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TheA.C.KneeOrthosis^b 
The A . C . Knee Orthosis is designed for 
the patient with Anterior Cruciate In
stability. The symptoms o f an anterior 
cruciate tear occur as the knee ap
proaches full extension and the tibia is 
allowed to subluxate anteriorly on the 
femur. 

The A . C . Orthosis is designed with a 
15° stop o f full extension to eliminate 
this symptomatic instability. 

All A . C . Knee Orthoses are fabricated 
from a negative plaster mold. This in
sures an intimate fit o f the plastic pre-
tibial shell which prevents slipping of 
the orthosis. It also provides a broad 
counter force for the anterior tibial 
pressure as the leg attempts to obtain 
full extension and the 15° is engaged. 

This Orthosis has been tested by the 
Genucom Examination Machine with 
positive results. 
This Orthosis is clinically tested and 
approved by Orthopedic Surgeons in 
Canada. 

THETISTS 
ORTHOTISTS 

O F MONTREAL. 

MAIL TO: J E Hanger Ltd. 
4259 St Catherine St. West 
Montreal, Quebec, Canada H3Z 1P7 

| | Please send complete information on the new 
A.C. Knee Orthosis 

Ship all casts U.P.S. via 
F.W. Myers Inc. c/o J.E. Hanger Ltd. 
Hygate Springs, Vermont, 05488 
Notify B.G.L. Brokerage, Tariff No 47805-1 
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Organization, 
Address 
City State. Z ip . 
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confront' 
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ley Mfg. Co^ 
'specialized In specials 
order, Klngsley can mod 
of motded feet to sal 
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at Klngsley Mfg. Co. on a regi 
below—just part of an overa 
weekly. 

Sturdy To* 
A foot w i th extra sole rj 
stiffer-rhan-normal toe resist! 

Special Llteft 
Klngsley Mfg. Co. stocks ItteJ 
Low Profile, Flattie and o 
order, any style of Klngsley 
as a lltefoot. 
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Throughout", so that ft Is mo 
heel. 

Special Sym 
Any style of Klngsley Sach 
In the Symes configuration. 4 

Solid A l u m i n u m Keet 
Any Klngsley Sach Foot style ( u n t i e molded 
w i t h a solid aluminum keel. V / 

Plain Toes / 
Any Klngsley foot normally supplied w i t h 
Natural Toes™ is also available w i t h plain toes. 

Stainless Steel Symes Keel 
The normal aluminum keel reinforcement In the 
Klngsley Symes Foot can bit fr toj led w i t h a 
replacement stainless steel keel. 

Symes W i t h o u t W o o d 
The normal w o o d port ion of the Klngsley Syme 

keel can be omitted, leaving only the aluminum 
port ton (or stainless steel, if ordered). 

F i r m Pe 
Flatfoot canJjppfJe'XfTlh an over-

ar to t h j j V n o r m a l molded feet. 

hi Heel 
Heel cushions are available In extra-soft, extra-
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H | e toe lever arm can be altered by making the 

longer or shorter than normal. 

Tiny Juveni le 
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Solid Poem Foot 
Any Klngsley molded foot can be supplied 

lit aJteel. (This Special has been used for 
part applications; the absence of the keel 

les me prosthetlst t o cut the foot to any 
figuration necessary.) 

Kee l Missing" Foot 
WJ^t a foot normally molded w i t h a qukk 

After molding Is complete, the 
loved leaving only the belt ing 

Imbedded In the foot and a void space instead 
of a keel . 

^tf the. Ust above offers a solution t o one of 
yourlpeVfaTproblems, or ,you have a new prob
lem for next weeks list, call and chat w i t h Bill 
M c B e ^ H M probably can help. Bill's staff Is 
hand picked t o 'specialize in specials'. 

World's leading manufacturer of prosthetic feet w i th Natural Toes 
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Orthotics and Prosthetics, t h e J o u r n a l o f A O P A 

A n n o u n c e s : 

Discount Bulk G i f t Subscription Rales 
for a l l AOPA-Member F i r m s 

* Save up to 5 0 % off the regular subscription price. 

* Opt to either have the extra copies sent to you or directly to those you designate. 

* Use the extra copies to disseminate technical information to colleagues, physicians, and 
members of your rehabilitation team. 

* Use as gifts, and strengthen the relationships you work to develop with doctors and other 
firms. AOPA will notify the recipient that you have purchased the gift for them. 

Discounts apply to orders of more than 5 ONLY 

Two ways to save —$12.00 each per annual subscription, plus shipping, to send all copies 
to your firm. 

$18.00 each per annual subscription. AOPA will mail directly to the 
recipient(s) you designate. 

Name AOPA Member Firm 

Address 
Zip Phone 

• Please start my subscription for (must be more than 5 for discount) gift copies. 

• A. Send the order to my address. Enclosed is my check, for $12.00 per subscription, 
made payable to AOPA. I understand I will be billed for shipping. 

OR 
|—] B. Send the order to the name(s) and address(es) I've listed (attached). Enclosed is my 

check, for $18.00 per subscription, made payable to AOPA. Please enclose a card 
announcing my gift to the recipient. 

Make all checks payable to AOPA. 

Send to: Orthotics and Prosthetics Bulk Subscriptions 
AOPA National Headquarters 
717 Pendleton Street 
Alexandria, VA 22314 



THE NEW 
BOSTON 
OVERLAP 
BRACE 

An improved, second generation front 
entry brace developed from the original 
Boston Brace. 

In extensive clinical trials, the new Boston Overlap 
Brace — the "BOB" — effectively treated back pain, 
with a new level of acceptance and compliance, in 
over 85 percent of the patients,' 

Patients look, feel and act more normal. The 
BOB's custom shape positions the lower back until 
muscle relaxation alleviates most of the pain Its frontal 
closure compresses the lower abdominal muscles to 
control lordosis 

The BOB can be put it on, adjusted and removed 
at will by your patient And its light weight and flex
ibility allow your patient to move more freely. Even 
participate in athletic activities 

Decisive in treatment. The bob is now proving 
decisive in the treatment regimens of low back pain, 
spinal arthrosis, spondylolysis, dorsal kyphosis and lor
dosis, pre and post-op care, and more 1 

Available and adaptable. The bob comes in 16 
mold sizes and 0, 15 and 30 degree contours Or the 
BOB can be made to fit special sizes. 

If you'd like to k n o w more . . . can Jim Eddy at 
1-800-262-2235 or, send the coupon below to. O & 
P Systems, Inc, 20 Ledin Drive. Avon, MA 02322 

I'd l ike t o l e a r n m o r e a b o u t t h e n e w B o s t o n O v e r l a p Brace 

• Please cal l m e 
• Please s e n d m e . 

(11 Boston Overlap Brace Manual, g i v i n g a c o m 
p l e t e d e s c r i p t i o n of t h e b r a c e a n d h o w it w o r k s , 
i n d i c a t i o n s , f i t t i n g a n d s i z i n g 

FZJ Use of the Boston Overlap Brace for back pain, 
clinical indications b y Lyle J M i c h e l i , c o p y r i g h t 
1 9 8 4 B o s t o n Spinal Research F o u n d a t i o n , 

RVARRW 

Ci ty or t o w n / s t a t e / z i p 



New from OTTO BOCK: ORTHOSIL Silicone Gel 
The OTTO BOCK ORTHOSIL Silicone Gel is a two com
ponent liquid, which presents a great improvement in the 
Silicone technology used up to now in the field of pros
thetics. 

ORTHOSIL is hygienic and it offers an excellent cosmetic 
appearance. It does not irritate the skin and it is physiolo
gically harmless. Mild detergents and temperatures up to 
180° C/356° F will not harm it. 

The evacuation of air bubbles is not necessary before 
processing. Due to the composition of the Silicone mixture, 
extra material may be flooded over the bony prominences 
to provide padding. At room temperature, ORTHOSIL vul
canizes in one hour. 

ORTHOSIL is used only with 617Z19 Pigment Paste, 
Caucasian. 

The ORTHOSIL fabrication technique is presented in Tech
nical Information Bulletin 2.1.3. 

Materials for ORTHOSIL Fabrication: 
617H43 ORTHOSIL Silicone Gel for fabrication of soft in

sert liners 
617H44 ORTHOSIL Silicone Gel for fabrication of pads 

and distal end bearing cushions 
Both types are available in 900 g and 4600 g 
containers 

617H45 ORTHOSIL Catalyst for 617H43 and 617H44 
Available in 100 g and 1000 g containers 

519L5 ORTHOSIL Parting Agent - 400 ml spray can 
623T13 Elastic Stockinette, specially made for the 

ORTHOSIL Technique, 10 and 15 cm wide 
99B18 Distal End Pad Mold available in three sizes: 

Size 1 for Above Knee - distal end circumference up to 50 cm 
Size 2 lor Below Knee - distal end circumference up to 40 cm 
Size 3 for Below Knee - distal end circumference up to 30 cm 

617H46 Bonding Agent for ORTHOSIL Silicone Gel 
90 ml tube 

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

4130 Highway 55 
MINNEAPOUS/Minnesota 55422 
Telephone (612) 521-3634 

©OTTO B O C K 0 1 1 9 8 3 



Ad Index and Hotline 
Adver t i se rs are encouraged to s u b m i t the n a m e o f a contact p e r s o n wi th in th ie r 
o rgan iza t ion for i nc lu s ion in the A d I n d e x . 

B i r th Defects C e n t e r 11 
716 -275 -2989 

Ot to B o c k 6 
8 0 0 - 3 2 8 - 4 0 5 8 

C A M P Internat ional 91 
5 1 7 - 7 8 7 - 1 6 0 0 

C D . D e n i s o n 81 
301-235-9645 

Durr -Fi l lauer 13 
8 0 0 - 2 5 1 - 6 3 9 8 

Flor ida Brace 9 2 
M r . Ben M o s s 305 -644 -2329 

J . E . H a n g e r — M o n t r e a l C-2 
5 1 4 - 9 3 5 - 8 5 5 1 

Harmarville Affiliates, Inc 7 
800-331-5190 

T h e H o o d C o 77 
800 -547 -4027 

H o s m e r Dor rance 80 
M r . D o n Dav i s 408-379-5151 

I P O S 84 
U n i t e d S ta tes 7 1 6 - 7 5 4 - 2 0 8 9 
C a n a d a 5 1 9 - 4 2 6 - 0 3 7 0 

K ings l ey Mfg 2 
M r . Jeff K i n g s l e y 8 0 0 - 8 5 4 - 3 4 7 9 

Kn i t -R i t e , Inc C-3 
8 0 0 - 8 2 1 - 3 0 9 4 

Karl Leis te r -
E lek t ro -Gera tebau 83 
(Kagiswi l , Swi tze r land) (041) 66 54 
64 /66 39 66 

M a r a m e d Prec i s ion 85 
8 0 0 - 3 2 7 - 5 8 3 0 

M o t i o n Cont ro l , Inc 94 
Harold Sears 8 0 1 - 3 6 4 - 1 9 5 8 

O & P S y s t e m s 5 
800 -262-2235 

P E L Supp ly 89 
C u s t o m e r Serv ice 800 -321 -1264 
In O h i o , 

p lease call collect 2 1 6 - 2 6 7 - 5 7 7 5 

Smal l ey & Ba tes 78 
M r . Lou K a n y a 201 -239 -9014 

S o u t h e r n Pros the t ic Supp ly C o 8 
C u s t o m e r Se rv ice 8 0 0 - 2 4 1 - 1 8 9 2 

U n i t e d Sta tes Mfg . C o 9 3 
818-796-0477 

Br ian R . W h i t e C o . , Inc 83 
7 0 7 - 4 6 2 - 9 7 9 5 
2 0 1 - 5 4 4 - 1 2 1 2 

H a r m a r v i l l e R e h a b i l i t a t i o n C e n t e r 
O r t h o t i c T e c h n i c i a n T r a i n i n g Ins t i tu te 

Training program in orthotics technology. 
Programs: 9 months — Certificate 

15 months — Associate in Specialized Technology 

Accredited byABHES • Approved for VA training 

Financial aid available. 

S t a r t i n g da te o f n e x t c lass — J u n e 27 

PO BOX 11460 
GUYS RUN ROAD 
PITTSBURGH, PA 15238 
1-800-331-5190 • 412-828-2010 

A H a r m a i v t i i e A f f i l i a t e 
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we Can Be Your 
One Source 

# 4r 

CUSTOMER SERVICE 
TOLL FREE 800-241-1892 

SOUTHERN PROSTHETIC SUPPLY W 
Atlanta. Chicago, Dallas, Orlando 



July 5 - 1 0 , In te rna t iona l Confe rence o n 
Disab i l i ty Educa t ion , J e rusa l em, Israel . 
Con tac t : Israel Rehab i l i t a t i on Soc ie ty , 18 
D a v i d Elazar S t ree t , Tel A v i v 6 1 9 0 1 , 
Israel . 

July 1 2 - 1 6 , In te rna t iona l Confe rence o f 
Rehab i l i t a t i on Journa l i s t s , J e rusa l em, I s 
rael . Contac t : I s rae l Rehab i l i t a t i on S o c i 
e ty , 18 D a v i d Elazar S t ree t , Tel A v i v 
6 1 9 0 1 , I s rae l . 

September 2 1 - 2 7 , A O P A A n n u a l Nat iona l 
A s s e m b l y , Hyat t R e g e n c y Hote l , San 
F ranc i sco , Cal i forn ia . Contac t : A O P A 
Nat iona l Headquar t e r s , 7 0 3 - 8 3 6 - 7 1 1 6 . 

1988 
October 2 5 - 3 0 , A O P A A n n u a l Na t iona l 

A s s e m b l y , She ra ton W a s h i n g t o n Hote l , 
W a s h i n g t o n , D . C . Contac t : A O P A N a 
t ional Headquar t e r s , 7 0 3 - 8 3 6 - 7 1 1 6 . 

1989 
October 2 - 8 , A O P A Annua l Nat iona l A s 

s e m b l y , M G M G r a n d H o t e l , R e n o , 
Nevada . Contac t : A O P A Nat iona l H e a d 
quar ters , 7 0 3 - 8 3 6 - 7 1 1 6 . 

HAVE YOU SEEN THE FILM 
ALL BY 

MYSELF 
An award-winning film about Hands Free 
Ambulation for the Paraplegic Child 

For: Parents 
Teachers 
BD Clinic Staff 

For information on film rental, the parapodium and 
the training manual , call or write: 

Birth Defects Center 
University of Rochester Medical Center 
Rochester, M.Y. 14642 
(716) 275-2989 
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I N F O R M A T I O N F O R A U T H O R S 

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 duplicate manuscripts should be com

plete with illustrations 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 illustration legends in order, and number to agree with illustrations. 
4. ILLUSTRATIONS. Provide any or all of the following: 

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

Do not submit: 
a. Slides (colored or black & white) 
b. Photocopies 

5. A photo (black & white glossy) of each author listed on the manuscript, along wi th a short biographical 
sketch. 

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 number subheadings. 

PREPARATION OF ILLUSTRATIONS 

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

granted. 

NOTES: 
—Manuscripts are accepted for exclusive publication in ORTHOTICS AND PROSTHETICS. 
—Art ic lesand illustrations accepted for publication become the property of ORTHOTICS AND PROSTHETICS. 
—Publicat ion of articles does not constitute endorsement of opinions and techniques. 
— A l l materials published are copyrighted by the American Orthotic and Prosthetic Association. 
—Permission to reprint is usually granted provided that appropriate credits are given. 
—Authors will be supplied with 12 reprints. 
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c J u n R - F i u a u E R m E o i c a l . i n c . 

t o be f i t l ow, as c l ose to the shou lde r s 
as poss ib l e , fo r m a x i m u m c o s m e s i s . A t Use o f the Low Prof i le Neck Ring pro-
the same t i m e it p reserves the c r i t i ca l v ides you w i t h a means of assu r i ng pa-
f u n c t i o n s o f t he M i l w a u k e e supe rs t ruc - t i en t a c c e p t a n c e and s t i l l f i t a p rope r or-
tu re p rov id ing s t ruc tu ra l i n tegr i t y fo r t h o s i s fo r the marg ina l t ho rac i c cu rves , 
the u p r i g h t s and c e n t e r i n g the pa t i en t ' s So, for t h o s e pa t i en t s fo r w h o m a TLSO 
head over the pe lv is . under -arm o r t h o s i s j us t w i l l not do , use 
Pat ient c o m p l i a n c e and a c c e p t a n c e are the Durr -F i l lauer Low Prof i le Neck R ing , 
c r i t i ca l to the s u c c e s s of any o r t h o s i s . Ava i lab le in f ou r s izes . 

L . 
PHONE 615 624-0946 

1 800 251-6398 
(TIM) 1 800-572-7650 

TH-EX 558423 
CABLE DFORTHO 6 « 4 c l u n n - F i u a u E R m E D i c a l , i n c . 

Orthopedic Division 



The Enhancement of Prosthetics 
Through Xeroradiography® 
by David Varnau, C.P.O. 

Keith E. Vinnecour, C.P.O. 
Monalee Luth 
David F. Cooney, R.P.T., C.P.O. 

INTRODUCTION 
Today's prosthetist finds himself search

ing for n e w tools to e n h a n c e h i s f i t t ing 
skil ls . W i t h t ransparent test socke t s , he is 
n o w able to v isual ize the res idual l i m b in
s ide the pros the t ic socket . W i t h Xero ra 
diography®, the con tempora ry pros thet i s t 
is able to ident i fy h i s pa t ient ' s u n i q u e 
b o n y a n a t o m y before even c o m m e n c i n g 
work on the p ros thes i s . 

The concep t of u s i n g x-ray images to i m 
prove pros the t ic fit is by no m e a n s new. A s 
early as 1963, K i n g wrote of u s ing x-rays as 
an adjunct to patel lar t endon bea r ing (PTB) 
f i t t i ngs . 6 M u c h more recently, Has l am, 
C.P. a n d W i l s o n brief ly c i ted some mer i t s 
o f x-rays and Xeroradiographs® for pros
t h e t i c s . 2 Credi t for in t roducing Xerora 
diography® into the field of pros the t ics , 
h o w e v e r , mus t b e g iven to Jan S tokosa , 
C.P.+ 

DESCRIPTION 
Xeroradiography® is a dry, photoelec t r ic 

p roces s+ for record ing x-ray images on 
paper . A l though its usefulness today is 

+Jan Stokosa, C.P. is director of the Institute for the Ad
vancement of Prosthetics, Lansing, Michigan. 
++Whereas a photo chemical process is used in conventional 
film radiography. 1 

usual ly cons ide red to b e conf ined to the 
e x a m i n a t i o n o f the b reas t , Xero rad iog
raphy® is we l l - su i t ed for a n y per iphera l 
part o f the b o d y . 1 4 

Advantages of Xeroradiography® 

The p r imary advan tage that Xero rad iog 
raphy® imag ing offers the pros the t i s t over 
that o f conven t iona l film rad iography 
(x-ray) is the clari ty o f the b o n e ' s b o u n d a r y 
l ines (Figure 1 ) . T h i s fact is due to the 
charac ter o f the Xerorad iographic® imag
ing p rocess i t s e l f . 1 5 

Prev ious ly , w h e n consu l t ing x-rays of a 
res idual l i m b , p ros the t i s t s e i the r had to ac
cep t the b lur red con tou r s of the pa t ien t ' s 
b o n y ana tomy, o r w e r e depr ived of a luc id 
i m a g e of the soft t i s sue edges . Ins tead , 
each Xerorad iograph® can replace two 
x-ray f i lm p ic tures (a b o n e p ic ture and a 
soft t i ssue pic ture) a n d thus p rov ide the 
pros the t i s t w i t h m o r e accurate and eas i ly 
o b s e r v a b l e in format ion at a g l a n c e . 1 1 

T h e Xerorad iograph® is deve loped o n 
o p a q u e paper , usually o n a b lue format . 
Un l ike x- rays , the Xerorad iograph® can b e 
eas i ly s tored as a par t o f the pa t ien t ' s char t 
s ince there is n o n e e d for a v i e w i n g b o x . 
T h e r i ch b lue color o f the proper ly e x p o s e d 
nega t ive m o d e Xerorad iograph® serves to 
e n h a n c e the clari ty o f the i m a g e . Fur ther , 



Figure 1. Comparison of bone detail and clarity of soft tissue margins on a conventional film radiograph versus a 
Xeroradiograph® of the same residual limb. Note magnification of the x-ray image. 

Figure 2. The x-ray cassette is approximately four inches (10 cm.) from the patient's residual limb, 
whereas the Xeroradiograph® cassette is in contact with the residual limb. 



the usefu lness of Xerorad iography® for 
p ros the t i cs b e c o m e s even more o b v i o u s 
w h e n it i s p o i n t e d ou t that less magni f ica 
t ion takes place in the p r o c e d u r e . 1 1 M o r e 
magn i f i ca t ion typical ly occurs on conven 
tional f i lm x-ray because the x-ray casse t te 
is pos i t i oned further from the res idual 
l i m b (Figure 2 ) . 

Disadvantages of Xeroradiography® 
The Xerorad iograph ic plate is 9 1/2" x 

13 5 /8". A s a resul t , i t i s no t poss ib le to p h o 
tograph a long res idual l i m b in its ent i re ty . 
S y m e s level as wel l as long above knee re
s idual l i m b s requ i re two pic tures mere ly to 
comple te the i m a g e for one pro jec t ion . To 
rectify th i s p r o b l e m , the radio logy t echn i 
c ian m u s t tape a rad iographica l ly o p a q u e 
reference marker on to the midsec t i on o f 
the res idual l i m b pr ior to imag ing . T h e 
marke r a ids the pros the t i s t in p i ec ing the 
two p ic tu res toge the r correctly. A n alter
na t ive to th i s m o s a i c approach , of course , 

is to o b t a i n conven t iona l r ad iographs of 
the longer res idual l i m b s . 

A second d i sadvan tage o f Xero rad iog 
raphy® is that the i m a g e is backwards . A s a 
result , w h e n consu l t ing the Xe ro rad io 
graph,® the pros the t i s t m u s t r ecogn ize that 
the Xeroradiograph® is a mir ror i m a g e of 
the ob jec t . 

Final ly, w i t h Xerorad iography ,® the pa
t ient is usual ly e x p o s e d to a greater radia
t ion dose . T h e exact difference in rad ia t ion 
exposure b e t w e e n Xeroradiography® and 
x-ray va r i e s , d e p e n d i n g on the type of 
x-ray sc reen , f i lm, fil ters, and resul t ing 
t e c h n i q u e that is u s e d for a compar i son . 
Genera l ly , u s i n g the Xerorad iography® 
t e c h n i q u e that w e sugges t ( see technica l 
in format ion in F igure 2 0 ) , the local b o n e 
rad ia t ion dose appears to b e as m u c h as 
n i n e t imes that o f conven t iona l x-ray f i lm 
technique"+ (F igure 3 ) . A l though th i s is un
des i rab le , the a m o u n t o f radia t ion b o t h in 
t e rms of skin d o s e , a s wel l as e s t ima ted 
b o n e mar row dose , i s ne i the r a l a rming no r 

Figure 3. Comparison of the radiation dose from Xeroradiograph" and x-ray. Typical entrance 
exposure (skin dose) and estimated local absorbed dose are listed for each process. Based on data 
from University of Wisconsin Medical Physics Lab. Thermo lumenescent detectors (TLD's) were 
taped on a bilateral BK and exposed separately for Xeroradiographs(R) as well as conventional 
bone detail x-rays. 



Figure 4 . Lateral views of two Xeroradiographs(R) demonstrating the variety in below knee 
anterior distal tibial margins. Note: Development method of Xeroradiograph(R) on left was a 
positive mode and that on right was a negative mode. 

Figure 5 . Lateral view illustrating the usefulness of 
the Xeroradiograph(R) in assessing the thickness of the 
distal soft tissue, especially in cases of hard-packed 
edema. 

c o n s i d e r e d d a n g e r o u s to the pat ient , 
main ly because usually only one X e r o r a 
diograph® series is necessary for the adult 
(see M e t h o d Sect ion) . E v e n so , for the 
juvenile pat ient , the benefits of Xeroradiography® m u s t b e we ighed against the 
greater radiat ion dose . 

USES OF THE 
XERORADIOGRAPH® 

Because contours are intensified o n 
X e r o r a d i o g r a p h s , ® the b o u n d a r y l ines 
be tween bone a n d soft t issue are p r o 
n o u n c e d 1,11,13 T h u s , the Xeroradiograph® 
is wel l -sui ted for the pros the t i s t ' s in teres t 
in b o n y con tours . Fur ther , the Xero rad io 
g r a p h ( R ) provides valuable and s o m e t i m e s 
surpr i s ing informat ion that is not readi ly 
apparen t through cl inical examina t ion . 
S ince the Xerorad iograph® is on ly sl ightly 



Figure 6. Lateral views which demonstrate the difference between patella alta and patella infera 

m a g n i f i e d , 1 1 n u m e r o u s m e a s u r e m e n t s can 
b e o b t a i n e d direct ly from it. 

A l though Xerorad iography® is valuable 
w h e n f i t t ing p ros theses for all amputa t ion 
levels , th i s paper wil l deal only wi th i ts use 
in the t rea tment of b e l o w knee amputa 
t ions . 

By i n spec t i ng the Xeroradiograph® o f a 
g iven pa t ien t , the pros the t i s t can bet ter 
apprecia te the actual length of the t ib i a ,+ 
the con tour of the anter ior distal t ibial 
marg in (Figure 4 ) , as wel l as the th ickness 
of the distal soft t i s sue . M u c h of the guess
work is e l imina ted from this impor tan t as
pect of the cas t ing and cast modi f ica t ion 
procedures . Frequent ly , in cases of hard-
packed distal e d e m a , the pros the t i s t i m 
ag ines that the length of the pa t ient ' s t ib ia 
ex tends further distally than it actually 
does (Figure 5 ) . T h e Xeroradiograph® then 

+ In order to determine actual dimensions from the Xeroradio
graph,® the prosthetist must first account for the exact mag
nification of the image. 

enab les the pros the t i s t to correctly locate 
the anter ior distal t ibial re l ief dur ing cast 
modi f i ca t ion . 

T h e relat ive pos i t ion of the infer ior bor 
der of the patella to the t ibial p la teau also 
varies s ignif icant ly from one indiv idual to 
the next . Cus tomar i ly , the so-cal led " p a 
tellar b a r " is p laced jus t b e l o w the infer ior 
bo rde r o f the patellar. Yet m a n y pa t ien t s 
have a cond i t ion t e rmed patellar a l t a o r a 
h igh - r id ing patel la, whi le still o thers have 
patella in fe ra 4 or a low-r id ing patella (Fig
ure 6 ) . 

The ex i s tence of one cond i t i on versus the 
o ther has impor tan t ramif ica t ions for the 
pros thet i s t w h e n he is ident i fy ing the 
proper pos i t ion for the patellar bar . It i s 
ev iden t , then , that the p l acemen t of the 
patellar bar " m i d w a y b e t w e e n the lower 
edge of the patella and the tubercle of the 
t i b i a " as advocated b y Radcl i f f and F o o r t 1 0 

is in fact incorrect for cer ta in pa t ien t s (Fig
ure 7 ) . T h e Xeroradiograph ,® thus , a ids the 



Figure 7. Lateral views with an overlay of the socket outlines. With patella alta, the prosthetist is mistakenly 
inclined to locate the patellar bar too high. The reverse is true with patella infera. 

pros the t i s t in correct ly pos i t i on ing the 
patellar ba r at the femoro t ib ia l j o in t space . 

Pros the t i s t s w h o rout ine ly use t ranspar
en t test socke ts have no ted the p resence o f 
an a i rspace jus t p rox imal to the t ibial 
tuberc le . T h i s appears to b e caused b y the 
patellar bar forcing the pa t ient ' s t i s sues 
posteriorly. A n o t h e r con t r ibu t ing factor 
may b e that the pos i t ive model does not 
reflect the pa t ien t ' s ana tomica l contours 
j u s t p roximal to the t ib ia l tubercle . C o n 
trary to popular no t ion , plaster m a y be re
moved and flared from the level of the tuber
cle into the patellar bar . The angle of the 
flare is d ic ta ted b y the contour of the pa
t ient ' s p rox imal t ib i a as s een on the lateral 
X e r o r a d i o g r a p h . ® T h e c o n t o u r o f the 
p rox imal t ib ias in F igure 4 are examples 
w h e r e the flare above the tubercle wou ld 
b e less dramat ic than that s h o w n in F ig
ure 5. 

T h e leng th of the f ibula , l ike that of the 
t ib ia , i s readi ly apparen t on a Xerorad io 
graph.® Brief ly consu l t ing the an te ropos te 
r ior (AP) pro jec t ion wil l provide a qu i ck 

reference for the t e rminus of the f ibular 
shaft. G u e s s i n g as to the shape , pos i t ion , 
and size of the f ibular head is unnecessa ry 
w i th the Xerorad iograph® (Figure 8 ) . A l so , 
cases of a b s e n c e of the f ibula are obv ious 
on a Xeroradiograph .® Prob lems of pres
sure on the cut end of the f ibula and f ibular 
head are d i m i n i s h e d wh i l e medio- la tera l 
(ML) s tab i l iza t ion on the f ibular shaft can 
b e m a x i m i z e d . T h e lateral p ro jec t ion , on 
the o ther hand , is useful for ident i fy ing 
w h e t h e r the pa t ient ' s f ibula is pos i t i oned 
pos ter ior to, or on , the mid l ine . 

T h e shape of the med ia l t ibial metaphysis varies from o n e pa t ien t to the next (Fig
ure 9 ) . W i t h an A P pro jec t ion of a g iven 
pa t ien t ' s Xeroradiograph ,® the pros the t i s t 
can ant ic ipate the a m o u n t of flare poss ib le 
in the t ibial me taphysea l reg ion . T h i s in
format ion a ids the pros the t i s t in crea t ing 
an ana tomica l ly - shaped , w e i g h t - b e a r i n g 
area. 

After r ev iewing the Xeroradiographs® o f 
near ly 100 adult b e l o w knee res idual l i m b s , 
w e found in our pract ice that fully 13 per-



Figure 8. AP views illustrating the variety of bony anatomy that the prosthetist may encounter with two 
short below knee amputations. 

Figure 9. AP views exhibiting the variation in the contour of the medial tibial metaphyses. 



Figure 10. AP views demonstrating the relative distance between the proximal border of the patella and the 
adductor tubercle for cases of patellar alta and patella infera. 

cent of our b e l o w knee ampu tees have 
t ib ias shor ter than three i nches and are PTS 
cand ida tes . A s po in t ed out by Marsha l l 
and N i t zchke , the pa t ien t wi th a four- inch 
length residual l i m b is a good candida te for 
the PTS s o c k e t . 8 H o w e v e r , as they also 
po in t out , the PTS pros thes i s requ i res 
" m o r e skill and k n o w h o w " of the p ros the
tist for successful f i t t ing . 7 

O n e impor tan t anatomical cons ide ra t ion 
for the FTS socke t , part icularly the supra
patel lar P T S , is the relat ive pos i t ion of the 
proximal patella to the adductor tuberc le . 
He re again , the ex i s t ence of patella alta or 
patella infera is crucial (Figure 10) . T h i s 
informat ion a ids the prosthet is t both dur
ing cas t ing and cast modi f ica t ion to ensure 
o p t i m u m s u s p e n s i o n and correct p roximal 
P T S socket con tours . 

CLINICAL VERSUS 
XERORADIOGRAPH® 
MEASUREMENTS: 
SURVEY RESULTS 

The Xeroradiographs® of 92 adult b e l o w 
knee ampu tee s were r ev iewed and the fol
l o w i n g obse rva t ion was m a d e . It is v i r tu
ally imposs ib l e to conc lus ive ly correlate 
the A P and M L d iamete r m e a s u r e m e n t s o n 
the Xeroradiograph® to the cl inical m e a 
s u r e m e n t taken on the pat ient . Tha t i s , n o 
formula could b e dev i sed that wou ld reli
ably a l low the pros the t i s t to predic t the 
pa t ien t ' s c l inical A P and M L m e a s u r e 
m e n t s so le ly from the c o r r e s p o n d i n g 
d iamete r s measu red on the Xero rad io 
graph.® T h i s lack of corre la t ion is a t t r ibut
able to three va r i ab les : 

1. T h e m e t h o d s that prac t i t ioners use to 
ob ta in their cl inical d i amete r m e a 
su remen t s vary, resul t ing in a var-



Figure 11. Variation in the distance possible from the 
center of the femoral condyles to the Xeroradiograph® 
cassette. 

i ance o f as much as 3/8" in the cl inical ly 
m e a s u r e d A P a n d M L d i m e n s i o n s of a 
g iven pat ient . 

2 . T h e a m o u n t o f soft t i ssue th i ckness at 
the k n e e is qu i t e different from o n e 
pa t ien t to the next . 

3. T h e extent o f magni f ica t ion that oc 
curs o n the Xerorad iograph® var ies 
a m o n g pa t ien ts a n d is due to the ver 
tical d i s tance of the pa t ien t ' s knee 
from the Xerorad iography® casse t te . 
T h a t d i s tance is de t e rmined b y : 
a. T h e s ize o f the pa t ien t ' s residual 

l i m b . 
b . P re sence o f a k n e e f lexion con

tracture (F igure 11) . 
c. T h e a m o u n t o f soft t i ssue c o m 

p r e s s i o n o f the r e s idua l l i m b 
w h e r e it contac ts the casse t te . 

T h u s , us ing ident ica l rad iographic tech
n i q u e , magni f i ca t ion of the i m a g e on the 
Xeroradiograph® m a y vary b e t w e e n six 
a n d 14 .5 pe rcen t (F igure 12) . 
T h e a m o u n t o f m a g n i f i c a t i o n a n d , 

h e n c e , i m a g e d imens iona l d is tor t ion of the 



Figure 13. Graph showing the amount of magnification occurring on a Xeroradiograph(R) for focal tube 
distances of 40, 54 and 72 inches. Note that magnification is minimized with a small-boned patient 
(where a = 5 cm.) and the focal tube distance is large (where b = 72 inches). Even so, under such 
optimal conditions, the Xeroradiograph(R) will be magnified three percent. 

Figure 14. Graph illustrating the percentage of the 
surveyed adult below knee population who have os
teophytes on their distal tibias and/or fibulas. 

A P and M L diameters , also depends on the 
focal tube distance to the casse t te + (Figure 
13) . Al though m o s t radiology offices can 
only a c c o m m o d a t e 40-54 inches , a 72- inch 
focal tube distance will reduce magnif ica
tion to a m i n i m u m . 

In s u m m a r y then , magni f icat ion is 
min imized wi th a smal l -boned pat ient 
w h o has no knee flexion contracture a n d 
s o m e soft t issue compress ion ( i .e . , a = 
5 c m ) . In addi t ion , magnif icat ion is di
min i shed w h e n the focal tube distance is 
large ( i .e . , b = 72 in . ) . E v e n so, in such an 
instance , the Xeroradiograph® will be 

+The authors obtained the data for (Figure 13) as follows: 
A radiographic ruler was imaged on Xeroradiography® at 

Ocm, 2.5cm, 5cm, 7.5cm, 10cm and 12.5cm from the cassettes 
for each of three common focal tube distances—40 inches, 54 
inches, and 72 inches. The linear magnification was then 
determined by measuring the ruler's image on each of eigh
teen Xeroradiographs® and computing the percentage en
largement. 



Figure 15. Xeroradiograph 8 with an osteophyte clearly present on the distal tibia and fibula. 
Inset: closeup of the osteophyte. 

Figure 16. Breakdown of patients' ages for osteophyte 
population versus non-osteophyte population. Pa
tients' age at amputation had little or no bearing on 
whether osteophyte formation would occur. Statisti
cal profile of our patient population is comparable to 
that of 1974 amputee survey. 5 

Figure 17. Sex of the patient had no significant effect 
on the patient's tendency toward osteophyte forma
tion. 



magnif ied three percent . Exac t correlat ion 
of clinical and Xeroradiograph® m e a s u r e 
m e n t s , therefore, is possible only wi th 
t ime-consuming computat ions . 

INCIDENCE OF 
OSTEOPHYTE FORMATION 

A review of the Xeroradiographs® for 
n inety- two adult be low knee amputees 
bore out surpris ing information. Namely , 
on 41 percent of the pat ients , os teophytes 
w e r e present on e i ther the distal tibia 
and /or fibula (Figures 14 and 15) . For m a n y 
of these pat ients , the osteophytes s e e m e d 
to pose no fitting problems . F o r o thers , the 
prosthet ist used the Xeroradiograph® in
formation together with test socket fit
tings, and, later, a gel liner, to avoid fitting 
problems. In two cases , pat ients required 
residual l imb revis ions to have the osteo
phyte resected. W i t h o u t the use of X e r o r a 
diographs,® prosthet ists have n o m e a n s of 
ascertaining the presence , locat ion, a n d 
size of os teophyte formation on the p a 
tient's b o n y anatomy. 

CAUSE OF OSTEOPHYTE 
FORMATION 

A comprehens ive statistical rev iew of 
the charts for the surveyed be low knee a m 
putee populat ion w a s performed to iden-

tify the cause(s) of os teophyte formation. 
Nei ther the patient's age (Figure 16 ) , sex 
(Figure 1 7 ) , cause of amputa t ion (Figure 
1 8 ) , nor tibia length (Figure 19) s e e m e d to 
be a reliable predictor of os teophyte for
mat ion . In fact, three bilateral be low knee 
a m p u t e e s exhibi ted os teophytes o n one r e 
sidual l imb a n d none on the other.+ 

In the absence of any specific reference 
in the orthopedic l i terature to this phe 
n o m e n o n as a sequela to amputat ion 
surgery in adults , o u r impress ion is that 
os teophyte formation in adult amputees is 
decidely not b o n y o v e r g r o w t h as found in 
juven i l e s . 9 Radiographical ly , osteophyte 
formation appears grossly similar to the 
heterotopic ossification seen as a compl i 
cat ion following other types of surgical re 
s e c t i o n . 1 2 It is not clear whether osteo
phytes in residual l imbs are an o u t g r o w t h 
from the per ios teum or from the cortical 
bone . The authors feel that the u n w a n t e d 
ossification m a y result from the m a n n e r in 
w h i c h the bone is handled dur ing a m p u 
tat ion surgery. 

Some orthopedis ts have expressed inter
est in conduct ing a retrospect ive s tudy to 
assess the effect that myoplas ty has in dis-

+The three bilateral below knee patients were male. Two of 
the patients' amputations were due to dysvascular causes 
and were performed at different times. Both amputations of 
one patient were performed by the same surgeon. The am
putations for the other patient were performed by different 
surgeons. The third patient's amputations were due to 
trauma and were performed concurrently. 

DISTRIBUTION BY CAUSE 
Figure 18. Cause of amputation had no significant 
effect on the patient's tendency toward osteophyte 
formation. 

D I S T R I B U T I O N B Y T I B I A L L E N G T H 

Figure 19. Length of the patient's tibia was not an 
effective predictor of whether osteophyte formation 
would occur. 



courag ing os t eophy te format ion. Fur ther 
inves t iga t ion that conc lus ive ly ident i f ies 
the cause of the os t eophy te format ion 
p h e n o m e n o n is war ran ted in the interest o f 
the a m p u t e e ' s comfort and of op t imal am
puta t ion t e c h n i q u e . 

REQUESTING 
XERORADIOGRAPHS® 

To o b t a i n useful Xerorad iographs ,® spe 
cific ins t ruc t ions mus t b e provided to the 
radio logy t echn ic i an . W e have found that 
the r eques t form w h i c h is p ic tured (Figure 
20) is useful and assures that the necessa ry 
pro jec t ions wil l b e p rov ided to the pros
thet is t . A l though on ly A P and lateral v iews 
are n e c e s s a r y , i n t e r n a l a n d e x t e r n a l 
o b l i q u e v iews are useful for v i sua l iz ing 
b o n y anomal i e s in addi t ional p lanes . 

It has p r o v e n to b e difficult for some ra
d io logy t echn ic i ans to ob ta in true lateral 
p ro jec t ions of the b e l o w knee res idual 
l i m b . T h i s can b e a t t r ibuted to the t echni 
c ian ' s failure to no te inadver ten t axial ro
ta t ion o f the knee w h e n tak ing the p ic ture . 
T h i s overs igh t is obv ious ly due to the a b 
sence of the foot on the ext remi ty for axial 
rota t ional reference . A true lateral projec
t ion is also s o m e t i m e s e lus ive s ince s ide-
ly ing on the hard surface of an x-ray table 
can prove to b e difficult for the uni la teral 
pa t ien t and cer ta in ly is so for the bi lateral 
b e l o w k n e e ampu tee . 

Fu r the rmore , exposure values are cri t ical 
and mus t b e speci f ied to any rad io logy ser
v ice i f qual i ty Xeroradiographs® are to b e 
ob t a ined . T h e exact se lec t ion of exposure 
m a y b e modi f i ed for specif ic m a c h i n e s as 
wel l as for pa t ien t s of vary ing s izes . T h e 
radiology t echn ic i an mus t select a se t t ing 
of 120 ki lovol ts (kV) bu t m a y vary the set
t ing for mi l l i amperes / s econds (mAs) . G e n 
erally, howeve r , the spec i f ica t ions in the 
technical in format ion of the r eques t form 
(Figure 20) usual ly assure m a x i m u m pros
thet ic usefu lness of the Xeroradiographs®. 

METHOD 
In th i s pros the t ic prac t ice , s tandard 

protocol calls for all b e l o w knee pa t ients 

w i th mature res idual l i m b s to o b t a i n thei r 
Xeroradiographs® prior to cas t ing . T h e 
pros the t i s t , t hen , ha s the bes t avai lable 
ana tomica l in format ion wi th w h i c h to 
c o m m e n c e h i s work . 

If, fol lowing the fitting of at least two 
dynamic t ransparent test socke ts , f i t t ing 
p r o b l e m s pers is t , a w e i g h t - b e a r i n g X e r o 
radiograph® m a y be r eques t ed to identify 
the source of the p rob l em. T h i s order is 
ind ica ted in the spec ia l ins t ruc t ions box on 
the reques t form (Figure 20) . The i n n e r 
surface of the socket or socket l iner m a y b e 
h igh l igh t ed eas i ly w i t h se l f -adhes ive cop
per foil t ape+ /which is used for its radio-
opaci ty . For m a x i m u m informat ion re
gard ing socket fit, the pa t ien t ' s res idual 
l i m b m a y b e i m a g e d in the p ros thes i s full 
w e i g h t - b e a r i n g a n d partial we igh t -bea r 
ing. O f cour se , the w e i g h t - b e a r i n g Xero ra 
diograph® is also useful w h e n eva lua t ing 
an i l l-f i t t ing, def in i t ive p ros thes i s of a pa
t ien t n e w to the office. 

T h e ex ten t of the os teophyte format ion 
appears to b e wel l -def ined six m o n t h s past 
amputa t ion , l ike that of he tero topic oss i f i 
ca t ion fol lowing total h i p r e p l a c e m e n t . 3 

H e n c e , s u b s e q u e n t Xeroradiographs® are 
unneces sa ry for pu rposes of ident i fy ing 
os t eophy te fo rmat ion i f p rev ious ones are 
on file. 

CONCLUSION 
T h e m o s t impor tan t advantage of X e r o 

r ad iography® is p a t i e n t m a n a g e m e n t . 
S i n c e the u n i q u e a n a t o m y of a g iven pa
t ien t is more obse rvab l e , the pros the t i s t 
approaches h i s pa t ien t w i th more infor
mat ion and , therefore , greater conf idence . 
Tha t conf idence is c o m m u n i c a t e d to h i s 
pa t ient . 

W i t h the add i t ion of Xeroradiography® 
to the pros the t ic a r m a m e n t a r i u m , the 
pros the t i s t can e n h a n c e as wel l as advance 
h i s skil ls . H e b e c o m e s a be t te r ana tomis t , 
n o t i n g the u n i q u e b o n y a n a t o m y o f each 
pat ient . Even the e x p e r i e n c e d pros the t i s t 
is often surpr i sed b y the Xeroradiograph® 

+Copper foil tape 3 / 1 6 " x 1 mil Venture, Tape, 123 Moore 
Road, Weymouth, Massachusetts 02189, The copper foil is 
available in stores selling stained glass supplies. 



Figure 20. Xeroradiography(R) request form routinely used by the authors. 



of a familiar pat ient and finds the n e w in
formation beneficial. A n d while evaluat
ing the pat ient w h o is n e w to h i m , the 
prosthet ist will find himself groping less 
for information. W i t h Xeroradiography,® he 
b e c o m e s a better informed professional. 
Still, Xeroradiographs® are no replacement 
for skill a n d exper ience . Like transparent 
test sockets , Xeroradiographs® should be
c o m e an integral part of prosthet ic pract ice . 
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INCIDENCE AND CAUSE OF 
AMPUTATION 

T h e exact n u m b e r of n e w ampu tees is 
u n k n o w n . W i t h cer ta in excep t ions it has 
no t b e e n poss ib l e to track n e w ampu tee s i n 
the U n i t e d S ta tes . T h e Nat iona l C e n t e r for 
Heal th Sta t i s t ics repor ted 311 ,000 am
pu tees in 1970. B y 1977, th i s n u m b e r h a d 
r i sen to 3 5 8 , 0 0 0 . O f these a m p u t e e s , 
1 0 1 , 0 0 0 invo lved an uppe r ext remi ty , and 
2 1 0 , 0 0 0 involved a lower ext remity . T h e r e 
are 4 3 , 0 0 0 ampu ta t i ons each y e a r . 7 

In 1 9 7 3 - 1 9 7 4 the C o m m i t t e e s on Pros
the t ics Resea r ch and D e v e l o p m e n t and 
Pros the t i c -Or tho t i c Educa t ion of the Na
tional A c a d e m y conduc ted a s tudy o f the 
ampu tee s k n o w n to the A m e r i c a n Or tho t i c 
and Pros thet ic Assoc i a t i on (AOPA) , in 
c luding 143 pros the t i cs faci l i t ies located in 
39 s t a t e s . 1 3 The propor t ion of lower ex
t remi ty to uppe r ex t remi ty w a s 11 :1 for 
b o t h males and females . T h e r e w a s a s ignif
icant increase in lower ex t remi ty amputa 
t ion w h e n c o m p a r e d wi th a 1 9 6 1 - 1 9 6 3 
s tudy (Gla t t ly 8 ) o f ampu tee s k n o w n to 
AOPA. The re w a s also a s igni f icant in
crease from Glat t ly 's s tudy in the percen
tage of pe r sons w i t h b e l o w - k n e e amputa 
t ions , from 36 .8 pe rcen t to 53 .8 percen t , 
and a s ignif icant decrease in a b o v e - k n e e 
ampu ta t ions , from 4 4 . 1 pe rcen t to 32 .6 per
cen t . 

The propor t ion of males to females in all 
ampu tees w a s a lmost 3:1 (72 to 28 per

cen t ) , p r o b a b l y due to a greater in jury rate 
a m o n g ma le s . W h e n l imi ted to d i sease , the 
sex ratio d ropped to 2 . 1 : 1 , and w h e n l im
i ted to tumor , it d ropped to 1 .3 :1 . T h e 
propor t ion of males to females a m o n g 
lower ex t remi ty ampu tee s is 70 :30 percen t . 

T h e d i s t r ibu t ion of b e l o w - k n e e am
pu tees to a b o v e - k n e e ampu tee s va r ies b y 
cause . A b o v e the age of 40 , a b o v e - k n e e 
ampu tee s account for abou t one out of 
eve ry three ampu ta t ions . M o s t amputa 
t ions for vascular d i sease in pe r sons a b o v e 
the age o f 60 had b e e n per formed a b o v e -
knee prior to 1945. H o w e v e r , as medica l 
and surgical t e c h n i q u e s have i m p r o v e d , 
the dec i s ion to opera te b e l o w - k n e e for vas 
cular d isease has i nc rea sed . In the Nat iona l 
A c a d e m y S tudy of 1 9 7 3 - 1 9 7 4 , b e l o w - k n e e 
ampu ta t ions accoun ted for 6 2 . 4 pe rcen t of 
all lower ex t remi ty ampu ta t i ons . T h e per
cen tage for each decade in a b o v e - k n e e and 
b e l o w - k n e e w a s s imi la r ; there w a s n o s ig
ni f icant difference accord ing to age . 

The c a u s e s o f n e w a m p u t a t i o n are 
b road ly desc r ibed as t rauma, d i sease , 
tumor , or congen i t a l . Congen i t a l amputa 
t ion occurs as the cause in near ly all pa
t ients u n d e r five years , a n d it accounts for 
2 .8 pe rcen t of all a m p u t a t i o n s . 8 T u m o r s 
that are ma l ignan t and b e n i g n tumors 
w h e r e funct ion is r educed m a y requi re 
amputa t ion . T h i s accoun t s for approxi
mate ly five pe rcen t o f all ampu ta t ions . M a 
l ignant tumors m a y occur in chi ldren in the 
s econd decade . A m p u t a t i o n s due to vas -



cular d i seases and infec t ions increased 
from 58 percen t in a previous s tudy to 70 .3 
percent in the Nat iona l A c a d e m y S tudy of 
1974. A m p u t a t i o n s due to t rauma account 
for 22 .4 pe rcen t of all amputa t ions . T h i s is a 
s l ight decrease of 11 percen t from a previ
ous study. T h e largest pe rcen tage of cases 
due to t rauma occur in ages 41 and 5 0 , 
w h e r e a s the largest percen tage of cases due 
to d i sease occur in ages 61 to 70 . Al though 
the Kay and N e w m a n s t u d y 1 3 repor ted 
mul t ip le ampu ta t ions , these accounted for 
only 3.3 pe rcen t of the cases , and wil l not 
be d i scussed in detail in th is art icle. D i s 
ease w a s the cause of reamputa t ion in 41 
percent of the cases . 

REHABILITATION OF THE 
LEG AMPUTEE 

T h e rehabi l i t a t ion of the leg amputee re
qu i r e s a mul t id i sc ip l ina ry t eam that treats 
the med ica l , psycholog ica l , socia l , and v o 
cat ional aspec ts of amputa t ion . F r i e d m a n n 
states that " t h e p r imary de te rminan t s of 
success in the t r ea tment of the l imb les s are 
the genera l i ty of care an ampu tee receives 
and the ampu tee ' s i nna te c h a r a c t e r i s t i c s . " 7 

Care b e g i n s at the preopera t ive s tage and 
con t inues unti l the ampu tee is he lped to 
readjust to social and vocat ional roles in the 
c o m m u n i t y . 

Before amputa t ion the person mus t b e 
p repared to confront the reali ty of surgery, 
bu t not all its potential consequences . The 
results of surgery shou ld no t be presented 
all at once to the pat ient . After amputa t ion , 
the pa t ien t m a y be g iven a few facts at a 
t ime until he or she has a chance to ac
k n o w l e d g e the ex tent of the physical 
c h a n g e s . 

In o lder tex tbooks on the sub jec t , the 
goal w a s to he lp the pa t ien t "accep t h i s 
l o s s . " 2 5 S t ages of ad jus tment to amputa 
t ion p roceeded from denial to depress ion 
to accep tance of loss . In recent years , the 
s tage theory has b e e n ques t i oned as a uni 
form analogue for all amputees . S o m e m a y 
no t p roceed th rough the s a m e s tages of 
ad jus tment . O t h e r s m a y never reach the 
final s tage: accep tance of loss . For s o m e 
pat ients , hea l thy denial is an adapt ive m e 

c h a n i s m that e n a b l e s t h e m to cope wi th the 
mul t ip le losses resu l t ing from amputa t ion . 
T h e y m a y d e n y the i r d isabi l i ty for the rest 
of the i r l ives . The re is no th ing w r o n g wi th 
th i s m e t h o d o f c o p i n g — i t works for s o m e 
people . Rehab i l i t a t i on profess ionals must 
learn to respect the indiv idual i ty of each 
ampu tee and to he lp each ampu tee to ga in 
op t imal accep tance of the disabi l i ty . 

Early pos topera t ive care r equ i res brea
th ing exerc i ses a long wi th exerc i ses in a 
p rone pos i t i on in b e d for the r e m a i n i n g 
l i m b s , on parallel ba r s , on a frame, and 
finally on c ru tches . 1 1 Immedia te fitting of a 
p n e u m a t i c pylon ( temporary pros thes is ) 
m a y permi t the pa t ien t to walk w i t h i n a 
few days after amputa t ion . It also enab l e s 
the physical therapis t and rehabi l i ta t ion 
m e d i c i n e spec ia l i s t to j u d g e w h e t h e r the 
pa t ien t can tolerate an artificial p ros thes i s . 

S o m e pa t i en t s have difficulty in adjust
ing to the pylon e i the r because of the poor 
hea l ing cond i t i on of the s tump or because 
of a c o m b i n a t i o n of phys ica l and psycho
logical p rob l ems . Pa t ien ts w i th heart con 
di t ions and elderly pa t ien ts in poor genera l 
heal th m a y not tolerate the physical de 
m a n d s of wa lk ing wi th a pylon. F rom a 
psycholog ica l v i e w p o i n t , i m m e d i a t e fit
t ing w i t h a pylon m a y provide equ ivoca l 
resul ts . O n the o n e h a n d , it m a y inspi re 
conf idence in the pa t ien t that he or she can 
eventual ly learn to walk w i th a p e r m a n e n t 
artificial p ros thes i s . O n the o the r hand , i t 
m a y no t pe rmi t e n o u g h t ime for adjust
m e n t to loss of a l i m b . S o m e pa t i en t s m a y 
requi re a pe r iod o f m o u r n i n g for the i r lost 
bod i ly part before f i t t ing of a pylon. T h i s 
per iod m a y go on for m a n y w e e k s after 
amputa t ion ; it is a normal react ion to am
pu ta t i on . 4 Too early fi t t ing o f a p ros thes i s 
cuts short the m o u r n i n g per iod and m a y 
prevent the pa t ien t from in tegra t ing the 
loss w i t h b o d y image . Moreove r , some pa
t ien ts w h o m a y tolerate a l igh tweigh t py
lon cannot tolerate a pe rmanen t pros
thes i s . 

T h e p h e n o m e n o n desc r ibed as phantom 
pain m a y occur w h e t h e r or no t there is i m 
media te pros the t ic f i t t ing. M a n y previous 
s tudies purpor ted to s h o w that p h a n t o m 
pa in really d id no t ex is t in a mater ial s ense . 
It w a s h y p o t h e s i z e d that the ampu tee re -



cons t ruc ted a menta l image of h i s ampu
tated l i m b . The i m a g e s t imula ted the sen
sa t ion of pa in w h i c h , in turn, re inforced 
the awareness of a lost bod i ly part . Cur ren t 
thought is that p h a n t o m pa in m a y be at
t r ibu ted to electr ical ne rvous impu l ses 
t ransmi t ted from the ne rves in the s tump . 
W h e n an immed ia t e pos topera t ive pros
thes i s is f i t ted, p h a n t o m pa in is l e s sened 
and the pa t ien t is be t te r mot iva ted to c o m 
plete h i s pros the t ic t ra in ing p r o g r a m . 2 1 

AMPUTATION PROGRAMS 
Rehab i l i t a t i on of the ampu tee is opt i 

mal ly ach ieved by referr ing the pat ient to 
an amputa t ion cen te r . In the U n i t e d S ta tes , 
several cen te rs are assoc ia ted wi th re
hab i l i t a t ion depa r tmen t s , Ve te rans Ad
min i s t r a t ion hosp i ta l s , and or thoped ic de
pa r tmen t s in genera l hospi ta l s . In the 
U n i t e d K i n g d o m , pa t ien t s m a y b e referred 
to a c o m m u n i t y and artificial l i m b and ap
p l iance cen te r . T h e r e is a clear advantage to 
cent ra l iz ing the profess ional se rv ices for 
the t rea tment of a m p u t e e s , as d e m o n 
strated in the fol lowing evaluat ive s tudies . 

M a l o n e and o t h e r s 1 6 evaluated the re
sults of two groups of lower ex t remi ty am
pu tees w h o u n d e r w e n t a rehabi l i t a t ion 
p rogram at the T u c s o n Veterans A d m i n i s 
trat ion Medica l C e n t e r and the Un ive r s i t y 
of Ar izona Heal th S c i e n c e s Cen te r . F r o m 
July , 1975, to July, 1979 , 119 pa t i en t s un
de rwen t 143 lower ex t remi ty amputa t ions . 
For s tudy purposes , these pa t i en t s were 
d iv ided in to two groups : a group w i t h a m 
puta t ions b e t w e e n July, 1975 , and J u n e , 
1977; and a group w i t h amputa t ions b e 
tween July, 1977, and J u n e , 1979. T h e first 
g roup unde rwen t rehab i l i t a t ion pr ior to 
t he e s t a b l i s h m e n t o f t he a m p u t a t i o n 
center . T h e s econd group unde rwen t am
puta t ion in the amputa t ion center . The re 
w e r e no s igni f icant differences in age or 
sex b e t w e e n the two groups . The differ
ence b e t w e e n pos topera t ive mor ta l i t ies 
w a s not s ignif icant (one died in group o n e , 
four in group two) . A m p u t a t i o n level w a s 
de t e rmined pr ior to ampu ta t ion b y X e n o n 
sk in b lood flow tests . The use of X e n o n 
c learance is a m e a s u r e of capi l lary sk in 
b l o o d flow for pu rposes of amputa t ion 

level se lec t ion and pred ic t ions of w o u n d 
hea l ing . 

The re w a s a s igni f icant difference in 
p r i m a r y a m p u t a t i o n h e a l i n g b e t w e e n 
groups one and two : 63 pe rcen t and 97 per
cent . T h e overall r ehab i l i t a t ion t ime w a s 
s igni f icant ly r educed in group two c o m 
pared to g roup o n e : 30 .8 days c o m p a r e d to 
128.4 days. The rehabi l i ta t ion t ime for 
be low-knee amputa t ion w a s signif icantly 
improved in group two c o m p a r e d w i t h 
g roup o n e : 32 .5 days c o m p a r e d to 132 days . 
T h e r e w a s a rehabi l i t a t ion rate of 100 per
cen t in g roup two for pa t ien t s w h o could 
walk before amputa t ion . All of t h e m used 
their p ros theses successful ly for one to 18 
m o n t h s fo l lowing d i scharge . Leng th of 
hosp i ta l iza t ion w a s s ignif icant ly less for 
group two than for group one (38 .1 days 
c o m p a r e d to 65 .8 days) . T h e s e compar i 
sons ind ica te the greater p rogram effec
t iveness o f an amputa t ion cen te r in treat
m e n t o f pos topera t ive ampu tee s w i t h i n the 
s a m e ins t i tu t ion . 

In a c l inical s tudy o f amputa t ions o f the 
lower l i m b at the rehabi l i t a t ion and artifi
cial l i m b cen te r , K . G . ' s Med ica l col lege in 
Lucknow, Ind ia , Agarwal and o t h e r s 1 

found that p roper pos topera t ive care and 
rehab i l i t a t ion were conduc ive to greater 
ga ins . A re t rospec t ive s tudy of 525 cases of 
lower l i m b amputa t ions s h o w e d that the 
major i ty of ampu ta t ions (65 .3 percent ) 
were due to t rauma (train acc iden t s ) , 20 
pe rcen t w e r e due to vascular d i sease ; and 
seven to e igh t pe rcen t were due to n e o 
plast ic l e s ions . F i f ty -seven percent of the 
cases were b e l o w - k n e e , and 34 pe rcen t 
w e r e a b o v e - k n e e . S t u m p s o f sat isfactory 
length were found in 40 percen t of b e l o w -
knee and 6 8 . 2 pe rcen t o f a b o v e - k n e e cases . 
Proper pos topera t ive care h a d b e e n lacking 
in pe r sons amputa t ed at o the r cen te r s . T h e 
amputa t ion cen te r p rov ided a m o r e effi
c ien t , cost-effect ive w a y of t rea t ing pa
t ien ts . 

Few s tudies e x a m i n e the e c o n o m i c im
pact of an amputa t ion p rogram. A n am
b i t i ous s tudy b y M a l o n e and o t h e r s 1 7 ana
lyzed the t r ea tment records of the 172 hos 
pital sy s t ems of the Ve te rans Admin i s t r a 
t ion to de t e rmine the cos t impac t of alter
na t ive m e t h o d s of theory . T h e cumula t ive 



cos t for pa t ien ts unde rgo ing 1,933 be low-
k n e e ampu ta t i ons in 1976 w a s near ly 25 
mi l l ion dollars. T h e authors extrapolated 
from the i r expe r i ence w i t h 142 b e l o w - k n e e 
amputa t ions for vascular occ lus ive d isease 
and/or d i abe te s mel l i tus in 133 pa t ien ts . 
T h e i r p rog ram e m p l o y e d i m m e d i a t e post
opera t ive p ros thes i s w i th accelera ted re
hab i l i t a t ion for pos topera t ive manage 
men t . T h e i r results s h o w e d no pos topera
tive mortali ty, 89 percent amputa t ion heal
ing , a n d 100 pe rcen t p ros thes i s rehab i l i 
ta t ion of all uni la teral b e l o w - k n e e am
pu tees , w i t h 9 3 pe rcen t rehabi l i ta t ion of all 
bi lateral b e l o w - k n e e ampu tee s . 

Based u p o n their p rogram resul ts , the 
V A sys t em could save 18 mi l l ion dollars by 
reduc ing the average hospi ta l stay to 32 
days. In the centers at the V A Hospi ta l s , in 
T u c s o n a n d S a n Franc i sco , the average 
t ime from surgery to rehab i l i t a t ion had 
b e e n reduced from 125 to 32 days . U s i n g 
the per d i e m cos t of $116 per day for 125 
days , the m i n i m u m cost for the V A sec t ion 
as a who le w a s $ 2 4 , 8 9 9 , 9 8 0 . U s i n g the 
m i n i m u m cos t of $116 per day for 32 days, 
the average cos t w o u l d b e $7 ,175 ,296 . 

T h e authors po in t out , of course , that the 
deve lopmen t and m a i n t e n a n c e costs of a 
m o d e r n amputa t ion center wi l l b e sub 
s t a n t i a l . 1 7 T h e n e e d for nuclear m e d i c i n e to 
do X e n o n flow s tud ies , the n e e d for rapid 
fabr ica t ion of p ros theses for phys ica l ther
apy, and an act ive rehab i l i t a t ion program 
m o u n t up in cos t s . T h e total cost to the V A 
s y s t e m , w h e n p ro jec ted over five years , 
w o u l d b e $44 mi l l ion . Never the le s s , even 
th is f igure w o u l d b e less than the current 
figure of $124 mi l l ion (at $25 mi l l ion per 
year ) . There fore , the ini t ial i nves tmen t is 
wel l wor th the total cost . Moreove r , the 
ul t imate benef i t s to the pa t ients in te rms of 
accelera ted rehab i l i t a t ion mus t be ba l 
anced aga ins t cos t s . T h e savings to the VA 
sys t em over five years w a s pro jec ted to be 
80 mi l l ion dollars. 

ABOVE-KNEE 
AMPUTATION 

In a p rospec t ive , r andomized trial of the 
abi l i ty of phys ica l therapis t s to m a n a g e the 

i m m e d i a t e pos t -opera t ive d ress ing of pa
t ients w i t h sa rcoma rece iv ing a b o v e - k n e e 
ampu ta t ions , T h o r p e and o t h e r s 2 3 eva lu
ated the charac te r i s t ics of w o u n d hea l ing , 
pos t -ope ra t ive gai t , dura t ion of p a i n , 
course of r ehab i l i t a t ion , and psycholog ica l 
ad jus tment . In add i t ion , the authors eval
ua ted the effect of i m m e d i a t e ambu la t ion 
c o m p a r e d w i t h de layed ambu la t ion on re 
hab i l i t a t ion . All pa t i en t s w i th a d i agnos i s 
of lower ex t remi ty sa rcoma were e l ig ib le 
for the s tudy. T rea tmen t w a s g iven b y the 
Surg ica l B r a n c h of the Nat iona l Cance r In
s t i tute , B e t h e s d a , Mary land . In a 2 x 2 fac
torial des ign , one factor w a s type of a m b u 
la t ion ( i m m e d i a t e versus de layed) , the 
o ther factor w a s type of t rea tment agent 
(physica l therapis t ve r sus cer t i f ied pros
the t i s t ) . 

The resul ts of the s tudy ind ica ted that 
there w e r e no s igni f icant differences w i t h 
respect to age , sex , average s tump length , 
pre- and pos t -opera t ive gait charac ter i s 
t ics , and average n u m b e r of days to hea l 
ing . P h a n t o m l i m b sensa t ion , p h a n t o m 
pa in , and w o u n d pa in w e r e eva lua ted in 
the four g roups . Les s ana lges ia w a s u sed in 
pa t ients t reated by therapis t s c o m p a r e d 
w i t h pa t i en t s t reated b y pros the t i s t s . N o n -
p h a n t o m pa in w a s s ignif icant ly less in pa
t ients w i t h delayed ambu la t ion treated b y 
a pros the t i s t t han in pa t ien t s w i t h de layed 
ambu la t i on t reated b y a therapis t . N o psy
chologica l d i f ferences were found a m o n g 
the four g roups . Pa t i en t s w i th cas ts appl ied 
b y therapis t s used thei r p ros theses more 
than pa t ien t s w i t h cas ts appl ied b y pros
the t i s t s . T i m e to p resc r ip t ion of final pros
thes i s w a s not s ta t is t ical ly s ign i f i can t 
a m o n g the four g roups . M o s t pa t ien ts were 
ready for final p ros thes i s 70 days after the 
opera t ion , a 46 -day i m p r o v e m e n t over 
h is tor ica l N I H cont ro ls not fitted wi th r ig id 
d ress ing . T h e au thors conc luded that the 
reason for success b y phys ica l therapis ts 
c o m p a r e d to cer t i f ied pros the t i s t s w a s that 
therapists remained continually in the hos
pital wh i l e the pat ient w a s unde rgo ing rehabiltation. T h e i n - h o u s e therapis t is more 
en thus ias t i c , more access ib le , and more 
c o m m u n i c a t i v e w i t h the surgeon . T h e au
thors also sugges ted that ambu la t ion shall 
beg in at the t ime of su ture r e m o v a l , 2 3 al-



t hough there is n o con t ra ind ica t ion to im
m e d i a t e a m b u l a t i o n to py lon . 

In a s tudy of 59 a b o v e - k n e e amputa t ions , 
s tump hea l i ng w a s corre la ted w i t h the local 
sk in perfus ion p r e s s u r e . 1 0 " S P P is m e a 
sure preopera t ive ly as the external pres
sure r equ i red to s top i so tope w a s h o u t 
u s i n g 1 3 1 I - or 1 2 5 I - an t i -pyr ine m i x e d wi th 
h i s t a m i n e . " It ha s b e e n s h o w n that w o u n d 
compl i ca t i ons in b e l o w - k n e e ampu ta t ions 
can b e p red ic ted b y preopera t ive m e a 
su remen t of local SPP. T h i s s tudy w a s un
der taken to predic t w o u n d compl i ca t ions 
in a b o v e - k n e e amputa t ions and to a id in 
the se lec t ion of s t u m p leng th . S ix ty - two 
a b o v e - k n e e amputa t ions for gangrene or 
in to le rab le pa in at res t we re s tud ied over a 
two-yea r pe r iod . Forty-f ive pe r sons d id 
no t have d i abe te s mel l i tus ; 17 pe r sons d id 
have d iabe tes mel l i tus . N i n e pa t ien t s h a d a 
p rev ious contralateral major amputa t ion ; 
in 15 pa t i en t s a major amputa t ion at a more 
distal level h a d fa i led, 14 of t h e m b e l o w the 
k n e e , one th rough the knee . For ty -n ine 
pa t ien t s w e r e w a l k i n g prior to the above -
knee amputa t ion . 

Four t een pa t i en t s (24 percen t ) d ied dur
ing hosp i ta l i za t ion fol lowing amputa t ion ; 
s ix pa t ien t s d ied w i t h severe w o u n d infec
t ions of the s t u m p . S ix pa t ien t s d ied wi th 
wel l hea l ed s tumps and two d ied w i t h su
tures no t ye t r e m o v e d from s tumps . S k i n 
perfusion pressure b e l o w 30 m m H g was 
predic t ive of 82 pe rcen t of cases w i th s e 
vere w o u n d compl i ca t ions . In 48 cases w i t h 
S P P a b o v e 3 0 m m H g , only four cases 
(eight percent) suffered severe w o u n d com
pl icat ions. Pat ients returned to their o w n 
h o m e s in 58 percent o f the cases . For ty -one 
percen t o f 49 pa t ien ts w h o could walk pr ior 
to amputa t ion could walk w i t h a p ros thes i s 
fo l lowing a b o v e - k n e e amputa t ion . T h e av
erage leng th of t ime from amputa t ion to 
rehab i l i t a t ion w a s 15 .8 w e e k s . T w e n t y pa
t ients w h o were d i scharged as wa lk ing 
spen t an average of 15 .3 w e e k s in the hos 
pital. E i g h t pa t ients w h o failed at an at
t empt to walk spent 2 4 . 1 w e e k s in the hos 
pital . T h e authors conc luded that w o u n d 
hea l ing correla ted s ignif icant ly wi th the 
pre- and pos t -opera t ive skin perfusion 
pressure . T h e f ind ings w i th respect to an 
S P P b e l o w 30 m m H g presen ted to the 

se lec t ion o f a shor t s t ump in cases of in
adequa te b lood supply i n a w e a k pa t ien t . 
" O n l y i f the b l o o d supply is i nadequa t e 
should a long s t u m p , w h i c h is more c o m 
fortable dur ing s i t t ing and w h e n m o v i n g 
in b e d , b e c h o s e n . " 1 0 

BELOW-KNEE 
AMPUTATION 

Desp i t e the a t tempt to preserve c i rcula
t ion to the lower ex t remi t i e s , each year 
there are approx imate ly 30 ,000 amputa 
t ions in the U n i t e d Sta tes . The major i ty of 
lower ex t remi ty a m p u t e e s are b e l o w - k n e e 
a m p u t e e s in w h i c h an effort is m a d e to 
preserve the k n e e j o i n t even in pa t ien t s 
w i th marg ina l c i rcula t ion due to arterial 
occ lus ive d i sease . Preserva t ion o f the knee 
j o in t in o lder pa t i en t s m a y m a k e the differ
e n c e in ab i l i ty to walk great d i s t ances . 

T h e records of 50 pa t ien t s w i t h b e l o w -
k n e e amputa t ion for arterial d isease per
fo rmed at the N e w E n g l a n d Medica l Cen te r 
from 1971 to 1979 w e r e e x a m i n e d to deter
m i n e h o w m a n y w e n t on to successful re
hab i l i t a t i on and i n d e p e n d e n t a m b u l a 
t i o n . 3 T h e pa t ien ts r anged in age from 49 to 
8 9 , w i t h a m e a n of 67 years ; 43 pa t i en t s (86 
pe rcen t ) h a d ulcera t ion or nec ros i s in 
vo lv ing the foot or toes , a n d seven pa t ien t s 
h a d rest pa in wi thou t t i ssue loss . T w e n t y -
seven pa t i en t s (54 percen t ) h a d d iabe tes 
mel l i tus . O t h e r i l lnesses inc luded ang ina , 
conges t i ve hear t fai lure, chron ic obs t ruc 
t ive lung d i sease , h e m i p a r e s i s , and seni le 
d e m e n t i a . T h e c lass i f ica t ion of pa t ien t s 
in to five funct ional ca tegor ies for r ehab i l i 
tat ion w a s made . These categories were : 1) 
comple t e i n d e p e n d e n c e , 2) pa t ien t re
qu i res a cane , 3) pa t ien t r equ i res a c ru tch or 
walker , 4) pa t ien t w a s i n d e p e n d e n t in a 
whee l cha i r and in t ransfer , and 5) comple te 
d e p e n d e n c e . A g e , opera t ive m e t h o d , and 
preopera t ive funct ional l imi ta t ions were 
c o m p a r e d w i t h hea l ing a n d rehab i l i t a t ion 
o u t c o m e . 

The results indicated no operative deaths. 
Major complications occurred in 14 pa
tients (28 percent). There was a cumula
t ive f ive-year survival rate of 60 percen t . 
Overa l l rate of hea l ing w a s 86 pe rcen t , p r i -



mary hea l ing was 66 percen t . Early s tump 
compl i ca t ions occur red in 17 pa t ien t s ; late 
s tump compl ica t ions occurred in seven 
pat ients . T h e average length of stay in a 
shor t - te rm care facil i ty w a s 43 .5 days. 
Thi r ty- f ive pe rcen t r equ i red amputa t ion of 
the o the r l i m b w i t h i n three-and-a-ha l f 
years . Fo l low-up of 43 pa t i en t s , w h o s e 
s tumps u l t imate ly hea l ed , was m a i n t a i n e d 
for e igh t yea rs w i t h an average of 3.4 years . 
Twen ty - f ive uni la teral ampu tees (71 per
cent ) were ambula to ry w i th a p ros thes i s at 
t ime o f fo l low-up. Ten uni lateral ampu tee s 
w h o w e r e wa lk ing pr ior to amputa t ion 
w e r e no t ambula tory . F o u r pa t ien t s at first 
u s e d a p ros thes i s bu t later d i scarded it for a 
whee lcha i r . O f e igh t bi lateral ampu tees , 
two b e l o w - k n e e ampu tee s were ambula t 
ory w i t h p ros thes i s , and two were no t am
bulatory. O n e b e l o w - k n e e and above -knee 
ampu tee w a s ambula to ry w i th p ros thes i s , 
bu t ano the r three w h o c o m b i n e d b e l o w -
knee and a b o v e - k n e e were no t ambula tory . 
Factors a s soc ia t ed w i t h successful re
hab i l i t a t ion were the cond i t ion of the op -
posit ive l imb , coexistent disease, postop
erative complicat ions, and healing failure. 

Pat ients shou ld b e evaluated preoperatively b y functional a s se s smen t scales in 
order to assess the impac t of amputa t ion on 
self-care , mobi l i ty , ene rgy r e q u i r e m e n t s , 
and family adjus tment . T h i s may b e espe
cially helpful in cases in w h i c h the chance 
of a n o n h e a l i n g b e l o w - k n e e amputa t ion is 
h igh . In th is paper , a more formal func
t ional a s s e s s m e n t w a s not comple ted . A 
classif icat ion of pa t ien t s by five ca tegor ies 
o f ambu la t i on w a s comple t ed . 

F leurant and A l e x a n d e r 5 eva lua ted the 
o u t c o m e s of 353 b e l o w - k n e e ampu tees re
sul t ing from d iabe t ic or i s chemic gan
g rene , t rauma, o s t eomye l i t i s , ma l ignancy , 
Buerger ' s d i sease , or congeni ta l malfor
ma t ions . E i g h t y - s e v e n percent resul ted 
from d iabe t i c or i s c h e m i c gangrene . S i x 
ty-five pe rcen t h a d d i abe te s ; 20 .7 percent 
ar ter iosc leros is ; and 10.3 pe rcen t exper i 
e n c e d t rauma. Fi f ty-e ight of the 353 pa
t ien ts w e r e t reated at one ins t i tu t ion and 
were ana lyzed separa te ly—32 m e n and 26 
w o m e n . A total of 63 amputa t ions w a s 
per formed; seven doub le ampu tees , five 
doub le b e l o w - k n e e and one pat ient w i th 

a b o v e - and b e l o w - k n e e amputa t ion . A n 
i m m e d i a t e pos topera t ive p ros thes i s w a s 
appl ied in a lmost all cases . 

T h e hea l ing rate w a s 82 .8 percent ; pr i
mary hea l ing rate w a s 73 .3 percent . T h e s e 
f igures c o m p a r e favorably w i th s tudies by 
M a l o n e 1 7 and C a s t r o n u o v o . 3 Mor ta l i ty w a s 
five percent . A p e r m a n e n t p ros thes i s w a s 
fitted o n 288 pa t ien t s ; 253 of t h e m were 
fitted w i t h i n 31 days . Successful rehab i l i 
tat ion w a s m e a s u r e d in t e rms of the abi l i ty 
to lower the level o f amputa t ion and to 
ach ieve p r imary hea l ing . The abi l i ty to 
p reserve the knee j o in t con t r ibu tes to sur
vival after ampu ta t ion a n d to greater re
hab i l i t a t ion . If a pa t ien t ha s gangrene at 
the knee or severe f ixed cont rac t ion at the 
knee jo in t , he shou ld no t b e g iven a b e 
low-knee ampu ta t ion , s ince vascular iza
t ion canno t b e accompl i shed after surgery. 
O t h e r factors mi l i t a t ing agains t b e l o w -
knee amputa t ion are t h r o m b o s i s o f the 
popl i teal artery, p o o r b l e e d i n g after sk in 
i nc i s ion , and s e g m e n t e d systol ic arterial 
pressure b e l o w 70 mi l l imeters of mercury . 
If a pa t ien t has d i abe te s mel l i tus , it is im
por tant to educate h i m or he r bo th pre- and 
pos t -opera t ive ly on the impor tance of care 
for the o the r foot. 

O n e of the major p rob l ems of lower ex
t remi ty amputa t ion is to p rov ide sufficient 
c i rcula t ion to the leg pr ior to amputa t ion . 
B y inc reas ing c i rcula t ion to the leg, a sur
geon can perform an amputa t ion more 
dis tant ly, hea l ing after amputa t ion is in
c reased , and ambu la t i on and funct ional 
i n d e p e n d e n c e are e n h a n c e d . 

In a s tudy of 150 arterial recons t ruc tures 
per formed for per iphera l i s c h e m i a at the 
Ha rbo rv i ew Medica l Cen te r , Un ive r s i ty of 
W a h i n g t o n School of M e d i c i n e , J o h a n s e n 
and o t h e r s 1 2 found that successful arterial 
recons t ruc t ion can lower the amputa t ion 
level and improve rehab i l i t a t ion potent ia l . 
Ten of 36 pa t ien t s w h o h a d gangrene o f the 
lower ex t remi ty unde rwen t arterial recon
st ruct ion pr ior to amputa t ion . N i n e of the 
10 pa t ien ts were long- te rm surv ivors , and 
e igh t of these n ine were rehab i l i t a ted to 
i n d e p e n d e n t gai t . S ix had procedures 
w h i c h permi t ted l imi t ed amputa t ion at the 
level of the foot. O n e d ied of a compl ica t ion 
resul t ing from chron ic hemod ia ly s i s ; pr ior 



to dea th , he unde rwen t l imi ted amputa 
t ion of the foot. O n the w h o l e , amputa t ion 
level w a s per formed at least o n e level lower 
than or ig inal ly r e c o m m e n d e d b y cl inical 
tests before arterial recons t ruc t ion . T h e 
au thors conc luded that arterial reconst ruc
t ion p rese rved l i m b length and inc reased 
i n d e p e n d e n t gait b y p ros thes i s . 

Sk in perfus ion pressure (SPP) can pre
dict w o u n d hea l ing in b e l o w - k n e e a m p u 
ta t ions . A s w i t h pred ic t ion of a b o v e - k n e e 
w o u n d hea l ing , S P P can predic t w o u n d 
compl i ca t ions and can b e used to select 
be t te r cand ida tes for amputa t ion at a lower 
level . 

AMPUTATION FOR 
CANCER COMPARED TO 
VASCULAR AND 
TRAUMATIC AMPUTATION 

Unt i l recent ly , rehab i l i t a t ion of the per
son w i t h lower ex t remi ty cancer w a s no t a 
c o m m o n procedure . Acco rd ing to Gla t t ly 8 

and R e i n s t e i n , 1 9 c ance r and b e n i g n tumors 
m a y accoun t for on ly five pe rcen t of all 
ampu ta t ions . Never the le s s , w i t h i n the age 
range 1 0 - 1 9 , cancer is the m o s t f requent 
cause of a m p u t a t i o n . 1 9 W i t h the advent of 
the latest surgical p rocedures , more per
sons are su rv iv ing cancer and c o n s e 
quen t ly greater a t ten t ion needs to be g iven 
the m a n a g e m e n t of the cancer pat ient after 
amputa t ion . 

Fo l lowing amputa t ion , the pa t ien t i s 
g iven exerc i ses to s t reng then the uppe r 
ex t remi t i es and the o ther , un invo lved 
lower ext remi ty . W h e n there is n o inc i 
dence o f cance r h a v i n g spread to o ther 
sys t ems a n d o rgans , the pa t ien t wi l l b e 
fi t ted for a Canad ian h i p disar t icula t ion 
p ros thes i s . W h e n cancer has already m e 
tas tas ized or w h e n there is a ques t ion of 
spread , t h e n a p e r m a n e n t p ros thes i s m a y 
or m a y no t b e p rov ided , d e p e n d i n g upon 
life expec tancy , genera l hea l th s ta tus , 
ene rgy r e q u i r e m e n t s for gai t wa lk ing , the 
psychologica l ou t look o f the pa t ien t , and 
the f inancial r e s o u r c e s — b o t h pub l ic and 
p r iva te—ava i lab le to the pat ient . A pa t ien t 
m a y b e p rov ided w i t h a temporary pros
thes i s for the avai lable life expec tancy 
pe r iod , or m a y b e g iven a whee lcha i r . 

R e i n s t e i n 1 9 c o m p a r e d the psychosoc ia l 
ad jus tment o f the cance r pa t ien t w i t h the 
pa t ien t w i t h per iphera l vascular d i sease 
and w i t h ampu ta t ion after t rauma. In cases 
invo lv ing t rauma, the pa t ien t awakens 
after surgery and is conf ronted w i t h sud
den loss of an ex t remi ty . N o prepara t ion 
has b e e n g iven . T h e pa t ien t m a y p roceed 
th rough the classic s tages of shock , denia l , 
and depress ion , as or ig inal ly ou t l ined b y 
D e m b o , Lev i ton , and W r i g h t . 4 T h e pa
t ient m a y b e expec t ed to " m o u r n " the am
pu ta t ed l i m b as s o m e t h i n g v a l u a b l e , 
s o m e t h i n g w h i c h up to a few hour s before 
surgery w a s func t ion ing wel l , an ob jec t to 
b e pr ized b y the ou t s ide obse rve r . It m a y 
take m a n y m o n t h s , e v e n years , for the pa
t ien t to adapt to the amputa t ed l i m b ; it m a y 
neve r h a p p e n . 

The pa t i en t w i t h per iphera l vascular d is 
ease , on the o ther h a n d , expec t s the am
puta t ion , m a y b e prepared for it , and is 
r e s igned to it as a m e a n s of saving h i s l ife. 
T h e pa t ien t wi l l feel depressed , of course , 
b u t wil l adapt m o r e qu ick ly to the loss . 

The pa t ien t w i t h ampu ta t ion due to 
cancer is in a u n i q u e pos i t ion , because he 
o r she m a y b e uncer ta in abou t the i m m e d i 
ate future. C a n c e r m a y spread or m a y ho ld 
the potent ia l o f t h r ea t en ing life in the nea r 
future. E v e n w h e n surgery has b e e n suc
cessful , the pa t ien t m a y feel the D a m o c l e s ' 
sword a b o v e h i m at all t imes . A p p r e h e n 
s ion abou t the future causes anxie ty , h o s 
til i ty, and d e p r e s s i o n . 9 O f the three causes , 
cancer p resen ts the m o s t difficult course for 
ad jus tment . 

i n a re t rospec t ive s tudy of 199 amputa 
t ions for m a l i g n a n c y per formed at the 
M a y o Cl in ic b e t w e e n 1965 and 1969, Subbarao a n d M c P h e e 2 2 r ev i ewed thei r case 
h i s to r i e s to de t e rmine d iagnos i s , level of 
amputa t ion , dura t ion of hospi ta l stay, 
c o m p l i c a t i o n s d u r i n g h o s p i t a l s t a y , 
w h e t h e r immed ia t e pros the t ic f i t t ing was 
done , w h e t h e r or no t pa t ien ts r ece ived a 
p e r m a n e n t p ros thes i s , a n d the interval 
b e t w e e n ampu ta t ion and pros the t ic fit
t ing . Pa t i en t s were a sked w h e t h e r they 
were w e a r i n g thei r p ros thes i s , w h e t h e r 
t hey c h a n g e d occupa t ions or re turned to 
the s a m e j o b , and w h e t h e r they a t t ended 
school . 



T h e resul ts s h o w e d that 51 percen t (102 
pa t ien ts ) d i ed w i t h i n the five yea r s ' inter
val. O f the 115 dead at fo l low-up, 93 were 
due to cancer re la ted causes : four to hear t 
a t tack, one to ano the r cause , and 17 un
k n o w n causes . T h e p robab i l i ty of surviv
ing o n e year w i t h a p ros thes i s w a s .886, 
compared to .586 wi thout a prosthesis. This 
is no t a causal r e l a t ionsh ip ; it only indi
cates an assoc ia t ion b e t w e e n survival and 
prescr ip t ion of a p ros thes i s . T h e r e were 77 
survivors . O f the 77, 66 had a p ros thes i s . 
Th i r ty -e igh t of t h e m w e r e able to return to 
ful l- t ime normal ac t iv i t ies ; 17 were able to 
re turn to 75 pe rcen t of normal act ivi ty; 
three to 50 pe rcen t ; one to 25 percent ; and 
one h a d no normal act ivi ty. Th i r t y -n ine 
used their prosthesis all waking hours; four 
for m o s t of the day; o n e for less than four 
hour s per day ; two for only an h o u r or two; 
and 16 neve r w o r e the i r p ros thes i s . Th i r 
ty - seven used the i r p ros thes i s to the bes t 
advan tage ; 16 felt the i r p ros thes i s w a s 
use less . 

In the pas t , ampu ta t ion for m a l i g n a n c y 
w a s no t encou raged , s ince it w a s felt that 
the life expec tancy of the pat ient did no t 
jus t i fy the e x p e n s e . A l so , h ighe r level am
puta t ions w e r e per formed on pa t ien t s w i th 
cance r and they w e r e often no t fitted wi th a 
p ros thes i s . T h e s tudy b y S u b b a r a o and 
M c P h e e s h o w s that cancer c l ients can b e 
fi t ted w i t h a p ros thes i s and that w i t h i n five 
years 49 percen t h a v e s u r v i v e d . 2 2 C o m 
pared to the mor ta l i ty in vascular am
pu tees , w h i c h ranges from 19 percent 
w i t h i n 30 d a y s 2 to 50 pe rcen t in five 
y e a r s , 2 4 c ance r pa t i en t s survive favorably 
for comparab l e pe r iods . Moreover , pa
t ients w h o lose a lower ex t remi ty due to 
vascular d i sease have a 33 percen t chance 
of los ing the ex t remi ty on the o ther s ide 
w i t h i n five years . T h e rehabi l i t a t ion of 
vascular ampu tees , as measu red by good 
funct ional o u t c o m e s in i n d e p e n d e n t l ife
s tyle , i s no t s igni f icant ly bet ter than cancer 
a m p u t e e s , a n d in some s tud ies , less suc
c e s s f u l . 1 4 

FUNCTIONAL 
ASSESSMENT OF 
AMPUTEES 

T h e funct ional c h a n g e s of ampu tees fol
l o w i n g surgery have b e e n recent ly evalu
ated b y K e g e l , 1 4 K e g e l , W e b s t e r , a n d B u r 
g e s s 1 5 and O 'Too le , G o l d b e r g , and R y a n . 1 8 

Kege l , Carpen te r , a n d B u r g e s s 1 4 s h o w e d 
that b e l o w - k n e e a m p u t e e s w e r e s igni f i 
cant ly more i n d e p e n d e n t than a b o v e - k n e e 
and bi la teral ampu tee s . The authors m e a 
su red the act iv i t ies of dai ly l iv ing (ADL) in 
ampu tee s b y m e a n s of a q u e s t i o n n a i r e 
ma i l ed to 350 pa t i en t s (at least three 
m o n t h s after d i scharge to a m a x i m u m of 12 
years) w h o had unde rgone a var ie ty of 
lower ex t remi ty ampu ta t ions at several 
Seat t le hosp i ta l s . T h e level of funct ional 
a c h i e v e m e n t w a s re la ted to the si te o f am
pu ta t ion , age , a n d cause of amputa t ion . 
A D L act iv i t ies w e r e ca tegor ized b y per
cen tages o f r e sponse s to i t ems o n the 
q u e s t i o n n a i r e . 

As age inc reased , funct ional level of in 
d e p e n d e n c e decreased . B e l o w - k n e e am
p u t e e s w e r e m o r e i n d e p e n d e n t t h a n 
a b o v e - k n e e and bi la tera l ampu tees , bu t 
a b o v e - k n e e ampu tees were no t more inde 
p e n d e n t than bi lateral ampu tees . The re 
w a s a s ign i f ican t in te rac t ion b e t w e e n age 
and level of amputa t ion , ind ica t ing that the 
a b o v e - k n e e ampu tee ' s funct ional i nde 
p e n d e n c e decreased more rapidly w i th 
age , w h e n c o m p a r e d to the b e l o w - k n e e 
ampu tee . W i t h respect to cause , pa t i en t s 
w i th amputa t ion for t umor were funct ion
ally more i n d e p e n d e n t than pa t ien ts w i th 
amputa t ion due to congeni ta l d i s ea se , 
t rauma, and per iphera l vascular d i sease . 

Kege l ' s s t u d y , 1 4 w a s very wel l d o n e . T h e 
major l imi ta t ions w e r e that data w e r e co l 
lec ted re t rospect ive ly after a m i n i m u m of 
three m o n t h s ' d i scharge , and that there 
w a s n o w a y of c o m p a r i n g the i r funct ional 
i n d e p e n d e n c e from admis s ion to dis
charge . A l so , pa t ien t s w e r e asked to report 
their o w n level of i n d e p e n d e n c e , w i thou t 
cor robora t ive e v i d e n c e b y a hea l th profes
s ional . 

In a s tudy of the recreat ional act ivi t ies of 
lower ex t remi ty a m p u t e e s , K e g e l , W e b s t e r , 



Table 1. 

Table 2. 

and B u r g e s s 1 5 r epor ted the par t ic ipa t ion of 
100 a m p u t e e pa t ien t s in recreat ional ac
t iv i t ies . Cor robora t ive data were supp l ied 
b y 10 phys ica l therapis t s and s ix prosthetists. S ix ty ampu tee s w e r e act ive in s o m e 
form of recreat ional act ivi ty. For ty of t h e m 
w o r e a p ros thes i s w h i l e par t ic ipa t ing in 
spor ts . T h e i r ac t iv i t ies inc luded s n o w ski 
ing , s w i m m i n g , f i sh ing , b o w l i n g , hun t 
ing , golf, ho r seback r id ing , and j o g g i n g . 
Level of amputa t ion a n d sex d id no t make a 
s igni f icant impac t u p o n thei r abi l i ty to 
par t ic ipate in recrea t ion . T h e m o s t act ive 
pa t ien t s were y o u n g e r and h a d u n d e r g o n e 
amputa t ion for t r auma. T h e s tudy presen ts 
n e w stat is t ical ana lyses of a m p u t e e s ' rec
reat ional ac t iv i t ies . 

In order to evaluate the changes made b y 
60 per iphera l vascular ampu tees from ad
m i s s i o n to six m o n t h s ' fol low-up after at
t end ing a rehabi l i t a t ion hosp i ta l , O ' T o o l e , 
Go ldbe rg , and R y a n 1 8 d e s i g n e d a p rospec
tive study of functional outcomes measured 
at one month prior to admiss ion, discharge, 
and six m o n t h s after d i scharge . A second
ary purpose of the s tudy w a s to test the 
di f ferences b e t w e e n above -knee and b e 
l o w - k n e e a m p u t e e s in the i r phys ica l , 
e m o t i o n a l , and p s y c h o s o c i a l i n d e p e n 
dence . Th ree s tandard ized ins t rumen t s 
were u sed for funct ional a s sessmen t : the 
Barthel I n d e x — c o n s i s t i n g of 15 measu res 
o f self-care and mobi l i ty , r ang ing i n score 
from 0 to 100 , a n d y ie ld ing two subtota ls of 
self-care and mob i l i t y and a c o m b i n e d 

score ; the P U L S E S Pro f i l e—cons i s t ing of 
phys ica l , sensory , in te l lectual , and e m o 
t ional c o m p o n e n t s , a n d r ang ing in score 
from 6 = the h ighes t score , to 24 = the 
lowes t score ; and E S C R O W — c o n s i s t i n g o f 
s ix ca tegor ies that m e a s u r e the degree to 
w h i c h the pa t ien t m a y requ i re social sup
por t s , r ang ing from 6 = the h ighes t score , 
to 24 = the lowes t score . T h e sample w a s 
further d iv ided in to a pa i red group of 15 
pa t ien ts w h o w e r e admi t t ed twice for re
hab i l i t a t ion and an unpa i r ed g roup of 45 
i n d e p e n d e n t sub jec t s . All data w e r e s u b 
j ec t ed to t- tests for unre la ted and re la ted 
pairs in order to test the differences in 
funct ional i n d e p e n d e n c e over success ive 
in tervals . A two-way analys is of var iance 
w a s u s e d to test the in te rac t ion of a b o v e -
k n e e ve r sus b e l o w - k n e e amputa t ion w i t h 
the four test per iods . 

Tab le 1 shows the m e a n s and s tandard 
dev ia t ions o n the funct ional a s s e s s m e n t 
measu re s for the 45 i n d e p e n d e n t sub jec t s . 
Table 2 shows the s igni f icant di f ferences 
o n the three measu re s from o n e m o n t h b e 
fore a d m i s s i o n to fo l low-up. 



Table 3. 

S i g n i f i c a n t d i f f e r e n c e s o c c u r r e d o n 
P U L S E S from p re -admis s ion to six m o n t h s 
fo l low-up, and o n Bar the l from admiss ion 
to d i scharge . The re w a s n o s igni f icant dif
ference o n E S C R O W from a d m i s s i o n to 
fo l low-up, though there w a s a s igni f icant 
difference b e t w e e n d ischarge and fol
l ow-up . T h e di f ferences on the Bar the l 
w e r e in favor o f an inc rease in i n d e p e n d e n t 
funct ion. T h i s f ind ing ind ica tes change in 
funct ion as a result of the rehabi l i t a t ion 
in te rven t ion . P U L S E S s h o w e d a decrease 
in i n d e p e n d e n c e from p re -admis s ion to 
d i scharge , bu t then a s u b s e q u e n t inc rease 
in i n d e p e n d e n c e from d ischarge to fol
low-up at s ix m o n t h s . Howeve r , pat ients 
d id no t re turn to the i r p re -amputa t ion level 
before a d m i s s i o n . T h i s f inding indica tes 
that more social se rv ices could be offered 
t h e m in the c o m m u n i t y . P U L S E S g ives a 
profi le of s t rengths and w e a k n e s s e s ; as a 
s u m m a r y score for i n d e p e n d e n t funct ion it 
is no t as useful as Bar the l . The pre -admis 
s ion scores were taken prior to amputa t ion ; 
the decrease shows the drop in funct ion 
from the p r e - m o r b i d level to pos t -amputa 
t ion . C h a n g e s in E S C R O W , especia l ly the i r 
abi l i ty to m a k e dec i s ions (0), s h o w e d that 
the i r n e e d for suppor t decreased wh i l e in 
the hospi ta l bu t after they m o v e d in to the 
c o m m u n i t y they dec l ined to thei r or iginal 
level. 

The re w e r e no s igni f icant di f ferences at
t r ibu ted to amputa t ion level on any func
t ional measu re at any tes t ing per iod . H o w 
ever , a b o v e - k n e e a m p u t e e s had a greater 
p ropor t ion of ang ina , w h e r e a s b e l o w - k n e e 
ampu tees h a d a greater p ropor t ion o f de
p res s ion , as m e a s u r e d b y ch i square tests 
of assoc ia t ion . 

T h e resul ts for the pa i red sub jec t s were 
approximate ly the s a m e , as s h o w n in 
Tab le 3. 

T h e on ly s igni f icant di f ferences occur red 
w i t h respec t to Bar thel ( admiss ion to d is 
charge) and P U L S E S (p re -admiss ion to 
d i scharge) . O n Bar the l , pa t i en t s inc reased 
thei r scores ; on P U L S E S Profile t hey de
creased their scores. The authors concluded 
that pa t ien t s w i th vascular d i sease w h o 
u n d e r w e n t amputa t ion m a d e modera te 
ga ins in the i r funct ional o u t c o m e s from 
admis s ion to d i scharge and from d i scharge 
to six m o n t h s fo l low-up. S o m e ga ins w e r e 
m a d e in psychosoc ia l func t ion ing , al
though s o m e pa t ien t s adap ted poor ly as 
the i r phys ica l cond i t i on w o r s e n e d six 
m o n t h s after d i scharge . T h e i r n e e d for so 
cial and e c o n o m i c suppor t s inc reased s ig
nif icant ly after they w e r e l iv ing in the 
c o m m u n i t y for at least s ix m o n t h s . T h i s 
f ind ing is unders t andab le ; once they left 
the protect ive se t t ing of the rehabi l i ta t ion 
hospi ta l , t hey r equ i r ed he lp w i t h h o u s i n g , 
t ranspor ta t ion , a n d h o m e m a k i n g . A n un
expec ted f ind ing w a s that the level of am
puta t ion h a d n o impact on functional out
c o m e s and rehab i l i t a t ion progress . W e can 
only specula te that pa t i en t s m a y adapt to 
the i r d i sab i l i ty o n the b a s i s of p sycho log
ical m e c h a n i s m s , i r respec t ive of the level of 
amputa t ion . Addi t iona l s tudies n e e d to b e 
conduc ted to test th is obse rva t ion . 

Pa t i en t s w i th less funct ional l imi ta 
t i o n s — f o r e x a m p l e , b e l o w - k n e e amutees—may have more difficulty in adapt
ing to thei r d i sab i l i ty than pa t ien ts w i t h 
m o r e f u n c t i o n a l l i m i t a t i o n s , s u c h as 
a b o v e - k n e e or bi lateral ampu tees . T h e 
closer o n e app roaches normal i ty , the more 
difficult it is to accept dev ia t ion from the 
n o r m . A n y n e w s tudy m u s t ex tend b e y o n d 
funct ional a s s e s s m e n t measu re s o f phys i 
ca l , sensory , self-care, a n d mob i l i t y i n d e 
p e n d e n c e . 



SEXUAL ADJUSTMENT 
In ou r cul ture the w o r s h i p of the beau t i 

ful y o u n g b o d y resul ts in defamat ion of 
a ny dev ia t ion from the normal . A m p u t a 
t ion poses an addi t ional threat: loss o f a 
b o d y part is s y m b o l i c of cas t ra t ion , a n d 
ul t imate ly o f death . Litt le empi r ica l ev i 
dence is ava i lab le on the sexual ad jus tment 
of the l ower ex t remi ty amputee . Re ins t e in , 
Ash ley , a n d M i l l e r 2 0 i n t e rv i ewed 60 am
pu tees (39 m e n , 21 w o m e n ) after they b e 
c a m e i n d e p e n d e n t in a m b u l a t i o n b y 
p ros thes i s . T h e pa t ien t ' s med ica l h is tory , 
social s i tua t ion , a n d pas t and p resen t sex
ual b e h a v i o r w e r e r ev iewed . F r e q u e n c y of 
sexual in te rcourse before and after ampu
ta t ion w a s o b t a i n e d in in te rv iews as re
por ted b y the pa t ien t to the in te rv iewer . 

Th i r ty m e n (77 percent ) repor ted de 
c reased sexual in te rcourse fo l lowing am
puta t ion , i nc lud ing 17 w h o h a d no t re 
s u m e d in te rcourse after amputa t ion . O f 
the 28 m e n w h o h a d repor ted h a v i n g inter
course at least once a w e e k before ampu ta 
t ion , n ine repor ted no change after a m p u 
tat ion. E igh t w o m e n (38 percent ) repor ted 
dec reased sexual in tercourse fo l lowing 
amputa t ion , i nc lud ing seven w h o h a d no t 
r e sumed sexual re la t ions . Decrease in sex
ual re la t ions w a s s igni f icant ly greater for 
a b o v e - k n e e ma le ampu tee s . Cause of am
pu ta t ion a n d difficulty in pos i t i on ing w e r e 
no t s igni f icant factors i n decreased sexual 
activity. Regula r i ty o f sexual act ivi ty in 
mar r i age w a s a s ign i f ican t de te rminan t in 
the r e s u m p t i o n of sexual re la t ions ; m o r e 
u n m a r r i e d pa t ien t s were affected than 
mar r i ed p a t i e n t s . 2 0 T h e results o f th is 
s tudy ra ise the ques t i on w h e t h e r p sycho
logical factors , s u c h as loss of se l f -es teem, 
i m p a i r e d b o d y i m a g e , and l o w e r e d sense 
o f mascu l in i ty or f emin in i ty m a y be m o r e 
closely related to decreased sexual relat ions 
than are the phys ica l factors involved in 
dec reased mobi l i ty , difficulty in pos i t ion
ing , a n d impa i r ed sexual func t ion ing . 

VOCATIONAL 
REHABILITATION 

Vocat iona l ad jus tment after amputa t ion 
has d e p e n d e d o n the p rev ious voca t iona l 

deve lopmen t o f the ampu tee . Pe r sons w i t h 
real is t ic voca t iona l p lans ; profess ional , 
manager i a l , or clerical ski l l s ; s table work 
h i s to ry ; and voca t iona l in te res t s al l ied 
w i t h ap t i tudes and a real is t ic accep tance o f 
d i sab i l i ty tend to adjust be t t e r fo l lowing 
amputa t ion . P e r s o n s w h o re l ied o n thei r 
phys ica l ab i l i ty m a y b e r e q u i r e d to m a k e 
an ad jus tment to seden ta ry work . L o w e r 
ex t remi ty a m p u t e e s are less impa i r ed than 
upper ex t remi ty a m p u t e e s . W i t h p roper 
f i t t ing of a p ros thes i s and wi th gai t t ra in
ing , a lower ex t remi ty a m p u t e e can b e 
taught to ambula te sufficiently wel l to re
turn to h i s former j o b w i t h s o m e modi f ica 
t ions . A j o b sample eva lua t ion a r ranged b y 
the state voca t iona l r ehab i l i t a t ion a g e n c y 
m a y b e u s e d to de t e rmine w h e t h e r the am
pu tee can re turn to former e m p l o y m e n t . 6 

P e r s o n s r equ i r ing a j o b c h a n g e shou ld b e 
referred to the i r local state rehab i l i t a t ion 
agency . 

E v e n w h e n ampu ta t ion does not affect a 
pe r son ' s ab i l i ty to conduc t h i s or h e r j o b or 
to e n g a g e in social and recreat ional ac
t iv i t ies or to l ive independen t ly , i t still has 
an e n o r m o u s impact on a pe r son ' s self-es
t e em. Fee l ings abou t b o d y i m a g e , sex
ual i ty , a n d in te rpersona l c o m p e t e n c e that 
m a y have b e e n b u r i e d for years sudden ly 
r eawaken . T h e profess ional worker , the 
b u s i n e s s execu t ive , the secre tary w h o s e 
voca t iona l skil ls are u n i m p a i r e d m a y focus 
thei r a t t en t ion on the loss of normal p h y s i 
cal appearance . W h a t before w a s taken for 
gran ted n o w mus t b e c o m p e n s a t e d for b y 
camouf lag ing thei r d i s f igurement . T h e y 
requi re psycho log ica l c o u n s e l i n g to adapt 
to the i r w o r k e n v i r o n m e n t . 

SUMMARY AND 
CONCLUSIONS 

T h e rehab i l i t a t ion o f a lower ex t remi ty 
ampu tee r equ i r e s a mul t id i sc ip l inary ap
proach that is op t imal ly ach i eved b y refer
r ing the pa t i en t to an amputa t ion cen te r or 
a rehab i l i t a t ion depa r tmen t in a genera l 
hospi ta l or in a rehab i l i t a t ion facility. Al 
though several measu re s have b e e n u s e d to 
predic t for successful rehab i l i t a t ion out
c o m e after ampu ta t ion , inc lud ing X e n o n 



c learance , local sk in perfus ion pressure , 
a b o v e - k n e e ve r sus b e l o w - k n e e amputa 
t ion , age , d i abe te s mel l i tus , a n g i n a , depre
s s ion , obesi ty , a n d l e s ion on the o the r foot, 
n o n e of these m e a s u r e s has b e e n c o m 
pletely successful w i t h ampu tee s w i th 
var ious e t io log ies . Leve l of amputa t ion is 
no t an impor t an t predic tor w i t h vascular 
ampu tee s w h o s e genera l phys ica l cond i 
t ion and advanced age (mean of 70 and 
above) are be t t e r ind ica tors o f rehabi l i t a 
t ion o u t c o m e . A m p u t e e s due to t umor 
(mal ignant or b e n i g n ) are funct ional ly 
more i n d e p e n d e n t than ampu tee s due to 
congen i ta l d i sease , t r auma, and per iphera l 
vascular d i sease . 

Func t iona l a s se s smen t scales are used to 
evaluate the c h a n g e s after amputa t ion in 
self-care, mobi l i ty , social suppor t s , phys i 
cal cond i t i on , a n d intel lectual adaptabi l i ty . 
Neve r the l e s s , w e conc luded that current 
measu re s do no t inc lude m a n y psycholog
ical aspec ts o f d isabi l i ty , such as measu re s 
o f b o d y i m a g e , se l f -es teem, control of one ' s 
e n v i r o n m e n t , a n d c h a n g e s in values . N e w 
a s s e s s m e n t scales mus t include the psy
chologica l , sexual , and vocat ional aspects 
of ad jus tment to amputa t ion . A m p u t a t i o n 
h a s an e n o r m o u s impac t on social adjust
m e n t , eve rn w h e n funct ional changes on 
current a s s e s s m e n t scales canno t b e d e m 
ons t ra ted . 
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A Laminated Ultralight Prosthesis 
by Drew Hittenberger, C.P. 

Robert Putzi, C.P.O. 

INTRODUCTION 
W e i g h t , l ike any o the r c o m p o n e n t , is a 

factor in pros the t ic des ign , bu t it ha s b e e n 
on ly unt i l recent ly , w i t h the advent of more 
soph i s t i ca ted mater ia ls , that w e i g h t re
duct ion has d rawn so m u c h a t ten t ion . In i 
tially d e s i g n e d for the geriatr ic ampu tee , 
t e c h n i q u e s were deve loped to reduce as 
m u c h of the w e i g h t of a p ros thes i s as pos 
s ib le . 

In 1976, M o s s Rehab i l i t a t i on a n d R a n c h o 
L o s A m i g o s Hosp i t a l s d e v e l o p e d the 
b e l o w knee ultral ight p ros thes i s . M a d e of 
po lypropy lene , the ul t ral ight w a s 65 per
cen t h i g h e r than a conven t iona l p ros thes i s . 
Desp i t e the w e i g h t reduc t ion , h o w e v e r , 
the ul tral ight w a s no t wide ly accep ted b e 
cause of its lack of durabi l i ty and difficult 
fabr ica t ion p rocedure . 

In 1979, W i l s o n and Has lam in t roduced 
the AFP (adapt ive f ixat ion pros thes i s ) endoskeletal sys t em, and in 1980, R o m a n and 
Mot t deve loped a ho l low lamina ted pros
thes i s . T h e s e and o the r ul tral ight tech
n i q u e s (Le imkueh le r , 1982) have and wil l 
con t inue to b e deve loped as the n e e d for 
l igh tweigh t pros the t ic sy s t ems increase . 

The fol lowing art icle p resen ts a ho l low 
l igh twe igh t (l 1/2 to two pound) be low knee 
pros thes i s that can be used b y the geriatr ic 
as well as the aggress ive ampu tee . I ts fabri
cat ion and presc r ip t ion cr i ter ia wil l b e dis
cussed . 

FABRICATION 
Fabr ica te a l iner on the case in the usual 

m a n n e r . T h e n l amina te a socket u s ing four 
layers of nyglass (623 T11 Ot to Bock) one 
layer of f iberglass (616G3 Ot to Bock) and 
acrylic r e s in (617H19 Ot to B o c k ) . Use only 
acrylic r e s in for this p ros thes i s . 

Select a Pedi lan foot (1S19 Ot to Bock) o f 
the appropr ia te s ize and enlarge the bolt 
ho le us ing a 2 5 / 6 4 i nch drill, t h e n at tach the 
Pedi lan foot to an endoske le ta l pylon us ing 
a 1 0 m m bol t . The Pedi lan foot p rovides the 
same funct ion as the S A C H foot a n d 
w e i g h s less (Figure 1 ) . 

Figure 1. The Pedilan foot provides 
SACH foot action yet weighs consider
ably less. 



Figure 2. Components as
sembled for dynamic 
alignment. 

Figure 3. Remove the endoskeletal pylon after dy
namic alignment is com
plete. 

Figures 4 and 5. Fill the void with rigid polyurethane 
foam. 

W i t h the endoske le ta l c o m p o n e n t s and 
socke t he ld in p lace , attach the a l ignmen t 
b lock (5R1 Ot to Bock) to the socket u s ing 
r igid po lyure thane foam (617H12 Ot to 
Bock) as s h o w n in Figuure 2. ( N O T E : Leave 
the PVA bag on the socket pr ior to foaming 
so that the foam can later be r emoved from 
the socke t ) . 

Reinforce the foam/a t t achment b lock 
j u n c t i o n wi th f iberglass tape and dynami 
cally a l ign the p ros thes i s . Cau t ion should 
b e taken at this po in t to make sure th i s is 
accurate because o n c e the p ros thes i s is 
f in i shed , it is i m p o s s i b l e to make any 
a l ignmen t c h a n g e s . 

After the p ros the s i s is dynamica l ly 
a l igned , r emove the pylon and a t tachment 
b lock (Figure 3 ) . Separa te the socket from 
the a t t achment b lock by cu t t ing the foam 
jus t proximal to the b lock, and fill the vo id 
b e t w e e n the socket and the foot wi th r ig id 
po lyure thane foam (Figures 4 and 5 ) . 

S h a p e the foam accordingly, t ak ing in to 
account that the c i rcumferent ia l measure -

m e n t s n e e d to b e 1/2 inch smal ler than the 
contralateral m e a s u r e m e n t s to al low for the 
th i ckness of the outer l amina t ion (Fig
ure 6 ) . 

Ho l low out the plantar surface o f the keel 
1/8" and pull a b e l o w knee ny lon over the 
foam and socket to m a k e a s m o o t h surface. 
App ly a PVA bag over the ny lon and seal it 
distally, a long the plantar surface of the 
foot. T h e n l amina te a p re l iminary socket 
us ing , in the fo l lowing order , one layer of 
nyglass , one layer o f f iberglass , one layer o f 
nyg lass , and acrylic res in . O n c e the l ami
na t ion is ha rdened , split the shell d o w n the 
back u s i n g a cas t saw (Figure 7 ) . To avoid 
cut t ing the socket , it may b e necessa ry to 
split the shell w i t h a knife in the socket 
area. R e m o v e the shel l from the foam a n d 
t r im it p roximal ly a round the M P area o f 
the foot. ( N O T E : The re mus t b e a one to 
two inch over lap of l amina ted mater ia l 
b e t w e e n the socket and shel l) . 

O n c e t r immed , p lace the shel l b ack o n 
the foam and mark its locat ion (Figure 8 ) . 
T h e s e marks mus t be as accurate as pos s i 
b l e , o the rwise the a l ignment wil l b e off. 
R e m o v e the t r i m m e d shell from the pros-



Figure 6. Shape the foam 
accordingly. 

Figure 7. Cut the preliminary shell pos
teriorly and remove it from the foam 
mold. 

Figure 9. Bond the 
posterior seam to
gether along the in
side. 

Figure 10. Glue the preliminary shell to the socket. 

Figure 8. Mark the location of the shell 
on the socket. 

thes i s and b o n d the pos ter ior s e a m to
ge ther a long the i n s ide u s ing three layers 
o f o n e inch w i d e f iberglass w e b b i n g and 
acrylic res in (Figure 9 ) . If the f iberglass 
c a n n o t b e p laced in s ide the foot sec t ion , 
seal it a long the r eces sed plantar surface. 
R e m o v e the foam from the socket a n d glue 
the p re l iminary shel l to the socket u s ing 
sea l ing r e s in (Ot to B o c k 617H21) (F igure 
10) . B e cer ta in that all the loca t ion marks 
match up . 

Dril l a 3/8 inch ho le in the metatarsal area 
o f the foot. B e careful the drill doesn ' t g rab 



Figure 11. Drill a 3/a inch hole in the 
metatarsal area of the foot. 

Figure 1 2 . Fill the entire prosthesis 
with sand. 

Figure 13. Reinforce the prosthesis 
with several layers of carbon fiber. 

and go th rough the do r sum of the foot 
(Figure 11) . Fil l the p ros thes i s w i th sand 
and seal the hole w i t h m a s k i n g tape (Figure 
12) . T h e s and wil l keep the shell from col
l aps ing dur ing the s e c o n d l amina t ion . 

S a n d the p ros thes i s to insure a good 
b o n d b e t w e e n the ou te r l amina t ions , and 
s m o o t h d o w n all r i dges b e t w e e n the socket 
and p re l iminary shel l . T h e n lamina te the 
secondary socket u s ing , in the fol lowing 
order , two layers o f c a rbon f iber (Ot to Bock 
6 1 6 G 1 2 ) , o n e layer o f f iberglass , and two 
layers of nyglass and acrylic res in . C a r b o n 
f iber i s a h i g h s t rength , low modu lus (stiff) 
material that produces a strong and l ight
w e i g h t p ros thes i s . 

T h e ca rbon is pu t d o w n first because i ts 
b lack color has a t e n d e n c y to b l eed through 
if left o n the top. C o v e r w i th several layers 
o f fabr ic . Lay the ca rbon a round the foot, 
ankle and p rox imal b r i m , and anter ior and 
pos ter ior sec t ion of the calf (F igure 1 3 ) . To 
do th i s , first de t e rmine the shape or s ize of 
the ca rbon n e e d e d and run a p iece of dou

b le- faced tape (3M # 9 5 0 ) a long the cu t t ing 
edge . Cu t d o w n the middle o f the tape, 
r emove the paper b a c k i n g , a n d st ick the 
p iece of ca rbon in place . T h i s t e c h n i q u e 
keeps the edges from unrave l ing and keeps 
the fabric in place dur ing l amina t ion . D o 
no t run the ca rbon into the ears of the su
pracondylar socket because it m a k e s t h e m 
too r ig id ; and don ' t run the ca rbon a round 
the edge o f the p ros thes i s because it m a k e s 
t r i m m i n g difficult. 

T h e a m o u n t of v a c u u m used dur ing the 
final l amina t ion shou ld b e kept to a m i n i 
m u m . Even wi th the s and , i f too m u c h vac
u u m is appl ied dur ing the final l amina t ion , 
the ou te r shell wil l co l lapse . O n c e the final 
l amina t ion is comple t e , redrill the hole in 
the b o t t o m o f the foot and dra in out the 
sand . 

S a n d the plantar aspect of the p ros thes i s 
and at tach the foot u s ing sea l ing res in . Fill 
the crack b e t w e e n the foot and the p ros the
s is w i t h f lesh/ l ight b r o w n latex caulk or a 
mixture of sea l ing res in a n d solkafloc. 



Figure 14. Fill the crack between the 
foot and shell with latex caulk or 
sealing resin. 

Figure 15. Paint the foot with ultra dip. 

O n c e dry (30 m i n u t e s ) , paint the foot w i th 
Ul t ra -Dip (ATCO) and let dry for 30 m i n 
utes (F igures 14 , 15 , a n d 16) . 

DISCUSSION 
T h e r e are ind ica t ions and con t ra ind ica 

t ions for any p ros thes i s and th is ul tral ight 
uni t is no excep t ion . Severa l factors need to 
be cons ide red before p resc r ib ing and /or 
fabr ica t ing th is dev ice . 

T h e ques t i on of w e i g h t versus durabi l i ty 
n e e d s to be addressed . It i s ha rd to des ign a 
p ros thes i s that is l igh twe igh t w i thou t 
c o m p r o m i s i n g durabi l i ty because as dura
b i l i ty i nc reases , w e i g h t also inc reases . 
W h a t is des i red is h igh s t rength and low 
we igh t . T h e ques t ion of just h o w s t rong a 
p ros thes i s n e e d s to b e so that the mater ia ls 
can satisfy th i s r e q u i r e m e n t wh i l e keep ing 
the w e i g h t to a m i n i m u m rema ins to b e 
s een , because the s t rength r e q u i r e m e n t 
depends so m u c h on the level o f act ivi ty of 
the part icular pat ient . 

W h i l e this p ros thes i s is d e s i g n e d to b e 
durable e n o u g h for the geriatr ic ampu tee , 
it can also b e mod i f i ed for the more act ive 

ampu tee b y add ing several layers of c a rbon 
and f iberglass a round the ankle and calf 
sec t ion (e .g . for a cons t ruc t ion worker , use 
six layers of c a r b o n ) . T h i s abi l i ty to vary the 
s t rength o f the p ros thes i s is very impor tan t 
because it al lows the pros the t i s t to cus
tomize the dev ice d e p e n d i n g on the pa
t ient ' s level of act ivi ty. 

O n e d rawback o f any ultral ight sys t em is 
that it i s more t ime c o n s u m i n g to fabr ica te . 
U n l i k e o the r s y s t e m s , th i s t e c h n i q u e 
doesn ' t r equ i re any n e w e q u i p m e n t or fab
r ica t ion skil ls because it uses conven t iona l 
l amina t ing p rocedures . T h i s t e c h n i q u e 
doesn ' t requi re ho l l owing out l ike o ther 
t e c h n i q u e s , a n d has m i n i m a l a m o u n t o f 
we igh t distally, w h i c h decreases the pendulus m o m e n t o f the p ros thes i s . 

T h i s p ros thes i s is no t r e c o m m e n d e d for 
the n e w e r ampu tee , howeve r , because it 
lacks ad jus tment capab i l i t i e s . W h i l e m i n o r 
modi f ica t ions are p o s s i b l e th rough l imi ted 
g r ind ing and /or h e a t i n g o f the socket , it is 
not poss ib le to c h a n g e the a l ignment once 
the p ros thes i s is c o m p l e t e ; therefore , more 
t ime n e e d s to b e spen t evaluat ing and 
dynamica l ly a l ign ing th i s p ros thes i s . 



Figure 16. The finished prosthesis 
weighs between 1 1/2 and 2 pounds. 

CONCLUSION 
There has b e e n m u c h interes t recent ly in 

w e i g h t reduc t ion as the n e e d for and the 
abi l i ty to m a k e l igh ter we igh t pros thet ic 
sy s t ems is inc reased . T h i s article has pre
sen t ed o n e such ul tral ight fabr ica t ion 
t echn ique and has discussed its critical fac
tors o f des ign such as durabi l i ty , we igh t 
and fabr ica t ion . It is h o p e d that o thers will 
con t inue to i m p r o v e ultral ight fabr icat ion 

t e c h n i q u e s b e c a u s e the n e e d for these sys
t ems is increas ing . 
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Lower Extremity Amputation 
Problems: Etiology, Manifestations, 
and Prevention 
by Gustav Rubin, M.D., FACS 

Malcolm Dixon, M.A., R.P.T. 
Erich Fischer, C.P. 

INTRODUCTION 
It is the pu rpose o f the au thors to docu

men t , i n a conc i se chart format, a se lec t ion 
o f amputa t ion p r o b l e m s encoun te r ed b y 
the C l in i c Team at our Cen te r , w i t h sug
ges t ions for p reven t ion and t rea tment . 
S u c h p r o b l e m s for the a m p u t e e m a y be 
caused by any of the ind iv idua l s c o n c e r n e d 
w i t h h i s care . 

U n d e r ideal c i r cums tances , a surgeon 
qual i f ied to do ampu ta t ion surgery wil l 
select the mos t appropr ia te level for am
puta t ion and proper ly con tour the a m p u 
ta t ion s t u m p ; 1 a hospi ta l t e a m wil l p rov ide 
eff icient rehab i l i t a t ion ; a pros the t i s t wil l 
ach ieve a sat isfactory fit; and the ampu tee , 
fully in fo rmed abou t the funct ion of h i s 
p ros thes i s and i ts c o m p o n e n t s , wi l l am
bula te in re la t ive comfort , a n d wil l cooper 
ate in a fo l low-up to al low ad jus tments to 
b e m a d e for an t i c ipa ted c h a n g e s . 

Unfor tunate ly , ideal c i r cums tances do 
no t a lways exist . T h i s paper is p resen ted as 
a plea to p reven t those relat ively small , yet 
s ignif icant , n u m b e r o f dev ia t ions from less 
than ideal c i r cums tances . W h e n the am
pu tee has the po ten t ia l to ambula te , a n d to 
ambula te wel l and relat ively comfor tably , 
it i s h i s r ight to b e g iven the fullest oppor 
tuni ty to real ize that po t en t i a l . 2 

T h e type of t rauma and , i n the case of 
d i sease s ta tes , the charac ter of the neu ro 
vascular i nvo lvemen t , wi l l affect the sur
g e o n ' s dec i s ions . A very effect ive m e t h o d 
for d e t e r m i n i n g the o p t i m u m ampu ta t ion 
level for the vascular ly i m p a i r e d l i m b is 
that o f e m p l o y i n g x e n o n 1 3 3 . 3 

THE SURGEON 
Chart I 

W h e n the su rgeon has b e e n p re sen ted 
wi th a pat ient , w h o s e l i m b has sus t a ined 
ex tens ive t rauma of a degree w h i c h m a n 
dates amputa t ion , h i s cho ices are fre
quen t ly l imi ted . T h e status of the t rauma
t ized l i m b m a y requ i re surgical i n g e n u i t y 
and m a x i m u m use of the r e m a i n i n g ana
tomic s t ructures to con tou r a res idual l imb 
that wi l l p rov ide o p t i m u m funct ion. H e 
should not , h o w e v e r , ins i s t o n sav ing all 
length when such heroic measures will re
sult in a poor res idual l i m b . For an ind i 
vidual o f average he igh t , a s ix inch b e l o w -
k n e e res idual l i m b is far more des i rab le 
than an amputa t ion e igh t to 10 inches in 
length . The feature w a s d i scussed m a n y 
years ago by T h o m a s and Haddan in the i r 
text, " A m p u t a t i o n P r o s t h e s e s , " bu t is still 
over looked . In the case of b e l o w - k n e e a m -



CHART I: THE SURGEON 



CHART I: THE SURGEON (continued) 

Figure 1. This vascular amputee would have 
benefitted with a more proximal amputation. 

Figure 2. The unmodified Chopart, in equinus, provides the 
amputee with a poor weight-bearing surface, unless the 
equinus has been prevented by either ankle fusion in a func
tional position or tendon transplantation to prevent the equi
nus deformity. 

pu ta t ions , t hey repor ted that " a m p u t a 
t ions b e l o w the m i d d l e of the leg are to b e 
c o n d e m n e d . T h e addi t iona l b o n e l eng th 
offers n o advan tage i n leverage , a n d the 
longer s t umps are apt to b e t ender and are 
p rone to vascular difficult ies w i t h e d e m a 
and u lcera t ion o f the e n d of the s t u m p . " 4 

Sav ing all l eng th shou ld b e an ax iom fol
l o w e d w i t h d i s c r imina t ion . 

Useful funct ional l eng th should no t b e 

sacrificed. W h e n the amputation is elective, 
it i s the r e spons ib i l i t y o f the su rgeon to 
m a k e a very careful de t e rmina t ion o f the 
level of ampu ta t ion , part icular ly, to avoid 
an above knee a m p u t a t i o n i f a func t ion ing 
b e l o w knee residual l i m b can b e sa lvaged . 
Al though it is no t pos s ib l e to cover every 
eventual i ty , the chart refers to impor tan t 
p r o b l e m s . 



Figure 3. This amputation is just 
proximal to the true Syme level 3 

andhad to be fitted as a long B/K. 

Figure 4. Although this 
ankle disarticulation am
putee was fitted with a 
S y m e prosthes i s with 
maximal proximal PTB 
support, he continued to 
have residual limb prob
lems and rejected reamputation to the below-
knee level. 

Figure 6. The distal anterior crest should be properly 
bevelled. A sharp bone prominence causes overlying 
skin problems. 

Figure 5. This amputee, as demonstrated on the x-ray, 
had to be fitted with a modified Canadian Hip Prosthesis 
because of the retained short residual limb. 



Figure 7. (left) Poor skin 
coverage of underlying 
bone will be recurring 
cause of skin break
down. 

Figure 8. (right) Inade
quately stabilized Syme 
pads frequently interfere 
with distal we ight -
bearing and are often as
sociated with painful 
callosities at the scar 
margin. 

Figure 9. Soft tissue appearance 
of lack of bevelling of the tibia 
crest distally (see chart). 

Figure 10. When the scar is adherent to the underlying 
tibia, it is not unusual for soft tissue piston motion, 
during ambulation, to result in episodes of soft tissue 
breakdown. It is almost impossible to toally eliminate 
small amounts of piston motion. 



THE PROSTHETIST 
Chart II 

M a n y of the m o r e frequently encoun
tered problems traceable to the prosthetist 
are listed in the a c c o m p a n y i n g Chart . The 
prosthet is t has a major responsibil ity for 
the o p t i m u m rehabil i tat ion of the a m 
putee . Less than total satisfactory fit, 
a l ignment , a n d suspens ion m a y cause any 

variety of problems such as those referred 
to in the chart . A large selection of pros the 
tist related problems has been detailed. 
There will undoubted ly be areas of con
troversy particularly w i th reference to the 
poster ior of the socket. A t our center w e 
el iminate the popliteal bulge entirely, bu t 
at o ther centers this is frequently reta ined. 
W h e n this bulge is exaggerated , as in the 
il lustration, problems m a y arise. 

CHART II: THE PROSTHETIST 



CHART II: THE PROSTHETIST (continued) 

Figure 1 1 . Repeated episodes of distal edema produce 
a "peau d'orange," or orange skin effect. This is 
known as verucous hyperplasia. 

Figure 1 2 . Bursal formation over the fibula head (see 
chart). 



Figure 13. (left) Inclusion cysts 
secondary to pressure and shear 
at posterior brim margin. 

Figure 14. (right) An unusual 
alignment of a B/K prosthesis 
fabricated for a patient who did 
not have a fractured femur, knee, 
or tibia which would have dis
torted the anatomical structures 
and might otherwise have re
quired alignment modifications. 

Figure 15. At our Center we have 
eliminated the posterior popliteal 
bulge. The distal opening, in this 
instance, was covered by a soft 
total contact pad and the opening 
provided a receptacle for the 
moisture of excess perspiration. 

Figure 16. Excessive patellar bar prominence may 
cause skin breakdown. 

Figure 17. Encrusted skin ulceration over a prominent 
patellar bar and distal choking with edema and soft 
tissue breakdown (see "choking" under Chart II). 



Figure 18. Improper placement of 
supracondylar wedge of PTS. 

THE PATIENT 
Chart III 

T h e pa t i en t may , h imse l f , b e the source 
o f h i s o w n diff icul t ies , usual ly because of 
ca re lessness o r neg lec t of ins t ruc t ions . Pa
t ien ts are told to b e s e e n b y the c l inic t e a m 
or pros the t i s t at the first s ign of res idual 
l i m b i r r i ta t ion. Neve r the l e s s , they wil l 

often wai t and c o m e in after b l i s te r forma
t ion or even soft t i ssue b r e a k d o w n and ulc
era t ion have deve loped . 

T h e r e are occas ions w h e n the res idual 
l i m b has b e e n so con toured that r ev i s ion i s 
ind ica ted bu t the pa t i en t refuses further 
surgery. It i s neces sa ry in these cases to 
warn the pa t ien t abou t the potent ia l for 
b r e a k d o w n , so that h e m a y o b s e r v e cer ta in 
areas more carefully than he m i g h t do 
o the rw i se . E x a m p l e s of th i s are the exces 
s ive ly long b e l o w k n e e res idual l i m b wi th 
poor distal c i rcu la t ion or the inexcusab le 
re ten t ion of an excess ive ly long f ibula o n 
w h i c h the pa t ien t refused ano the r ope ra 
t ion. 

T h e pa t ien t m u s t unde r s t and that he is 
an impor tan t m e m b e r o f the c l inic t eam 
and h i s sub jec t ive r e sponse s wil l b e care 
fully l i s tened to and ac ted u p o n w h e n ap
propr ia te . W a r n i n g s i g n s are: d iscomfor t 
over b o n e p r o m i n e n c e s , r ednes s , swel l ing , 
pa in , or o ther man i fes t a t ions o f i r r i ta t ion. 
T h e s e s igns shou ld b e h e e d e d before 
b r e a k d o w n occurs . T h i s m a y b e m o s t l ikely 
to occur over the f ibular h e a d , t ib ia l cres t , 
or distal anter ior t ib ia of the b e l o w - k n e e 
ampu tee , or over the distal lateral aspect of 
the residual l imb o f the a b o v e knee am
pu tee , i f the p ros thes i s ha s no t b e e n p rop
erly fabr ica ted , mod i f i ed , or f i t ted. 

CHART III: THE PATIENT 



CHART III: THE PATIENT (continued) 



THE THERAPIST AND 
NURSE 

Chart IV 
Pre- and pos t - amputa t ion in-hospi ta l 

care are the r e spons ib i l i t y of the therapis t 
and nurse under the gu idance a n d control 
of the ampu ta t i ng su rgeon . Char t I V in
c ludes s o m e of the m o r e o b v i o u s aspec ts o f 
their r e spons ib i l i t i e s . In addi t ion , the 
therapis t wil l also b e r e spons ib l e for 
t each ing the pa t ien t m a n y o ther essen t i a l s , 
such as: h o w to fall and h o w to r ise from the 
floor, h o w to use c ru tches or a cane w h e n 

Figure 19. If the patient does not 
add a residual limb sock after 
shrinkage occurs, downward 
displacement of the residual limb 
in the socket may cause abnormal 
pressure on the distal pole of the 
patella as well as irritation of the 
distal limb. 

Figure 20. (right) Piston motion 
of the residual limb in the socket 
often produces abnormal pres
sure manifestations over the 
fibular head. 

Figure 21. (left) Macera
tion secondary to hyperhidrosis. 

Figure 22. (right) Flesh 
roll. This amputee gained 
weight and lost fit. 



necessary , h o w to w r a p the res idual l i m b , 
and h o w to use s imp le hyg i en i c measures 
in res idual l i m b care . There is never a rea
son for o n e f requent ly encoun te red post-
amputa t ion p r o b l e m to occur , such as the 
f lexion cont rac ture that i s , unfortunately, 
seen too often. T h i s should be avoided 
w i t h p roper nu r s ing and therapy care. 

Very often, it i s a capab le , sens i t ive , and 
expe r i enced therapis t w h o wil l take the 
oppor tun i ty to under s t and and d iscuss 
w i t h the pa t ien t the psycholog ica l impact 

of h i s amputa t ion . He wil l b e a ided in the 
process if o ther act ively func t ion ing , re
habi l i ta ted ampu tee s are b rough t in to talk 
w i th the ampu tee and to demons t ra t e h o w 
they have coped w i t h thei r amputa t ions 
and have re turned to soc ie ty as act ive 
work ing family m e m b e r s of that society. 
The re is no be t te r w a y to he lp the n e w 
ampu tee d i m i n i s h the psychologica l im
pact of the loss of a l i m b than b y o ther 
a m p u t e e s demons t r a t i ng that-there wil l b e 
a future for h i m . 

CHART IV: THE THERAPIST AND NURSE 



Figure 23. (left) Flexion contractures 
should not be permitted to develop. 

Figure 24. (right) Temporary adjust
able above knee socket. 

CHART V: THE PHYSICIAN 
(acceptable complications 

secondary to therapy) 

THE PHYSICIAN 
Chart V 

Finally, there are certain specific diseases 
wh ich affect the status of the residual l imb , 
examples of wh ich are ment ioned in Chart 
V. The re are a mul t ip l ic i ty of skin p rob lems 
w h i c h have b e e n p resen ted in detail e l se
w h e r e (and w h i c h m a y occur anywhere on 
the b o d y ) . T h e s e b e c o m e more ser ious 

p rob l ems w h e n they presen t t hemse lves 
on the res idual l i m b . Var ious sk in l e s i o n s 5 

m a y b e no t ed such as psor ias i s , he rpes 
zoster , or even tumors . T h e s e should b e 
t reated by a p h y s i c i a n or dermato logis t in 
con junc t ion wi th the pros thet is t . W h e n 
ever consul ta t ion wi th an in tern is t , der
matologis t , neuro logis t , or o ther specia l is t 
is necessary , the c l inic t e a m should arrange 
such consul ta t ion . 



THE CLINIC TEAM 
Chart VI 

T h e C l in i c T e a m h a s the r e spons ib i l i ty 
for no t on ly p r e s c r i b i n g a p ros thes i s and 
eva lua t ing the f in i shed l i m b , bu t also for 
fol low-up and s u b s e q u e n t ca re . The pros
thes i s c h o s e n shou ld provide the ampu tee 
w i th o p t i m u m funct ion for the part icular 
s tage o f r e h a b i l i t a t i o n . 6 A s an example , a 
t empora ry a b o v e k n e e p ros thes i s m a y b e 
an ini t ia l p resc r ip t ion wi th an adjustable 

po lypropylene socke t a n d a s ingle axis 
k n e e , b u t after suff icient l i m b matura t ion 
has occur red , the ac t ive a m p u t e e shou ld b e 
a l lowed to p rogress to a suc t ion socket and 
a hydraul ic k n e e i f appropr ia te . Un le s s 
there is a f inancia l p r o b l e m , or an unusual 
specia l c i r cums tance such as difficulty o f 
access to a pros the t ic facili ty, a v igorous 
ampu tee shou ld no t b e r equ i red to a m b u 
late w i t h a s ingle axis cons t an t friction 
knee . Char t VI i l lustrates p r o b l e m s w h i c h 
are the r e spons ib i l i ty of the c l in ic t eam. 

CHART VI: THE CLINIC TEAM 



Figure 25. Excessively long fibula and poorly con
toured distal tibia (see Chart I, items 1 and 2 under 
Etiology). 

SUMMARY 
The p reven t ion and t rea tment of a m p u 

ta t ion p r o b l e m s is a bas i c goal o f eve ryone 
c o n c e r n e d wi th the care of the ampu tee . 

For tunate ly , such p r o b l e m s are the e x c e p 
t ion ra ther t han t he rule . But w h e n they do 
occur , t hese p r o b l e m s m a y b e ca tas t rophic 
for the a m p u t e e , r e q u i r i n g lost t ime from 
work , a n d even , i f n o o the r so lu t ion is 
sat isfactory, l i m b rev i s ion (F igure 25) . T h i s 
m a y m e a n that the pa t ien t wil l h a v e to start 
the ent i re process all over aga in . 
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Contemporary Trends in the Orthotic 
Management of Legg-Calve-Perthes 
Disease 
by Charles H. Pritham, C.P.O. 

Carlton E. Fillauer, C.P.O. 

INTRODUCTION 
In 1895 , the G e r m a n phys ic i s t W i l h e l m 

K. R o e n t g e n d i scovered x-rays. The sub 
s e q u e n t era saw an exp los ion of medical 
k n o w l e d g e and m a n y l ively con t rovers ies 
over credi t for var ious d i scover ies . No t the 
least o f these w a s over w h o should rece ive 
credi t for de sc r ib ing o s t eochondros i s of 
the h i p and for di f ferent ia t ing it from tu
be rcu los i s of the h ip . E c h o e s of the con
t roversy can b e found even today i n its 
more popular n a m e : Legg (1910) , Calve 
(1910) , Pe r thes (1910) , Wa ldens t rom (1909) 
d i sease . T h i s is more c o m m o n l y shor tened 
to Per thes d i sease or Legg-Per thes d i sease , 
or even a b b r e v i a t e d as L C P D . 

To th is day the e t io logy of L C P D is o b 
scure , and over the years n e w t reatment 
t e c h n i q u e s have evolved . T h i s paper is in
t ended to explore s o m e of these i ssues from 
the po in t of v i ew of the cl inical or thot is t , 
w i t h par t icular e m p h a s i s b e i n g g iven to 
ambula to ry non-surg ica l t rea tment and to 
s o m e of the var ious o r thoses used . 

THE DISEASE 
Legg-Ca lve -Pe r thes d isease is desc r ibed 

as se l f - l imi t ing avascular nec ros i s of the 
ep iphysea l cen te r of the h i p and of id io
path ic o r i g i n . 1 It i s sa id to affect four t imes 
as m a n y boys as gir ls (it is sa id , howeve r , 
to b e more severe in gi r ls ) , a n d w h i l e it may 
occur any t ime b e t w e e n the ages of two and 
15 , the m a x i m u m inc idence is b e t w e e n the 
ages o f f ive and seven . Bi lateral involve
men t occurs in 10 -15 percen t o f the cases 
seen , a n d there is apparent ly a relat ively 
low i n c i d e n c e a m o n g b lacks . 

It has b e e n conc luded that there is no t a 
gene t ic factor in the major i ty of pa t ien t s 
bu t that pa t ien ts w i t h L C P D in general are 
unde r s i zed and of de layed skeletal matur 
i ty for the i r a g e . 2 , 3 , 4 

L C P D is sa id to p roceed in four phase s : 
• Fo l lowing in te r rup t ion of the b l o o d 

supply, g rowth in the ep iphysea l cen te r 
ceases and b o n e d i e s . T h i s pe r iod las ts a 
pe r iod of m o n t h s or in s o m e cases longer 
than a year , and is cal led the qu ie t phase , as 



the ch i ld is pain-free and no deformity 
takes p lace . 

• B lood supply to the involved area is 
r ees t ab l i shed and o ld b o n e is r e sorbed 
wh i l e n e w b o n e is depos i t ed . T h e n e w 
b o n e is mal leable and r e sponds in shape to 
the forces exer ted u p o n it . D u r i n g th is 
p h a s e pa tho log ic fractures of the subschondral b o n e or sub luxa t ion of the h i p 
m a y occur . It i s also dur ing th is p h a s e that 
the chi ld is seen . H e m a y walk wi th an 
antalgic or painful gait and complain of pain 
or t ende rness of the h i p . In s o m e ins t ances , 
the pa in m a y be referred to the knee . The re 
is d i suse a t rophy of the p rox imal th igh a n d 
l imi ta t ion of m o t i o n abou t the h i p involv
ing abduc t ion and internal ro ta t ion. T h i s 
pe r iod lasts from o n e to four years . 

• B o n e resorpt ion ceases and b o n e de
pos i t i on con t i nues . T h e n e w b o n e is still 
mal leab le . 

• The final phase is a res idual pe r iod 
fo l lowing hea l ing . If the j o in t has b e e n 
sub jec t ed to abnorma l forces and jo in t in
congru i ty has occur red , degenera ted j o in t 
d i sease m a y eventual ly deve lop . 

M c A n d r e w and W e i n s t e i n eva lua ted the 
cond i t i on of 37 affected h ips in 35 pat ients 
w h o h a d b e e n d i agnosed as h a v i n g L C P D . 5 
All pa t ien t s had b e e n seen at the U n i v e r 
s i ty of I o w a Hosp i ta l s and the ini t ia l d iag
n o s i s w a s m a d e b e t w e e n 1920 and 1940. At 
the t ime o f follow up , the pa t ients on the 
average w e r e 56 years old and the authors 
conc luded that 50 pe rcen t of the pa t ien t s 
had d i sab l ing os teoar thr i t i s . T h e authors 
also po in t ed out that the preva lence of pa in 
and dysfunct ion in th i s pat ient group w a s 
ten t imes that in the general populat ion in 
the s a m e age group. 

In two recen t ar t icles Sal ter , e t . a l . , c i t ing 
recen t research , conc luded that L C P D i s a 
complicat ion of avascular necrosis of the 
femoral h e a d . 6 , 7 A painful subchondra l 
fracture marks the ini t ia t ion of L C P D , and 
resorp t ion of b o n e occurs in the reg ion 
unde r the fracture. T h e extent of the frac
ture , therefore , i s of p rognos t i c value in 
p red ic t ing the extent and course of the d is 
ease . In the a b s e n c e of a pa thologica l frac
ture , the authors conc luded that an inc i 
dence o f avascular nec ros i s reso lved wi th 
out the addi t ional compl ica t ion of L C P D . 

TREATMENT 
In the past , a var ie ty of t rea tment me th 

ods have b e e n used w i t h apparent ly indif
ferent resul ts . In genera l these ear l ier 
s c h e m e s a t t empted b y o n e m e a n s or 
ano the r to put the h i p at rest . B e d rest , 
s l ings to ho ld the leg off the g round , and 
K n e e Ankle Foot O r t h o s e s w i t h pat ten 
b o t t o m s and ischia l w e i g h t - b e a r i n g b r i m s 
have all b e e n t r ied . C o n t e m p o r a r y m e t h 
ods of t rea tment in genera l have b e e n de
s igned to exploi t the C o n t a i n m e n t T h e o r y 
of t rea tment . 

T h i s concep t ho lds that if the d i seased 
h i p is he ld sea ted in the ace t abu lum w i t h 
the femoral h e a d covered as m u c h as pos 
s ib l e , then the plast ic or mal leable n e w 
b o n e wil l no t b e sub jec t ed to de forming 
forces. T h e resul t is that the ch i ld can b e 
permi t ted full w e i g h t - b e a r i n g , a n d act ivi ty 
dur ing the hea l ing p rocess and the femoral 
head wil l r ema in congruen t . In teres t ingly 
e n o u g h , two authors a t t r ibute the concep t 
invo lved to a gen t l eman b y the n a m e of 
A . O . Parker , a n d state that it w a s int ro
duced in 1 9 2 8 - 2 9 . 7 , 8 , 9 The des i red pos i t ion 
involves abduc t ion a n d internal ro ta t ion of 
the femur . A variety of t e c h n i q u e s have 
b e e n deve loped to m a i n t a i n th is pos i t i on . 

At least two different surgical t e c h n i q u e s 
have b e e n de sc r ibed to address the prob
l e m . 7 I n o n e , the Sal ter i n n o m i n a t e os teo t 
omy , the pe lv is is cut and w e d g e d so as to 
r epos i t ion the ace t abu lum over the h e a d of 
the femur . In the o ther , an o s t e o t o m y of the 
femur is pe r fo rmed and it is w e d g e d to 
create a pos i t ion of va rus a n d in ternal rota
t ion. W h i l e bo th p rocedures have thei r ad
voca tes , suppor ters o f femoral o s t eo tomy 
ho ld that it affects pr imar i ly the d i s e a s e d 
s egmen t , that it c rea tes a more funct ional 
b i o m e c h a n i c a l r e l a t ionsh ip , a n d that the 
ve ry fact that the femur is sec t ioned has 
favorable impl i ca t ions for the vascular 
supply, and thus the course of the d is 
e a s e . 1 0 , 1 1 Problems of complicat ions sec
ondary to surgery are apparently qui te low, 
bu t , as w i th all surgery, mus t b e cons id 
ered . Advoca te s of surgery hold that once 
the os t eo tomy hea l s , the chi ld i s free to 
r e sume a normal life u n e n c u m b e r e d w i t h 
an o r thos i s . S o m e parents may prefer the 



Figure 1. Craig Bar. 

shor ter t r ea tment t ime of surgery , whi le 
o thers m a y fear the poss ib i l i ty of compl i 
ca t ion a n d prefer or thot ic t rea tment . T h e 
u l t imate dec i s ion is one to b e m a d e b y the 
parents in consu l ta t ion w i t h the surgeon . 

ORTHOTIC TREATMENT* 
O n e o f the first of the var ious o r thoses 

des igned to exploi t the c o n t a i n m e n t pr in
ciple is the Cra ig B a r . 1 2 Th i s compr i ses a 
metal ba r c o n n e c t e d media l ly to the pa
t ien t ' s s h o e s b y s t i r rups and ankle j o in t s 
(F igure 1 ) . T h e ankle j o in t s are modi f ied to 
b lock external ro ta t ion and the shoes are 
w e d g e d to hold the sub-talar j o in t s in neu 
tral. T h e bar is l ong e n o u g h to produce 
abduc t ion of the h ips a n d this fact, i n c o m 
b i n a t i o n w i t h the a l ignment of the ankle 
j o i n t s , c rea tes the pos i t ion of con ta inmen t . 
W r i t i n g in 1963, Cra ig and h i s col leagues 
desc r ibed the o r thos i s as b e i n g used s u b 
s e q u e n t to cas ts u sed to create the s a m e 
pos i t ion . It would s e e m that the Cra ig Bar 
has neve r ga ined w idesp read use despi te 
its ex t reme s impl ic i ty , and undoub ted ly 
th i s is due in part to p rob lems of g round 
c learance and c o s m e s i s assoc ia ted wi th a 
r igid bar a t tached to the shoes . 

T h e n a m e m o s t c o m m o n l y assoc ia ted 
wi th casts for the t reatment of L C P D is, of 

cour se , Pe t r ie . Petr ie a n d B i t e n c desc r ibed 
in 1971 the i r exper i ence t rea t ing s o m e 60 
ch i ldren u s i n g bi lateral long leg cas ts and 
" b r o o m s t i c k s " to pos i t ion the h ips in a b 
duct ion and internal r o t a t i o n . 1 3 T rea tmen t 
o f an ind iv idua l b e g a n w i t h hospi ta l iza
t ion and b e d res t w i t h t rac t ion , i f n e c e s 
sary, to re l ieve the muscula r s p a s m a n d 
o b t a i n the des i red pos i t ion o f cor rec t ion . 
In cases o f severe abduc t ion cont rac ture , 
traction w a s pro longed or abductor tenot
o m i e s w e r e per formed. W h e n the des i red 
pos i t ion , 45° of abduc t ion and five to 10° 
internal ro ta t ion in each h i p w a s e s t a b 
l i shed , cas ts w e r e appl ied and the pat ient 
w a s d i s c h a r g e d h o m e to w a l k w i t h 
c ru tches . 

Every th ree to four m o n t h s , the pat ient 
w a s readmi t t ed for removal o f the cas ts , 
mob i l i z a t i on exe rc i ses , x- rays , a n d reapplication o f the cas ts . T h e p rocess w a s t hen 
repea ted unt i l hea l i ng w a s comple t ed . T h e 
average course o f t reatment w a s 19 mon ths , 
and Pet r ie a n d B i t e n c ' s resul ts in 60 
cases of ch i ldren over five years of age were 
60 .3 pe rcen t g o o d , 30 .9 pe rcen t fair, and 8.8 
percent poor . 

T h e y compared* th is to a ser ies o f 108 
cases o f ch i ldren t reated w i t h r e c u m b e n c y 
(the phrase they use is " a v o i d a n c e of 
w e i g h t - b e a r i n g , " w h i c h , from the contex t 
in w h i c h it i s used , is taken to m e a n b e d 
rest) . T h e results o f this ser ies were 48 .1 
pe rcen t g o o d , 16.7 percent fair, a n d 35 . 2 
percent poor . 

T h i s course of t rea tment w i t h its great 
d e m a n d s u p o n hospi ta l resources and the 
need for r ig id c o n t a i n m e n t of the legs in 
heavy casts is obv ious ly not particularly 
satisfactory. As a c o n s e q u e n c e , a l ternat ive 
m e a n s to ach ieve the s a m e e n d have b e e n 
deve loped . 

O n e o f the first o f these w a s the Toronto 
O r t h o s i s , in i t ia l ly deve loped in 1 9 6 6 - 6 7 . 1 4 

T h i s device he ld the pat ient ' s lower l i m b s 
i n the des i r ed pos i t ion b y m e a n s of th igh 
cuffs a t t ached to the shoes b y a metal 
f ramework (Figure 2 ) . T h e frame w a s ar
t icula ted w i t h ball j o i n t s a l igned to pe rmi t 
knee f lexion and thus s i t t ing. T h e soles of 
the s h o e s were m o u n t e d on w e d g e d b locks 
at a 45° angle relat ive to the floor in the 
frontal plan. A commerc ia l ve r s ion o f th i s 

*The trilateral orthosis is not discussed as it was considered in 
some detail in: "Fabrication and fitting instructions: Trilat
eral Perthes Orthosis," Orthotics and Prosthetics, Vol. 37, No 
4, 1983, pp. 24 - 3 3 . 



Figure 2. Toronto Orthosis. 

Figure 3. Contemporary commercial version of the 
Toronto Orthosis. 

or thos i s , a l tered s o m e w h a t in s t ructure to 
facili tate cons t ruc t ion and post- f i t t ing ad
j u s t m e n t s , have b e e n avai lab le s ince abou t 
1969 (Figure 3 ) . T h i s o r thos i s a ccompl i shes 
the s a m e e n d as the Petr ie cas t and i s un
doub ted ly m u c h eas ie r for eve ryone to l ive 
wi th . H o w e v e r , the s a m e ob jec t i ons as to 
c o s m e s i s a n d use o f c ru tches exis t . 

T h e N e w i n g t o n o r thos i s is very s imi 
lar in des ign and was developed at about the 
s a m e t ime (Figure 4 ) . Cur t i s , et . al . ap
parent ly in i t ia ted the i r p rogram o f am
bula tory t rea tment o f L C P D in 1965 w i t h 
Petr ie cas ts , and very soon resorted to the 
use o f the N e w i n g t o n o r t h o s i s . 1 5 K i n g , et . 
al. g ives the date for first use o f the o r thos i s 
as 1 9 6 8 . 1 6 In any even t , the o r thos i s c o m 
p r i s e d a n o n - a r t i c u l a t e d r i g i d m e t a l 
f ramework w i t h over laps and mul t ip le 
screw ho les for ad jus tment . To th i s frame 
w e r e a t tached V i t r a thene media l shel ls to 
suppor t the pa t ien t ' s knees and legs . Nu
m e r o u s cuffs and straps secured the pa t ien t 
to the o r thos i s . T h i s o r thos i s w a s u sed 
dur ing the day- t ime hours . For s leep ing , 
s imple l igh tweight plastic poster ior shells 
were used to hold the legs in the des i red 
pos i t i on . Cru tches w e r e necessa ry for 
wa lk ing . C o m p o n e n t s for the o r thos i s 
were commerc ia l ly avai lable for a t i m e , bu t 
have b e e n d i scon t inued . 

Cur t i s , e t . al.* ut i l ized an ini t ia l pe r iod of 
hosp i ta l i za t ion and t ract ion to es tab l i sh 
the des i red pos i t ion o f abduc t ion a n d 
internal ro ta t ion . X- rays and a r thrograms 
were u s e d to de t e rmine coverage of the 
femoral h e a d a n d the a m o u n t o f angula t ion 
necessa ry to e s t ab l i sh m a x i m u m coverage . 
In m o s t i n s t ances 45° w a s neces sa ry bu t in 
s o m e cases p roved to b e too m u c h . In all 
pat ients the h ips w e r e pos i t i oned no t in 

*In comparing these results of other authors cited in the 
article, due caution should be taken in drawing any conclu
sions. Various authors frequendy differ in their assessment 
techniques and grading criteria. Therefore, direct compari
sons are difficult and misleading. 



Figure 4. Newington Orthosis. 

m a x i m u m poss ib l e abduc t ion , bu t rather 
in t en degrees less in order to avoid pa in 
and synov i t i s assoc ia ted w i t h the hips 
b e i n g pos i t i oned in m a x i m u m abduc t ion . 

T h e authors r e v i e w e d thei r results in 
n i n e t e e n cases . S ix ty - th ree pe rcen t of the 
s tud ies w e r e c lass i f ied as hav ing good 
resul ts , 21 pe rcen t w e r e l is ted as fair, and 
16 pe rcen t were poor . M e a n age for onse t of 
s y m p t o m s w a s e ight years , one mon th . 
M e a n age at t ime of hospi ta l iza t ion w a s 
e igh t years , six m o n t h s . Course of treat
m e n t from hosp i ta l i za t ion to remova l of the 
o r thos i s averages abou t 20 m o n t h s . 

In 1980, K i n g , et. al. repor ted on the re
sults of ten years exper i ence w i t h the 
N e w i n g t o n o r t h o s i s . 1 6 The i r sample group 
cons i s t ed of 56 pat ients (12 female , 44 
m a l e ) . A v e r a g e a g e at t h e o n s e t of 
s y m p t o m s w a s 7.1 years , w i th t rea tment 
in i t ia ted s o m e 4.3 m o n t h s later. After an 
ini t ial pe r iod of bedres t , t ract ion, and casts 
las t ing on the average 2 .2 m o n t h s , or thot ic 
w e a r c o m m e n c e d and lasted some 16.8 
m o n t h s . The m e a n fol low-up per iod from 
onse t of s y m p t o m s w a s 5 .2 years , and on 
the average the ch i ldren were 12 .3 years old 
at the t ime of fol low-up evaluat ion . Resul t s 
were cons ide red g o o d in 32 pe rcen t of the 
cases , fair in 39 percent , and poor in 29 
percen t . 

K i n g and h i s co l leagues also evaluated 
the resul ts of t reat ing s o m e n i n e pat ients 
w i th the Sco t t i sh R i t e Or thos i s . Average 
age w a s 7.8 years , average t i m e w e a r i n g 
the o r thos i s w a s 13.5 m o n t h s , a n d t ime of 
fol low-up w a s no t g iven . S ix h ip s w e r e 
classif ied as good , two as fair, and n o n e as 
poor . W h i l e su i tab ly cau t ious in d rawing 
any conc lus ions from such a small popula
t ion , the authors felt that the Sco t t i sh Ri te 
O r t h o s i s gave super ior results . 

T h e y a t t r ibuted these super ior resul ts to 
the fact that wh i l e b o t h or thoses ma in 
ta ined the pos i t ion of cor rec t ion , the Sco t 
t ish Ri te O r t h o s i s w a s more conduc ive to 
active m o t i o n of the h i p j o in t s . S i n c e ana
tomical s tud ies have shown that any one 
t ime w h e n less than 50 percent of the ar
t icular surface of the femoral head is con
ta ined in the ace t abu lum, areas of h igh 
pressure and deformi ty are l ikely to result 
from long per iods of i m m o b i l i z a t i o n i n one 
pos i t ion . T h e y felt that the Sco t t i sh R i t e 
O r t h o s i s w i t h its inc reased m o t i o n , par
t icularly t ransverse ro ta t ion , avo ids these 
p r o b l e m s . In addi t ion to the reasons c i t ed 
b y K i n g and h i s co l leagues , the effects of 
inc reased pat ient accep tance and c o m p l i 
ance canno t b e d i scoun ted . 



Figure 5. Original Scottish Rite Orthosis. Also known as the Lovell or Atlanta Orthosis. 

Figure 6. Commercial version of the Scottish Rite Orthosis with telescoping bar and universal joints at each end. 



Figure 7. Updated version of the Scottish Rite Orthosis with aluminum thrust bearing hip joints and no telescop
ing bar. 

T h e Sco t t i sh Ri te O r t h o s i s w a s de
ve loped ini t ia l ly in 1971 at the Scot t i sh Ri te 
Hosp i t a l for Cr ipp led Chi ld ren in At lanta 
and revised in 1 9 7 4 . 1 7 , 1 8 As used at the Scot
t ish Ri te Hospi tal , the or thosis is fabricated 
w i t h a meta l pelvic b a n d and h ip jo in t s 
w i th the distal upr igh t of the j o in t s ab 
duc ted (F igure 5 ) . Med ia l upr ights are con
nec t ed to the lateral upr igh t s w i t h poster ior 
b a n d s and c o n n e c t e d to each o ther b y a 
t e l e scop ing rod w i t h two w a y j o in t s at each 
end . Lea the r th igh cuffs and a pelvic bel t 
comple te the o r thos i s . 

A commerc ia l ve r s ion of the o r thos i s is 
essent ia l ly the s a m e except that plast ic 
th igh cuffs are subs t i tu ted for the lea ther 
cuffs, e l imina t ing the n e e d for the four 
pos te r ior b a n d s (Figure 6 ) . In addi t ion , 
universal bal l j o i n t s are used on the e n d s of 
the t e lescop ing rod ins t ead of the two-way 
jo in t s u sed in the At lanta vers ion . S ince its 
in t roduc t ion , th i s ve r s ion o f the o r thos i s 

has a t ta ined a cons ide rab l e measu re of suc
cess w i t h a m i n i m u m of repor ted b reakage 
or fai lure. 

In 1982, a n e w ve r s ion w i t h different 
j o in t s w a s in t roduced (Figure 7 ) . A l u m i 
n u m h ip j o i n t s in two s izes and w i t h thrust 
bea r ings in the j o in t s are u t i l ized . In addi
t ion the ini t ia l abduc t ion ang les are mi l led 
in to the distal upr igh t , as i s the offset angle 
in the p rox imal upr ight . T h i s m i n i m i z e s 
the a m o u n t of con tour ing to w h i c h the 
jo in t s n e e d to b e sub jec t ed , and thus the 
a m o u n t o f s t ress in t hem . T h e c o m b i n a t i o n 
of the two factors, thrust bea r ings and 
mi l led con tours , m e a n s that it is poss ib le to 
e l imina te the t e l e scop ing rod b e t w e e n the 
pa t ien ts ' k n e e s . Consequen t ly , the chi ld 
can w e a r the o r thos i s b e n e a t h h i s c lo th ing 
and the fabr ica t ion procedure is s impler . 
M a i n t e n a n c e and b reakage have not b e e n a 
p rob lem s ince the in t roduc t ion of th is 
j o in t . 



Purv i s , e t . al. repor ted on the results of 
their ser ies in 1 9 8 0 . 1 5 Forty-one pat ients 
had comple ted treatment , w i th 78 percent 
r epor t ing g o o d or fair results . T h e average 
age at the state o f t rea tment w a s six years , 
eight mon ths , and the orthosis w a s worn for 
an average pe r iod of 18 .9 m o n t h s , w h i c h 
inc luded a w e a n i n g pe r iod o f s o m e six 
m o n t h s . 

T h e authors s t ressed the impor tance of 
o b t a i n i n g 40°-45° of b i la tera l h i p abduc t ion 
to p rov ide coverage of the femoral heads , 
and s tated that sat isfactory t rea tment re
sults could not b e assured wi thou t ade
qua te range of m o t i o n in the h i p s . A s de
s c r ibed b y Petr ie and Cur t i s , b e d rest and 
t ract ion are u s e d to ob ta in the proper pos i 
t ion and , i f necessa ry , pe rcu taneous ad
ductor longus t eno tomies . T h e authors 
no t ed further that w h i l e internal ro ta t ion 
cont ro l w a s no t pos s ib l e , the ch i ldren 
t reated t ended to adopt a pos i t ion of h ip 
f lexion w h i c h inc reased coverage of the 
femoral head . 

SUMMARY 
T h e genera l features of L C P D and as

pec ts of i ts or thot ic m a n a g e m e n t have b e e n 
d i scussed . T h e con tempora ry pe r iod in the 
or thot ic t rea tment o f the d isease can b e 
sa id to have b e g u n w i t h the p romulga t ion 
o f the C o n t a i n m e n t Theory . D e v i c e s for the 
explo i ta t ion of th is theory h a v e evolved 
from the or ig ina l Petr ie casts of the 1950's to 
the Sco t t i sh Ri te O r t h o s i s o f the 1970 's . 
W h i l e a var ie ty of different or thot ic de
s igns are used to treat L C P D , i n genera l it 
w o u l d s e e m that the Scot t i sh R i t e O r t h o s i s 
affords sat isfactory cor rec t ion , w h i l e still 
r ece iv ing be t te r pat ient acceptance than 
some of the o ther des igns . 
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The Development of a New Interface 
by Martha Field, M.S. 

INTRODUCTION 
A s c h a n g e s occur in p ros thes i s des ign 

a n d fabr ica t ion , p ros the t ic socks mus t 
adapt to b e compa t ib l e w i t h these de
ve lopmen t s . A c c o r d i n g to M u r p h y , 1 the 
major funct ion of a pros the t ic sock is to 
g ive comfort and e n h a n c e the eff ic iency of 
the p ros thes i s b y " p r o v i d i n g c l ing to the 
res idual l i m b and s l ide w i th respect to the 
socket w a l l . " O v e r the years , th i s has b e e n 
accomplished efficiently by wool socks and 
ny lon shea ths . T h e three , f ive, and six ply 
t h i cknesses of socks have g iven ad jus tment 
for e d e m a and a t rophy, have afforded the 
res i l i ency that p rov ides comfort b e t w e e n 
the socket and the res idual l i m b , a n d have 
suppor ted the distal t issue wi th in the 
c losed " t o e " o f the sock . 

N e w socke ts are b e i n g fitted more 
c losely , weare r s are b e c o m i n g more act ive , 
and the sk in cond i t i on is b e i n g g iven more 
a t t e n t i o n . 2 As a result , the pros the t ic sock 
funct ion has added the impor t ance of " a b 
so rb ing persp i ra t ion , p rov id ing a wick
l ike ac t ion , and a l lowing for v e n t i l a t i o n . " 1 

To a n s w e r these n e e d s , a n e w pros the t ic 
sock has b e e n deve loped in a l ight we igh t 
cons t ruc t ion . 

LITERATURE REVIEW 
Se lec t ing a f iber con ten t w a s the first 

s tep . Po lypropylene olefin, w h i c h has b e 
c o m e a s taple in several major runn ing 
wea r l ines because of its w i c k i n g abi l i ty , 
w a s t r ied. W i c k i n g refers to the d rawing of 
b o d y moi s tu re from the skin up through 

the f ab r i c ; 3 as for e x a m p l e , w h e n it is u sed 
for the facings of d i sposab le d iapers . W i t h 
Lycra spandex , the po lypropylene h a d the 
r ight a m o u n t of e las t ic i ty to con tour or 
s t re tch-out , thus offer ing w i c k i n g , ven t i 
la t ion , a n d closefit in o n e yarn . 

Pros the t ic socks have his tor ical ly b e e n 
made b y kni t t ing several woo l s t rands of 
yarns toge ther to ach ieve des i red w e i g h t s 
and th i cknesses . T h e s ize of these w o o l 
ya rns has b e e n usual ly b e t w e e n 1/18" to 1/16" 
as m e a s u r e d on the wors t ed sys tem. A sock 
kni t ted of o n e e n d (s trand) o f such a yarn is 
sa id to b e a one ply; two e n d s , two ply; etc. 
T h e th ree , f ive and six ply are s tandard in 
woo l sock produc t ion . O t h e r f ibers such as 
cotton, Orion/acrylic, and Lycra/spandex yarns 
are knitted to approximate the thicknesses of 
wool socks. In Orion/Lycra, two ply and three 
ply are considered to be equivalent to three 
ply and five ply wool . 4 

A s usage of C o r e s p u n yarns (Or ion , cot
ton or po lypropylene wi th small a m o u n t s 
of Lycra) expanded in to socks for fracture 
cas t ing a n d or thot ic and torso interface, a 
n e w th i cknes s -we igh t des igna t ion b e c a m e 
impor tan t . Socks u s i n g Core spun yarn b e 
came k n o w n as heavy we igh t , m e d i u m 
we igh t , a n d l ight w e i g h t d e p e n d i n g on the 
n u m b e r o f ends and the yarn s izes used . 
T h e s t re tch character is t ics of socks kni t ted 
from C o r e s p u n yarns is re la ted to the 
th i ckness -we igh t des igna t ion and to the 
size o f the Lycra core used . 

Pro jec t ing the avai lable knowledge , a 
sock of po lypropylene f iber w i t h Lycra core 
in a l ight we igh t cons t ruc t ion shou ld ad
dress a n u m b e r of ob jec t ives , such as the 



* D — D r y n e s s C — C o m f o r t 
* * O n e or m o r e woo l socks , w i th or w i t h o u t a sheath 

Table I . 

reduc t ion o f sk in moi s tu re , a c c o m o d a t i n g 
c loser fit, ad jus tments to e d e m a and atro
phy , a n d p rov i s ion of a soft in terface. After 
such a sock h a d b e e n m a d e , the feel 
sugges t ed the n a m e , "Sof t S o c k . " To de
t e rmine w h e t h e r or no t the sock ach ieved 
the s tated goals w h e n worn , a t es t ing pro
g ram w a s in i t ia ted . 

TESTER GROUP 
N a m e s of faci l i t ies were se lec ted from 

the files of the kni t ter . O f the 100 faci l i t ies 
or ig inal ly con tac ted , 27 r e sponded b y sup
p ly ing the kni t ter w i t h the n a m e s and s izes 
of peop le w h o would b e tes ters . Each tes ter 
r ece ived three free Soft Socks packaged 
w i t h an inser t card . T h e inser t card gave 
pe r t inen t in format ion abou t the sock and 
specif ic care d i rec t ions . Each tester w a s re
q u e s t e d to make a wr i t t en evalua t ion . 
F r o m the 103 tes ters , 75 eva lua t ions w e r e 
r ece ived . 

A m o n g the r e sponden t s , 39 percent were 
ages 21 to 40 years , 29 pe rcen t were 41 to 60 
years of age , 24 pe rcen t were over 61 years 
of age , and seven percen t were younge r 
than 21 years of age . Sixty-f ive percent had 
w o r n thei r p ros thes i s less than 21 years 
(one facility used socks on n e w fit t ings 

on ly) ; 18 pe rcen t h a d worn thei r p ros thes i s 
b e t w e e n 21 and 40 years ; 10 pe rcen t b e 
t w e e n 41 a n d 60 yea r s ; and six pe rcen t over 
61 years . Seven ty -e igh t percent were m e n ; 
22 pe rcen t w e r e w o m e n . S ix ty - two percent 
desc r ibed t hemse lves as ve ry ac t ive , 28 
percent as modera te ly ac t ive , a n d 10 per
cen t as s l ightly ac t ive . 

R e s p o n d e n t s iden t i f i ed the k i n d o f 
p ros thes i s they w o r e as B K , A K , P T B , P T S , 
knee d isar t icula t ion , j o in t s and corset , 
b e l o w e lbow, or o f w o o d cons t ruc t ion . 
L i n i n g mater ia ls were l is ted as fol lows: 33 
Pelite® l iners ; 14 lea ther l iners; 17 plast ic 
p ros thes i s w i t h n o l ine r or inser t ; one s i l i 
cone gel l iner ; one w o o d socket . E igh t in 
div iduals gave no answer . 

RESULTS 
W e a r i n g the Soft Sock w i t h a woo l sock 

w a s or ig inal ly thought to b e m o s t des i ra
b le ; h o w e v e r , 19 of the r e sponden t s sa id 
they w o r e Soft Sock b y itself. O f the 56 w h o 
sa id they wore it w i t h o ther socks , 20 sa id 
they w o r e it w i t h one woo l sock , e i the r a 
three ply, a five ply or a six ply; 12 w o r e it 
w i t h a w o o l sock(s) and a shea th ; e igh t 
wore it w i th two (or more) woo l socks ; s ix 
w o r e it w i t h only a shea th ; f ive w o r e it w i t h 



an Or ion /Lyc ra or o the r sock ; and five did 
no t specify w i th w h a t e lse it w a s worn . 

T h e specif ic funct ion of the sock w a s de
sc r ibed as fol lows: 31 percen t sa id they 
u sed it as a l iner ; 28 pe rcen t sa id they used 
it as a filler; 16 pe rcen t sa id they u sed it as a 
spacer a n d 18 pe rcen t sa id they used it for 
m o r e than one of these funct ions . T w o spe
c i f ied its use as a shea th , two as a w i c k i n g 
sock , a n d th ree gave n o answer . 

T w o ques t ions on the evalua t ion were 
m o s t cri t ical in j u d g i n g the effect iveness of 
the sock: 1) D i d y o u no t i ce any improved 
dryness o f y o u r sk in w h e n w e a r i n g these 
socks? and , 2) D i d you no t i ce any im
p roved comfor t o f y o u r sk in w h e n w e a r i n g 
these socks? S e v e n t y - n i n e percent ind i 
ca ted i m p r o v e m e n t in e i the r dryness or 
comfor t ; 52 pe rcen t ind ica ted improve
m e n t i n bo th d ryness and comfort . T h i s 
r e sponse pat tern w a s s imi la r w h e t h e r re
s p o n d e n t s w o r e the Soft Sock a lone , w i th 
on ly a shea th , o r w i t h woo l sock(s) (Table 
I ) . 

E igh ty -one percen t o f the r e sponden t s 
sa id they w o u l d pu rchase Soft Socks i f they 
w e r e avai lab le to t h e m ; e ight pe rcen t said 
they w o u l d not ; a n d 11 percen t gave no 
a n s w e r to th i s ques t i on . 

S i n c e the Lycra spandex used in the 
C o r e s p u n yarn for Soft Socks has stretch 
poten t ia l several t i m e s i t s relaxed length , a 
r educ t ion in inven tory s izes w i thou t sacri
f ic ing fit w a s tes ted . T h e n e w s ize range is 
s h o w n in Table II . 

Nine ty- four pe rcen t o f the r e s p o n d e n t s 
eva lua ted the fit as sat isfactory; two per
cen t felt the socks were too t ight ; two per
cen t felt t hey w e r e too e las t ic ; a n d two per
cen t gave n o answer . Fi f ty-one percen t felt 
the length w a s sat isfactory; 44 pe rcen t felt 
the socks were too long; a n d four percent 
gave no answer s . 

Ca re d i rec t ions w e r e l is ted o n the inser t 
card as fol lows: 

1. W e a r fresh socks and shea th each day. 
2 . P re - spo t socks before w a s h i n g wi th 

mi le soal o r de te rgen t , a n d cool wate r . 
3. F leece s ide shou ld b e in s ide for 

w a s h i n g (wool socks are w a s h e d w i t h 
the fleece s ide ou t ) . 

4 . W a s h w i t h a regular load o f w h i t e 
laundry, e igh t to 10 m i n u t e s , w a r m 
(not hot ) wate r t empera tu re , 1/2 cup 
m i l d de te rgent ( N O B L E A C H ) . If 
Ivory de tergent is u sed , use soft or 
sof tened water . 

5 . R i n s e in w a r m or cool wa te r for four to 
five m i n u t e s . 

6. After w a s h i n g , take t ip o f the toe in 
o n e h a n d , top o f sock in o the r h a n d , 
and pull taut to s m o o t h sock . 

7. Dry in dryer set o n low tempera tu re 
for 30 to 40 m i n u t e s . 

N ine ty - s ix pe rcen t of the tes ters sa id 
they h a d no w a s h i n g p r o b l e m s . O f the 
three w h o h a d p r o b l e m s , one b l e a c h e d the 
socks , o n e c o m p l a i n e d o f the s e a m failure 
b e c a u s e o f ve ry t ight fit, and o n e l a m e n t e d 
a loss o f fluffiness even though the socks 
w e r e h a n d w a s h e d . T h e loss o f fluffiness 
w a s further tes ted b y s end ing three addi
t ional socks a n d a sk ing the tester to b e sure 
socks w e r e w a s h e d fleece s ide in . 

E igh ty- four pe rcen t of the r e sponden t s 
sa id the w a s h i n g d i rec t ions were helpful . 
T h o s e w h o r e sponded " n o " c o m m e n t e d 
that they "d idn ' t r e a d , " " l aunde red w i t h 
normal w a s h , " " h a n d w a s h e d wi th Ivory 
or a mi ld de te rgen t , " and those w h o gave 
n o answer c o m m e n t e d that "w i f e does i t " 
or " i n hosp i t a l . " D i s t u r b i n g w a s the fact 
that 31 percen t of the testers said they 
w a s h e d the i r socks after two or more 
wea r ings . M a x i m u m n u m b e r of wea r ings 
before w a s h i n g w a s f ive. Table I I . 



CONCLUSIONS 
T h e testers in th i s s tudy w e r e d iverse i n 

age , sex , and in h o w long they wore thei r 
p ros thes i s . T h e y w o u l d s e e m represen ta 
tive of the general a m p u t e e popula t ion , 
a l though the 62 pe rcen t de sc r ib ing them
se lves as "ve ry a c t i v e " m a y b e a little 
h i g h e r than average . T h e s e testers wore 
Soft Socks by t hemse lve s , w i t h a wool 
sock(s) (and i n s o m e cases a shea th ) , w i th 
O r l o n g acryl ic /Lycra spandex or o ther 
socks , a n d wi th on ly a shea th . Soft Sock 
w a s w o r n as a l iner , a spacer , a n d a filler. 
S o m e testers s ta ted they w o r e i t i n s t ead of a 
conven t iona l shea th a n d some w o r e it spe 
cifically as a w i c k i n g sock . 

T h e n e w s ize range fit th is group o f tes
ters sat isfactori ly excep t for length . A s a 
result of th i s s tudy, the kni t ter has r educed 
the l eng th of the socks in the na r row range . 
Testers in th i s s tudy w h o ind ica ted exces 
s ive l eng th o f socks in the regular range 
could have rece ived a be t te r fit from the 
na r row range . A local tes ter ind ica ted that 
the socks wou ld g ive super ior w e a r i f a 
s l ight a m o u n t of s lack is a l lowed at the 
" t o e , " part icularly w h e n the p ros thes i s fits 
snugly or several socks are b e i n g w o r n . 

Care w a s v i e w e d as n o p r o b l e m b y the 
wearers . H o w e v e r , the kni t te r w o u l d pre

fer h a v i n g Soft S o c k s w a s h e d after every 
w e a r i n g b y all wearers . 

T h e m o s t s igni f icant aspect o f the s tudy 
is that 79 percen t o f the tes ters repor ted 
i m p r o v e d dryness or improved comfort 
after w e a r i n g Soft S o c k s . S o m e c o m m e n t s 
ind ica ted that these socks fulfill a n e e d 
w h i c h h a d ex i s ted for m a n y years . 
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Quadruple Hip Joint Calipers for 
Extensive Neuromuscular Disorders 
by Lt. Col. B.P. Mathur 

INTRODUCTION 
C o n d i t i o n s such as po l iomyel i t i s , para

p leg ia , muscu la r dystrophy, and sp ina 
b i f ida , at t imes r equ i re a t t achment of sp i 
nal e x t e n s i o n s to above knee or thoses . 

In the full b o d y or thos i s (Figure 1) in 
w h i c h the h i p and knee j o in t s are kept 
locked to ma in t a in the pa t ien t in an up
r ight pos i t ion , it is very difficult for the 
pa t i en t to ambu la t e . In such c i r cum
s tances , " T r i p o d w a l k i n g " w i t h the a id of 
c ru tches is r e c o m m e n d e d . The ene rgy re 
q u i r e m e n t for such a m e t h o d of ambu la 
t ion is cons ide rab le and thus l imi ted to 
shor t d i s tances . Alternately , the pa t ien t 
m a y resort to wa lk ing b y a shuffl ing 
m e c h a n i s m in wh ich he rotates the w h o l e 
o f h i s t runk and s l ides one leg forward after 
the o ther , i n a z ig-zag fashion , m a k i n g it 
very difficult for the pa t ien t to progress . 

To o v e r c o m e s o m e o f the a b o v e p r o b l e m s 
and to al low t h e m s o m e mob i l i t y w i t h i n 
r easonab le safety, Quadrup le Hip Jo in t s , 
in w h i c h s o m e m o v e m e n t is a l lowed at the 
h i p , have b e e n in t roduced in such an or
thos i s . S u c h modi f ica t ion m a k e s it pos s i 
b le for the pa t ien t to adopt a modi f ied b i 
pedal gai t . 

Figure 1. Conventional full body orthosis. 



Figure 2. Line drawing of the Quadruple Hip Joints. 

Figure 3. A close up of the Quadruple Hip Joints. 
Figure 4. A child walking with the help of Quadruple 
Hip Joint T.L.S.H.K.A.F.O.s. 

QUADRUPLE HIP JOINTS 
Ins tead of two h i p j o in t s , as in the con

ven t iona l b i la tera l k n e e ankle foot o r thos i s , 
wi th sp ina l support , four h i p j o i n t s , two on 
e i ther s ide , have b e e n incorpora ted in the 
or thos i s d e s i g n e d b y the Artif icial L i m b 
Cen t re (F igures 2 a n d 3 ) . 

T h e lower two h i p j o in t s are located at 
the ana tomica l h i p j o i n t s , and are p rov ided 
wi th a sp r ing loaded lock ing m e c h a n i s m . 

T w o more h i p j o in t s w i th l imi ted range 
of movemen t , a l lowing about 15° of flexion 
and ex tens ion , are incorpora ted at the level 
of the an ter ior super io r il iac sp ine s . 

By a l lowing l imi ted range of m o v e m e n t 
at the uppe r free h i p j o i n t s , it i s poss ib le for 
the pa t ien t to adopt a b ipeda l gai t (Figure 
4) . To ambula te , the pa t ien t u t i l izes h i s 
t runk musc les . T h e forward thrust pro
duced b y the shou lder and t runk resul ts in 
m o v e m e n t of the legs forward, al ternately. 
H o w e v e r , to walk w i t h such an o r thos i s , 
they do requi re the he lp of walkers or 
c ru tches . 



DISCUSSION 
In ex t ens ive neuromuscu la r d isorders 

w i t h i n v o l v e m e n t o f sp ina l muscu la tu re , in 
add i t ion to i nvo lvemen t of b o t h lower 
l i m b s , r ehab i l i t a t ion in wa lk ing w i t h the 
a id o f o r thoses is a ve ry difficult p rob l em. 

T h o u g h such pa t ien t s use whee lcha i r s 
ex tens ive ly and are ab le to lead a more ac
t ive life w i t h i t s he lp , i t is impor tan t for 
t h e m to at tain an e rec t pos ture and un
dergo s o m e m o b i l i t y i n order to p reven t 
the compl i ca t i ons of c o n f i n e m e n t to a b e d 
and whee lcha i r . 

A m b u l a t i o n w i t h the he lp o f c o n v e n 
t ional w h o l e b o d y o r thoses w i t h locked h i p 
a n d k n e e j o i n t s is ve ry t i r ing, dangerous , 
and al lows on ly l imi ted activity. H o w e v e r , 
it does e n a b l e the pa t ien t to s tand for 
longer pe r iods of t ime and al lows h i m to do 
h i s work i n a s t and ing pos i t ion . T h e 
major i ty o f such ca se s , after in i t ia l en
t h u s i a s m , reject such or thoses and resor t to 
a w h e e l c h a i r l ife, b e c a u s e in addi t ion to the 
c u m b e r s o m e dev ice they have to wear , it 
really does no t he lp t h e m m u c h in m o b i l 
ity. T h e y are too a p p r e h e n s i v e to resort to a 
t r ipod w a l k i n g gai t due to the fear o f falling 
d o w n , m o r e so i f the pat ient is ove rwe igh t , 
w h i c h they t end to b e c o m e due to pro
longed b e d rest a n d lack of physical act iv
ity. F u t h e r m o r e , ambu la t i on in such a 
m a n n e r is too t i r ing , a n d thus of little help 
to the ind iv idua l . 

In t roduc t ion of Quadrup le H i p J o i n t s , 
w i th l imi ted range of m o v e m e n t s at the 
uppe r h i p j o i n t s , a l lows the pa t ien t to 
s tand erect as wel l as ambu la t e u s ing a 
mod i f i ed b ipeda l gai t . W h e n the pa t i en t 
per forms sh rugg ing m o v e m e n t s w i t h the 
he lp of the thorac ic a n d shou lder musc l e 
groups , it resul ts in m o v e m e n t of the sup
por ted l i m b s forward, w i t h the m o v e m e n t 
tak ing place at upper h i p j o in t s . T h e pa
t ient walks b y tak ing shor t s teps al ternately 
w i t h the a id of c ru tches or a walker . T h e 
pa t ien ts are ab le to walk easily, w i thou t 
ge t t ing t i red , for r easonab le d i s tances o n 
flat surfaces , i ndoo r s as wel l as ou tdoors . 

CONCLUSION 
Modif ica t ion of conven t iona l full b o d y 

o r thoses , b y incorpora t ion of quadruple 
h i p j o i n t s , ha s benef i t t ed such severe ly 
d i sab led pa t ien t s in adop t ing a more safe 
a n d less t i r ing mod i f i ed b ipeda l gait . 

M o s t of the pa t ients f i t ted w i t h such or
thoses w e r e ex t remely h a p p y and could 
lead a m o r e ac t ive a n d useful life w i th the 
he lp of o r thoses and w h e e l cha i rs . 
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Now you can have VELCRO Splint Straps 
always where you want them. 

VELCRO Spl int Strap Fasteners in 
convenient packs. 
Time saving, instantly attachable straps have 
section of pressure sensitive adhesive back* 
ing. Infinitely adjustable, long fife VELCRO 
hook and loop fasteners permit easy open- g 
ing for examination, reclose instantly and 
securely; strap remains attached to splint, 
eliminating need for new tapes. Use with 
formed plastic or metal splints, arm boards 
or emergency splints, bi-valved casts. Avail
able in a variety of lengths. 
Contact your supplier today 
IMPORTANT TO REMEMBER: All hook and 
loop fasteners look much alike. But they 
don't function that way. For dependability's 
sake, demand the best—VELCRO brand 
fasteners. You can't afford less. 
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REVIEWS 

A Manual for Above-Knee Amputees, A . L . 
M u i l e n b e r g , C . P . O . , and A . B . W i l s o n , P .O. 
Box 8 3 1 3 , H o u s t o n , Texas 7 7 0 0 4 , 23 pages , 
glossary, 1984. 

T h i s vo lume is s imi la r i n style and in ten t 
to the au thors ' ear l ier manua l for b e l o w -
knee ampu tee s . B o t h books are i n t e n d e d to 
b e u s e d as a ides in the process o f educa t ing 
n e w ampu tee s . A s such , they are mean t to 
b e adjuncts to d i scuss ion b e t w e e n the am
putee a n d the pros the t i s t , no t subs t i tu tes . 
T h e y cover in genera l fash ion the p r inc i 
p les of pros the t ic m a n a g e m e n t and pre 
scr ip t ion . It r e m a i n s the r e spons ib i l i ty of 
the pros the t i s t and o ther m e m b e r s of the 
c l inic t eam to d i scuss w i t h the pa t ien t the 
specif ic detai ls of h i s t r ea tment and to 
answer an y ques t i ons that m a y ar ise . 

T h i s b o o k is wel l thought out and m e 
thodical in i t s approach , d i scuss ing in 
turn such mat ters as ampu ta t ion , the pos t 
surgical pe r iod , p ros theses , t r a in ing , b a n 
dag ing , and h y g i e n e . It does th is whi le 
avo id ing specif ic r e c o m m e n d a t i o n s that 
wou ld only serve to compl ica te affairs for 
all conce rned . T h e goal is an educa ted pa
t ient , ab le to par t ic ipate in the dec i s ion
m a k i n g p rocess , no t o n e that b l indly in
sis ts on b e i n g fit in a cer ta in w a y regardless 
of i t s su i tabi l i ty to h i s needs . 

Today it is wel l accepted that educa t ion 
a n d informat ion is a pa t ien t ' s r ight and a 
heal th care profess ional ' s first l ine of de
fense aga ins t l iabi l i ty su i t s and future 
compl ica t ion . Book le t s such as this are e s 
sent ial for any pros the t i s t /or thot i s t in tent 
on e s t ab l i sh ing a pa t ien t educa t ion pro
g ram. 

T h e b o o k and i ts c o m p a n i o n , A Manual 
for Below-Knee Amputees, are avai lable 
from the a b o v e address for: 

1-4 c o p i e s $2 .00 ea. pos tpa id 
5-99 cop ie s $1 .50 ea . pos tpa id 
100 or more cop ie s $1 .25 ea . pos tpa id 

Char le s H. P r i tham, C .P .O . 

U.N.B. Monographs on Myoelectric Prosthe
ses—An Introduction to Myoelectric Prosthe
ses, R . N . Scot t , B . S c , D . S c , P .Eng. , C . C . E . 
Ed i t ed b y A . S . M u z u m d a r , M . B . , B . S . , 
L . M . ( IRE) , F R C P ( C ) , M C A S I , P u b l i s h e d 
b y the B i o - E n g i n e e r i n g Ins t i tu te , Un ive r 
s i ty of N e w B r u n s w i c k , P .O. Box 4400 , 
F reder ic ton , N . B . , C a n a d a E 3 B 5 A 3 . 

T h i s M o n o g r a p h b y Dr . Scott is cer ta inly 
u p to w h a t w e h a v e c o m e to expect from 
h i m . T h e endeavo r r e m i n d s us of the h i s 
tory of upper l i m b myoelec t r i c p ros theses 
and then goes on to b r ing the reader up to 
the p resen t "s ta te -of - the ar t . " W h i l e tech
nical in its p resen ta t ion , it is an excel lent 
b e g i n n e r s ' manua l on the sub jec t . 

Sub jec t s cove red inc lude : myoelec t r ic 
s igna ls ; control sys tems ; e lec t rodes ; power 
supply ; c l in ical a n d pros the t ic cons ide ra 
t ions . 

T h i s first in the ser ies of m o n o g r a p h s on 
myoelec t r ics cer ta in ly is a f ine addi t ion to 
any research or reference l ibrary. I can on ly 
h o p e that each succeed ing i s sue can fol low 
in such a g rand m a n n e r . 

L a w r e n c e R. L a n g e , C .P .O . 
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Mow, a motorized elbow 
that's 6 ways better! 
Hosmer has it! 

E a r l i e r e l e c t r i c e l b o w s h a d t h e r igh t idea , b u t los t 
s o m e t h i n g in t h e m a k i n g . M o t o r s w e r e e m b a r r a s s i n g l y 
noisy . And l o o k s left m u c h to b e d e s i r e d . Cos t , t o o , w a s 
d i s c o u r a g i n g l y h i g h . 

H o s m e r h a s c h a n g e d all t ha t w i t h th i s advanced 
e l b o w s p e c i a l l y d e s i g n e d a t New York Univers i ty 
M e d i c a l Cen t e r . J u s t l o o k a t t h e s e i m p r o v e m e n t s . 

1 Less expensive. 
F o r a f rac t ion o f t h e c o s t o f a m y o e l e c t r i c unit , 
o u r s w i t c h - c o n t r o l l e d e l b o w del ivers t h e s a m e 
h igh p a t i e n t - p e r f o r m a n c e . 

/2 Quieter. 
T h e exc lus ive NYU h u s h ' d e s i g n le ts t h e 
e l b o w o p e r a t e at a s o u n d level l i t t le 
above a w h i s p e r . 

3 More attractive. 
Offered in a soft, rea l i s t ic f l e sh- tone 
c l o t h cover ing , t h e l i m b g o e s vir tually 
u n n o t i c e d — e v e n in a shor t - s l eeve 
shir t . 

I Easier to use. 
T h e NYU e l b o w is ac tua l ly e a s i e r a n d 
m o r e c o m f o r t a b l e to w e a r a n d o p e r a t e 
t h a n m a n y b o d y - p o w e r e d o r 
m y o e l e c t r i c un i t s . 

More versatile. 
W i t h t h e n e w l imb , pa t i en t s c a n u s e e i t he r 
h o o k o r h a n d — a n d even m i x s w i t c h a n d 
m y o e l e c t r i c c o n t r o l t e c h n i q u e s . 

6 Reliability plus. 
Like all H o s m e r p r o d u c t s , th i s s ta te-of- the-ar t a r m / e l b o w 
wil l o p e r a t e fault-free for y e a r s w i t h ju s t m i n i m u m 
m a i n t e n a n c e . 

Call o r w r i t e today f o r full de ta i l s . W h e n P r o s t h e t i c s 
n e e d s i t , H o s m e r h a s it. 

Hosmer Hosmer Dorrance Corporation 
561 Division Street 
PO.B0X37 
CampbelLCA 95008 USA 
Telephone: (408) 379-5151 
Telex: 171561 



CD. Denison 
Two Poster Cervical Collar 
The C D . D E N I S O N T W O POSTER CERVICAL COLLAR was or ig ina l l y des igned as a post -

cerv ical fus ion or thos is . 

The basic design features r ig id mand ibu la r -occ i p i t a l pad connec to rs w i t h safety latches. 

This i nnova t i on pe rm i ts a m o r e pos i t i ve con t ro l o f the head and cervical sp ine than is 

p r o v i d e d w i t h f lex ib le-s t rap type connec to rs . 

T i m e has p roven the va lue o f the 

C D . D E N I S O N T W O POSTER 

CERVICAL C O L L A R , n o t on l y as a post -

o p e r a t i o n suppor t , b u t also in non-surg ica l 

app l i ca t i on , w h e n a m o r e pos i t ive 

pos i t i on ing con t ro l is des i rab ie. 

The C D . D E N I S O N T W O POSTER 

CERVICAL C O L L A R w i t h tho rac ic 

ex tens ion possesses all t he qua l i t ies o f the 

basic T w o Poster. In a d d i t i o n , it p rov ides 

an even greater s tab i l i z ing suppo r t o f the 

cerv ical and uppe r tho rac ic spine. 

CD. Denison Orthopaedic Appliance Corp. 
220 W . 28th STREET • BALTIMORE, M D 21211 • (301) 235-9645 

The C D . Denison T w o Poster Cervical Collar is avai lable 
t h r o u g h y o u r local o r tho t i s t o n request. 



Classified Ads 
In order to proper ly calculate the n u m b e r of words in (and the cos t of) a c lassif ied adver t i se
m e n t accord ing to the m e t h o d used b y A O P A , the adver t iser should do the fol lowing. A d d 
up every charac ter in the ad, i nc lud ing c o m m a s , h y p h e n s , e tc . D iv ide the sum b y five (we 
cons ide r a w o r d to cons i s t of 5 characters) to find the total n u m b e r of words . T h e n figure the 
cost b a s e d o n these rates: M E M B E R S — f i r s t 30 w o r d s $ 3 2 . 0 0 . E a c h addi i tonal w o r d $ 1 . 5 0 . 
N O N - M E M B E R S — f i r s t 30 w o r d s $ 7 8 . 0 0 . Each addi t ional w o r d $ 4 . 0 0 . R e s p o n s e s to A O P A 
Box n u m b e r s are forwarded u n o p e n e d free of cha rge . Adve r t i s emen t s are to b e pa id in 
advance . Checks should be m a d e payable to A O P A . S e n d to A O P A , 717 Pend le ton St ree t , 
Alexandr ia , V A 22314 . N o classif ied ads wil l b e taken b y p h o n e . 

O R T H O T I S T — p r o s t h e t i c exper i ence de
s i rab le . I m m e d i a t e o p e n i n g for person ex
pe r i enced in fabr ica t ion and pa t ien t care . 
Salary n e g o t i a b l e , benef i t s . S e n d r e sume 
to: Suncoas t Or tho t i c s & Pros the t ics , Inc . , 
1916 Hi l lv iew Stree t , Sarasota , FL 33579 . 

Immedia te opening for C P exper i enced in 
all facets of pros the t ics for m o d e r n South
ern Cal i fornia facility to m a n a g e or for pos
s ib le par tnersh ip . Salary nego t i ab le , ex
cel lent career oppor tuni ty . Please reply to: 
A O P A B o x 3 8 5 0 2 , 717 Pend le ton Street , 
Alexandr ia , V A 22314 . 

C P or C P O — C e r t i f i c a t i o n in Prosthet ics 
essent ia l . Full t ime pos i t ion in progress ive 
Pros the t i cs , Or tho t i c s & Rehab i l i t a t ion 
E n g i n e e r i n g Serv ice of Burke Rehab i l i t a 
t ion Cen te r in W h i t e Pla ins , NY, on beaut 
iful campus - l ike se t t ing in Wes tches te r 
C o u n t y — 2 5 mi les from Manha t t an . Reply 
to: Peter H. S te rn , M . D . , Burke R e h a b . 
Cen te r , 785 M a m a r o n e c k A v e n u e , W h i t e 
P la ins , N Y 1 0 6 0 5 ; (914) 9 4 8 - 0 0 5 0 . 

Marshf ie ld C l in i c , a large mul t i - specia l ty 
group pract ice loca ted in central W i s c o n s i n 
has an i m m e d i a t e opening for a certified or 
experienced Prosthetist Orthotist. CP ' s and 
C O ' s w i th cons ide rab le exper i ence may be 
cons ide red . Pos i t ion offers compe t i t ive 
salary, excel lent benef i t s and ideal l iv ing 
env i ronmen t . S e n d r e s u m e in conf idence 
to: E m p l o y m e n t M a n a g e r , M a r s h f i e l d 
C l in i c , 1000 N . O a k A v e n u e , Marshf ie ld , 
W I 54449 . 

A n Equal Oppor tun i ty -Aff i rmat ive Ac t ion 
Employe r 

A B C C O . or C P . 

I m m e d i a t e o p e n i n g — 3 yrs . m i n . exp . in 
sco l ios i s & plastic o r thoses fabr icat ion. Top 
salary & benef i t s . S e n d r e s u m e to: Bu rges s 
Or tho t i c s , I nc . , 51 W. Prospec t Street , E . 
B r u n s w i c k , NJ 08816 . 

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

Offer ing full-t ime pos i t i on to assis t in the 
prac t ice of Or tho t i c s in a large m o d e r n fa
ci l i ty located in P h o e n i x , Ar i zona . Salary 
c o m m e n s u r a t e w i t h expe r i ence . Hea l th 
and p e n s i o n benef i t s inc luded . S e n d c o m 
ple te r e s u m e to: A O P A B o x 28503 , 717 Pen 
dleton Street , A lexandr ia , V A 22314 . 

F O R S A L E : Prac t ice in o n e of the fastest 
g r o w i n g areas of the sunbe l t . F ive years 
o ld , wel l e s t ab l i shed . Rep ly to: A O P A B o x 
3 8 5 0 3 , 717 Pend le ton Street , Alexandr ia , 
VA 22314 . 

W A N T E D — O r t h o t i c T e c h n i c i a n — O r 
thot ic Schoo l s helpful b u t not necessary . 
S e n d r e s u m e to: Hea th Harvey ' s , I nc . , 4720 
Hami l ton R o a d , C o l u m b u s , G A 31904 . 

NYC-Cert i f i ed Orthot is t . Pos i t ion avail
ab le for ski l led prac t i t ioner . Du t i e s inc lude 
pa t i en t m a n a g e m e n t , f ab r i ca t ion , and 
c l in ical work . Contac t : M a t t h e w M i r o n e s , 
C . P . O . , c/o A r i m e d , 287 L iv ings ton St ree t , 
Brook lyn , N Y 11217; (718) 8 7 5 - 8 7 5 4 . 

C P O w/ ten years exp . as facility m a n a g e r 
des i res to purchase O & P facility. Wi l l con 
s ider any offer or loca t ion . All rfeplies con
f ident ial to : A O P A B o x 38504 , 717 Pend le 
ton Street , A lexandr ia , V A 22314. 
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LINCOLN INSTITUTE OF HEALTH SCIENCES 
Melbourne, Australia 

H e a d of S c h o o l of Prosthet ics a n d Or thot ics 
Applications are invited from suitably qualified 

persons for the above position. The Institute is a 
tertiary education institution funded by the Com
monwealth Government. It offers undergraduate 
courses in occupational therapy, physiotherapy, 
speech pathology, nursing, podiatry, prosthetics 
and orthotics, orthoptics, and medical record ad
ministration; and a number of postgraduate 
courses, including some places for Master's stu
dents. 

The school conducts a 3 year undergraduate 
diploma course. In addition to teaching and clini
cal facilities the School has a number of well 
equipped workshops. 

It is anticipated that the successful applicant will 
have appropriate academic qualifications, some 
employment experience as a prosthetist and/or 
orthotist and a record of effective leadership/ 
management in a relevant professional area. The 
Institute expects the appointment to be taken up 
in 1986. 

The appointment offers an excellent salary. A 
higher appointment level may be considered de
pending upon qualifications and experience. 
Travel costs will be met for overseas appointees, 
and there is an allowance for removal expenses. 
The Institute will also contribute to dependents 
travel and removal costs. Inquiries and requests 
for further information may be directed to the Di
rector of the Institute. The appointment will be 
made on a continuing basis. Applications will 
close on June 30, 1985. Applications may be ac
cepted from overseas applicants after the closing 
date of June 30, 1985. 

Applications in writing, including the names and 
addresses of three professional referees, should 
be sent to the Assistant Registrar (Staffing and 
Secretariat), Lincoln Institute of Health Sciences, 
625 Swanston Street, Carlton 3053, Victoria, 
Australia. Telephone (03) 342-0222. 

Hot Air to 600° C. 

• Forming • Bending 
• Welding • Drying 

• Heating 

' Leister fabrication equip-
i ment for plastics offers the 
r most complete line to the 

prosthetics and orthotics 
field 

Call o r write for f ree b r o c h u r e A O P A 8 4 - 5 

br ian r. w h i t e c o m p a n y , inc . 
3 1 3 henry station road 
uk iah . c a 9 5 4 8 2 - 9 9 9 0 
(707) 4 6 2 - 9 7 9 5 

di&tribtttiir's inquiries invited 

o n e industrial w a y w., bld<. •. 
e a t o n t o w n . nj 0 7 7 2 4 - 9 9 9 8 
(201) 5 4 4 - 1 2 1 2 

i m m a j i 

Plastic Welding 
w i t h t h e e l e c t r o n i c a l l y c o n t r o l l e d 
«LEISTER-GHIBLI». 
The tool c a n be put d o w n in any 
posi t ion a n d is sui table for f o r m i n g 
a n d we ld ing all p last ic materials. 

A s k for f r e e b r o c h u r e EX 5 3 2 
Brian R. White Co. Inc., 313 Henry Station Road, Ukiah, 
CA 95482, Tel.: (707) 462-9795, TWX 510-743-2052. 
Brian R. White Co Inc., 1 Industrial Way West Bldg. E, 
Eatontown NJ 07724, Tel.: (201) 544-1212, TWX 888 307 



paying more attention to 
prostheses cosmetics... 

Sure, cosmetics are important and we have never overlooked that 
aspect, but all of our research efforts have concentrated on developing a 
better technology for prostheses fabrication. 

Out of our research came the world's first lightweight titanium knee 
joint which features the centre of axis posteriorly positioned offering ease 
of alignment and greater stability. 

IPOS also developed and refined the revolutionary, flexible socket 
cradle. While no prostheses is truly comfortable, we have been able to create 
a technique in fitting AK amputees' prostheses that actually does give a 
greater degree of wearer comfort. 

IPOS technology has resulted in an AK prostheses that is extremely 
strong and lightweight. In fact, the IPOS "Flex-Socket" geriatric light pros
theses weighs barely more than 4 lbs. complete. 

IPOS technology will always stand above the rest in both product and 
technical back up. 

IPOS USA 
155 Portage Road 
LEWISTON, N.Y. 14092 
1-800-626-2612 

IPOS CANADA 
7 Boswell Street - Box 321 
SIMCOE, Ontario N3Y 4L2 
1-800-265-8033 

IPOS Gmbh & Co. K.G. 
Postfach 1845 
2120 Luneburg 
WEST GERMANY 



Poor Plastic 
Syndrome? 

For Orthotic/Prosthetic grade sheet materials Homo-Polymer-Polypropylene 
that ''make it and make it right" call Maramed Co-Polymer Polypropylene 
Precision toll free today 1 8 0 0 3 2 7 5 8 3 0 . Low Density Polyethylene 



Orthotics 
and 
Prosthetics 

Journal of the American Orthotic and Prosthetic Association 
717 Pendleton Street 

Alexandria, Virginia 2 2 3 1 4 
(703) 836-7116 

Orthotics and Prosthetics, the only publ ica t ion of its k ind in the U . S . , is a 
quarterly scientific journal providing informat ion relative to the fields of 
or thot ics and prosthet ics . Because of its un ique place in the l i terature, and 
its recogni t ion wor ldwide , Orthotics and Prosthetics draws articles on 
the latest innovat ions from the health care profess ion 's foremost authors . 
It is an integral componen t of any rehabi l i ta t ion profess ional ' s l ibrary. 

a m e r i c a n 
o r t h o t i c & 

prosthet ic 
a s s o c i a t i o n 

1984 Orthotics and Prosthetics yearly subscr ip t ion ra tes— 

Domes t i c (U .S . , Canada , Mexico) $24.00 
Fore ign $28.00 
Fore ign Air Mail Del ivery $48.00 

• Yes! I want to subsc r ibe to Orthotics and Prosthetics. I am enclos ing 
a check , payable to AOPA, in the amount of $ , for yearly 
subscr ip t ions . 

N a m e 

Addres s 

Ci ty . State Z i p . 

Make all checks payable to AOPA. 
Mail to: AOPA 

71 7 Pendleton Street 
Alexandria, VA 22314 
U.S.A. 



T O : P E R S O N S W O R K I N G IN R E H A B I L I T A T I O N 

F R O M : S I E G F R I E D P A U L , C P O (E) , S C I E N T I F I C P R O G R A M C H A I R M A N 

R E : C A L L F O R C O N T R I B U T E D P A P E R S F O R T H E 1985 A S S E M B L Y 
S C I E N T I F I C P R O G R A M 

T h e A m e r i c a n Or tho t i c and Pros the t ic A s s o c i a t i o n ' s 800-p lus m e m b e r s h i p cons i s t s 
o f f i rms invo lved in the des ign , manufac tu re , and f i t t ing o f o r thoses a n d p ros these s . 
T h e p r imary ob jec t ive of A O P A is to p romote h igh levels o f o r tho t ic /p ros the t ic pa t i en t 
care se rv ices to the o r thoped ica l ly h a n d i c a p p e d . To aid in ach i ev ing th is goal , each 
year the A s s o c i a t i o n p rov ides a forum, v ia its annua l Na t iona l A s s e m b l y , for or tho t ics 
and pros the t ics profess ionals to share in format ion on the m a n y n e w ideas and /o r 
concep t s o f or re la t ing to o r tho t ics /pros the t ics . Near ly e v e r y o n e w o r k i n g in or tho t ics 
and pros the t i cs in the U n i t e d S ta tes a t tends the A s s e m b l y , a long w i t h m a n y profes
s iona l s from ab road . T h e 1985 A s s e m b l y wil l b e he ld at the T o w n a n d C o u n t r y Hote l , 
San D i e g o , Cal i forn ia , O c t o b e r 1 4 - 2 0 , 1985. 

A O P A invi tes all in te res ted pe r sons to s u b m i t an abst ract (s) for p re sen ta t ion dur ing 
the A s s e m b l y ' s Sc ien t i f ic P rogram. T h e subjec t ( s ) for the abs t rac t (s ) shou ld b e n e w 
ideas , t e c h n i q u e s , dev i ce s , and /or research that h a v e a pract ical app l i ca t ion in or
tho t ics and pros the t i cs o r a re la ted field. In te res ted pe r sons are inv i t ed to s u b m i t 
m o r e than o n e abs t rac t . M o s t p resen te r s wil l b e g iven 15 m i n u t e s for the i r p re sen ta 
t ion . 

If you are in te res ted in par t ic ipa t ing in the 1985 A s s e m b l y , p lease c o m p l e t e the 
abst ract form o n the reserve and re turn it to the A O P A Nat iona l Headqua r t e r s no later 
than Apr i l 3 0 , 1985. 

D o n ' t Hes i t a te ! D o it n o w and b e a part of o n e o f the major rehab i l i t a t ion educa t ion 
m e e t i n g s o f the year! 

T h a n k you . 

AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION 
ABSTRACT GUIDELINES 

START THE ABSTRACT TITLE HERE USING CAPITAL LETTERS. Follow with authors' 
names, Business Addresses, Zip codes. Underline Speakers' Name. 

Leave a space between heading and abstract proper. Indent as shown. Keep all lines as wide as 
possible without touching or going beyond the lines at either side. 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. Before submitting your 
abstract, check format, nomenclature, and spelling. 

AOPA National H e a d q u a r t e r s 
717 Pendleton Street 
Alexandria , VA 22314 
U .S .A . 
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American Orthotic and Prosthetic Association 
ABSTRACT FORM 

T I T L E O F P A P E R : 

A U T H O R S : 
( U n d e r l i n e s p e a k e r ) 

A D D R E S S ( I n c l u d e Z i p C o d e ) : 

P H O N E : 

O C C U P A T I O N : O r t h o t i s t P.T. M . D . 
O.T. C . P . O . O t h e r (Speci fy) 
Pros the t i s t E n g i n e e r 

A U D I O V I S U A L R E Q U I R E M E N T S : 3 5 m m sl ides 
O v e r h e a d p r o j e c t o r 
1 6 m m s o u n d m o v i e 
O t h e r (Specify) 

A B S T R A C T : M a x i m u m of 2 0 0 w o r d s o r equ iva l en t . Inc lude Title o f P a p e r , A u t h o r s ' 
n a m e s , A d d r e s s e s w i t h z ip c o d e . U s e s ingle s p a c e typ ing . U s e full 
w i d t h of ru led a r e a . 

MAIL ABSTRACT TO: A O P A N a t i o n a l H e a d q u a r t e r s 
7 1 7 P e n d l e t o n S tree t 
A l e x a n d r i a , V A 2 2 3 1 4 
U . S . A . 
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Full Line o f Truform Products 
Handled by PEL 

TRUFORM 
Orthotics and Prosthetics 

Cock-Up Wrist Splint. The glove is 
made of heavy canvas with soft flannel 
lining The aluminum splint, shaped 
like a spoon, can be easily contoured 
to desired shape and inserted into the 
pocket of the glove under the palm 
Back lacing combines with 2 Velco 
straps for easy closure 

Neoprene Knee Support with neoprene 
rubber construction to retain body heat, 
providing constant warmth Donut shaped 
cartilage pressure pad completely 
surrounds open patellaarea, self-aligns and 
maintains its position over the soft tissues of 
the joint Special posterior seam allows 
support to flex naturally, avoiding any 
bunching over the popliteal 

Cartilage Support. One-way stretch 
elastic with 3 spiral stays in close 
succession on either side, each 
covered with a heavy, non-elastic web 
A removable sponge rubber cartilage 
pad on each side to deliver pressure 
over cartilage area These pads, plus a 
cut out hole in front lessen irritation 
behind the knee 

Dorso-Lumbar Orthosis with 3 pull 
straps 2 full length semi-rigid steels 
and pockets for 2 additional steels 
Snap-button closure with hooks-
and-eyes Padded shoulder straps 
Elastic releases in front, lop and 
bottom Preshrunk white cotton duck 

Knight-Taylor Orthosis 
with full corset front 
Covered with white leather—lined 
with cream cow Leather padded 
shoulder straps of non-elastic webbing 
which fit directly under the arms 
Uprights of rust-proof steel, horizontal 
bands of aluminum No metal exposed 
except buckles 

H o w t o 

O r d e r 

All products on this page are in 
stock and ready for fast 
immediate delivery. 
Call PEL TOLL FREE at 
1-800-321-1264 

Get them faster from 

S U P P L Y C O . 
4666 Manufacturing Rd 
Cleveland. Ohio 44135 
Phone a c 216 267 5775 
8 0 0 . 321-1264 



New Features Added to Journal 
Orthotics and Prosthetics, AOPA's quar 

terly sc ient i f ic pub l i ca t ion , en ters its 39th 
year of pub l i ca t ion in great shape . Reader 
sh ip has neve r b e e n h ighe r , and the con
s i s tency of the con ten t from issue to issue 
has neve r b e e n greater . A s the dawn of its 
fifth decade app roaches , the edi tor ia l staff 
w o u l d l ike to in t roduce some n e w features 
that wi l l help make Orthotics and Prosthet
ics more r e spons ive to the n e e d s of today 's 
prac t i t ioner . 

W i t h the o n - g o i n g innova t ions in the 
field, s o m e t i m e s i t 's difficult to keep up 
w i t h eve ry th ing that is go ing on . W h i l e 
Orthotics and Prosthetics works hard to pre
sent art icles de ta i l ing these innova t ions 
n e w ideas , often the idea (and the p r o b l e m 
that necess i t a t ed i ts i nven t ion ) wil l p redate 
the formal scient i f ic t r e a tmen t—such is the 
na ture o f t h i s very pract ical s c i ence . 

To he lp k e e p pract i t ioners in formed of 
these up- to-da te deve lopmen t s , Orthotics 
and Prosthetics is ins t i tu t ing a N e w Prod
ucts Sec t i on , devo ted ent i re ly to or thot ic 
and pros the t ic dev ices and ancil lary prod
ucts that have b e e n in t roduced in recent 

m o n t h s . N e w produc ts to b e l is ted in th is 
ca tegory m u s t mee t a set of strict gu ide l ines 
in order to b e pub l i shed . T h e s e gu ide l ines 
wi l l help to insure that those products 
p u b l i s h e d in the sec t ion are of the greatest 
re levance to the prac t i t ioner , a n d are pre
sen ted in a fair a n d u n b i a s e d manne r . 

Orthotics and Prosthetics is also ins t i tu t 
i ng a reader ' s forum, w h e r e i n prac t i t ioners 
and o ther in te res ted readers m a y vo ice 
o p i n i o n s , c o m m e n t s , and compla in t s re
lated to Orthotics and Prosthetics and the 
profess ion as a w h o l e . M e m b e r s of the 
edi tor ia l staff will b e c h o s e n to r e spond to 
these le t ters , a s wel l as wr i t i ng edi torial 
c o m m e n t t hemse lves . T h e forum wil l focus 
o n the l ead ing top ics of the day, all from a 
scient i f ic v i ewpo in t . 

W e h o p e that these c h a n g e s wil l make 
Orthotics and Prosthetics even m o r e acces 
s ib le to ou r readers . If you have any q u e s 
t ions abou t these ideas , or any o ther 
sugges t ions c o n c e r n i n g the journa l , p lease 
wr i te to the Nat iona l Headquar te r s o f 
A O P A . 

U.S. Postal Service 
1984 Statement of Ownership, 
Management, and Circulation 

(as required by 39 U.S.C. 3685) 
Orthotics and Prosthetics is publ i shed quar 

terly b y the A m e r i c a n O r t h o t i c and Prosthet ic 
Assoc ia t ion , 7 1 7 Pendle ton Street , A lexandr ia , 
V irg in ia 2 2 3 1 4 . Subscr ipt ion pr ices are $ 2 4 , $ 2 8 , 
a n d $ 4 8 annually. 

The h e a d q u a r t e r s of the publ i shers is the 
A m e r i c a n O r t h o t i c and Prosthet ic Assoc ia t ion , 
7 1 7 Pend le ton Street , A lexandr ia , Virg inia 
2 2 3 1 4 , w h i c h is also the n a m e and comple te 
addres s of the publ isher . 

The E d i t o r is L a w r e n c e R. L a n g e , C P O , O r 
thot ics a n d Prosthet ics D e p a r t m e n t , Shr iners 
Hospi ta l for Cr ipp led Ch i ldren , 8 4 0 0 Roosevel t 
Boulevard , Phi lade lphia , P e n n s y l v a n i a 19152 . 
T h e M a n a g i n g Edi tor is C h r i s t o p h e r R. Colli-
g a n , 717 Pend le ton Street , A l e x a n d r i a , Virg inia 
2 2 3 1 4 . Orthotics and Prosthetics is o w n e d b y the 
A m e r i c a n O r t h o t i c a n d Prosthet ic Assoc ia t ion , 
7 1 7 Pend le ton Street , A lexandr ia , V irg in ia 
2 2 3 1 4 . 

The a v e r a g e n u m b e r of cop ie s for each issue 
dur ing t h e p r e c e d i n g 12 m o n t h s w a s 3 , 6 7 5 , of 
w h i c h 85 w e r e d i s t r ibuted t h r o u g h p a i d c i r c u 
lat ion, a n d 3 , 3 9 6 w e r e d i s t r ibuted t h r o u g h mail 
c i r c u l a t i o n — g i v i n g a total of 3 , 4 8 1 p a i d c ircula
t ion . Free d i s tr ibut ion a v e r a g e d 55 cop ies , for a 
total d i s tr ibut ion of 3 , 5 3 6 . T h e r e w e r e an aver
age of 139 cop ie s not d i s tr ibuted . 

For the i ssue neares t the filing date of 9 / 1 9 / 8 4 , 
5 , 8 0 0 cop ies w e r e pr in ted . T h e r e w e r e 120 dis
tr ibuted t h r o u g h pa id c irculat ion, and 3 , 4 3 6 
mail c irculat ions , for a total o f 3 , 5 5 6 . There w e r e 
2 ,000 cop ies d i s t r ibuted b y o ther m e a n s , m a k 
ing a total of 5 , 5 5 6 cop ie s d i s tr ibuted . T h e r e 
w e r e 244 cop ie s no t d i s t r ibuted . 

I certify that the s t a t e m e n t s m a d e b y m e 
a b o v e are correc t a n d comple te . 

C h r i s t o p h e r R. Col l igan 
M a n a g i n g Edi tor 
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STABIL ITY I N M O T I O N 
© 1982 Camp international Inc. 

K-Line provides effective support. 
To be effective, a knee cage must stabilize and support 

the knee jo in t and at the same time al low natural 
knee mot ion. 

Drawing on their 70 years of experience in designing 
orthotic devices, and their knowledge of advances in 
quality materials. Camp International was instrumental in 
the development of a new line of knee cages designed to 
provide the most effective, durable and practical support 
and brace possible. This is another example of Camp's 
Leadership Through Innovation. 

Because there are so many types of knee injuries. Camp 
makes K-Line available in 17 different styles so that no 
matter wha t the need, K-Line has what you're looking for. 
K-Line by Camp . . .the knee support that has been 
engineered to truly provide Stability In Motion. 

The ultimate in knee cages utilizes Camp's new MULTI
CENTRIC JOINT. This unique product is designed to 
follow natural knee motion It minimizes migration of the 
elastic, providing reliable medial and lateral stability The 
innovative design of removable hook and pile casings 
permits exact positioning at the knee joint center. 

- L I N I 

Camp International. Inc. 
P.O. Box 89 
Jackson, Michigan 49204 
(517)787-1600 



TWO-POST ORTHOSIS for stabilizing 
cervical and upper thoracic regions. 

Spinal orthoses are our only product They are only 
available through ethical d ispensing orthotists. Because 
of this we have the motivation and the skill to provide 
you with the highest quality orthoses possible for max-
i-mJrn acceptance by your doctors and patients. And we 
back you up with 24-hour delivery of your prescript ion 
orders anywhere in the country Plus, we have a price 
structure to make our service B * J # « 
your most profitable way to f a 0 1 T 1 C M A 
fill prescr ipt ions. Florida Brace 2 m 
Corporat ion, P.O. Box 1299, I l l ' f l C P 
Winter Park, Florida 32789. 

C o r p o r a t i o n 



S m a l l S u c t i o n 
S o c k e t V a l v e s 
f o r L a m i n a t i n g . 

difference. 
Everything seems to be getting smaller. Comput

ers, cars and Suction Socket Valves from United 
States Manufacturing Company. 

Regular size valves will always have a place in 
prosthetic fabrication. But as you use the new Small 
Suction Socket Valves we think you'll find more and 
more applications for them. 

Take, for example, suction sockets for above-
elbow amputations. Or for small above-knee or 
below-knee stumps. Or suction sockets for children. 
They're all excellent applications for a valve that will 
give you more latitude in valve positioning and place
ment. And for a valve that gives you a better seal 
with both an inner gasket and outer "O" ring. 

All plastic, corrosion resistant Small Suction 
Socket Valves are available for both thermoplastic 
and laminated sockets and may be ordered as either 
a pull type, push type with adjustable leak rate or 
push type with non-adjustable leak rate. And once a 
housing is installed the valves are completely 
interchangeable. 

For added versatility, you may want to install the 
thermoplastic model valve into a plastic laminated 
socket. Now with two flat sides, the thermoplastic 
valve is extremely easy to install, remove and re
install in either thermoplastic or plastic laminated 
sockets.* 
"NOTE: A 7 8" d iamete r ho le saw wi th pilot is r e c o m m e n d e d tor 

bor ing w h e n this p rocedu re is u s e d . 

PRODUCT NUMBERS 
SMALL SUCTION SOCKET VALVES FOR 
THERMOPLASTICS 
Pull Type —P19-000-0001 
Push Type with Adjustable Leak Rate—P19-000-0002 
Push Type with Non-adjustable Leak Rate—P19-000-0003 

SMALL SUCTION SOCKET VALVES FOR 
LAMINATING 
Pull Type—P19-000-0004 
Push Type with Adjustable Leak Rate—P19-000-0005 
Push Type with Non-adjustable Leak Rate —P19-000-0006 

TOOLS 
Forming Tool —T13-000-0001 
Valve Key—T15-600-0001 

Regular Suction 
Socket Valve 
for Thermoplastics 

Small Suctioi 
Socket Vjlvea' 
for Thermoplastics 

Uni ted States M a n u f a c t u r i n g C o m p a n y 
180 N San Gabriel Blvd , P.O. Box 5030, Pasadena, California 91107 U S A 
(818) 796-0477, Cable: L IMBRACE, T W X No : 910-588-1973, Telex: 466-302 

c 1984, United States Manufacturing Company 



fiitable, exportable, reliable 

New levels of function are now being achieved for 
amputees by prosthetists fitting the Utah Artificial 
Arm. Light weight and f reedom from cables allow a 
more comfortable fit. Design advances provide 
quietness and cosmesis in a modular system that 
includes myoelectric hand control. 

Shouldn't your patients be fitted by you with the 
most advanced prosthesis available? 

For more information or to discuss your pat ient— 
call Harold Sears collect at 801-364-1958. 

Utah /Irtif icial Am 
Developed at the University of Utah 



call for contributed papers 

GERIATRIC AND SPORTS MEDICINE 

To: 
From 

ORTHOTTSTS/ PROSTHETISTS 
1985 AOPA ASSEMBLY SCIENTIFIC PROGRAM COMMITTEE 

TOPICS 
• Sports Medicine 

Orthotic principals in preventive and post-operative care of foot, ankle, and knee. 

• The Geriatric Amputee 
Total patient management . . . prosthetic considerations, i.e. new develpments in prosthetic 
technology and total care concepts. 

The American Orthotic and Prosthetic Association (AOPA) invites all interested persons to submit one 
or more abstracts on the subjects outlined above for presentation during the Association's National 
Assembly Scientific Program. 

Sports Medicine and The Geriatric Amputee are two of the most widely discussed topics in orthotics 
and prosthetics today. The Assembly Scientific Committee, in issuing this special call for papers, 
wishes to emphasize the importance of these two topic areas. Each subject will feature an expert as a 
keynote speaker 

Each year, the Association provides a forum, via its National Assembly, for orthotics and prosthetics 
professionals to share information on new ideas and concepts of or relating to orthotics and prosthet
ics. Speakers are given approximately 15 minutes for their presentations. The 1985 Assembly will be 
held at the Town and Country Hotel, San Diego, California, October 14-20, 1985. 

Please complete the abstract form on the back side of this page and return it to the Scientific Program 
Committee no later than April 30, 1985. Follow the guidelines below for your abstract. 

American Orthotic and Prosthetic Association—Abstract Guidelines: 

START THE ABSTRACT TITLE HERE USING CAPITAL LETTERS. Follow with author's 
name, business address, zip code. Underline Speakers' Name. 

Leave a space between heading and abstract text. Keep all lines as wide as possible without 
touching or going beyond the lines at either side. Keep the text within one paragraph. Cite 
literature at the end of abstract, but not as a new paragraph. Double check format, nomencla
ture, and spelling before submitting. Abstract must be typed. 
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American Orthotic and Prosthetic Association 
ABSTRACT FORM 

TITLE OF PAPER: 

AUTHORS: (Underline speaker) 

ADDRESS (Include Zip Code): 

PHONE: 

M.D. 
Other (Specify) 

OCCUPATION: Orthotist P.T. 
O.T. C.P.O. 
Prosthetist Engineer 

AUDIOVISUAL REQUIREMENTS: 35mm slides 
Overhead projector 
16mm sound movie 
Other (Specify) 

ABSTRACT: Maximum of 200 words or equivalent. Include Title of Paper, Authors' 
names, Address, zip code. Use single space typing. Use full width of ruled 
area. 

MAIL ABSTRACT TO: AOPA National Headquarters 
717 Pendleton Street 
Alexandria, VA 22314 
U.S.A. 
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9 5 % POLYPROPYLENE, 5 % LYCRA 

Newest In The Growing Knit-Rite Family 
Of Prosthetic/Orthotic Textile Interface 

• P R O S T H E T I C S O C K S * O R T H O T I C S O C K S * T O R S O -
I N T E R F A C E • F R A C T U R E S O C K S • H I P A N D H E M I -
P E L V E C T O M Y A N D S Y M E S S O C K S I N S T A N D A R D 
S IZES • SPECIAL A N D TAILORED S O C K S FOR U N U S U A L 

F I T T I N G P R O B L E M S 

SEE PAGES 8, 9 , 1 0 . & 11 of CATALOG NO. 8 

• W O O L S U P E R - S O C K S • O R L O N / L Y C R A 
• C O T T O N / L Y C R A • C O T T O N • S I L K O L E N E A N D 
• P O L Y P R O P Y L E N E / L Y C R A 
Knit-Rite can meet almost any Orthotic/Prosthetic sock re
quirement. Our expertise has been built through years of ex
perience working with a wide variety of materials & weights, 
production techniques, and problem solving. By staying 
abreast of technology we are able to provide the best textile 
interface components available. When it comes to special 
fabrics and special construction for special needs we know 
a lot and through research will learn more. 

P L U S OTHER TEXTILES: 
• COMPRESSOGRIP • CAST SOCKS • STOCKINETTE 
• STUMP • SHRINKERS • CAST-RITE FRACTURE SOCKS 
• SLEEVES • POST-OP SOCKS • ARM SLEEVES • ETC. 

COMING SOON! 
A NEW CONCEPT IN COMPRESSION SOCKS 

Write if you would like to see pre-market samples and literature. 

DISTRIBUTORS OF KNIT-RITE TEXTILE ITEMS 
CASCADE ORTHOPEDIC SUPPLY, INC. 
OUHR-F1LLAUEH MEDICAL. INC. 
KINGSLEY MANUFACTURING CO 

PEL SUPPLY COMPANY 
SOUTHERN Pf lOSTHETIC SUPPLY CO. 
UNITED STATES MANUFACTURING CO. 

NORTHEAST PARAMEDICAL INDUSTRIES WASHINGTON PROSTHETIC SUPPLIES 

KNIT-RITE, INC. 
TOLL FREE: 1-800-821-3094 

2 0 2 0 G R A N D A V E N U E , K A N S A S CITY, MO., 6 4 1 4 1 , P h o n e : (816 ) 2 2 1 - 5 2 0 0 

T W X # 9 1 0 7 7 1 0 5 1 3 C A B L E C O D E : KNIT-RITE 
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