 
(5, 8) provided new possibili t ies for adjustable 
A K socket des igns . In early 1975 , the present 
design of the adjustable socket was deve loped . 
W h e n used in conjunction with an endoskeletal 
structure and a manual locking knee , the pros
thesis has proven to be useful to a great number 
of geriatric pat ients w h o could never master the 
more convent ional types of pros theses . 

To da te , over 70 definitive l ightweight AK 

pros theses have been fitted at R a n c h o Los 
A m i g o s Hospi ta l , and over 100 more have been 
fitted by private pract i t ioners in Southern 
California. In many cases , prosthet is ts have 
called in geriatric pat ients w h o had previously 
been functioning at a marginal level with a 
convent ional pros thes is , and expla ined the new 
design. Very often the patient decided to 
change over to the l ightweight A K prosthesis 
with an adjustable socket . 

P R E S C R I P T I O N C R I T E R I O N 

Potent ial pat ients for the above-knee pros
thesis are evaluated by all m e m b e r s of the 
rehabil i tat ion team to de termine their functional 
goals and potential for prosthet ic use . 

The pa t ien t ' s prior and present functional 
levels are assessed by the physical therapist to 
de termine his potential for ambula t ion with a 
pros thes is . If a patient cannot stand, ba lance , or 
walk with a walker wi thout a pros thes is , it is 
most likely that he will not be able to ba lance or 
walk with a pros thes is . If a patient has remained 
in a wheelcha i r and not walked for the past six 
mon ths , he is usually cons idered to be a ques
t ionable candidate for a prosthesis . 

Range of mot ion is assessed to de termine if 
any significant contractures are present . For 
example , if a patient has a hip flexion contrac
ture of 30 deg . his potential for functioning 
successfully in a prosthesis is considered to be 
l imited. Strength of all l imbs is tested man
ually. The strength of the upper l imbs must be 
functional to enable the patient to don the 
prosthesis and use crutches or a walker . The 
residual l imb must also have adequate s trength, 
especial ly in the hip extensors and abductors , in 
order to control the prosthesis during ambula
tion, particularly if the prosthesis is to include a 
safety knee rather than a manual ly locked knee . 
The sound l imb must also have adequate 
strength and tolerance for weightbear ing . 

Sensation of the upper and lower l imbs is 
evaluated in order to identify any impairment 
which may interfere with the wear ing or control 
of a prosthesis . 



Decreased ability to feel in the f ingers and 
hands can affect a pat ients ability to don the 
pros thes is . Hypersensi t iv i ty to touch on a re
sidual l imb can affect a pa t ien t ' s to lerance to 
socket p ressures , and impaired propr iocept ion 
in the sound foot can result in gait deviat ions 
(Fig. 2 ) . 

Each pa t i en t ' s heart rate and b lood pressure 
are moni to red whi le wa lk ing wi thout a pros
thesis to de te rmine his physiological response 
to exerc ise . This a l lows the therapist to deter
mine if the pat ient has sufficient cardiovascular 
reserve to al low h im to tolerate the addit ional 
d e m a n d s of pros thes is u se . 

T h e pa t i en t ' s cogni t ion and mot iva t ion are 
assessed to de te rmine if he has sufficient under
s tanding and j u d g m e n t to handle a prosthesis 
safely and if he will be coopera t ive and in
terested in par t ic ipat ing in an active rehabil i ta
tion p r o g r a m . 

T h e pa t i en t ' s social history is also rev iewed. 
If the pat ient has a history of social p rob lems 
such as a lcohol i sm or has no one at h o m e to 
look after h i m , it is l ikely that his rehabil i tat ion 
with the prosthesis will be that much more 
difficult. 

Fo l lowing evaluat ion by all m e m b e r s of the 
t e am, a decis ion is m a d e as to whether or not 
the pat ient is a candidate for a prosthesis ; wha t 
his long te rm functional goals will be ; and if a 
cand ida te , the type of prosthesis that would best 
suit his needs . 

F A B R I C A T I O N 

It is necessary to have a vacuum-forming 
table in order to fabricate the adjustable socket . 
A n oven that is capable of produc ing 4 0 0 deg . 
F . of evenly dis t r ibuted heat is also required. 
The fol lowing mater ia ls are necessary: 

1 ea . 13-in. x 13-in. piece of 1/4-in. thick 
po lypropy lene , 

1 ea . 13-in. x 13-in. p iece of 3/8-in. thick 
po lypropy lene , 

1 ea . 3-in. x 3-in. p iece of 1/2-in. thick Lexan , 
po lypropy lene , or other s trong plast ic , 

2 ea . ny lon s tockings , 
3 ea. co t ton-webbing-backed Velcro straps 

with " D " r ings , 
1 ea . 4-in. x 4-in. p iece of 1 1/4in. thick 

T-foam or R T V Sil icone foam, 
A cast of the patient is taken in the cus tomary 

manner . W h e n filling the cast , a removable 
pipe or mandre l is used. Dur ing the cast modifi
ca t ions , the desired flexion and adduct ion an
gles and proximal cast contours are establ ished. 
The length of the cast is checked and reliefs are 
added where necessary . The c i rcumferences are 
checked and the cast is modif ied to m a k e the 
c i rcumferences the same as that of the pat ients . 
" T e n s i o n " should not be added to the cast . 

A 1 1/4-in. plaster bui ldup is added to the 
distal end of the cas t . T h e size of the bui ldup 
should correspond to the size and shape of the 
a t tachment plate on the endoskeletal knee unit. 
The surface of the bu i ldup must be parallel to 
the ischial seat in the frontal plane and parallel 

Fig. 2 Evaluation of the sound limb and foot to determine 
sensitivity, proprioception vascularity, and strength is of 
utmost importance with dysvascular patients. 



to the media l wall in the sagittal p lane (Fig. 3 & 
4 ) . Straight edges should be used on the bu i ldup 
and the socket br im to help make the two areas 
parallel . T h e edges of the bui ldup should be 
contoured to blend in with the mold . 

The mandre l is r e m o v e d and the mold is 
placed on the vacuum table . Suction holes are 
drilled through the mold to the hol low interior 
of the mold at the Sca rpa ' s Tr iangle , media l , 
and poster ior wal ls . 

To m a k e the flexible anterior por t ion of the 
socket , a 1/2-in. thick p iece of plast ic is p laced 
on the distal bui ldup and a nylon stocking is 
pul led over the mold (Fig . 5) to al low the 

vacuum to pull under the entire length of the 
mold. The 13-in. x 13-in. piece of 1/4-in. thick 
polypropylene is locked in place in a 12-in. 
square metal frame and placed on a stand in a 
400 deg . F . oven in a manner that a l lows the 
plastic to sag without contact ing any other 
mater ial . When the plastic sags to a point about 
two-thirds of the length of the mold it is 

Fig. 3. Aligning the surface of the distal buildup to be 
parallel with the ischial seat and medial wall. This will 
ensure that the socket will be level when attached to the 
knee unit See Fig. 4 also. 

Fig. 4. Aligning the surface of the distal buildup to be 
parallel with the ischial seat and medial wall. This will 
ensure that the socket will be level when attached to the 
knee unit. 

Fig. 5. After vacuum holes are drilled, 1/2-in. thick plastic 
piece is placed on the distal buildup and a nylon hose is 
pulled over the mold. 



r e m o v e d from the oven , turned 180 deg . so that 
the sag is above the mold , and then pul led 
carefully over the mold (Fig . 6 ) , all in one fluid 
mot ion . V a c u u m is appl ied s lowly after the 
plast ic has m a d e contact with the plinth on all 
sides and until the plastic is in contact with the 
mold in all a reas . W h e n the plastic has cooled , 
the excess is cut away at the base of the mold. 

To m a k e the more rigid poster ior and medial 
wal ls it is necessary that a piece of 3/8-in. thick 
po lypropylene be molded over the 1/4-in. thick 
piece . 

T h e mold with the 1/4-in. thick po lypropylene 
is left on the v a c u u m stand and holes are drilled 
through the plastic to open up the original vent 
ho les . Ano the r piece of nylon should be pul led 
over the mold and plastic and the vacuum 
forming procedure repea ted , this t ime using the 
3/8-in. thick po lypropy lene . 

The tr im lines are des igned to al low adjust
ability at both the prox imal and the distal ends 
of the socket , a l though the distal end is less 
f lexible. The 1/4-in. thick po lypropylene covers 

the entire anter ior wal l of the socket and ex
tends 2 1/2-in. over the media l and lateral wal ls . 
The 3/8-in. po lypropy lene covers the entire pos
terior wal l and ex tends to the media l wall 1-in. 
from the adductor longus channe l . Latera l ly , 
the 3/8-in. thick po lypropylene ex tends around 
to the anter ior wall (Fig. 7 ) . 

The trim lines mus t be de termined before 
removing the plastic from the cast (Fig. 8) . The 
trim line is laid out for the %-in . thick poly
propylene as follows: 

1. A line is d rawn from the medial wall from 
a point 1-in. poster ior to the adductor 
longus channel down to a point two-thirds 
of the length of the cast . 

2 . A line is d rawn on the anterior wall 1-in. 
medial to the lateral wall and extended 
down to a point two-thirds of the length of 
the cast . 

Fig. 6. After the 1/4-in piece of polypropylene turns clear 
and sags, remove it from the oven, invert it and pull it over 
the mold. 

Fig. 7. The anterior trim line. 



3 . The tr im line is m o v e d posteriorly about 
1-in. at the distal one-third of the mo ld , in 
order to p rov ide more flexibility in this 
area. A flowing line should be m a d e when 
extending this l ine. Dista l ly , the tr im line 
is 1/2-in. proximal to the plastic a t tachment 
p la te . 

A cut is m a d e carefully along the establ ished 
trim l ine, the poster ior wall is r emoved , the trim 
line is smoothed , and the socket is replaced on 
the mold . The poster ior wal l is r emoved again, 
a grease pencil is used to trace the trim line on 
the 1/4-in. thick po lypropylene . T h e trim line is 
1 Vi-in. poster ior to the traced l ined, and is 
flared to the distal end. Along the 1 1/2-in. 
mark , a cut is m a d e , but the distal end is left 
a t tached anteriorly. The Vi-in. thick poly
propylene is p laced on the anterior wall over the 
3/8-in. thick polypropylene posterior wall and 
the t r im lines are rechecked. 

T h e k n e e , shin, and foot are set up to the 
correct height and a l ignment , and the attach
ment plate is leveled on the knee unit . In the 

case of a short socket , an extension tube is used 
to connec t it to the knee unit . Often, however , a 
space of from 1-in. to 3-in. is needed be tween 
the socket and the knee unit in order to p rov ide 
the correct length of the prosthesis and the 
proper knee-center height . In these ins tances , 
the plaster mold is built up before forming the 
socket so that it will be that much longer . The 
addi tonal space in the socket is filled with 
foam. H o w e v e r , it is r e c o m m e n d e d that an 
extension tube be used whenever possible be
cause the lengthened sockets may fatigue 
easier. 

Endoskele ta l componen t s are used with the 
adjustable socket . For geriatric pat ients that are 
marginal candidates for a pros thes is , a light
weight foot and manua l ly locked knee is rec
o m m e n d e d . O the r knee mechan i sms can be 
used at a later date when a pa t ien t ' s functional 
potential indicates the need. 

The socket is p laced on the knee unit at tach
ment p la te , the line of progress ion , flexion, 
adduct ion and M - L posit ion are checked , and 
the border of the a t tachment plate on the bo t tom 
of the socket is t raced. The bolt holes are 
marked , and holes are drilled through both 
sect ions of the socket and the Vi-in. thick p iece 
of plastic (Fig . 9 ) . 

T h e co t ton-webbing-backed Velcro straps are 
r iveted or screwed to the lateral wall of the 
poster ior section of the socket , and the " D " 
rings are at tached to the medial wall of the 
posterior section of the socket . One strap is 
placed at the ischial level , one at the distal third 
of the socket , and one midway be tween these 
two (Fig. 10). 

The socket is bolted to the knee unit and the 
cable for the knee lock is taped to the lateral 
wall of the socket . T h e prosthesis is now ready 
for fit t ing. 

F I T T I N G 

T h e patient is instructed how to don the 
prosthesis proper ly , and when it is donned 
correctly it is checked for proper fit. Fitting the 
prosthesis is essentially the same as for any 

Fig. 8. The trim line shows the overlap between the two 
panels. Note that both panels overlap at the distal end. 



other A K pros thes is . T h e ischial tuberosi ty is 
checked to see if it is rest ing on the ischial seat . 
T h e length of the prosthesis is checked . W h e n a 
manua l locking knee unit is used, the prosthesis 
should be 1/2-in. shorter than the sound l imb in 
order to provide toe c learance dur ing swing 
phase . W h e n a safety knee unit is used , the l imb 
lengths should be equal . 

T h e patient should be able to dist inguish 
when he is on the ischial seat , and he is 
instructed in the use of the adjustment straps to 
mainta in ischial weightbear ing . He should also 
be taught to use the manual ly locked knee 
proper ly , and to test the knee each t ime he 
s tands to be sure it is locked (Fig. 12). 

Fig. 9. The socket is aligned on the knee unit attachment 
plate. 

Fig. 10. The completed socket. Note the trim line at the 
distal one third of the socket. 

Fig. 12. Lateral view of the prosthesis with the cover pulled 
down. Note position of the knee lock cable. 



Genera l ly , no a l ignment changes are neces
sary. If sl ight a l ignment changes are needed , a 
w e d g e be tween the socket and the a t tachment 
plate can be used. 

Sitt ing comfor t is of great impor tance . Check 
the trim lines and ischial seat whi le the patient 
is s i t t ing, and m a k e any necessary modifica
t ions . 

F I N I S H I N G 

T h e prosthesis is f inished with a cosmet ic 
foam cover , which is shaped to match the 
pa t ien t ' s sound leg and extends to the distal 
third of the socket . W h e n a manual ly locked 
knee unit is used adequate space mus t b e left in 
the cosmet ic cover for operat ion of the locking 
lever , because if it c o m e s in contact with the 
cosmet ic cover it m a y stick in an unlocked 
posi t ion. The cable and control knobs for the 
manua l lock knee should be at tached to the 
anter ior lateral aspect of the socket in order to 
provide easy access to this control for the 
pat ient . The entire prosthesis is then covered 
with cosmet ic hosiery (Fig. 11). 

P H Y S I C A L A N D F U N C T I O N A L T R A I N I N G 

O n c e a patient receives his above-knee pros
thesis , he is admit ted to the hospi tal and is 
placed on an intensive physical therapy pro
gram consis t ing of physical and functional 
training based on the pa t ien t ' s specific needs . 
For e x a m p l e , if the patient needs s t rengthening 
of the upper l imbs for ambula t ion with 
c ru tches , the depressor muscles may be 
s t rengthened by progress ive resistive exerc ises . 
All pat ients part icipate in a daily mat class to 
strengthen the muscles of the residual l imb 
including the adductors , abduc tors , and hip 
extensors (Fig. 13). Lying prone on the mat for 

a short period is also included to maintain 
extension range in the hips . 

Patients are also trained in transfers and 
ambula t ion with a walker or crutches without 
their prosthesis in order to enable them to go to 
the ba th room at night without putt ing on the 
prosthesis . Most patients will need to use a 
wheelchai r for some activit ies, so training in 

Fig. 11. The completed prosthesis with a foam prosthetic 
cover. 

Fig. 13. Daily mat classes are held to strengthen hip 
muscles. Proning and resistive exercises are also used. 



whee lcha i r handl ing and transfers is p rovided 
(F ig . 14) . 

As part of the pat ient educat ion p rog ram, the 
pat ient is instructed in care of his res idual l imb 
and remain ing foot. H e is told to inspect his 
skin carefully and is instructed to have red or 
open areas cared for immedia te ly . T h e use of 
p rope r defensive foot wea r is s tressed and 
appropr ia te shoes are ordered for pat ients with 
potent ia l foot p r o b l e m s . Shoes with f irm bu t 
f lexible soles and soft leather uppers are often 
used . T h e pat ient is also instructed in the care of 

his p ros thes i s . H e is taught to clean the socket 
of the pros thes is daily with a d a m p cloth and to 
return to the prosthet is t for any necessary ad
j u s t m e n t s . 

A l though the initial ins t ruct ions about don
ning the pros thes is are g iven by the prosthet is t , 
the phys ica l therapis t con t inues the donn ing 
training and prac t ice until the pat ient fully 
unders tands h o w to don and doff the pros thes is 
co r recdy (Fig . 15) . C lose coordina t ion be tween 
the therapist and prosthet is t is essential for 
successful fi t t ings. 

Fig. 14. Most patients who are candidates for the prosthesis 
must also be able to use a wheelchair, and therefore transfer 
techniques need to be taught. 

Fig. 15. Patients are trained proper donning procedures and 
strap adjustments. 



The patient is instructed to don one 5-ply 
prosthet ic sock first. The patient then dons the 
prosthesis in a sitting posi t ion with the Velcro 
straps loose and the plastic hip jo in t out of the 
way . H e fastens the waist bel t , s tands and locks 
the prosthet ic knee and adjusts the sock prop
erly by pull ing it d o w n snugly . The Velcro 
straps then are pul led snug and fastened. W h e n 
the cosmet ic cover is added to the pros thes is , 
the patient is g iven addit ional instruct ions in the 
managemen t of the cover and s tockings . A 
major advantage of the adjustable socket is that 
only one 5-ply sock is needed . W h e n vo lume 
changes occur , the pat ient s imply adjusts the 
Velcro straps. 

Once donning is unders tood , preambula t ion 
activities begin with the pat ient s tanding in the 
parallel bars . Emphas i s is p laced on s tanding 
ba lance , shifting weight from one leg to the 
other , m i n i m u m use of hands for support , and 
use of hip abductor and extensor musc les during 
weightbear ing . 

The patient progresses from preambula t ion 
activities to gait training in the parallel bars . 
Short frequent t raining sessions are used be
cause the amoun t of concentrat ion required by 
the patient during training makes the activity 
very fat iguing. Dur ing gait t ra ining, emphas i s 
on the use of hip abductor and extensor musc les 
is cont inued, especial ly when the pat ient has a 
safety knee on his prosthesis . Less training t ime 
is required for pat ients with manual ly locked 
knees because the pat ients do not need to learn 
the same degree of hip control . 

W h e n the patient has b e c o m e independent in 
ambula t ion , he is trained to do all necessary 
functional activities wear ing the prosthesis , in
c luding transfers, and negotiat ion of stairs, 
curbs , r amps , and uneven surfaces. Each pa
tient also part icipates in an occupat ional therapy 
p rogram for training in functional activit ies, 
such as self-care, h o m e m a k i n g , and communi ty 
skills with the prosthesis in order to increase the 
pa t ien t ' s functional abilities in a home-and-
communi ty envi ronment . If p roblems in the 
h o m e envi ronment are anticipated a h o m e visit 
is m a d e by all team member s to ensure safety 
and carry- through of function after d ischarge. 

The average training t ime required for a 
pat ient with a locked knee unit is from two to 
two and one-half w e e k s . W h e n a safety knee 
unit is used, four w e e k s are general ly required. 
Pat ients usually do not need further training as 
an out-pat ient , but are fol lowed at regular 
intervals in the out-pat ient cl inic. 

F O L L O W - U P D A T A ( T A B L E 1) 

The first fourty-four pat ients w h o were fitted 
with the adjustable A K sockets were inter
v iewed by a physical therapist either in the 
out-pat ient clinic or by te lephone two to twelve 
months after the d ischarge from the hospi tal . 
The purpose of the fol low-up interviews was to 
de termine the long term use of the prosthesis by 
pat ients , because our past exper ience with 
geriatric pat ients using a convent ional above-
knee prosthesis with a safety knee has been 
poor . The majority of dysvascular geriatr ic 
pat ients w h o were fitted with a convent ional 
AK prosthesis with a safety knee discont inued 
using the prosthesis because of the weight and 
difficulty with control l ing the knee unit . 
Energy-cos t studies carried out in the Kinesiol
ogy Labora tory at Rancho Los Amigos Hospital 
on vascular above-knee amputees using conven
tional A K prostheses (7) have shown that it 
takes more energy for a patient to walk with 
crutches and a prosthesis than it does for h im to 
walk wi thout the prosthesis using only crutches . 
W e were therefore interested to learn the patient 
utilization of the l ightweight adjustable pros
thesis . 

The average age of the 44 pat ients inter
viewed was 61 years . Ten of the pat ients were 
given a safety knee; 34 patients were given a 
manual ly locked knee . Of the 34 patients w h o 
received the manual ly locked knee , seven of 
them might have been considered for another 
design of prosthetic socket , but 27 of them by 
our criteria would not have been a candidate for 
any other type of prosthesis . The patients 
seemed to fall into two groups: those receiving 
safety knee units (ten patients) which al lowed 
the knee to swing freely; and those receiving 



manual ly locked knee units (34 pat ients) . Pa
tients that received the manual ly locked knee 
units were further divided into two categor ies ; 
those w h o would have been a candidate for any 
other pros thes is ; and those w h o were a candi
date for a l ightweight pros thes is on ly . 

P A T I E N T S W I T H S A F E T Y K N E E U N I T S 

The average age of the ten pat ients in this 
category was 53 years , or eight years less than 
the average for the total g roups . These pat ients 
wou ld have been a candidate for any pros thes is . 
Of the ten pat ients , two reached the level of 
virtually unl imited dis tance walk ing in a com
muni ty using c ru tches , and eventual ly received 
s tandard crus tacean pros theses . F ive patients 
b e c a m e able to walk a l imited dis tance in the 
commun i ty with c ru tches or a walker but re
quired a wheelcha i r for long dis tances . One 
pat ient used the prosthesis for walk ing in his 
h o m e on ly , and used a wheelcha i r ou t of doors . 
T w o pat ients d iscarded the prosthesis because 
of medica l p rob lems not associated with 
prosthet ic wear . 

P A T I E N T S R E C E I V I N G M A N U A L L Y 
L O C K E D K N E E P R O S T H E S I S 

Seven pat ients w h o would have been con
sidered for a convent ional prosthesis received 
the l ightweight prosthesis with the adjustable 
socket because of o ther compl ica t ing orthoped
ic p rob lems . The average age for this g roup was 
57 years . O n e of the pat ients became a com
muni ty ambula tor , and eventual ly was fitted 
with a crustacean type of pros thes is . The other 
six pat ients b e c a m e l imited communi ty am
bula tors . 

T h e average age for the remain ing 27 pat ients 
w h o received a prosthesis with a manual ly 
locked knee was 66 yea r s . By the evaluat ion 
criteria used at this hospital it was determined 
that these pat ients would not have been candi
dates for any type of convent ional prosthesis . 
The fol low-up data from these pat ients indi
cated that none of them became communi ty 

ambula tors ; that is, having the potential for 
unl imited walk ing in the commun i ty . Ten of the 
pat ients became l imited communi ty am
bula tors , wi th crutches or a walker , ten pat ients 
b e c a m e household ambula to r s , one patient 
d ied , and six s topped us ing the pros thes is . Of 
the six that s topped using the pros thes is , other 
unrelated medica l compl ica t ions were the 
reasons in four cases , the remain ing two pa
tients were s imply dissatisfied with the pros
thesis . 

S U M M A R Y 

T h e first 4 4 pat ients fitted with an adjustable 
l ightweight A K prosthes is were in terviewed 
two to twelve mon ths fol lowing d ischarge from 
R a n c h o Los Amigos Hospi ta l . 

It was found that the adjustable prosthesis 
was used for three g roups of pat ients . One 
g roup of modera te ly act ive geriatric pat ients 
with good musc l e control were able to walk in 
the communi ty when g iven a l ightweight pros
thesis with a safety k n e e . The adjustable socket 
prosthesis with a manua l ly locked knee was 
also of benefit as an early training device for 
pat ients with mul t ip le or thopedic involvement 
w h o had inadequate strength to use a heavier 
pros thes is . 

The largest g roup of pat ients fitted with the 
adjustable prosthesis with a manual ly locked 
knee were those geriatric pat ients w h o by our 
criteria would not have been fitted with a 
convent ional pros thes is . The decreased weight , 
ease of adjustabili ty, and manual ly locked knee 
contr ibuted to the successful fitting of those 
pat ients w h o would not have otherwise walked . 

C O N C L U S I O N 

Al though the durabi l i ty , long term functional 
u se , and energy cost of the use of this type of 
prosthesis must still be de termined , our experi
ence has shown that the prosthesis has adequate 
strength and durabil i ty to withstand the rela
tively light stresses that geriatric and other 
marginal prosthet ics pat ients place upon it. 



T A B L E 1 
FOLLOW-UP D A T A 
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PLASTIC SPIRAL RETENTION CLIP 
FOR FES ELECTRODES 

Malcolm Dixon, M . A . , R . P . T . 1 

Simon Margolis, A . A . S . , C . O . 2 

The principles of functional electrical stimu
lation (FES) are well established (1, 2 , 3), and 
both skin-surface electrodes and implanted elec
trodes have been used in recent years. How
ever, both of these systems have produced 
problems. 

The implants require surgery and, occasion
ally, post-surgical complications such as infec
tion and peripheral nerve damage have occur
red. 

Non-surgical transcutaneous stimulation 
through the use of skin electrodes is an effective 
and useful approach, but it has had a major 
drawback. The electrodes are held in position 
customarily by an elastic knee cuff which is 
pulled over the knee and adjusted by the patient 
after a period of instruction and trial. The 
problem here is related directly to the tendency 
for the cuff to slip repeatedly and, thus, dis
place the electrodes as the patient walks. Fre
quent adjustment is required throughout the 
day, and unless the electrodes are repositioned 
properly the apparatus will not provide the 
function intended. 

The authors have developed a plastic spiral 
electrode retention clip which eliminates the 
problem of slippage. The spiral retention clip 
(Fig. 1) is flexible and can be positioned easily 
by the patient without assistance. The manner 
of fabrication permits the patient to spread open 
the spiral and snap it into place on the limb and 
the electrodes will stay over their designated 
contact points. The clip does not cause constric
tion or discomfort to the patient. Figure 2 shows 

the Liberson Brief Pulse Stimulator 3 (3) with 
the Spiral Retention Clip for FES electrodes in 
place on a patient. 

The distinctive features of this clip are: 
1. It is simple to apply and position. 
2 . It does not slip. 

1Health Science Specialist and Research Physical 
Therapist, V.A. Prosthetics Center. 

2Orthotist. V.A. Prosthetics Center. 

3The Liberson Brief Pulse Stimulator, referred to here, 
differs from other FES systems in that it employs simul
taneous and balanced stimulation of both muscle (m. 
anterior tibialis) and nerve (n. superficial peroneal), to 
achieve optimum dorsiflexion and eversion of the foot 
during swing phase of walking. 

Fig. 1. The plastic spiral retention clip with electrodes in 
place. 



C A S T I N G 

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

Posit ion the smaller e lectrodes (overlying the 
superficial peroneal nerve) Vi-in. distal and 
anterior to the head of the fibula and hold it in 

place with an elastic strap (Fig. 3) . In the same 
manner secure the larger e lect rode (over lying 
the anter ior t ibialis muscle) 3/4-in. lateral to the 
tibial crest at approximate ly the mid-shank 
level . The e lec t rodes should be coated with 
conduct ive e lect rode gel . 

Before connec t ing the e lec t rode lead to the 
control m o d u l e , set O U T P U T T I M E to zero , 
and O U T P U T C O N T R O L to m i n i m u m . M O D E 
S W T I C H should be in center posi t ion. Connec t 
e lect rode lead to O U T P U T - C H A R G E plug. 
The sys tem is then ready for check ing . 

T h e patient should be seated with the knee 
flexed to 90 degrees . Suppor t the affected l imb 
so that the foot is free to dorsiflex and plantar-
flex (Fig . 3 ) . Set M O D E S W I T C H to T I M E D 
posi t ion and O U T P U T T I M E to approximate ly 
3 seconds . Increase O U T P U T C O N T R O L 
gradual ly whi le observing the pa t ien t ' s reac
t ion. The foot will begin to dorsiflex at 1/2 to 3/4 
of m a x i m u m output . If the foot is evert ing 
while dors i f lexing, shift the peroneal e lect rode 
slightly distal to the initial posi t ion. If sufficient 
dorsif lexion is not at tained at m a x i m u m output 
set t ing, m o v e the anter ior tibialis e lectrode 
distally and laterally until op t imum react ion is 
observed . 

After the proper posi t ions have been deter
mined , t race the contours of the e lect rodes 
directly onto the pa t ien t ' s skin with an indelible 
marker (Fig. 4 ) . 

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

The most distal port ion of the spiral should 
fall approximate ly 2 to 3 inches distal to the 
anterior tibialis e lec t rode , and its anterior mar
gin should fall jus t anterior to the medial 
midl ine of the shank. The clearance be tween 
the e lect rode and the distal end of the spiral 
should be as great as possible to facilitate 
donning the device , but at least 1 Vi-in. 
superior to the medial mal leolus . The distal end 
of the spiral should be be tween 1 1/2 and 2-in. 
square. The posit ioning is marked as shown in 
Figures 3 , 4 , and 5. 

Fig. 2. The Liberson Brief Pulse Stimulator in use with the 
plastic retention clip. 



Fig. 3. Positioning the two electrodes on the surface of the leg. 

Fig 4 Outlining the positions of the electrodes. Fig. 5. Locating the distal end of the retention clip. 



Mark the tibial crest and any other prominent 
a reas , including any scar tissue or unusual ly 
pressure sensi t ive areas , so that contact of these 
areas with the clip can be avoided. 

W R A P P I N G T H E N E G A T I V E M O L D 

The patient is seated with the knee in 90 deg . 
of f lexion. 

A thin s tockinet , i . e . , elastic per lon tricot, 
tube gauze , or the equivalent , should be used as 
a separator , and should ex tend from a level jus t 
p roximal to the patella to a level 1 or 2-in. 
inferior to the posi t ion marked for the distal end 
of the spiral . 

Surgical tubing or Dacron tape inserted under 
the stockinet may be used to protect the pat ient 
whi le the cast is being cut for remova l . Care 
must be taken in posi t ioning the protect ive 
strip, so as not to obscure any of the indelible 
marks . 

Four- inch wide elastic plaster bandage 
should be used for the initial wrap . It should be 
reinforced with a roll of four-inch wide ordinary 
plaster bandage before remova l . 

The wrap is begun distally and should con
tinue proximal ly . The orthotist should mold an 
impression of the distal port ion of the popliteal 
area posteriorly (Fig . 6 ) . 

The negat ive mold is r emoved (Fig. 7 ) , and 
after it has been determined that the indelible 
mark ings have been transferred, the mold is 
sealed and filled. A pipe should be inserted to 
facilitate cast modification and fabrication. 

C A S T M O D I F I C A T I O N 

The negat ive wrap is s t r ipped, and the indel
ible mark ings on the posi t ive mold are touched 
up (Fig. 8) . Excess plaster in the area of the 
protect ive strip is r emoved . Care must be taken 
not to distort the contours of the cast during this 
p rocedure . 

To prepare the electrode sites, retrace con
tours of the electrodes on the posi t ive mode l , 
mark off a per imeter 1/4-in. outs ide of the 

electrode marks , and r emo v e approximate ly 
1/8-in. of plaster from this area, fol lowing the 
parasagit tal contours of the shank. If e lectrode 
marks have b e c o m e obl i terated, retrace con
tours . 

Start ing from the center of the posterior 
border of the peroneal e lect rode site, moving 
posteriorly and spiraling around the posi t ive 
mold , draw a line connect ing the centers of the 
two electrode sites. Cont inue the spiral 
postero-inferiorly from the posterior midpoint 
of the anterior tibialis e lectrode site to the distal 
end of the spiral already marked . Mark off a 
3/4-in. dis tance on each side and along the entire 
length of the connect ing line (Fig. 9) . 

R e m o v e 3/8 to 1/2-in. of plaster in the area 
delineated in the preceeding step (Fig. 10). 

Fig 6 Making an impression of the shank to obtain a 
negative mold. 



Fig. 7. Removal of the plaster wrap, or negative mold. 

Fig. 8. The indelible markings transferred from the stock
inet need be touched up to ensure transfer to the positive 
model. 

Retrace contours of the distal site. 
Mark off a per imeter 1/4-in. dis tance around 

distal end of spiral . 
R e m o v e plaster in this area to form a concav

ity with an apex 1/4-in. deep . 
Finish all modif ied areas with a fine sand 

screen. 

F A B R I C A T I O N 

P A T T E R N 

Cut templa tes as shown in F igure 11 from 
cardboard . 

Tape the cardboard templates for e lectrode 
sites in place on the posi t ive mode l . 

Tape the templates for the proximal spiral 
arm to the cast and to the electrode templates 
for the proximal spiral a rm to the cast and to the 
electrode templates . Be certain that the tem
plates are al igned intimately to the contours of 
the model (Fig. 12). 



Fig. 9. Markings on the positive model to guide in the 
formation of the spiral retention clip. 

Fol low the same procedure for the distal 
spiral a rm . The center of the distal end of the 
spiral should fall in the center of the concavi ty 
at the marked posit ion at the distal end of the 
spiral . 

R e m o v e the pat tern and transfer its outl ine 
on to cardboard . Round off the junc t ions be
tween templa tes for e lect rodes and spiral a rms 
to create a smooth f lowing transit ion be tween 
all sect ions of the spiral , and cut out . 

U s e rubber cemen t to adhere the modif ied 
pat tern to a p iece of 1/8-in. thick Ny lop lex , and 
cut a long the edges . Smoo th and polish all 
edges carefully. 

M O L D I N G 

Preheat the oven up to , but not exceed ing , 
215 d e g . F . A heat gun may b e used if n o oven 
is avai lable . 

P lace the Nylop lex in the oven for approxi 
mate ly 5 minu tes , or heat until the entire p iece 
is f lexible. 

W h e n the plastic is ready for mold ing , lay the 
sheet on the mode l , be ing certain that the 
e lect rode pads cor respond to e lect rode sites on 
the posi t ive mode l . 

W r a p an elastic bandage securely around the 
ent i re mode l , part icularly over the channels for 
the spiral a r m s . 

After the plastic cools r emo v e the bandage . 
Us ing a hea t gun , spot heat and remold any 

area that is not int imate with the mode l . Part ic
ular at tention should b e g iven to transi t ional 
areas be tween the spiral a rms and the e lect rode 
pads . 

The or thosis is now ready for fitting. 

F I T T I N G 

The des ign of the spiral cl ip is such that 
proper fit can b e achieved in only one posi t ion 
on the l imb . 

After p lac ing the cuff in posi t ion the skin 
should b lanch uniformly under the entire length 
of the cuff except for the area over the tibial 
crest . Re-modify the posi t ive mode l and spot 
heat the cuff to achieve int imate and uniform 
contact with the leg. 

The e lectrodes may now be secured to the 
cuff using 3/8-in. non-metal l ic sc rews . Drill a 
3/8-in. d iameter hole in the center of both 
e lect rode sites to al low exit for the lead wires . 

Connec t e lectrode and foot switch leads to 
the control m o d u l e . Place foot switch on inside 
heel pad of pa t ien t ' s shoe . Set M O D E C O N 
T R O L to F O O T S W I T C H and O U T P U T 



Fig. 10. Removal of plaster from the positive model. 

Fig. 11. Dimensions of templates for use in fabrication of the spiral retention clip. 



Fig. 12. Application of the templates to the positive model. 

C O N T R O L to posi t ion de te rmined dur ing cast
ing. Al low patient to ambula te . F r o m heel-off 
to heel-s t r ike the pa t i en t ' s foot will be in a 
dorsif lexed posi t ion. At heel-str ike the circuit is 
broken and the foot is free to plantar flex into 
foot-flat. 

S U M M A R Y 

T h e authors have descr ibed a s imple , easily 
appl ied device which will retain the electrodes 
in posi t ion on the lower- l imb when the tech
nique of functional electrical st imulation is 
used. The spiral plastic retention clip is not 
uncomfor table to the wearer . It can be donned 
by the patient wi thout assis tance; it is hygienic , 

requires little or no ma in tenance , is f lexible, 
and in contrast to the previously employed 
elastic cuff me thod , does not slip. 

R E F E R E N C E S 

1. Committee on Prosthetic Research and Development, 
National Academy of Sciences, Functional neuromuscular 
stimulation-Report of a workshop, April 27, 28, 1972 

2. Gracanin, Franjo, Instructional manual for usage of 
Ljubljana functional electronic peroneal brace, Institution 
of Socialistic Republic of Slovenia for Rehabilitation of 
Disabled, Ljubljana, Yugoslavia. 

3. Liberson, W . T . , H.J . Holmquest, D. Scot, and M. 
Dow, Functional electrotherapy: stimulation of the 
peroneal nerve synchronized with the swing phase of the 
gait of hemiplegic patients presented at the 3rd International 
Congress of Physical Medicine, Washington, D C , August 
25, 1960. 



MAXILLOFACIAL PROTECTIVE HEADGEAR 

Eugene C . Har twig , C . O . 1 

Freder ick J. W e n z e l , B . S . 1 

Charles S. Hin tz , D . D . S . 1 

Recent ly we treated a pat ient for maxil lofa
cial injuries sustained from falls whi le ex
per iencing convuls ive seizures . Because of the 
repeated episodes of t rauma to the pa t ien t ' s 
head and face and his intractable seizures , a 
protect ive headgear was des igned and fabri
cated. Because the patient desired to wea r the 
headgear at all t imes , special considerat ion to 
the construct ion was necessary to al low the 
pat ient as much comfort and f reedom as possi
ble whi le still providing adequate protect ion. 
T o date the patient has been very satisfied. He 
has fallen on his head and face whi le wear ing 
the headgear and no injuries have occurred. 

There has been little publ ished on protect ive 
devices for the head and neck of individuals 
suffering from seizure disorders (7, 2 ) . This 
paper descr ibes the design and construct ion of 
the protect ive headgear and the results of its 
use . 

C A S E R E P O R T 

A 25-year-old whi te male w a s seen in the 
emergency room at St. J o s e p h ' s Hospi ta l in 
Marshf ie ld , Wiscons in for t reatment of severe 
maxil lofacial injuries which resulted from fall
ing whi le exper iencing a convuls ive seizure. 
Examina t ion revealed severe facial and oral 
lacerat ions , nasal bone fracture, mandibular 
symphys is fracture, maxil lary anterior alveolar 
process fracture, and coronal fractures of sev
eral teeth. 

The pa t ien t ' s past medica l history was essen
tially unremarkab le with the except ion that a 
major seizure disorder had been diagnosed in 
1970. Different medicat ions and dosages were 
tried wi thout good control of the seizures . 
Unfor tunate ly , the seizures occurred wi thout 
warn ing which resul ted in many severe falls and 
injuries. 

After consul t ing with the pa t i en t ' s neu
rologist , it was decided that hospital izat ion 
would not be necessary and definitive t reatment 
of the maxil lofacial injuries was comple ted 
under local anesthesia on an outpat ient bas is . 
The t reatment consis ted of c losed reduct ion of 
the nasal bone fracture, c losed reduct ion of the 
maxil lary alveolar process and mandibular frac
tures with es tabl ishment of intermaxil lary fixa
tion and closure of the mult iple oral and facial 
lacerat ions. 

The patient was evaluated weekly for the 
following five weeks . W h e n he re turned after 
the fifth week , the fracture appl iances were 
removed . O n the way h o m e , the patient experi
enced a seizure and fell again sustaining severe 
maxillofacial injuries. He was brought to the 
Emergency R o o m and appropriate t reatment 
rendered. It was decided to admit the patient to 
the hospital so that he would be in a control led 
envi ronment . Because the patient was a mili tary 
veteran, he was transferred to a Veterans Ad
ministrat ion Hospi ta l . 

Upon the pa t ien t ' s return to the Marshfield 
area, the injuries had healed satisfactorily. At 
that t ime it was suggested that a protect ive 
headgear be designed to prevent further in
jur ies . The patient was quite recept ive and a 
maxillofacial protective headgear to provide 
protect ion as well as comfort was designed and 
constructed by the Orthot ic and Prosthet ic De
par tment at the Marshfield Clinic . To date the 

1From the Marshfield Clinic and the Marshfield Medical 
Foundation, Inc., Marshfield, Wisconsin 54449 

Please direct requests for reprints to: Eugene C. Hartwig, 
C O . , Department of Orthotics & Prosthetics, Marshfield 
Clinic, 1000 North Oak Avenue, Marshfield, Wisconsin 
54449. 



patient has been very satisfied with the 
headgear . He and his relat ives state that whi le 
seizures have cont inued , the headgear has pre
vented further maxil lofacial injuries. 

The p rob lem in fitting a pat ient with a con
vent ional all-plastic he lmet is that they tend to 
be heavy and uncomfor tably w a r m . Since the 
pat ient had a t endency to fall in the sagittal 
p lane in ei ther an anterior or poster ior direct ion, 
a he lmet had to be des igned which would be 
l ight in weight and r igid enough to protect the 
frontal and occipi tal r eg ions , the nose , and the 
mand ib le . 

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

A prefabricated protect ive helmet was ob
tained from the J. A . Preston Corpora t ion (71 
Fifth A v e n u e , N . Y . ) . This he lmet has felt 
padding on the inside with strap leather on the 
outside (Fig. 1). It has an adjustable chin strap 

and can be obtained in c i rcumferences from 
18-in. to 25- in . in half-inch increments . It is 
r e c o m m e n d e d that the c i rcumference measure 
ment be taken just above the level of the ear . To 
reinforce the helmet and provide s t rength, Orthoplast (Johnson & Johnson , 501 George S t . , 
N e w Brunswick , N . J . 08903) was used. B e 
cause the pat ient had a p rob lem with anterior 
falls, a face shield was also indicated. In 
addit ion the shield had to protect the pa t i en t ' s 
eyeglasses from impact whi le still permit t ing 
him to don the glasses easi ly. It was also 
important that his vision was not impaired by 
such a shield. After heat ing the Orthoplas t to 
1 6 0 - 1 7 0 deg . F . with a heat gun , it was 
wrapped circumferent ial ly a round the he lmet , 
and corrugated slightly (Fig. 2 ) . The Orthoplas t 

was bonded to itself with a nonf lammable spot 
r emover . The helmet b e c a m e rigid w h e n it 
cooled . The occipital port ion was brought low 
enough so that rigid support could be achieved. 
T h e rigid Orthoplas t was molded to the he lmet , 
and riveted in p lace . The impact of a fall on a 
specific point on the Orthoplas t is spread 
throughout the whole ring of the Orthoplas t , 
thus distr ibuting the result of the impact over a 
broad area. 

Another considerat ion was the protect ion of 
the mand ib le . An inferior bar had to be placed 
so that the mandible was protected against any 
impact that it received (Fig . 3) . It had to be 
constructed in such a fashion that the j a w would 

Fig. 1. Prefabricated helmet obtained from J. A Preston 
Corporation. Reprinted by permission of © J. A. Preston 
Corp., 1974. 

Fig. 2. Posterior view. The first shaped piece of heated 
Orthoplast being applied to the leather helmet. 



have full range of mot ion and permit the pat ient 
to eat without interference from the shield. 

To achieve these resul ts , two strips of Orthoplast, rolled in circular bars to give them 
strength, were at tached to the Orthoplas t cover
ing the he lme t ' s c i rcumference . The superior 
bar was placed so that the patient had full 
visibility and at the same t ime full protect ion to 
his eyeglasses and nose (Fig. 4) . The bars were 

a t tached to the he lmet with heat , spot r emover , 
and r ivets . To some degree the exact locat ions 
and d imens ions of protect ive bars will vary with 
the size and shape of the ana tomy of the facial 
features. 

Since the patient has had the helmet (Figs . 5 
& 6) he has exper ienced falls, and was well 

Fig. 3. Application of the corrugated Orthoplast® for 
protection of the mandible. Dotted line on the Orthoplast 
marks point where the first piece of Orthoplast was overlap
ped and sealed. 

Fig. 4 Application of corrugated Orthoplast to protect face. 

Fig. 5. Frontal view of patient wearing protective headgear 
showing superior and inferior bars. 

Fig 6. Side view of patient showing relationship of the 
frontal protective bars. 



protected from the impact by the protective 
headgear. T o date, he has suffered no trauma to 
his head or face. 

Reaction of the patient to the helmet has been 
very favorable. He has it by his bed, and near 
his person at all times so that he can put it on 
whenever he m o v e s to the vertical position. 

In summary, this helmet is light in weight, 
reinforced with Orthoplast, and with added face 
shield has protected this patient from injuries 

from anterior or posterior falls. Corrugation of 
the Orthoplast is helpful in achieving a satisfac
tory degree of rigidity. 
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EVALUATION OF THE ORTHO-WALK TYPE B 
PNEUMATIC ORTHOSIS ON THIRTY-SEVEN 

PARAPLEGIC PATIENTS1 

PREFACE 

The evaluat ion of the Or tho-Walk Pneumat ic Orthos is was requested by the Veterans 
Adminis t ra t ion (VA) and the Rehabi l i ta t ion Services Adminis t ra t ion ( R S A ) , Depar tment of 
Heal th , Educa t ion , and Welfa re . The Veterans Adminis t ra t ion originally b e c a m e interested in 
pneumat ic or thoses after contacts with the French developers of the Or tazur Or thos is , the 
forerunner of the Or tho-Walk . 

Dr . George More l of Berck P lage , F rance , introduced the Or tazur Pneumat ic Orthosis in 
1965. Al though the orthosis w a s originally used quite successfully on chi ldren with os teogenesis 
imperfecta , Dr . Morel later used it on a three-year-old child with t raumatic paraplegia . The 
orthosis was used still later with posi t ive results by a number of French physic ians to stand pat ients 
with D u c h e n n e Dys t rophy , cerebral pa lsy , and paraplegia . In most cases , the pr imary goal of these 
physic ians was to support the knee and hip joints in order to br ing the patient to an erect posi t ion, 
with a secondary goal of ambula t ion . 

In March 1973 , the vice president of the Aerazur C o m p a n y , manufacturer of Or tazur in 
F rance , and four other staff member s visited the Cast le Point V A Hospital in New York and fitted 
three patients with the pneumat ic or thosis . A fourth orthosis was fitted subsequent ly to another 
pat ient at this hospital , and all pat ients were asked to provide feedback to the Veterans 
Adminis t ra t ion Prosthet ics Center concern ing the utility of the or thoses . This informal evaluat ion 
demons t ra ted that the high paraplegic may be able to use the orthosis for s tanding, a l though 
ambula t ion was impract ical . 

A study of both the Or tho-Walk and the Or tazur pneumat ic or thoses on 11 pat ients at Bird S. 
Coler Hospi ta l , New York , by Maurycy Silber , M . D . (14), identified several posi t ive physiologi
cal ou t comes from regular use of the pneumat ic or thoses , and underscored the need for a large 
scale , formal evaluat ion of the Or tho-Walk pneumat ic orthosis on paraplegic people . 

The ILC Dove r C o m p a n y 2 obtained an exclus ive l icense to manufacture and distribute the 
pneumat ic or thosis in the Uni ted States , and first introduced a modified version of the Or tazur 
Pneumat ic Or thos is , called the Or tho -Walk , in October 1973 at a combined meet ing of the 
Amer ican Congress of Rehabi l i ta t ion Medic ine and the Amer ican A c a d e m y of Physical Medic ine 
and Rehabi l i ta t ion in Wash ing ton , D . C . ILC Dover is the Division of ILC Industr ies , Inc . that was 
the sole designer and manufacturer of the space suits for Project Apol lo and Skylab . 

1The project that is the subject of this report was approved by the Governing Board of the National Research Council, 
whose members are drawn from the Councils of the National Academy of Sciences, the National Academy of Engineering, 
and the Institute of Medicine. The members of the Committee responsible for the report were chosen for their special 
competences and with regard for appropriate balance. 

This report has been reviewed by a group other than the authors according to procedures approved by a Report Review 
Committee consisting of members of the National Academy of Sciences, the National Academy of Engineering, and the 
Institute of Medicine. 

This study was supported by Contract V101 (134) P-350 between the Veterans Administration and the National Academy 
of Sciences, and Contract SRS 500-75-0001 between the Social and Rehabilitation Service, HEW, and the National 
Academy of Sciences. 

2 ILC Dover Company, 350 Pear Street, Dover, Delaware 19901 



National interest in this new orthosis was high, not only because o f the large amount of 
publicity it was g iven, but also because the Type B Ortho-Walk Pneumatic Orthosis appeared to be 
of real benefit to people with paraplegia, since it stabilizes the knee , hip, lower spine, and to some 
extent, the ankle. 

The Veterans Administration recognized the possible benefits for the 2 0 , 0 0 0 paraplegic and 
quadriplegic patients under its care and requested the Committee on Prosthetics Research and 
Development (CPRD) , National Research Council , to conduct a large structured evaluation of the 
Ortho-Walk Type B Pneumatic Orthosis on people with paraplegia in V A and other hospitals. 

MICHAEL J. QUIGLEY, C . P . O . 
Committee on Prosthetics Research 

and Development 



T H E P O P U L A T I O N O F P E O P L E W I T H 
P A R A P L E G I A 

T h e Nat ional Center for Heal th Statist ics 
( N C H S ) report " P r e v a l e n c e of Selected Im
pa i rments — 1 9 7 1 " states that in the civi l ian 
noninst i tut ional ized popula t ion there are ap
proximate ly 1.4 mil l ion people with para lys is , 
comple te or part ial . Of this number , about 
102 ,000 people have paraplegia , or 0 .5 peop le 
per 1,000 persons . Since many paraplegics are 
inst i tut ional ized, the es t imate is probably low. 
A s s u m i n g that about 10 percent of the parap
legic populat ion was inst i tut ionalized or in a 
noncivi l ian status at the t ime of the 1971 
survey, there would be about 112 ,000 persons 
with paraplegia in this country at that t ime. In 
1975 , there are probably from 120,000 to 
140 ,000 persons with paraplegia in the Uni ted 
Sta tes . 

Accord ing to Peter C . Hofstra , M . D . (4), 
Chief of the V A Spinal Cord Injury Services , 
the populat ion of spinal-cord-injured people is 
increasing by 10 ,000 to 2 0 , 0 0 0 persons per 
year . The highest incidence of spinal-cord in
ju ry occurs in young males be tween the ages of 
15 and 35 years . Approx imate ly 50 percent are 
paraplegics and 50 percent are quadr ip legics . 

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

T h e history of the orthotic t rea tment of para
plegia does not go back much further than 
Wor ld W a r II , since previous to that t ime about 
90 percent of the spinal-cord-injured persons 
died from geni tourinary infections. The de
ve lopment of antibiotics to comba t these infec
tions reversed the fatality rate shortly after 
Wor ld W a r II (4). 

The physiological benefits of standing per
sons with paraplegia were first ment ioned by 
Abramson (1) in 1948, w h o stated that an hour 
of s tanding each day will prevent osteoporosis 
in the lower l imbs and helps to prevent urinary 
calculi and geni tourinary infections. In 1964, 
Rusk (72) , stated that "c i rcu la t ion and nutri
t ion, as well as mora le , are also aided by 

keeping the pat ient in the upright posi t ion for 
several hours each d a y . " 

Rusk also r e c o m m e n d e d that the tenth 
thoracic vertebra be used as a l andmark when 
prescr ibing or thoses; les ions at or superior to 
this level are usually given double-bar long-leg 
or thoses with a pelvic band and Knight spinal 
a t tachment (current terminology is L S H K A F O , 
or lumbo-sacra l -h ip-knee-ankle foot or thosis) ; 
lesions inferior to this level are provided with 
the same or thoses wi thout the spinal attach
ment , and lesions inferior to L 1 , a re fitted 
wi thout the pelvic band. 

Hahn (3) , Scott (13) , Edbe rg (2) , and War ren 
et a l . , (15) , do not advocate the use of the 
pelvic band on paraplegic pat ients . Edberg feels 
that the pelvic band must apply excess ive pres
sure against the skin to be effective, that it 
causes difficulty in donning the or thosis , l imits 
flexibility and adds excess ive weight . Hahn and 
Scott state that the two mos t important consid
erat ions for orthotic design for paraplegics are 
ease of donning and control of ankle dorsiflexion, hence the so-called Craig-Scot t design 
K A F O has no pelvic band , only one thigh band , 
and a fixed but adjustable ankle jo int . 

Another method of providing s tanding mobil
ity to paraplegic people is by using standing 
frames. Mot loch (7) has demons t ra ted success 
with the " p a r a p o d i u m , " a jo inted standing 
frame for spinal-cord- impaired chi ldren. Prast 
(9) is working on an adult version of Mot loch ' s 
pa rapod ium, which will provide standing stabil
ity and allow " p i v o t w a l k i n g , " which is a 
combinat ion of rotating and sliding the base of 
the device in the desired direct ion. A " m o b i l e , 
por table , col lapsible set of s tanding b a r s " is the 
way Peizer and Bernstock (8) descr ibed another 
device , called the " S t a n d - A l o n e . " 3 In an 
evaluat ion of the device on 32 pat ients , the 
Stand-Alone proved to provide " h a n d f r e e " 
independent standing and mobili ty on level and 
slightly sloped surfaces for most paraplegics up 
to the level of T8, providing the person could 
tolerate the standing posi t ion. 

3Stand Alone, Corporation for Medical Engineering, 
8472 East Garvey Ave., San Gabriel, California 91771. 



Despi te the var ious or thot ic des igns avail
ab le , and the phi losophies that accompany each 
des ign , the majori ty of paraplegic persons will 
ei ther reject their or thoses or not have them 
prescr ibed. The re are many reasons for th is , the 
main one be ing the excess ive energy expendi 
ture needed to ambula te in an or thos is . The 
donn ing procedure for most or thoses is difficult 
and t ime c o n s u m i n g , and once the or thoses are 
on the pat ient they often interfere with transfer 
act ivi t ies . In addi t ion, c ru tches are needed for 
stability whi le s tanding and ambula t ing , which 
limits the use of the hands and a rms . O the r 
p rob lems with s tanding ambula t ion for para
plegic pat ients are the lack of b ladder control 
whi le s tanding and the obviously abnormal 
walk ing pat tern . 

Hussey and Stauffer (5) s tudied the ambula
tory function of 164 spinal-cord-injured patients 
and stated that " n o pat ient achieved any form 
of functional ambula t ion wi thout pelvic con t ro l 4 

and there appeared to be no effective me thod of 
brac ing pat ients to ove rcome this de f i c i t . " The 
nerve supply for the pelvic control musc les is 
affected by a thoracic lesion. 

R o s m a n and Spira (11) reported similar p rob
lems in ambula t ing pat ients with thoracic le
s ions. In a s tudy of 35 pat ients with lesions 
from the T1 to T11 level w h o were fitted with 
or thoses for ambula t ion , only one patient was 
ambula t ing out of the hospi ta l , and five used the 
orthosis for s tanding only. The report con
cluded " t h a t there is an essential difference 
be tween the ' occupa t ion ' of walking in the 
non-pressured rehabil i tat ion envi ronment and 
walk ing w h e n faced with the p rob lems of 
everyday l i f e . " It further conc ludes that " s o m e 
disabled persons with unusual s t rength, will
power , and mot ivat ion for walking will suc
cessfully ove rcome the difficulty, effort, and 
social strain involved in the cont inuous use of 
b r a c e s , " but that " m o s t will eventual ly relin
quish these goals because the effort proves too 
g r e a t . " 

Initial s tudies on pneumat i c or thoses showed 
p r o m i s e , espeical ly for pat ients with thoracic 
les ions . Si lber (14) repor ted on 11 pa t ients , 
n ine of t hem with lesions at T12 or superior , in 
1975 . All pat ients in the study were inpat ients . 
H e stated that all pat ients could transfer inde
penden t ly , all but one pat ient could don the 
or thosis independent ly , and all could stand and 
ambula te , a l though not a lways independent ly . 
Of the six pat ients w h o also received conven
tional meta l o r thoses , five could not don the 
or thosis independent ly . H o w e v e r , after about 
t w o w e e k s training with the pneumat ic or thos i s , 
all of them could don it wi thout he lp . All 
pat ients felt that the pneumat ic orthosis was 
more comfor table than the convent ional or
thos is , and found that it m a d e activities-of-
dai ly- l iving (ADL) functions m u c h eas ier . 
Si lber used both the T y p e A Pneumat ic Orthos is 
which stabil izes the knee only , and the Type B , 
which stabil izes the t runk, h ip , and knee in his 
s tudy. H e also used both the French Ortazur 
style and its Amer i can counterpar t , the 
Or tho-Walk . 

Ragnarsson et a l . , (10), at the Insti tute of 
Rehabi l i ta t ion Med ic ine , N e w York Univers i ty 
Medica l Cente r , s tudied 14 pat ients using the 
Or tho-Walk and the French Ortazur pneumat ic 
or thoses . E leven of these pat ients were also 
fitted with convent ional metal or thoses . Ene rgy 
consumpt ion of three pat ients may have been 
less with pneumat ic or thoses than with conven
tional or thoses , a l though it is not clear that the 
devices were evaluated on comparab le tasks . 
Pat ients could , however , ambula te further and 
for a longer t ime in the pneumat ic or thosis . 
H o w e v e r , only one of ten pat ients preferred the 
pneumat ic orthosis over the convent ional or
thosis because of inadequate support at the 
knees and h ips , z ipper fai lures, and most of all , 
inflation p rob lems . The study concludes that for 
many reasons the pneumat ic orthosis is espe
cially suitable for early ambula t ion t raining, but 
severe mechanical p rob lems limit its usefulness 
for communi ty ambula t ion . 

In s u m m a r y , many designs of or thoses are 
presently prescr ibed for paraplegic adults but in 
nearly every case , when a thoracic level lesion 

4The Term "pelvic control" used here refers to the 
ability of the abdominals to move the pelvis when body 
weight is on the crutches 



is present , the or thoses p rove to be impract ical 
and are rejected. Whee led s tanding frames are 
be ing used successfully on chi ldren, and are 
beginning to gain acceptance with adul ts . Initial 
results with pneumat ic or thoses were promis 
ing , and therefore an evaluat ion of this or thosis 
has been conduc ted . 

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

The Or tho -Walk Type B Pneumat ic Orthos is 
(Fig . 1) is available in six s tandard sizes. Each 
orthosis has three pneumat ic b e a m s on the 
anterior and poster ior aspect of each leg. A 
mode l with four pneumat ic b e a m s on the an
terior and poster ior aspect of each leg is also 
avai lable and is r e c o m m e n d e d for people 
weighing over 160 pounds . The garmet is m a d e 
of ny lon , and the pressure b ladders in the 
pneumat ic b e a m s are po lyure thane . T h e or
thosis incorporates values for inflation and de
flation, a series of straps and laces for fitting 
and adjustment , z ippers for donning and dof
fing, and toe lifter s traps, which attach to the 
shoes . 

The size of the orthosis needed for a particu
lar patient is de te rmined by relat ing ten mea
surements of the pat ient to a sizing chart , and 
then choosing the size that mos t nearly corres
ponds to the measuremen t s . C u s t o m or thoses 
are available for peop le w h o do not fit into the 
s tandard-size range due to obesi ty , excessive 
height , e tc . The manufacturer r e c o m m e n d s that 
long cotton underwear be worn under the or
thosis . Regular clothes may be worn over the 
or thosis . 

T w o types of air compressors are avai lable , 
an A C compressor and a D C compressor . The 
A C compressor is used as a stationary i tem, 
general ly used in the household . The D C com
pressor is termed " p o r t a b l e , " and comes with a 
carrying case , 12-volt bat tery, and charger . It 
may also be operated from an automobi le 
cigaret te lighter. Other types of inflation tech
niques , such as small compressed gas cartr idges 
and p u m p s , have proved to be impract ical , 

a l though larger cyl inders s imilar to scuba tanks , 
may be used. 

Fit t ing of the or thosis is general ly done by an 
orthotist , preferably on a wais t -high bed or tilt 
table . The zippers cover ing the adjustment laces 
and straps are opened and the or thosis is spread 
out on the table. The pat ient (wear ing shoes and 
long underwear) is then posi t ioned supine on 
the or thosis and the heel straps are secured 
around his shoes . The posit ion of the pat ient on 
the or thosis is then checked , as is the length of 
the or thos is . The poster ior pneumat ic b e a m s are 
al igned in a straight l ine; then long and short 
z ippers are c losed. 

The orthosis is inflated to straighten the 
pneumat ic b e a m s and the laces and straps are 
adjusted to mainta in this a l ignment (Fig . 2 ) . 
The zippers cover ing the adjustment straps and 
laces are then closed and the toe lifter strap is 
fastened to the shoe and t ightened until the 
ankle is held at approximate ly 90 degrees . 

A final a l ignment check is m a d e when the 
patient is s tanding, and two or three addit ional 
fitting and adjustments are usually required 
before an acceptable fitting is obta ined. 

Weare r s of the or thosis may then don it by 
posi t ioning themselves over the outspread or
thosis , at taching the heel straps and closing the 
long- and short-leg z ippers and the abdominal 
zipper (Fig. 3) . They then turn on the air 
compressor , which should be posi t ioned close 
to the pat ient , and c l amp the inflation hose to 
the corresponding valve on the or thosis . Once 
the orthosis is inflated to the r e c o m m e n d e d 
pressure of 32 pounds per square inch (psi) , as 
noted on a guage on the compressor , the infla
tion hose is r emoved . The patient can then push 
himself to the end of the bed and uses crutches 
to push up to a s tanding posit ion (Fig. 4 ) . A n 
alternate technique is to inflate the orthosis 
while in a sitting posit ion and pull up to a 
s t and ing pos i t ion by g ra sp ing para l le l bars 
(Fig. 4 ) . A " d r a g - t o " , " s w i n g - t o " , or 
" s w i n g - t h r o u g h " gait can be used. A four-
point gait is difficult, if not imposs ib le , to 
achieve. 

In order to deflate the orthosis the wearer 
posi t ions himself ready to sit in a chair or lay on 



Fig. 1. Ortho-Walk Type B Pneumatic Orthosis. The pneumatic beams on the anterior and posterior 
aspect of each leg support the knees, hips, and trunk. 



Fig. 2. Adjustment straps individualize the fit of the orthosis. Usually, these straps need to be readjusted 
about three times after the initial fitting. 

Fig 3. Patient donning the orthosis. The orthosis is first 
spread out on a bed and then the patient positions himself 
over it. 

Fig. 4. Patient transferring from a sitting to a standing 
position during inflation by pulling himself up using the 
parallel bars and one crutch. 



a bed , opens the deflation va lve , and slowly 
lowers himself. 

The or thosis m a y b e worn deflated in a sitting 
posi t ion for the entire day . 

Wea re r s of the pneumat ic or thosis are 
cau t ioned to avoid burn ing the mater ia l , and to 
keep sharp objects away from the mater ia l . 

T h e or thosis m a y be washed by hand us ing a 
mild de tergent , and should b e inspected period
ically for tears , b roken sti tches or abraded 
fabric . T h e or thosis is mai led back to the 
supplier wheneve r repairs are needed . 

T H E P U R P O S E A N D O R G A N I Z A T I O N O F 
T H E E V A L U A T I O N 

The pr imary purpose of the clinical evalua
t ion was to de te rmine the indicat ions , t raining 
needs , advana tages and d isadvantages of the 
pneumat ic or thosis in the hospi ta l , h o m e , and 
c o m m u n i t y . T h e results of the study are to be 
used by the Veterans Adminis t ra t ion and the 
Depa r tmen t of Heal th , Educa t ion , and Welfare 
to de te rmine pol icy , by educat ional inst i tut ions 
as instructional mater ial and by medical and 
paramedica l pract i t ioners as a guide for pat ient 
m a n a g e m e n t . 

A steering commi t t ee was formed which met 
in New York on M a y 1, 1974. The m e m b e r s of 
the commi t t ee were He iner Sel l , M . D . , Assis
tant Direc tor , and M e g McGarr i ty , Physical 
Therapis t , Inst i tute of Rehabi l i ta t ion Med ic ine , 
N e w York ; M a u r y c y Silber , M . D . , Director of 
Rehabi l i ta t ion , and Nancy Hivry , Physical 
Therapis t , Bi rd S. Cole r Hospi ta l , N e w York; 
T h o m a s Pirrel lo , J r . , Orthot is t -Prosthet is t , Vet
erans Adminis t ra t ion Prosthet ics Center , N e w 
York . 

At the steering commit tee meet ing the evalu
ation part ic ipants were chosen , the protocol and 
t imetable were set, and other logistical matters 
were d iscussed. 

E V A L U A T I O N C E N T E R S 

The evaluat ion was a cooperat ive effort be
tween V A and civil ian hospi tals . Centers were 

chosen for var ious reasons , e . g . , past coopera
t ion with C P R D or V A , proximi ty to ano ther 
par t ic ipat ing hospi tal of the opposi te category 
( i . e . , V A and c iv i l ian) , or , s imply , express ion 
of interest in the s tudy. 

T h e centers were : 

VA Spinal Cord Injury Services 

Miami V A Hospital Jorge Jacobi, M . D . 
Dav id Dupree, C.P . 
Eve lyn Carrasquillo, P . T . 
Betsy Powers , C . C . T . 

Richmond V A Hospital Charles Lamb, M . D . 
Hallie Ratliffe, Orthotist 
Daniel Kahsar, R . P . T . 

Hines V A Hospital Dav id Stern, M . D . 
Wilbur Pearson, C . O . 
Helaine Hull , R . P . T . 

Palo Alto V A Hospital Inder Perkash, M . D . 
Maurice LeBlanc , C.P . 
Deborah Wi l son , P .T . 

Civilian (non-VA) Evaluation Centers 

University o f Miami Jerry Enis , M . D . 
(Jackson Memorial) Wil l iam Sinclair, C . P . O . 

Robin Smith , R . P . T . 
Northwestern University Bupend Agrawal , M . D . 
(Rehabilitation Institute David Thullen, C . O . 

of Chicago) Steve Huber, R . P . T . 

Craig Rehabilitation Harry Hahn, M . D . 
Hospital Alton Scott , C . P . O . 

Joan Polack, R . P . T . 

P R O T O C O L 

Both specific and general guidel ines for pa
tient selection were m a d e . 
Specific Criteria: 

1. Pat ients had comple te spinal-cord les ions . 
2 . The et iology was t rauma. 
3 . The lesions were be tween the T1 and T12 

vertebral levels . 
4 . Severe deformit ies of the l imbs (over 20 

degrees) were contra indicat ions . 
5 . Patients were selected for size and weight 

to fit the s tandard-size Or tho-Walk . 
6. Patients were inpatients whi le being fitted 

and trained. 



General Criteria: 
1. A sample of pat ients should be ready for 

d ischarge dur ing the study so an evalua
tion in both the hospi tal and h o m e sett ing 
is poss ib le . 

2 . A sample of pat ients w h o have had previ 
ous exper ience with convent ional metal 
or thoses would be des i rable . 

N u m b e r of Fit t ings 

The Veterans Adminis t ra t ion was to prov ide 
up to 35 pneumat ic or thoses for evaluat ion. A 
pair of or thopaedic shoes , an A C , and a D C 
compressor were provided with each or thosis . 
Each of the seven cl inics was therefore a l lowed 
up to five or thoses . In cases w h e n a pat ient 
wou ld not b e us ing his or thos is , other pat ients 
could be fitted with it. A m i n i m u m of 35 
pat ients were to be evaluated . 

Orienta t ion Session 

All par t ic ipants of the evaluat ion me t in New 
York on July 1-2, 1974. T h e guidel ines were 
expla ined to the g roup , and a final draft of the 
evaluat ion form was m a d e . T h e orthotists and 
therapists were then taught fitting and training 
by D r . Silber, Nancy Hivry , and Melv in Bailey 
of Bird S. Coler Hospi ta l , and M e g McGarr i ty 
of the Institute of Rehabi l i ta t ion Medic ine . The 
facilities and pat ients at Cole r Hospi ta l were 
used for the training sess ions . 

Clinical Trials 

T h e first pat ients were fitted approximate ly 
six weeks fol lowing the orientat ion session. 
Site visits were m a d e to each center by the 
C P R D staff, and in two cases by the staff of 
ILC Dover . 

It was apparent that the protocol was too rigid 
for some of the centers since they were not able 
to recruit pat ients . In one spinal-cord-injury 
center with 160 beds , over 100 patients were 
quadr ip legic . Of the remain ing number of para

p leg ics , over half we re hospital ized for pressure 
sores and mos t of the remainder were in for 
urinary p r o b l e m s , surgery , or wou ld soon be 
mov ing to a distant c i ty . Only three pat ients 
could b e recrui ted in this center dur ing the first 
few months of the evalua t ion , despi te the fact 
that it had more beds for spinal-cord-injured 
pat ients than the other centers . The protocol 
was re laxed in order to allow outpat ients w h o 
could c o m e in for daily therapy to be included. 

A n interim meet ing was held in M i a m i , 
F lor ida , on D e c e m b e r 15 , 1974. O n e part ici
pant from each center a t tended this meet ing . At 
this t ime , six and one-half months into the 
evalua t ion , 35 pat ients had been fitted. M a n y 
p rob lems and misunders tandings were taken 
care of and the da te of the final mee t ing was set. 

D A T A A N A L Y S I S 

In February , 1974, all centers were requested 
to send in the comple ted evaluat ion forms. The 
data was then tabulated and prepared for the 
final mee t ing . 



P H Y S I O L O G I C A L E F F E C T S 

Blood Pressure and Pulse Rate 

Each center was requested to take b lood 
pressure and pulse rate measurements with the 
patient supine and s tanding, wi thout the or
thosis and then with the or thos is . Three pat ients 
were not able to reach an upright posit ion on the 
tilt table wi thout the pneumat ic or thosis , before 
orthostatic hypotens ion would cause dizziness 
and an average blood pressure of 9 2 / 7 5 . H o w 
ever , with the orthosis on , all three pat ients 
were able to reach a 90-degree upright posi t ion 

with a s table b lood pressure averaging 113/79 
with no sign of d izz iness . O n one pat ient the 
pulse rate decreased by 2 0 pulses per minute 
w h e n the or thosis was worn , but the change was 
inconsequent ia l on the other two pat ients . 

O n 17 pat ients the b lood pressure , with the 
or thosis on in a s tanding pos i t ion , rose an 
average of 4 m m H g w h e n c o m p a r e d to the 
readings taken in the s ame posi t ion with the 
or thosis off. T h e averages were 117/79 m m H g 
with the or thosis off and 121/84 m m H g with 
the or thosis on . Average pulse rate on the same 
17 pat ients decreased from 89 to 87 pulses per 
minute w h e n the or thosis was worn . The com
parat ive b lood pressure and pulse rate data was 
consis tent th roughout the eva lua t ion , i . e . , the 
b lood pressure increased slightly with the or
thosis on , and the pulse rate r emained stable. 

Decub i tus Ulcers 

F ive pat ients with decubi tus ulcers were fit
ted with the or thos is . The re were no compla in ts 
concern ing re tarded heal ing or aggravat ion of 
these ulcers , and no indicat ion that they healed 
faster in the or thosis . N o ulcers were caused by 
the pneumat ic or thosis dur ing the evaluat ion, 
even though redness over the knee w a s noted on 
many occas ions . 

Bowel and Bladder Funct ion 

Cl inics were requested to m a k e general ob 
servat ions concern ing bowe l and b ladder func
tion and catheterizat ion at tr ibutable to the or
thos is . The or thosis seemed to have no effect on 
bowel or b ladder m o v e m e n t s , or on the type of 
catheterizat ion used. 

Pain 

One patient could not wear the or thosis 
because it hurt her back , and another com
plained of bruises acquired whi le wearing it. 
All but three of the other pat ients felt that the 
orthosis was immediately comfor table . H o w -



ever , these three pat ients felt that the or thosis 
was comfor table after wear ing it from 15 to 30 
minu tes . For t w o pat ients with back pa in , the 
or thosis offered cons iderable relief; one also 
had scol ios is , so the trunk support was of great 
benefit . 

Spastici ty 

T w o patients reported relief from severe 
spasticity whi le wear ing the or thos is , a l though 
they also stated that the spasticity recurred in a 
greater than normal amount after the or thosis 
was r emoved . In two cases excess ive spasticity 
caused the pat ients to reject the pneumat ic 
or thosis . Adduc t ion contractures in another pa
tient could not b e adequate ly control led. Spas 
ticity of the hip flexors kept a second patient off 
ba lance to such an extent that he was exhaus ted 
after ambula t ing only ten yards . In genera l , 
pat ients felt that their spasticity was slightly 
decreased whi le wear ing the or thosis . 

Hea t 

O n e patient rejected the orthosis because he 
felt it was " t o o h o t . " Another preferred to wear 
it only on cool days . F ive compla in ts concern
ing heat retent ion were made . 

O R T H O T I C I N F O R M A T I O N 

Fitt ing and Adjustments 

All or thoses were the Or tho-Walk Type B , 
three-tube standard suits . The length of t ime to 
measure patients for the orthosis ranged from 
15 to 30 minu tes , and averaged 20 minutes . 
Fitt ing t imes ranged from 20 minutes to two 
hours , and averaged 50 minutes . Three read
jus tmen t s are usually needed, and can be done 
by either the therapist or the orthotist . The 
average t ime needed per adjustment is 20 mi

nu tes , or a total of 60 minutes for all three . 
H o w e v e r , some pat ients needed no readjust
ments whi le o thers needed up to f ive, and in 
one case three hours and 20 minutes were spent 
readjust ing the laces . 

T h e reasons readjustments are needed are 
usually 1) the pat ient was fitted whi le supine 
and the fit changes w h e n he s tands , and 2) the 
laces and straps are n e w , and " g i v e " slightly 
when stressed. T h e most c o m m o n clinical indi
cation that a readjustment is needed is bending 
at the knees and/or h ips , which can b e corrected 
by ei ther t ightening the laces and/or placing 
special pads in the area of the instabil i ty. 

Equ ipmen t 

In all cases but one , the or thoses and com
pressors were received from the manufacturer 
in exce l l en t condi t ion. In one case , a suit was 
re turned because of a leak, a l though the man
ufacturer stated he could not find the leak. In 
two other cases , at different c l in ics , a s low loss 
of pressure (5 psi lost in 10 minutes) was 
reported. A possible cause for the pressure 
p rob lems was the high al t i tude, since most of 
these p rob lems occurred in Denver . Another 
patient caused a leak after burning through the 
fabric of the or thosis with a cigaret te . In no 
instance did a loss of pressure occur so sud
denly that the safety of the patient was jeopar
dized. 

The most c o m m o n and most serious equip
ment failure concerned the z ippers . In five 
cases the seam attaching the zipper to the nylon 
fabric failed. In one case the zipper c ame off 
track. The zipper failures were sudden and 
caused one patient to fall. Another patient had a 
z ipper give way while he was training to de
scend stairs. The therapist fortunately caught 
h im. 

Equipment repairs were made by ILC Dover . 
All repairs were made satisfactorily, but the 
length of t ime required for shipping the orthosis 
back and forth and for repairs ranged from two 
to four weeks . T w o patients lost interest in the 
evaluat ion while their suits were being repaired. 



Previous Or thot ic Exper ience 

T w e l v e pat ients were using meta l or thoses 
pr ior to the evalua t ion . F ive pat ients w e r e 
ambula to ry and the r emain ing seven used t hem 
for s tanding on ly . Pat ients wear ing or thoses 
spent f rom eight to ten hours daily in bed , from 
t w o and one-half to three hours s tanding , and 
the remain ing t ime sit t ing. Pat ients w h o had not 
been fitted spent an average of 15 hours daily in 
bed and nine hours in a chair . 

F o u r pat ients had an inadequate range of 
mot ion . O n e pat ient w h o had bilateral 15-deg. 
knee-f lexion contractures and a 10-deg. l imita
t ion of ankle dorsif lexion was fitted and did 
wel l in the or thosis . Another patient with a 
30-deg . hip-f lexion contrac ture could not stand 
independent ly in the or thosis and could ambu
late only at great energy expense , but kept the 
or thosis as a therapeut ic dev ice . 

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

Inflation, S tand ing , Transfers 

Seventeen pat ients preferred to inflate the 
or thosis whi le they were in the supine posi t ion, 
and then push themselves over the edge of the 
bed until their feet contac ted the floor. They 
then grab one crutch, push themselves upright , 
and pick up the second crutch. 

S ix teen pat ients preferred to inflate the or
thosis whi le they were sitting and either pull 
themselves up by grasping parallel bars or push 
themse lves u p by turning around in front of the 
wheelcha i r and pushing up from the armres ts . 
Three pat ients were brought to 90 degrees on 
the tilt table before inflating the or thosis . 

Joint Stabil i ty 

Three pat ients did not rece ive enough trunk 
support , and 11 pat ients did not have enough 
knee stability (Fig. 5 ) . T h e normal posture in 
the pneumat ic or thosis differs considerably 
from the ex tended posture seen with metal 
or thoses . T h e trunk and hips are in a neutral 
posi t ion in the Or tho -Walk , rather than ex-

tended, and the knees stay slightly flexed. This 
different type of pos ture undoubtedly caused 
many to think that inadequate stability was 
provided . 

Seven pat ients thought the lack of ankle 
stability was a p rob lem. T h e Or tho-Walk pre
vents plantarflexion by having an anterior strap 
extend to the shoe laces , but a l lows free dorsi
f lexion. 

T i m e and Dis tance 

Patients wore the orthosis for an average of 
20 minutes a day deflated, and 30 minutes a day 
inflated. The average dis tance traversed was 
5 4 . 0 yards in 24 minutes , or 6 .75 feet per 
minu te . One pat ient , however , covered 300 
yards in 45 minutes , which is a rate of 20 feet 
per minu te . Th i s patient was 5 feet 11 inches 

Fig. 5. Instability of the knees and hips. Although only two 
or three patients had this much instability, 11 patients cited 
this as a major problem. The addition of pads, readjustment 
of laces, or use of a four-tube suit may help to correct this 
problem. 



tall , we ighed 160 p o u n d s , 26 years of age and 
was able to press 260 pounds when weightlifting. 

Donn ing and Doffing 

Twenty- th ree pat ients were able to don the 
orthosis independent ly ; seven needed major 
assis tance and three needed minor ass is tance. 
The t ime needed to don the orthosis ranged 
from eight to 60 minutes and averaged 25 .5 
minutes . 

Twen ty - seven pat ients could doff the orthosis 
independent ly ; two needed major assis tance and 
five needed minor ass is tance. The average t ime 
needed was nine minutes and ranged from three 
minutes to 20 minu tes . 

Fifteen pat ients could independent ly don 
clothes over the orthosis; three needed assis
tance . 

Transfers , Stairs , Recover ies 

Transfers from a sitting posit ion to a s tanding 
posit ion were made independent ly by 18 pa
t ients. Four teen needed ass is tance. Approxi 
mately five therapy sessions of 30 minutes each 
were needed before pat ients could transfer in
dependent ly . All but six pat ients could deflate 
from a s tanding posit ion independent ly . Pa
tients were able to achieve this after about four 
therapy sessions of 20 minutes durat ion. 

N o patients were able to c l imb stairs inde
pendent ly , a l though seven could c l imb them 
with ass is tance. Six pat ients could handle a 
six-inch step or curb independent ly . 

Eight patients a t tempted to learn fall re
cover ies , but only one could recover indepen
dent ly. He achieved this by first unfastening the 
abdominal zipper of the or thosis , then jacknifing and c l imbing his walker . 

Gait Patterns 

The most commonly used gait pattern was 
the " s w i n g - t o " pattern, which 17 patients 

adopted . Nine preferred to " d r a g - t o " and nine 
used the " s w i n g - t h r o u g h " pattern (Fig . 6 ) . 

A C C E P T A N C E 

Four teen of the 37 pat ients chose to accept 
the orthosis for regular , if in some cases li
mited, use . T h e remaining 23 rejected it. 

All of the pat ients accepting the Or tho-Walk 
were males . The average age of this group was 
34 years , whereas the average age of those 
rejecting the orthosis was 30 years . 

The height and weight of the pat ients accept
ing the orthosis averaged 6 9 . 6 inches and 141.5 
pounds . Four of the patients were descr ibed as 
having normal body bui lds , four were listed as 

Fig 6 Patient learning the "swing-through" gait pattern at 
Coler Hospital, New York. 



thin and six were muscu la r . All three pat ients 
w h o were cons idered obese rejected the or
thos is . T h e average height of pat ients rejecting 
the or thosis was one-half inch less than those 
accept ing it, and the average weight of those 
w h o rejected it was four p o u n d s greater . 

The age of injury ( t ime from date of onset of 
paraplegia to fitting with the Or tho-Walk) for 
pat ients w h o accepted the pneumat ic or thosis 
was two years less than those w h o rejected it 
(23 m on ths versus 4 7 mon ths ) . 

T h e average lesion level for pat ients w h o 
accepted the Or tho-Walk was T8-T9, whereas 
the level of those w h o rejected it was T5-T6. 

T h e fol low-up t ime for all pat ients was from 
one mon th to e ight m o n t h s . T w o of the pat ients 
w h o were only fol lowed for one month were 
listed as accept ing the or thosis . 

Of the 23 pat ients w h o rejected the or thos is , 
the mos t c o m m o n reasons for rejection were 
excess ive energy consumpt ion and inadequate 
stability at the knees , h ips , and ankles . T w o 
pat ients needed to have their ankles bound 
together in a " h o b b l e " to prevent their legs 
from abduct ing excess ively (Fig . 7) ; lack of 
motivat ion rated next as the reason for rejec
t ion. T h e mot ivat ional p rob lems general ly oc
curred once the pat ient real ized the amoun t of 
effort required for s tanding and ambula t ion . 
Four pat ients started out highly mot iva ted , but 
were listed as having poor motivat ion when 
they rejected the or thosis . 

Poor cosmes is was l isted as the reason for 
rejection by three pa t ients , w h o stated that the 
thoracic section was too bu lky , and that wear
ing c lothes over the or thosis was impractical 
(Fig . 8) . 

Six pat ients preferred their metal knee-
ankle-foot or thoses ( K A F O ' S ) to the Ortho-Walk, and in three cases the reverse was t rue. 
Of the six preferring the metal K A F O ' S , three 
patients used the Craig-Scot t (6) design orthosis 
and three used convent ional des igns . 

Three pat ients listed donning prob lems as 
one reason for the orthosis being rejected. 
These pat ients had higher lesions (T4) and it 
took them from 2 5 - 6 0 minutes to don the 
or thosis independent ly . Wi th ass is tance, the 

donning t ime was considerably shortened. 
Ten pat ients took the orthosis h o m e . Of these 

ten pat ients , two use it daily outs ide of the 
household , for school , work , and social ac
tivit ies. Three of these pat ients use the orthosis 
daily for household ambula t ion . Of the remain
ing five pat ients w h o took the Or tho-Walk 
h o m e , one uses it two to three hours a week in 
the ki tchen; another uses it one hour a day for 
exercise ; one patient uses it once a week for 30 
minutes of exerc ise , and two patients use it 
rarely, i . e . , about once a month . 

In s u m m a r y , pat ients w h o accepted the 
Or tho-Walk pneumat ic orthosis were those in 
good physical condi t ion with thin to muscular 
bui lds . A posit ive atti tude towards s tanding and 

Fig. 7. A "hobble" around the ankles was needed on two 
patients to prevent the legs from spreading apart an exces
sive amount. 



Fig. 8. Patient wearing clothes over the Ortho-Walk. Three 
of the patients who rejected the orthosis complained about 
the cosmesis. 

ambula t ing , combined with good mot iva t ion , 
also appeared to underl ie acceptance . Perhaps 
these pat ients exper ienced a significant 
psychological boost from being upright , which 
justified for them this relatively inefficient 
technique of s tanding and ambula t ing . 

It should also be noted that only those pa
tients w h o fitted into the standard Or tho-Walk-
size range were selected for the study. If a 
r andom selection process had been used, a 
larger number of pat ients would have fallen 
outside the average height and weight range 
(69 .6 inches and 141.5 pounds) of those pa
tients accepting the orthosis; and, therefore, a 
higher rejection percentage would have re
sulted. 

C O M P A R I S O N B E T W E E N V A A N D 
N O N - V A P A T I E N T S 

T h e average age of V A pat ients in the study 
was 8.8 years greater than that of n o n - V A 
patients (35 .6 years vs 26 .8 years ) , main ly 
because there were five V A patients w h o were 
45 years of age or older , with injuries incurred a 
number of years previously . N o n e of the non-
V A patients were of this age . A g e s of injuries 
were also highest in the V A g roups , averaging 
51 months vs 11 months for n o n - V A pat ients . 
Older pat ients with " l o n g - s t a n d i n g " injuries 
were more prevalent in the V A populat ion 
because they general ly kept in closer contact 
with the local V A hospi ta ls , were aware that the 
study was going on , and requested to be par
t ic ipants . 

Ten of the 23 V A pat ients , or 43 percent , 
accepted the pneumat ic orthosis for the trial 
per iod , whi le only four of the 14 non-VA 
patients (28 percent) accepted it. The probable 
reason for the slightly higher acceptance rate at 
V A hospitals lies in the longer period of train
ing they provided and their general tendency to 
be freer with their t ime . The private hospitals 
had p rob lems just ifying financially long train
ing sessions over many weeks . A l so , a few of 
the V A patients w h o were listed as accept ing 
the orthosis were still in training at the end of 
this s tudy, and may have rejected it later. In 
genera l , the private hospitals provided less 
training and discharged pat ients earl ier than V A 
hospi ta ls . 

C O N C L U S I O N S 

O n March 1 7 - 1 8 , 1975 , all part icipants of 
the evaluat ion met at Craig Rehabil i tat ion Hos
pital in Eng lewood , Co lo rado , to discuss the 
results of the evaluat ion (Appendix E) . The 
part icipants met in a plenary session, then 
divided into three groups: phys ic ians , 
therapis ts , and orthot is ts , to draw conclus ions 
and make recommenda t ions from the evalua
tion. 

N o age limit was set for patients w h o wish to 
use the or thosis , but the height and weight were 



determined to be crucial factors . T h e partici
pants agreed with the manufacturer that pat ients 
taller than six feet and in excess of 160 pounds 
require a four-tube suit instead of the s tandard 
three- tube des ign . Pat ients w h o are obese will 
have a min imal success rate and should have a 
cus tom suit des igned if a good fit and proper 
support are to be expec ted . Pat ients with thin to 
muscular body bui lds have the best chance to 
achieve functional s tanding and walk ing . 

People w h o work or s tudy seem to m a k e 
more use of the O r t h o - W a l k because of their 
desi re to be act ive . Lack of accessibil i ty to 
wheelchai rs on a j o b , or e m p l o y m e n t requir ing 
a s tanding posi t ion are both indicat ions for 
lower- l imb or thoses , including the Or tho -Walk 
des ign . 

Pat ients w h o need to be very mobi le , i . e . , in 
and out of cars , p lanes , different bus inesses , 
will general ly be hampered by lower- l imb or
thoses . T h e Or tho-Walk is contra indicated for 
these people due to the p rob lems with inflation, 
deflat ion, and transfers. 

Prev ious orthotic exper ience does not seem 
to affect the acceptance of the pneumat ic or
thosis , as six pat ients w h o wear metal K A F O ' S 
preferred them to the Or tho -Walk , but the 
reverse was true for three pat ients . All pat ients 
w h o use the Or tho-Walk outs ide of the hospital 
should also be wheelcha i r independent . It was 
r e c o m m e n d e d that pat ients having success with 
prev ious or thoses are doing well enough and 
should not be encouraged to change to the 
Or tho -Walk . 

T h e et iology of the lesion did not affect the 
results in the or thosis , nor did the level of the 
lesion. In fact, of those w h o accepted the 
or thosis , the three pat ients with the highest 
lesions were a m o n g the most successful users . 
M o r e exper ience dur ing the medical stabiliza
t ion phase is needed with patients with high 
lesions before any conclus ions can be m a d e 
about the use of the orthosis in this s i tuation. 

A small study at the Miami V A Hospi ta l 
indicated the Or tho -Walk did aid venous return 
and increased the blood pressure and vo lume to 
the k idneys . Therefore , cardiovascular condi
t ions do not contraindicate the use of the or

thosis for s tanding, but these pat ients should be 
watched closely , especial ly if ambula t ion is 
a t tempted . 

T h e Or tho -Walk did not impai r the respira
t ion of any pat ient , and aided one pat ient in this 
respect . 

Spastici ty is not a contra indicat ion to us ing 
the Or tho-Walk . In mos t cases , pat ients stated 
and therapists observed that the severity of 
spasticity was decreased or e l iminated shortly 
after the appl icat ion of the pneumat ic or thosis . 

The presence of decubi tus ulcers does not 
necessar i ly contra indicate use of the Or tho-
W a l k . F ive pat ients with decubit i in areas 
covered by the orthosis did not have any prob
l e m s , and heal ing cont inued at a normal ra te . 
O n the other hand , there were indicat ions of 
substantial increases in pressure under the suit, 
and (as noted earlier) r edden ing in several areas 
was observed after use . 

A posi t ive att i tude of both the pat ient and the 
rehabil i tat ion t eam is of u tmos t impor tance . A 
negat ive att i tude towards s tanding or towards 
the different type of orthosis by the m e m b e r s of 
the t e am will quickly pass on to the pat ient , and 
the chances of functional s tanding and ambula
tion will be decreased . 

T h e orthotists conc luded that there were no 
p rob lems with the r e c o m m e n d e d measure 
m e n t s , that the range of s tandard sizes was 
adequate and that the initial fitting procedure 
was good. N o mechanica l p rob lems were en
countered with the pneumat ic b e a m s , the A C 
and D C compresso r s , or the inflation valves . It 
was r e c o m m e n d e d that the deflation valve be 
redes igned so it can be left open , thereby 
freeing up the pa t ien t ' s hands whi le the suit is 
deflat ing. This would also allow air to cont inue 
escaping while the wearer is seated. 

Minia tur izat ion of the inflation mechan i sm 
was r e c o m m e n d e d . The por table compressor in 
the present sys tem is too bulky and heavy to be 
carried by a paraplegic whi le he is s tanding, and 
the user must have a compressor available any 
t ime he wishes to s tand. Small C02 - t ype car
tr idges have been used in the past with minimal 
success , and it is r e c o m m e n d e d that a similar 
approach to inflation be perfected. 



T h e donn ing procedure p roved to be one of 
the major p rob lems with the or thos is . Pat ients 
w h o could don the or thosis independent ly were 
often too exhaus ted to transfer, s tand, and 
ambu la t e . N o solut ion to this p rob lem could b e 
found dur ing the evaluat ion. 

T h e lack of a dorsif lexion stop at the ankle 
caused a few patients to feel uns table , and m a d e 
it necessary for pat ients to use crutches w h e n 
s tanding. Pat ients w h o expec t to use the or
thosis outs ide of the hospi tal for functional 
s tanding should also receive ankle-foot or thoses 
to p rov ide anterior stability at the ankles . 

P R A C T I C A L I T Y F O R T H E R A P E U T I C U S E 

T h e Or tho -Walk pneumat ic or thoses are 
pract ical for therapeutic use in the medica l 
stabil ization and rehabil i tat ion phases of pat ient 
care in spinal injury when s tanding and ambula
t ion are desired goals . Cer ta in temporary 
psychologica l advantages seem to be offered, 
and it provides the rehabil i tat ion team with one 
me thod of evaluat ing a pat ient standing before 
any further orthotic prescr ipt ions are m a d e . The 
adjustability and modular i ty of the suits al low 
them to be used on many pat ients . A stock of 
three to six suits can be fitted to most pat ients . 

It is r ecommended that , whenever poss ible , 
any patient w h o may be a candidate for the 
Or tho-Walk receive a m i n i m u m of 40 hours of 
physical therapy in a stock suit of the correct 
size before a suit is ordered specifically for h im. 

P R A C T I C A L I T Y F O R H O M E 
A M B U L A T I O N 

The Or tho-Walk Type B pneumat ic orthosis 
has no real advantages over convent ional or tho
ses in functional ambula t ion . The advantages of 
light weight is offset by the inconvenience of 
inflation and deflat ion, and the added difficulty 
of c l imbing stairs and recover ing from falls. For 
use on level surfaces in the h o m e , the Or tho-
Walk has proved to be practical . 

P R A C T I C A L I T Y F O R C O M M U N I T Y 
A M B U L A T I O N 

T h e Or tho -Walk pneumat ic or thosis has no 
real advantages over convent ional or thoses for 
commun i ty ambula t ion . In the c o m m u n i t y , the 
d isadvantages of the inflation sys tem and of 
cosmes is are more apparent than in the h o m e . 
The user must either have a number of com
pressors strategically located in the h o m e , car , 
office, or school , or have an assistant carry a 
compressor with h im. The noise of the com
pressor when inflating and of air escaping when 
deflating has d rawn attention to the user of the 
orthosis in public p laces . 

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

Based upon data col lected from seven hospi
tals and 37 paraplegic patients with thoracic 
les ions , the fol lowing conclus ions and recom
mendat ions were m a d e concern ing the Or tho-
Walk Type B pneumat ic orthosis: 

A D V A N T A G E S 

• Less weight than convent ional or thoses . 
• Tempora ry posi t ive psychological reac

t ion. 
• Cost is reasonable when used as stock i tem 

on many pat ients . 
• Adjustabili ty and adaptabili ty a l lows rapid 

application in the early t reatment phase . 
• Possible energy expendi ture savings during 

ambula t ion . 
• Adequa te trunk support . 

D I S A D V A N T A G E S 

• Difficult and t ime-consuming to don. 
• Inflation-deflation system is impract ical . 
• Provides less support to lower l imbs than 

convent ional or thoses . 
• Cosmes i s is poor , especial ly for w o m e n . 

Convent ional or thoses are more cosmet ic . 



• Mobi l i ty is decreased . Sta i r -c l imbing and 
transfers are more difficult than with con
vent ional o r thoses . 

• Ma in tenance and repairs mus t be m a d e by 
the manufac turer , necessi ta t ing long wai ts 
due to mai l ing t ime . 

• Cost is h igher than convent ional or thoses 
w h e n used for one pat ient only. 

R E C O M M E N D E D I M P R O V E M E N T S 

1. I m p r o v e m e n t of the inflation-deflation 
sys tem by minia tur iz ing the pressure 
source . A n al ternative solut ion may be the 
addit ion of knee and hip jo in ts . 

2 . M o r e ankle stability be prov ided , specif
ically to prevent dorsif lexion. 

3 . Venti la t ion of the suit. 
4 . The color of the suit (blue) is not cosmet ic 

and could be improved . 

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

1. A study of the pressures at the interface 
be tween the pneumat ic suit should be 
m a d e . Redness usual ly occurs over bony 
areas when the suit is worn and cl inicians 
are fearful that long- term standing may 
lead to skin b r eakdown . 

2 . M o r e basic b ioengineer ing is needed if 
pneumat ic or thoses are to be m a d e practi
cal and be universal ly accepted. 

3 . Evaluat ion of other sys tems of mobil iz ing 
paraplegic pat ients should be m a d e , such 
as that under taken by Lehman et al. (6) on 
the Craig-Scot t design knee-ankle-foot or
thos is , which is used successfully in the 
Denver area. A quanti tat ive study would 
be useful to compare pneumat ic or thoses 
with s tandard knee-ankle or thoses used in 
paraplegic ambula t ion . 

4 . A careful study should be done to verify 
and document reported psychological and 
physiological benefits accruing from the 
use of var ious or thoses . 

C O N C L U D I N G S T A T E M E N T 

The conc lud ing s ta tement of the par t ic ipants 
in the evaluat ion was that the Or tho-Walk T y p e 
B pneumat ic or thosis has the potent ia l for be ing 
a tool in the early rehabi l i ta t ion of spinal-cord-
injured pat ients . Its relat ive adaptabil i ty and 
ease of use in the early rehabil i tat ive phase has 
the advantages of a temporary psychologica l 
lift, early screening of potent ial candidates for 
o r thoses , and possibly aiding and improving the 
phys ica l status of these pat ients . W h e n consid
ering candidates for the pneumat ic or thosis , 
individual izat ion of pat ients is a mus t , jus t as 
with convent ional o r thoses . 

This study has shown that , as with all new 
ideas , the Or tho-Walk is not a panacea . M a n y 
improvement s must be m a d e before it can equal 
the meri ts of convent ional metal or thoses . The 
idea of pneumat ic splinting for para lyzed peo
ple is a feasible one , but it still needs much 
work . T h e fact that a private manufacturer can 
research , deve lop , and marke t such an innova
tive device wi thout outs ide support is an ac
compl i shment in itself. Ideas such as the 
Or tho-Walk can st imulate research teams in 
different discipl ines to work joint ly for the 
ul t imate goal of bet ter care for the spinal-cord-
injured patient. 
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WELDING THERMOPLASTICS 

Neal R. D o n a l d s o n 1 

Michael J . Qu ig ley , C . P . O . 2 

T h e in t roduc t ion of t h e r m o p l a s t i c s , i . e . , 
po lypropylene and polyethylene into prosthet ics 
and orthot ics in recent years has demanded that 
the orthotist-prosthetist master new skills to 
take max imum advantage of the propert ies of 
these new mater ia ls . T h e art of weld ing plast ics 
is one such skill . Weld ing is very useful for 

The basic plastics weld ing sys tem, which 
costs less than $ 2 0 0 , consis ts of a compressed 
air source , a regula tor for it, a tank of water-
pumped nitrogen with its regula tor , a third 
regulator to control the air-ni trogen mix ture , a 
weld ing gun , and a variety of weld ing tips and 
weld ing rods (Fig . 1). T h e we ld ing unit is 

repairing plastic or thoses and is essential for 
fabrication of such things as the ultra-
l ightweight prosthesis (3) and the pelvic girdle 
of the Boston system for scoliosis control (2 ) . 
Weld ing is also useful for at taching elastic 
panels to thermoplas t ics , and , in some a reas , 
the long flexible weld ing rods are bunched 
together and used as twister cables . 

des igned to direct a flow of compressed gas , 
ei ther air, wa te r -pumped ni t rogen, or a combi 
nation of the t w o , in a fine s t ream over an 
electric heat ing e lement and onto the plast ic . In 
genera l , nitrogen is used for weld ing and air is 
used to maintain a functional weld ing temper
ature be tween welding opera t ions . T h e reg
ulators on the compressed air and ni t rogen 
should be set at 20 psi and the combina t ion 
regulator should be set at 3 1/2 to 4 psi for most 
or thot ics and prosthet ics we ld ing . The setting 
varies according to material th ickness , i . e . , the 
thicker the mater ia l , the more heat required. 

1Research Prosthetist. Patient Engineering Service, Rancho Los Aniigos Hospital, Downey, Calif. 90242. 

2Director, Patient Engineering Service, Rancho Los 
Aniigos Hospital. Downey. Calif. 90242. 

Fig. 1. Schematic of the welding system. A combination of compressed air and 
nitrogen is recommended, although some practitioners claim satisfactory 
results with compressed air alone. 



The pieces to be welded and the weld ing rod 
must be the s ame kind of plastic i . e . , po lypro
pylene to po lypropy lene , and they must b e of 
the same type and densi ty . T h e edges should be 
c lean and level , any stray slivers of plastic 
should be r emoved , and the pieces c leaned with 
a solvent such as ace tone . Using the tacking t ip , 
the pieces should be tack welded together . 
Ei ther the round weld ing tip or the high speed 
weld ing tip can be used for the final weld . 

T h e end of the weld ing rod should be cut to a 
60 deg . angle with a d iagonal cutter . W h e n the 
round welding tip is used the rod should be held 
at a 90 deg . angle to the jo in t and the hot air 
s t ream directed at the junc t ion of the rod and the 
material to be welded (Fig. 2) . As the weld 

begins to form, proper heat and pressure will 
ensure that the rod rolls smoothly into the jo int . 

W h e n the high speed tip is to be used, the rod 
is fed through the tube at the end of the high 
speed t ip . As the weld begins to form, the tip is 
moved along the joint at a 45 deg . angle whi le 
pressure is applied through the welder on to the 
weld ing rod (Fig. 3) . It is essential that proper 
rate of feed be mainta ined because a fast speed 
will not permit the formation of a secure weld 

(Fig. 4 ) , whi le too slow a speed will permit the 
rod to melt in the t ip . Plastic welds differ from 
meta l welds in that with plastics the welded 
port ion is general ly weaker than the surround
ing mater ia l . For this reason , one or more 
reinforcing welds are placed on each side of the 
first weld (Figs . 4 & 5) . 

The six basic tenets of good welding are: 
1. A small bead should form along each side of 

the weld where the rod meets the base 
material (Fig. 4 ) . 

Fig. 2. The welding rod is held at 90 deg. to the seam when 
the round welding tip is used. 

Fig. 3. The rod is fed through the tube in the high speed tip. 
The proper amount of heat and speed are the critical 
elements of good plastics welding. 

Fig 4. The butt weld in the top drawing will not hold. This 
can be caused by insufficient heat or welding too fast The 
weld shown at the bottom will hold 



2 . The rod should hold its basic round shape. 
3. Neither the rod nor the base material should 

char or discolor. 
4 . The welding rod should not be stretched 

during the welding process. 
5. The heating element is disconnected and 

al lowed to cool before the air flow is turned 
off. Conversely the airflow is always turned 
on before the heating element. 

6. Oxygen or other flammable gases are never 
used. 

More information about welding plastics is 
available in the pamphlet "Al l About Welding 
Plast ics" (1 ) . 
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Fig. 5. Lap weld. One central weld and two reinforcing 
welds generally suffice for most orthotics and prosthetics 
uses. 



PHOTOGRAPHIC GUIDELINES FOR CONTRIBUTORS TO 
ORTHOTICS & PROSTHETICS 

Orthotics & Prosthetics, the quarterly journal of the Amer ican Orthot ic and Prosthet ic 
Associa t ion , seeks to present the most recent deve lopments in the field in the clearest and most 
concise way . Since photographs are an integral part of O & P, w e ' d like to use only the clearest and 
most concise photographs to illustrate our cont r ibutors ' art icles. Real iz ing that it is not a lways 
possible to hire a professional photographer to provide you with pictures to accompany your 
wri t ing, we have compi led some recommenda t ions to help you help us to produce the best 
quarter ly poss ible . 

1) Send b lack-and-whi te photographs only. Color pic tures , and especially Polaroid color 
p ic tures , do not fare well at all in the b lack-and-whi te reproduction process . If at all possible , avoid 
sending color photographs . If a slide or color negative is the only photographic material you have , 
have a photo lab make a b lack-and-whi te copy negat ive from which the lab can make a 
black-and-white-pr int — preferably glossy. 

2) Send original or camera-copied photographs , N O T pictures cut out of a magaz ine , 
textbook, or newspaper . A picture run in any of those publ icat ions has already been subjected to 
the " h a l f - t o n e " process , which conver ts a b lack-and-whi te photograph into a pattern of dots that 
can then be printed to reproduce all the shades of grey that make up the picture. Half-toning a 
half-tone results in a muddy , murky , seemingly out-of-focus pic ture , often unsuitable for 
publicat ion. 

3) When photographing inside, use a strobe or flash unit. Avai lable interior light is often not 
strong enough to produce the contrast necessary for a sharp photograph. Using even the smallest 
strobe or flash unit will increase your p ic ture ' s contrast manyfold. 

The use of artificial light will also usually take care of the problem of fuzzy pictures due to 
camera shake , which often occurs when the c a m e r a ' s shutter speed has to be set below 1/125 of a 
second. If you must take a picture using available light and at a low shutter speed, use a tripod or 
follow these steps: 

] bend your knees slightly 

keep your e lbows close to your side 

] d raw in a deep breath and hold it 

] squeeze — don ' t snap — the shutter release button 

4) Send large glossy photographs — i t ' s a bit more expens ive , but a 5 x 7, or 8 x 10 glossy 
reduced in size makes a far better reproduction than a smaller one blown up. So-called 
" S i l k - f i n i s h " photo paper produces a blurry half-tone. 

Suggested sources of inexpensive photographic work: 

1) If you are located at or near a col lege or university, contact the student newspaper . Student 
photographers often do work equal to or better than that of commercia l s tudios, and usually for far 
less money . 

2) If you are near the National Office in Wash ing ton , D . C . , contact the Director of 
Informational Services about having the staff photographer handle the j o b . Requests for this work 
must of course come at least 2 months in advance of the actual printing deadl ine. 
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NEW PUBLICATIONS 

R E H A B I L I T A T I O N O F U N I L A T E R A L 
A B O V E - E L B O W A M P U T E E S , S E L E C 
T E D P R O B L E M S , Edi ted by J. T o m a s z e w -
ska, Polish Medical Publ i shers , 1976; 97 
p p . , illus. 

Th i s is a report of the results of a research 
program carr ied out at the Insti tute of Or
thopaedic Surgery and Rehabil i ta t ion of the 
Medical A c a d e m y of Pozhan , Poland dur ing the 
period 1970 -75 under the leadership of Dr . 
Jan ina T o m a s z e w s k a . T h e project was sup
ported joint ly by the Rehabi l i ta t ion Services 
Adminis t ra t ion , D H E W , U . S . A . and the Scien
tific Counci l of the Minis ter of Heal th and 
Social Welfare of Poland. 

Included in the report are results of a s tudy 
compar ing " d u a l - c o n t r o l " (Amer ican) and 
" t r i p l e - c o n t r o l " (German) harness-and-socket 
sys tems . The advantages and d isadvantages are 
well defined. 

Da ta on the degree of scoliosis found in 64 
above-e lbow patients are presented, and sug
gest ions for further work in this field are g iven. 

In the course of the project cons iderable t ime 
was devoted to a study of the phan tom l imb , 
including exper iments des igned to take advan
tage of this p h e n o m e n o n . 

O n e chapter is devoted to an excellent pre
sentation of r ecommended exercises to prepare 
the above-e lbow amputee for training and use 
of his pros theses . 

Also included is a new design for a wrist 
unit. 

Many of the findings of the group at Poznan , 
whi le not " b r e a k t h r o u g h s " , certainly contr i
bute to our knowledge of the p rob lems of the 
above-e lbow ampu tee , and thus use of these 
findings will improve present methods of man
aging the unilateral above-e lbow amputee . 

This publicat ion should be read and studied 
by all who are engaged or expec t to be engaged 
in research in upper- l imb prosthet ics , and by all 

w h o are engaged in teaching upper - l imb 
pros thet ics . Whi le it suffers from the inevi table 
p rob lems associated with t ranslat ion from any 
language into Engl ish it is qui te wel l d o n e , and 
reflects the high quali ty of the research program 
carr ied out at Poznan . 

M I N U T E S O F A W O R K S H O P O N 
C H I L D R E N ' S P R O S T H E T I C S . M a y 5 - 6 , 
1975 , Commi t t ee on Prosthet ics Research 
and Deve lopmen t , Nat ional A c a d e m y of Sci
ences , 1976; 125 p p . , no i l lus . , grat is . 

This nicely edi ted publ icat ion conta ins 36 
papers presented at a W o r k s h o p held in Seat t le 
in 1975 for the purpose of deve lop ing recom
menda t ions for further research , deve lopmen t , 
and educat ion in the area of l imb prosthet ics for 
chi ldren . Unfortunately the papers are of very 
little value to anyone because no i l lustrat ions 
are used . Just as unfor tunate is that a lmost no 
concre te r ecommenda t i ons for further work are 
set forth. Those r ecommenda t i ons that are in
c luded consist mainly of p la t i tudes . 

P R I N C I P L E S O F O R T H O T I C T R E A T M E N T , 
Wi l ton H . Bunch and Rober t D . K e a g y , 
C . V . Mosby C o . , 1976; 144 p p . , i l lus . , 
$ 1 7 . 5 0 . 

In the preface to this relatively small book the 
authors state: 

This book is in tened for the resident or 
s tudent w h o is expec ted to prescr ibe an 
or thosis and is uncer ta in what to d o ; h o w 
ever , it does not p rov ide easy , pat answers 
for each disease or disabil i ty. It presents the 
basic material necessary to m a k e the decis ion 
of orthotic needs . In a summar ized fashion, 
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the book describes the factors that g o into 
choosing the orthosis for a given patient. 
Thus it trys to avoid being a " c o o k b o o k " , 
yet still be a practical aid in real life. For the 
Milwaukee brace, a checkout protocol is 
presented. 

In this they have succeeded quite admirably. 
This primer will be just as useful to student 
orthotists and therapists as it is to residents in 
orthopaedic surgery and rehabilitation surgery. 
In fact teachers and practicing orthotists might 
well benefit by reading this book carefully. 

E V A L U A T I O N OF THE PRACTICALITY OF 
U S I N G THE " B O S T O N " PREFABRI
C A T E D PELVIC GIRDLES FOR THE 
M I L W A U K E E (CTLS) ORTHOSIS, Com
mittee on Prosthetics Research and De
velopment, National Academy of Sc iences , 
1976, 2 0 pp. grads. 

At the request of the Children's Hospital, 
Boston, Mass . the National Academy of Sci
ences initiated a program for the clinical evalua
tion of the so-called Boston system for control 
of scol iosis in 1974. This is the report of the 
results. 

Sixty-four patients were fitted in five clinics 
between April 1, 1975 and August 15, 1975. 
For reasons not stated only 28 patients were 
fo l lowed up, and these only at "about s ix-week 
and twelve-week intervals." Twenty-six of the 
28 patients fol lowed up were fitted at one 
clinic. Although a great number of problems 
were encountered by the patients and the treat
ment teams, the report states "the participants 
of the evaluation concluded that the use of 
prefabricated pelvic girdles is practical, and in 
most cases have continued to use prefabricated 
girdles in their practices, although not necessar
ily the same type that was evaluated." Unfortu
nately, this ambiguous and most inadequate 
report stops at this point. 
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RESOLUTION CONCERNING THE METRIC SYSTEM 

T h e f o l l o w i n g r e s o l u t i o n w a s a d o p t e d b y t h e B o a r d of D i r e c t o r s of 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 a t i ts m e e t i n g in S a n D i e g o O c t o b e r 3 , 1973: 

W H E R E A S b y A c t of C o n g r e s s it h a s b e e n d e t e r m i n e d t h a t t h e U n i t e d 
S t a t e s s h o u l d p r o c e e d t o w a r d s a d o p t i o n o f t h e m e t r i c s y s t e m a s u s e d 
a l m o s t u n i v e r s a l l y t h r o u g h o u t t h e r e s t of t h e w o r l d , a n d 

W H E R E A S t h e t e c h n o l o g i c a l p r o f e s s i o n s a n d m a n y s e g m e n t s o f t h e 
h e a l t h p r o f e s s i o n s h a v e c o m m o n l y u s e d t h e m e t r i c s y s t e m o v e r a n e x 
t e n d e d p e r i o d o f t i m e , a n d 

W H E R E A S it is i m p o r t a n t for m e m b e r s o f t h e o r t h o t i c / p r o s t h e t i c p r o 
f e s s i o n s t o i n t e r a c t w i t h t h e i r c o l l e a g u e s in t h e m e d i c a l a n d t e c h n o l o g i 
ca l c o m m u n i t i e s for o p t i m u m p a t i e n t s e r v i c e b e it h e r e b y 

R E S O L V E D t h a t 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 
e n d o r s e s t h e u s e of t h e m e t r i c s y s t e m by its m e m b e r s a n d o t h e r 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 t i o n e r s in t h e U n i t e d S t a t e s , a n d in w i t n e s s o f t h i s 
e n d o r s e m e n t a n d A s s o c i a t i o n u r g e s t h e e d i t o r s o f i ts j o u r n a l Orthotics 
and Prosthetics t o c o m m e n c e the d u a l r e p o r t i n g of w e i g h t s a n d 
m e a s u r e m e n t s in b o t h t h e E n g l i s h a n d m e t r i c s y s t e m s at t he e a r l i e s t 
p o s s i b l e d a t e w i t h t h e o b j e c t i v e of e m p l o y i n g t h e m e t r i c s y s t e m so le ly 
by t h e t i m e of t h e 2 9 t h V o l u m e in 1975. 
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LENGTH 

Equivalencies 
angstrom = 1 
mill imicron* = 1 
micron (micrometer ) = 1 

To Convert f rom 

inches 
feet 
yards 
miles 

M E T R I C S Y S T E M 
Conve rs i on Fac to r s 

x 1 0 - 1 0 meter (0 .0 0 0 0 0 0 0 001 m) 
x 1 0 - 9 meter ( 0 . 0 0 0 0 0 0 001 m ) 
x 1 0 - 6 meter ( 0 . 0 0 0 001 m) 

To 

meters 
meters 
meters 
ki lometers 

Mult iply by 

0 .0254+ 
0 . 3 0 4 8 0 + 
0 . 9 1 4 4 0 + 
1.6093 

AREA 

To convert f rom 

square inches 
square feet 

square meters 
square meters 

0 .00063616+ 

. 0 9 2 9 0 3 

VOLUME 

Definition 

1 liter 0 . 0 0 I f cubic meter or one cubic decimeter ( d m 3 ) 
(1 milliliter = I t cubic cent imeter ) 

To convert f rom 

cubic inches 
ounces (U.S. fluid) 
ounces (Brit , fluid) 
pints (U.S. fluid) 
pints (Brit, fluid) 
cubic feet 

MASS 

To convert f rom 

pounds (avdp.) 
slugs* 

FORCE 

To convert f rom 

ounces-force (ozf) 
ounces-force (ozf) 
pounds-force (lbf) 
pounds-force (lbf) 

To 

cubic cent imeters 
cubic cent imeters 
cubic cent imeters 
cubic cent imeters 
cubic cent imeters 
cubic meters 

To 

kilograms 
kilograms 

To 

Mult ip ly by 

16.387 
29 .574 
28 .413 
473 .18 
568 .26 
0 .028317 

Mult ip ly by 

0 .45359 
14.594 

Mult iply by 

newtons 
kilogram-force 
newtons 
kilogram-force 

*This double-prefix usage is not desirable. This unit is actually a nanometer ( 1 0 - 9 meter = 1 0 - 7 centimeter) 
+ For practical purposes all subsequent digits are zeros. 

0 .27802 
0 .028350 
4 .4732 
0 .45359 
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STRESS (OR PRESSURE) 

To convert from 

pounds-force/square inch (psi) 
pounds-force/square inch (psi) 
pounds-force/square inch (psi) 

TORQUE (OR MOMENT) 

To convert from 

pound-force-feet 
pound-force-feet 

ENERGY (OR WORK) 

To 

newton/square meter 
newton /square cent imeter 
kilogram-force/square cent imeter 

To 

newton meter 
kilogram-force meters 

Definit ion 
One joule (J) is the work done by a one-newton force moving through a 
displacement of one meter in the direction of the force. 

To convert from 

foot-pounds-force 
foot-pounds-force 
ergs 
b. t .u. 
foot-pounds-force 

1 cal (gm) = 4 .1840 joules 

To 

joules 
me ter-kilogram-force 
joules 
cal (gm) 
cal (gm) 

Multiply by 

6894 .8 
0 .68948 
0 .070307 

Multiply by 

1.3559 
0 .13826 

Multiply by 

1.3559 
0 .13826 
1 x 1 0 - 7 t 
252 .00 
0 .32405 

TEMPERATURE CONVERSION TABLE 

To convert °F to °C °C = °L_^ 

1.8 

°F °C 

98.6 37 
9 9 37.2 
99.5 37.5 

100 37 .8 
100.5 38.1 
101 38.3 
101.5 38.6 
102 38.9 
102.5 39 .2 
103 39 .4 
103.5 39.7 
104 4 0 . 0 

»A slug .is a unit of mass which if acted on by a force of one pound will have an acceleration of one foot per 
second per second. 



60 

INFORMATION FOR AUTHORS 
ORTHOTICS AND PROSTHETICS 

INVITES THE SUBMISSION OF ALL ARTICLES AND MANUSCRIPTS 

WHICH CONTRIBUTE TO ORTHOTIC AND 

PROSTHETIC PRACTICE, RESEARCH, AND 

EDUCATION 

All submitted manuscripts should include: 
1. THE ORIGINAL MANUSCRIPT AND TWO COPIES. If possible, the dupl icate manuscripts 

should be complete wi th i l lustrations to facilitate review and approval. 
2. BIBLIOGRAPHY. This should be arranged alphabetically and cover only references made in 

the body of the text. 
3. LEGENDS. List all i l lustration legends in order, and number to agree with i l lustrations. 
4. ILLUSTRATIONS. Provide any or all of the fo l lowing: 

a. Black and white glossy prints 
b. Original drawings or charts 

Donof submit: 
a. Slides (colored or black & white) 
b. Photocopies 

PREPARATION OF MANUSCRIPT 
1. Manuscripts must be TYPEWRITTEN, DOUBLE-SPACED and have WIDE MARGINS. 
2. Indicate FOOTNOTES by means of standard symbols (*). 
3. Indicate BIBLIOGRAPHICAL REFERENCES by means of Arabic numerals in parentheses (6). 
4. Write out numbers less than ten. 
5. Do not numbersubheadings. 
6. Use the word "Figure" abbreviated to indicate references to i l lustrations in the text (. . . as 

shown in Fig. 14) 

PREPARATION OF ILLUSTRATIONS 

1. Number all i l lustrations. 
2. On the back indicate the top of each photo or chart. 
3. Write the author's name on the back of each i l lustration. 
4. Do not mount prints except with rubber cement. 
5. Use care with paper cl ips; indentations can create marks. 
6. Do not write on prints; indicate number, letters, or captions on an overlay. 
7. If the i l lustration has been published previously, provide a credit line and indicate reprint 

permission granted. 

NOTES: 
—Manuscr ipts are accepted for exclusive publ icat ion in ORTHOTICS AND PROSTHETICS. 
—Art ic les and i l lustrations accepted for publ icat ion become the property of ORTHOTICS AND 

PROSTHETICS. 
—Rejected manuscripts wi l l be returned within 60 days. 
—Publ icat ion of articles does not const i tute endorsement of opin ions and techniques. 
—Al l materials published are copyrighted by the American Orthotic and Prosthetic Associa

t ion. 
—Permission to reprint is usually granted provided that appropriate credits are given. 
—Authors wil l be supplied with 25 reprints. 



Cut it. Mold it. Bend it. Shape it. 
N o o t h e r s p l i n t m a t e r i a l w o r k s s o e a s i l y . 

Wrap around any contour. Land support to any injured 
body pan With allractive ORTHOPLAST* Splints, the 
most versatile splinting material available 
• A lightweight low-heal thermoplastic featuring maxi
mum ability to be molded 
O Strong, cohesive, can be made lo adhere lo itself 
without glue simply by heating. 
• Can be riveted, strapped, braced, hinged, bonded, 
butt-bonded lo suit all your splint-engineering needs 

(Can also be reheated and remolded to refil an improv
ing patient whose splml needs have changed.) 

Educational literature, medical reprints, splml pat
terns and samples may be obtained by writing lo De
partment J-406. Johnson & Johnson. New Brunswick. 
New Jersey 08903 

O R T H O P L A S T Splints 
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Jj£&uiek Specials 
Illustrated literature available on all items shown. 

FRACTURE ORTHOSIS COMPONENTS 

KNEE 
JOINTS 

ALIGNMENT 
FIXTURE 

OR 
PLASTIC RRIMS 

• ARCH SUPPORTS 
• POSTERIOR SPLINTS 
• SHEET MATERIAL 

Available in ORTHOLEN 
AND POLYPROPYLENE 

P E L I T E 
(POLYETHYLENE 
FOAM SHEETS) 

SOFT. MED., & FIRM 
3MM TO 

18MM THICK 

P. O. BOX 1678 

ORTHOPEDIC 
Established 1935 

CHATTANOOGA. TENN. 374Q1 
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P E L I T E 
L i g h t w e i g h t f o a m s h e e t s o f p o l y e t h y l e n e 

u s e d w h e r e v e r p a d d i n g i s n e e d e d . 

• T H E R M O P L A S T I C — 
M O L D A B L E T O B O D Y S H A P E S 

• C L E A N W H I T E C O L O R 
• S O F T , N O N - A L L E R G E N I C 

• T H I C K N E S S E S F R O M 3 M M ( V s " ) T 0 1 8 M M ( 3 / 4 " ) 

• P E R F O R A T E D A N D N O N - P E R F O R A T E D 
• N O L E A T H E R C O V E R I N G N E E D E D 
• S O F T , M E D I U M , & F I R M D E N S I T I E S 

BK PADS 
(SOFT) 

AFO 
(MEDIUM) 

PTB LINER 
(FIRM) 

PELVIC GIRDLES 

Thermobonds to polyethylene and polypropylene 
in vacuum-forming or drape molding. 

^ I I U A 1 1 UllllNli .MMli Min III lilllll i l l l l I ilWK//^ 

4= fo^' Special, Clear, Poly Adhesive = j 

" " ' | | i l | | l | | | l iMM | i i iu i i l | i |PMi | l i i | i | IMMi i | i imi iv 

WRITE FOR DESCRIPTIVE LITERATURE 

P E L I T E " , a p r o d u c t o f J a p a n 

O R T H O P E D I C 
E S T A B L I S H E D 1 9 3 5 

P.O. BOX 1678 CHATTANOOGA. TENN. 37401 
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I t 's a symbol of being at the game but not quite in i t . Often i t means 
isolation and loneliness. The skilled prosthetist equipped with the 
finest prosthetic components available can return the amputee 
to the real game. 
The Kingsley Low Profile Customary Style SACH Foot, by far the 
most popular foot style, offers a wide selection of heel cushion densities, 
tailored to the needs of the individual. The Kingsley Foot combines 
durable construction and customized comfort. It may not make your 
client a star forward, but there's a lot to be said for standing and cheering! 

1984 PLACENTIA AVE. COSTA MESA, CALIFORNIA 92627 ( 7 1 4 ) 6 4 5 - 4 4 0 1 
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£. j . J+cuvki+U Company, 9haz. 
2SB1 RENFREW STREET 

EUREKA. CALIFORNIA 95501 

PHONE 442-B793 

WALKING CAN BE EASY . . . 

AND LOOKS SO NATURAL . . . 

The jouslo Foot Brace has been developed 
as an aid to those suffering from a weak 
ankle due to polio, apoplexy, accident or 
other damage to the peroneal nerve. 
Ideal for the stroke victim. 

The jousto Foot Brace lifts and supports 
a weak ankle efficiently, preventing the 
ankle from being sprained and siidined. 

The Jousto Foot Brace is form f i t ted, 
will replace 90% of all drop foot orders. 
Can be fitted in less than one half an 
hour-. Sizes available by calf and foot 
si/es for children, women and men 
with a six month guarantee. 

The Jousto Foot Brace fits into normal 
sized shoes and can easily be changed from 
one shoe to another. It consists of a single 
medial bar extended into leaf springs, 
leather and metal calf cuff, and molded 
plastic foot plate. A plastic covering 
slides easily over the medial bar after 
adjusting. An additional ankle strap can 
be obtained to provide more medial and 
lateral support. 

exclusively distributed liy: t . |. HAWKINS CO., INC. 
255 I Renfrew Street 
Eureka, Cjlifornia 95501 
(707) 442-5793 

S I N C E 1 9 4 7 
M A K E R S OF P R O S T H E T I C - O R T H O T I C A P P L I A N C E S & S U P P L I E S 
S A L E S - R E N T A L S OF W H E E L C H A I R S . H O S P I T A L E Q U I P M t N T ft S U P P L I E S 
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NEW 
Catalog 
Now 
Available 

Prosthetic & Orthotic 
• Central Fabrication 
• Parts 
• Supplies 
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P O S T - S U R G I C A L SUPPLIES 
ABOVE-KNEE SUSPENSION CORSET ABOVE-KNEE SUSPENSION CABLES KLOJMWE 

FRACTURE BRACE C O M P O N E N T S 
Full Leg Post-Fracture Socks - avai I able in six sizes Polyethylene Quadrilateral 

P E L S U P P L Y C O M P A N Y 
4 4 7 2 W E S T 1 6 0 T M S T . . C L E V E L A N D . O H I O 4 4 1 3 5 — P H O N E ; 2 1 6 - 2 6 7 - 5 7 7 5 

P A U L E. L E I M K U E H L E R P R E S I D E N T 

PROSTHETIC A N D ORTHETIC PARTS A N D SUPPLIES 
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OVER 6000 ITEMS 
1,500,000 UNITS & PIECES 

M MORE THAN 
0 0 MANUFACTURERS 

K N I T - R I T P ; , I N C . 
\ / 2020 GRAND AVENUE • BOX 208 • KANSAS CITY. MISSOURI 64141 \ t PHONE: 816-221-0206 

A ALL OF THESE ITEMS AVAILABLE FROM ONE SUPPLIER 
A SPECIALIST IN ORTHOTIC/PROSTHETIC SUPPLY 

/ \ 
FAST SERVICE —FEWER ORDERS TO WRITE —LOWER FREIGHT COST 

ONLY ONE/fcHECK TO WRITE EACH MONTH 
SECTION 1 SECTION 2 ^SECTION 3 SECTION 4 \ SECTION 5 SECTION 6 
PROSTHETIC FINISHED PROSTHETIC ORTHOTIC SUPPLY SUPPLY 

SOCKS PRODUCTS SUPPLIES SUPPLIES HARD ITEMS SOFT ITEMS 
WHITE WOOL BRACES FEET BRACE JOINTS ABRASIVES FELT 
DARK GREY WOOL SPLINTS KNEES BRACE PARTS BUCKLES & FOAM 
COTTON UNDERHOSE JOINTS BRACE KITS FASTENERS PLASTICS 
SILKOLINE SHEATHS POST-OP PLASTIC CUFF CHEMICALS SHEETING 
ORLON/LYCRA STUMP SUPPLIES ARCH SUPPORTS PLASTER LEATHER 
3-PLY SHRINKERS LEATHER DROP FOOT LAMINATION STOCKINETTE 
5-PLY ELASTIC GOODS ITEMS SPLINTS SUPPLIES WEBBING 
6-PLY HOSIERY LEG COVERS LEATHER ITEMS TAPE NARROW FABRICS 
HIP AMPUTEE AIDS GLOVES TORSION BRACES RIVET, SCREWS YARD GOODS 

DISARTICULATION SUPPORTS WOOD ITEMS FRACTURE TOOLS WIDE FABRICS 
SYMES TRACTION CAST BRACING 

XIX 



FIDELITY 
PROVIDES 

POWER 
FROM SHOULDER TO HAND 

—THE FIDELITY POWERED UPPER EXTREMITY SYSTEM— 

From the laboratories of Fidelity Electronics, Ltd. comes the complete 
electrically powered upper extremity system. Externally powered prostheses, 
developed and produced by the engineers at Fidelity Electronics, Ltd., are, at 
last, available in a system designed to fit from the shoulder to the wrist 
disarticulation. The Fidelity electric hand, forearm, and electric elbow are now 
integrated into a total system, offering the ultimate in utility and functional 
control. 

From a lifting force of 5 lbs. in the elbow to a prehensive force of 30 lbs. in the 
hand, functional control can be restored with reliability and safety. 

Where a powered system is indicated there are no alternatives. 

FIDELITY ELECTRONICS, LTD. 
5245 Dlversey Ave., Chicago, III. 60639 

Telephone: (312) 237-8090 
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The Proven and Accepted Modular System 
for Custom Fabricating Effective Spinal Orthoses 

Thoracolumbar 
A.PL Control 

i f 

ft 

Thoracolumbar A.P.L. 
with Rotary Control 

Lumbosacral 
A.P.L. Control 

Thoracolumbar 
A. P. Control 

Lumbosacral 
A. P. Control 

INTRODUCES 
ANOTHER 

1st 

LUMBOSACRAL P-L CONTROL 
(FLEXION) 

You c u s t o m f a b r i c a t e with the same speed 
as the other FIWAY Spinal Orthoses. 

D 

Zipper elastic front with side lacing adjustments. 
Stop to prevent thorac ic band from moving 
downward. 
Pivot point is lower, closer to the level of L-5 
and S-1 
Double rol ler loops for easier pulling of pelvic 
straps 

For more in format ion cal l 
A. (Tony) Ve lazquez , C O . 
(813) 255-0761 or wr i te 
FIWAY MANUFACTURING CO. 
516 So. Howard Ave. , T a m p a , Fla. 33606 

Separa te kit requ i red for fabr ica t ing this or thosis. 

SOLD TO MEMBERS OF THIS PROFESSION ONLY. 
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For T h e Complete L i n e 
O f Orthopedic Appliances 
A n d Brace Components 
a t e 

B E C K E R 
ORTHOPEDIC APPLIANCE COMPANY 

OUR 4 4 t h YEAR 

Send for Comple te Catalog 

1776 South Woodward Avenue, Birmingham, Michigan 48011 

FOR FIT & COMFORT 
OUR FAMOUS 
"BRACE SHOE" 
THE ROVER 

• LEATHER SOLE & HEEL 
• LONG COUNTER 
• EXTRA STRONG STEEL SHANK 
• GOODYEAR WELT CONSTRUCTION 

Other Patterns Also Available 
For Brace Work 
Sizes: 5-12 in varying widths, 
leather upper. 
Colors: Black, White, Beige, 
Blue, Green & Taupe Gluv. 
Brown Demi-Llama 

Please Send For Our In Stock Catalog 

PLEASE STOP BY OUR BOOTH ISPO WORLD CONGRESS 
AMERICANA HOTEL, NEW YORK. NEW YORK 

DREW • 
CANTILEVER 

DR. HISS 
• DICKERSON 

252 Quarry Road /Lancaster, Ohio 43130 
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CLASSIFIED ADVERTISEMENTS 
Advertising Rates 

Regular—First 35 words, $24.00 (minimum). Additional words $1.00 each. Situations 
wanted advert isements half rate. Space rate addit ional : 1 3 x 1 3 picas-$105.00; 13 x 18 
picas-$180.00. 

Special—Members of the American Academy of Orthotists and Prosthetists who wish 
to advertise their availability on a signed or unsigned bases are entitled to do so at the special rate 
of $5.00 per five line insertion per issue. Each additional line, $1.00. 

Mail addressed to National Office forwarded unopened at no charge. Classified 
Advertisements are to be paid in advance; checks should be made payable to "Orthotics and 
Prosthetics". Send to: Editor, Orthotics and Prosthetics, 1444 N St., N.W., Washington, D.C. 20005. 

WANTED!! 
MANUFACTURER'S REP! 

To cover the Southeastern United States for a 
progressive and energetic company. Protected 
territory with full factory support. 

Contact: 

Don Forbes 
Ace Orthopedic Co. 
11913 S. Prairie Ave. 
Hawthorne, Calif. 90250 

EXPERIENCED ORTHOTIST 

Certification preferred but not required. Salary 
commensurate with experience and ability. Paid 
vacation and medical benefits. Small progres
sive P & O facility in modern medical building. 
Growth of business unlimited. 

Contact: 

Kenneth Schwarz, C P . 
Spokane Home Healthcare, Inc 
W 801 Fifth Avenue 
Spokane, WA 99204 

All inquiries confidential. 

CERTIFIED PROSTHETIST 
AVAILABLE 

30 years experience in all basic shop proce
dures, as well as management, supervisory, 
clinical experience. Seek responsible position 
where experience and ability are needed. Salary 
negotiable. 

Reply: 

Box 77-1 
AOPA 
1444 N St., N W. 
Washington, D.C 20005 

ORTHOTIST/PROSTHETIST 

Immediate opening in Oregon. Salary commen
surate with qualifications and experience. 

Contact: 

Parlette Orthopedic Co. 
3045 Royal Ave. 
Eugene, OR 97402 
(503) 688-9223 

CERTIFIED ORTHOTIST 
AVAILABLE 

Certified orthotist now pursuing M.D degree 
would like summer employment between first 
and second year of medical school. Available 
June 20 to Sept 15 

Contact: 

Paul Plattner 
712 W. Hill 
Champaign, IL 61820 

BOARD ELIGIBLE 
PROSTHETIST-ORTHOTIST 

PROSTHETIC-ORTHOTIC 
TECHNICIAN 

Immedia te open ing in rap id ly g row ing 
Orthotic-Prosthetic Department of 620-bed 
suburban hospital Expanding services include 
affiliations with other hospitals and clinics Sub
stantial fringe benefits Equal opportunity em
ployer. 

Contact: 

Joan C. Weintrob, C.P.O 
Director, Orthotics-Prosthetics Service 
Physical Medicine Department 
3300 Gallows Road 
Falls Church, VA 22046 
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BUSINESS FOR SALE BUSINESS FOR SALE 

Orthotic and Prosthetic business for sale One or 
two-man or fami ly- type operat ion in South 
Florida Owner leaving state. 

Reply: 

Box 77-2 
AOPA 
1444 N St., N.W. 
Washington, D C . 20005 

BUSINESS FOR SALE 

By owner — Prosthetic & orthopedic mfg, sales, 
& service. Major SW city, good gross, showing 
profit, low rent, room to expand, retiring Terms, 
Pics, and Info— 

Contact: 

Capital Search, Inc. 
Box 1517 
Pendleton, OR 97801 

CERTIFIED PROSTHETIST 

Immediate opening for certified prosthetist. Will 
be responsible for the development and opera
tion of a Prosthetic Service. Paid retirement and 
vacation. Salary negotiable. 

Contact: 

P.O. Box 3691 
Tallahassee. Florida 32303 

ORTHOTIC BENCH 
TECHNICIAN 

Salary commensurate with experience Some 
central fab. Reply in strictest confidence. 

Contact: 

Ballert Orthopedic 
2445 W. Peterson Ave. 
Chicago, Illinois 60659 

CERTIFIED PROSTHETIST 
AND/OR ORTHOTIST 

Opportunity to join teaching staff of New York 
University prosthetics and orthotics education 
program Excellent salary and benefit program. 
Equal opportunity/affirmative action employer 

Contact: 

Norman Berger 
Prosthetics and Orthotics 
New York University Medical Center 
317 East 34th Street 
New York, NY 10016 

Orthopedic brace shop, Midwest location, es
tablished 31 years. Owner retiring, but will par
ticipate actively for specified time upon request. 

Serious buyers only contact: 

Box 77-3 
AOPA 
1444 N St., N.W. 
Washington, D C 20005 

ORTHOTIST/PROSTHETIST 

Immediate opening in new orthopedic medical 
building in central New York Excellent chance 
for professional and financial advancement 

Send references, resume to: 

A Roy Buerkle, M D. 
444 East Genesee Street 
Syracuse, NY 13202 

CERTIFIED ORTHOTIST 

Opening for certified orthotist in growing facility 
Must be experienced in measuring, fabrication, 
and fitting. 

Contact: 

Western Medical, Inc. 
2040 N. 16th Street 
Phoenix, Arizona 85006 
(602) 257-9347 

TECHNICIAN—ORTHOTIC 
AND/OR PROSTHETIC 

Full-time position with excellent fringe benefits 
and profit-sharing plan Salary commensurate 
with ability and experience Replies confidential 

Contact: 

Braun's Orthopedic Co , Inc 
1104 Classen Drive 
Oklahoma City, Oklahoma 73103 
(405) 232-0990 

ORTHOTIC TECHNICIAN 

Experienced technician desired — need not be 
certified Excellent fringe benefits Suburban 
Detroit area 

Send inquiries, resumes to: 

Box 77-6 
AOPA 
1444 N St., N.W 
Washington, D C. 20005 
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BUSINESS FOR SALE ORTHOTIST 

Well-established Midwest prosthetic facility for 
sale. Approximately 2500 sq. ft. 18 years at 
same location. Owner wishes to retire Terms 
can be arranged 

Contact: 

Box 77-4 
AOPA 
1444 N St., N.W. 
Washington, D.C 20005 

FACILITY FOR SALE 

Orthotic facility for sale, includes 2000 sq. ft 
building, equipment, stock of shop. Bracemaker 
and corsetier will stay. Thirty years in St. Peters
burg, Fla. area. 

Reply: 

Resident 
1067 44th Avenue 
N.E. St. Petersburg, Fla. 33703 

CERTIFIED ORTHOTIST 

To manage and do patient handling. Salary 
commensurate with experience. St. Petersburg, 
Fla. area All replies held in strictest confidence 

Reply: 

Box 77-7 
AOPA 
1444 N St., N.W 
Washington, D.C. 20005 

CAREER OPPORTUNITY 

Modern certified orthotic/prosthetic laboratory in 
leading childrens hospital offers a challenging 
position for certified (or eligible for certification) 
orthotist to serve special needs of children or 
critical adult patients in orthotic management, 
including laboratory practices, teaching, and 
research 

Excellent fringe benefits including health insur
ance, income disability insurance, and retire
ment program. Salary commensurate with ex
perience 

Requirements: Cert i f ied Orthotist or A.B.C. 
exam eligibility B.S. graduate with minimum of 
two years experience desirable. 

Contact: 

Box 77-9 
AOPA 
1444 N St., N.W. 
Washington, D C 20005 

Responsible young family man desires challeng
ing pos i t ion in or thot ics admin is t ra t ion / 
management/marketing areas, A A , B B A , all 
short term courses, four years experience. Ex
cellent references. Will relocate. 

Reply: 

Box 77-5 
AOPA 
1444 N St., N.W. 
Washington, D C . 20005 

ORTHOTICS COURSE ON THE 
BOSTON BRACE SYSTEM 

The team approach to scoliosis treatment using 
the Boston Brace will be stressed The course 
will cover theory, design, fabrication, and brace 
fitting. 

For further information, contact: 

Muffie Austin 
Dept. of Orthopedics 
Children's Hospital Medical Center 
Boston, Mass 02115 
(617) 734-6000 ext. 3344 

ORTHOTIST 

Certif ied orthotist interested in working with 
upper extremities and plastic fabrication in a 
growing and dynamic dept in a rehab setting 
Excellent fringes, competitive salary commen
surate with education and experience Prefer BS 
or Assoc. Degree in Orthotics 

Call collect or write: 

Joseph Wanchik 
Director of Orthotics 
Rehabilitation Institute, Inc 
Detroit, Mich. 48201 
(313) 494-9811 

WANTED—PROSTHETIST 

Old reliable firm 
Good company benefits 
Pension plan 
Paid vacation 
Salary commensurate with experience and abil
ity. Opportunity for advancement Good, cer
tified practitioners preferred 

All inquiries confidential 

Snell's Limbs & Braces, Inc. 
1833 Line Avenue 
Shreveport, LA 71101 
(318) 424-4167 
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ORTHOTIC ASSISTANT CERTIFIED PROSTHETIST 

To work in progressive orthotic and prosthetic 
facility Need not be certified Salary commen
surate with ability. Replies confidential. 

Contact: 

Orthotic and Prosthetic Associates, Inc 
1124 E Fayette Street 
Syracuse, NY 13210 

CERTIFIED 
ORTHOTIST/PROSTHETIST 

Position available in new N Florida company 
Opportunities great Salary and commission, 
paid vacation, medical benefits Part-time or 
full-time. 

Contact: 

The Recovery Room of Lake City 
2290 S. First Street 
Lake City, Florida 32055 

CERTIFIED ORTHOTIST 

Certified orthotist desired to fill position on our 
ever-growing staff in beautiful Winter Park, Fla. 
Top salary with possible partnership. 

Danforth Orthopedic Brace 
972 Orange Avenue 
Winter Park, Fla. 32789 
(305) 628-4414 

MAINE 
PROSTHETIST OR 

PROSTHETIST/ORTHOTIST 
Eastern Maine Medical Center, a 380-bed facil
ity has recently undergone a $15 million expan
sion program Our volume of services allows for 
additional staffing Immediate opening in our 
Orthotic/Prosthetic Laboratory for a Certified 
Prosthetist or Certified Prosthetist/Orthotist (or 
board eligible); to be involved in development 
and operation of this service. Excellent em
ployee benefits and working conditions in a 
Medical Center which is located in an area 
affording 4-season recreational opportunities 
and a cultural and educational community en
vironment. Resumes held confidential. An Equal 
Opportunity Employer. 

Mark Picurro 
Eastern Maine Medical 
Dept of Orthotics & Prosthetics 
489 State Street 
Bangor, Maine 04401 

Opportuni ty for management posit ion after 
minimum period of indoctr ination. Excellent 
compensation and fringe package. Replies con
fidential 

Contact: 

Garvin D Marty 
J.E. HANGER, INC. 
Main P.O Box 507 
St Louis, Missouri 63166 
(314) 231-1087 

PROSTHETIST WANTED 

Experienced prosthetist — certification prefer
red, for progress ive modern facil i ty in the 
Northwest Excellent opportunity with many 
benefits for an ambitious, qualified individual All 
inquiries confidential. 

Contact: 

AMERICAN ARTIFICIAL LIMB CO , INC. 
Joe Zettl 
1400 E Pike Street 
Seattle, Washington 98122 
(206) 324-1222 

FACILITY FOR SALE 

Orthotic and prosthetic facility for sale. Estab
lished in 1949 Large sales volume, showing 
growth each year Excellent opportunity for C O 
or C P & C O , 

Reply: 

W. W Layton 
Layton Brace and Limb Co., Inc. 
2724 Gore Blvd 
Lawton, Oklahoma 73505 
(405) 353-5525 

ORTHOTIST 

Board certified or eligible Experienced in Mil
waukee Braces, plastics, fracture casting, also 
Halo applications Must want a leadership posi
tion in our organization. Liberal benefits, retire
ment plan. Salary commensurate with experi
ence Call William Bonny collect (602) 266-8434 
or write: 

Grove Surgical 
49 W. Thomas Rd. 
Phoenix. Arizona 85013 
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ORTHOPEDIC TECHNICIAN ORTHOTIST 

Growing, progressive facility seeks technician 
experienced in all phases of orthotics, including 
plastics Excellent fringe benefits Salary com
mensurate with ability. 

Contact: 

New England Brace Co , Inc. 
1107 Hooksett Road 
Manchester, N H. 03104 
(603) 668-8322 

CPO 

w/b ranch managemen t b a c k g r o u n d is in
terested in staff position w/rehab center, teach
ing inst, hospital, or clinic. 

Please inquire 

Box 77-10 
AOPA 
1444 N St., N.W. 
Washington, D C 20005 

O&P TECHNICIAN 

Must be familiar with orthotic plastics technol
ogy. Salary and benefits commensurate with 
qualifications and ability Overtime available. 
Long Island area 

Send complete resume to: 

Box 77-8 
AOPA 
1444 N St., N.W 
Washington, D.C. 20005 

ORTHOTIST 

Certified (or eligible for certification) orthotist 
wanted Good opportunity for right person with 
young, aggressive firm. 30 miles from Palm 
Springs. Exceptionally high commissions. Call 
Stanley Zarakov collect (714) 365-2919 or con
tact: 

Desert Orthotics 
7305 Apache Trail 
Yucca Valley, CA 92284 

ORTHOTIST 

Experienced Orthotist needed with manage
ment ability — All benefits paid and Salary 
commensurate with Experience. 

Contact: 

American Orthopedic Service 
825 W Huron Street 
Pontiac, Michigan 48053 
(313) 338-61~18 

Experienced orthotist or technician needed. 
Certif ication not necessary. Excellent fringe 
benefits, profit-sharing, paid vacations & sick 
leave, free hospitalization. 

Contact: 

Scheck and Siress 
1141 Medicine Street 
Oak Park, Illinois 60304 
(312) 383-2257 

ORTHOTIST 

Need not be certified Fine opportunity to gain 
clinical experience in a progressive rehabilita
tion center. Excellent benefit program Salary 
commensurate with experience. 

Contact: 

Marie Sossong 
Personnel Representative 
Rehabilitation Institute of Chicago 
(312) 649-6058 

CERTIFIED ORTHOTIST 

Full time position open immediately in Maine's 
largest and fastest growing facility, at the door
step of excellent hunting, fishing, skiing, etc 
Salary commensurate with experience. 

Contact: 

Portland Orthopedic Appliance Co. 
269 St John Street 
Portland, ME 04106 
(207) 772-1407 

CERTIFIED PROSTHETIST 

C P . or C P O . to share management of an 
established business. An excellent opportunity 
awaits. Salary negotiable 

Submit resume in confidence to: 

R.B. Lee Prosthetics 
22521 Crenshaw Boulevard 
Torrance, CA 90505 

ORTHOTIST-PROSTHETIST 

Immediate opening w/newly formed Rehab. 
Unit. Certified or board eligible preferred. Must 
be able to do lab work. Excellent benefits. Salary 
commensurate with experience 

Contact: 

Personnel Office 
Galesburg Cottage Hospital 
695 N. Kellogg St. 
Galesburg, IL 61401 
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INTRODUCING 

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

a q u a r t e r l y p u b l i c a t i o n 

Newsletter . . . Prosthetic and Orthotic Clinics succeeds Newsletter 
. . . Amputee Clinics. Its eight pages contain the same important 
articles, the same spirited dialogues, and the same sense of shared 
discovery that made its predecessor so valuable. Subscribe now. You 
need the Newsletter, and the Newsletter needs your support. Clip the 
coupon below and mail to NEWSLETTER, 1444 N St NW Wash., 
D.C. 20005. 

Yes, I would like to subscribe to Newsletter . . . Prosthetics and 
Orthotics. Please add my name and address to your mailing list. 

I Enclosed please find my check or money order for $8.00 ($9.00 outside 
North America). 

N a m e 

Address 

City State Z IP 

I 



1 9 7 7 W O R L D C O N G R E S S 

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 

May 26-June 2, 1977 

The Americana Hotel 
New York, N.Y. 

The Americana Hotel 

The 1977 World Congress of ISPO will feature instructional courses, 
symposia, workshops, and scientific papers. Manufacturers will be exhibiting the 
latest technological developments. Orthotists and prosthetists from all over the 
world will be discussing upper- and lower-limb orthotics and prosthetics, 
myoelectric systems, treatment of congenital deficiencies, as well as many other 
topics. 

For further information, please fill out the following form and mail it to 
CONGRESS, 1444 N Street NW, Washington, D.C. 20005. 

i 1 
Y e s , I w o u l d l i ke t o a t t e n d the 1 9 7 7 W o r l d C o n g r e s s in P r o s t h e t i c s a n d 1 

I O r t h o t i c s . P l e a s e s e n d f u r t h e r d e t a i l s . 

I a m e s p e c i a l l y i n t e r e s t e d in p r e s e n t i n g : ^ a p a f ) e r i r J r e> • an instructional 
course 

I Name r-j a film 
• a commerc ia l 

j Address exhibi t 
• a scientific j 

Ciiv State ZIP exhibi t 



C a l l F o r P a p e r s 

The 1977 A O P A National Assembly wil l continue the tradition, begun in 1974 , of accepting scientific papers for 
presentation at the Assembly in San Francisco, California, October 25 through 2 9 . This is an excel lent opportunity for 
individual practitioners to submit papers to the more than 5 0 0 registrants expected for this year's gathering. 

Papers should be no more than 15 minutes in length, since w e want to present as many worthwhile ideas as possible . 
Each section of papers will be fol lowed by a brief question-and-answer sess ion. 

Submit a paper if you feel that 
• you have information that is innovative 
• your findings represent a major advance in orthotics and/or prosthetics technique 
• you have made a significant improvement on an exist ing technique. 

Fill out the fo l lowing form, attach your abstract, and mail to P A P E R S , 1444 N St N W Washington, D . C 2 0 0 0 5 . 

S T A N D A R D A B S T R A C T F O R M F O R A O P A A S S E M B L Y P A P E R S 

Title of Paper: 

Authors Mailing Address, Including Affiliation of Occupation of 
Underline name Zip Code & Telephone Number Principal Author Principal Author 
of speaker (list address only once if 

all authors at same address) I ] AOPA [ ] Orthotists 

[ ] ABC [ ] Prosthetists 

[ ] AAOP [ ] Orthotist/Prosthetist 

[ ] Other [ ] Orthopedist 

] Other 
(specify) 

Plan publication in , No , Uncer ta in 

Equipment required for presentat ion: [ ] 2 " x 2" slide projector [ ] 16 m m sound movie projector 

[ ] 3 - 1 / 4 " x 4 " slide projector [ ] O t h e r 
(specify) 

A B S T R A C T M a x i m u m of 200 words or equivalent . Include Title of Paper , Au tho r s ' N a m e s , Addresses 
with Z ip C o d e . Use single space typ ing . Use full width of ruled area. 

S T A R T THE A B S T R A C T TITLE HERE U S I N G CAPITAL LETTERS. Fol low with Authors' N a m e s , Business 
Addresses, Zip Codes . Underline Speaker's Name . Start third line and any subsequent l ines in the heading, if 
needed, just inside the line at left. 

Leave a space between heading and abstract proper. Indent as shown. Keep all l ines as w ide as possible 
without touching or going beyond the lines at either side. Short lines create extra pages and add to publication 
expense . Avoid them where possible. Keep the text in one paragraph. If literature citations are needed, insert 
them in parentheses and not as footnotes. Credits, if any, should be added at the end of the abstract, but not as a 
new paragraph. Use an electric typewriter with carbon ribbon if possible, and a type size to g ive about 88 
characters (letters) per 7-1/2 inch line. Before submitting your abstract, check format, nomenclature, and 
spell ing. Make sure that erasures do not show. Abstracts will not be retyped, but reproduced photographically at 
two-thirds the original s ize , minus the guidel ines which are nonreproducible. If the standard form is not available 
when you need it, use plain white paper. D o not draw guidel ines. Set your typewriter for a 7-1/2 inch line and use 
the format shown here. Please mail the abstract unfolded. 

MAIL A B S T R A C T U N F O L D E D TO: A O P A National Office, 1444 N Street, N . W . Washington, D . C . 20005 



J"21 T W O - P O S T O R T H O S I S for stabilizing 
cervical and upper thoracic regions. 

Spinal orthoses are our only product. They are only 
available through ethical dispensing orthotists. Because 
of this we have the motivation and the skill to provide 
you with the highest quality orthoses possible for max
imum acceptance by your doctors and patients. And we 
back you up with 24-hour delivery of your prescription 
orders anywhere in the country. Plus, we have a price 
structure to make our service 
your most profitable way to 
fill prescriptions. Florida Brace 
Corporation, P.O. Box 1299, 
Winter Park, Florida 32789. 

Flor ida 
Brace 
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