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The 1973 NATIONAL ASSEMBLY of the 

AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION 

will be held 

OCTOBER 10-14,1973 

at the 

T O W N & C O U N T R Y 

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

For Program Details and Registration Information 
write to 

The American Orthotic and Prosthetic Association 
1440 N Street, N.W. 

Washington, D.C. 20005 

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

Fillauer Favorites 
FILLAUER . . . The Specialists in Specialties 

F R O M 

TRILATERAL SOCKET 
PERTHES ORTHOSIS COMPONENTS 

All Immediately Available—Quality At Low Cost 

T O 

PLASTIC LAMINATE ISCHIAL 
WEIGHT BEARING CUFFS 

Sizes 2-4 Vi " -Order #3302 
Specify Size AP, Right or Left 

A N D EVEN 

DISPOSABLE GLOVES TO 
PROTECT YOUR HAND 

ALL FROM 

Fillauer Write for New "Green" 
Catalog 

Established 1914 Box 1678 Chattanooga, Tennessee 
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READY T O FIT H A N D , W R I S T A N D FINGER BRACES, 
C E R V I C A L BRACES, T R A I N I N G A I D S A N D SPECIAL 
A P P L I A N C E S - PLUS A COMPLETE LINE O F SP INAL 
A N D LEG BRACES C U S T O M M A N U F A C T U R E D T O 
Y O U R MEASUREMENTS. 

C O M P L E T E C A T A L O G A V A I L A B L E O N REQUEST 

C. D. DENISON ORTHOPEDIC APPLIANCE CORP. 

2 2 0 W . 2 8 t h S t r e e t - Ba l t imo re , M d . 21211 
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PBTRITO MEETS YOUR NEEDS 

STYLE 7395 
GARTER LENGTH UNDERHOSE 

Ideal fo r B / K endoskeleta l prosthesis Seamless 
100% S t r e t c h n y l o n , dusk f lesh co lor 

2H-7395-LG Large, 10Y2-1 2 

2H-7395-KG K i n g size, 12-13 

STYLE 7390 
LADIES' COSMETIC UNDERHOSE 

SEAMLESS 100% STRETCH NYLON DUSK FLESH COLOR SUGGESTED RETAIL 3 95 PER PAIR BOXOF 3 PAIR 375PER PAIR 

PRODUCT CODE 
. , I C . i o o I Colo. 2H-7390-SM Sma l l , 8V2-9V2 
2H-7390-MD M e d i u m , 9y2-10y2 

2H-7390-LG Large, 10'/2-1V/2 

2H-7390-XL E x t r a Large, 11 '/2-12Y2 2H-7390-LL E x t r a Large, E x t r a L o n g , 1iy2-12y2 

KNIT-RITE CAST SOCKS 

Tubular knitted from natural cotton yarn. 
A p p r o x i m a t e l y three inches in w i d t h . Sui tab le fo r use in cast ing B / K A m p u t a t i o n s . 

S t r e t c h s t i t c h seam at toe end E x t r a length 36 inch cast sock f o r Symes. These are 
not recommended for wearing. Pr iced per dozen or per gross. 

B / K W i d t h , a b o u t 24 inches long 
B / K W i d t h , a b o u t 36 inches long 

6S-7927 BK 
6S-7927-BX 

STRETCH NYLON STOCKINETTE 
Flat k n i t c o n s t r u c t i o n (no r ibs). R e c o m m e n d e d f o r f ina l layer(s) in l ayup f o r lam­
i n a t i o n o f o r t h o t i c and p ros the t i c devices E l iminates p r o n o u n c e d r ibbed ef fect 
created w h e n r i b k n i t s t o c k i n e t t e is used. 

A SUGGESTION FOR USE: Before p u l l i n g over the ar t ic le t o be l a m i n a t e d , ro l l 
the s t o c k i n e t t e t w o or three t u r n s Th is w i l l he lp t o reduce runs A disadvantage of 
f la t k n i t c o n s t r u c t i o n is a greater t endency t o run as c o m p a r e d t o the r i b k n i t t y p e 
c o n s t r u c t i o n . A l s o n o t e t h a t the tendency f o r r u n n i n g is s l ight ly less f r o m one end 
o f the s t o c k i n e t t e than f r o m the oppos i te end. 

PRODUCT CODE 
6S-7500-03 

Width 
3 inch w i d t h 

Approx, Circumference Range 
inch t o 16 inches 

PROSTHETIC SHEATH 
A sheath t y p e pros the t ic s t u m p hose especial ly k n i t t e d fo r amputee wear. W o r n 
nex t t o the s t u m p , f r i c t i o n w i l l tend t o be absorbed be tween the sheath and s t u m p 
sock. 

A q u a l i t y , serviceable p r o d u c t , c o m p a n i o n i tem to the S ty le 7390 Cosmet ic Under-
hose. M a n y pros the t ic fac i l i t ies r o u t i n e l y p rov ide a pair o f underhose w h e n they 
deliver a ladies prosthesis We suggest th is fo r the Prosthet ic Sheath as we l l , f o r b o t h 
men and w o m e n 

FftOpirCl COPE 
s ^ c f I Catalog | Color Fi t Lengths: 

T o p C i rcumferences: 
Toe C i rcumferences: 

2HP-BK1-SH 
B/K Sz No. 1 Short 
10" to 14" 
12" t o 20" 
7" to 12" 

2HP-BK1-MD B/K Sz No 1 Medium 
16" t o 20" 
12" t o 20" 
7"to 12" 

2HP-BK1-LG B/K Sz No. 1 Long 
22" t o 26" 
12" t o 20" 
7" t o 12" 

2HP-AK1-MD A/K Sz No. Med ium 14" 
16" 
9" 

t o 18" 
t o 24" 
t o 14" 

B / K sizes may be w o r n on small A / K S t u m p s 

About 
the weight 

of heavy 
nylon hosiery. 

S-T-R-E-T 

more 
'comfortable 

because it 

C-H-E-

JUNE 1973 
FOB KANSAS CITY, MO. VI 

KNIT-RITE, INC, 1121 GRAND AVENUE, K. C , MO. 64106 PHONE: 816-221-0206 



SHOE CLASP ANKLE-FOOT ORTHOSIS 
P A R T N O . 
1 A 2 9 3 - K 

This orthosis, developed by Werner Green-
baum, C.P.O., of the Veterans Adminis­
tration Prosthetics Center, is intended for 
use wi th patients having drop foot con­
ditions wi th mild varus or valgus deform­
ities. 

Low in cost 
Easy to install (considerable saving in time) 
Will accommodate most all adults 
Light in weight 

This orthosis clips onto the posterior por­
tion of the counter of the shoe and it can 
be easily interchanged to other shoes. 
(It is important that a lace-type shoe w i th 
a strong counter be used). It can be fitted 
in a matter of minutes whi le the patient 
waits. 

This device is cosmetically superior to most 
orthoses in the fact that it is practically 
unnoticeable whi le being worn . 

Supplied in kit form. 
Available for immediate delivery. 

SOLD ON 
PRESCRIPTION 

ONLY 

U N I T E D S T A T E S M A N U F A C T U R I N G CO. 
P.O. Box 110, 623 South Central Avenue, Glendale, California 91209, U.SA 
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C a m p of fe rs u n i q u e p r o d u c t s n o o n e 
e l s e h a s . P h y s i c i a n s r e c o g n i z e t h e i r 

i n n o v a t i v e d e s i g n s a n d p r e s c r i b e t h e m 
for s p e c i a l p r o b l e m s . C a m p ' s 

u n c o m p r o m i s i n g q u a l i t y is k n o w n 
t h r o u g h o u t t h e m e d i c a l p r o f e s s i o n . 

C a m p h a s t h e w i d e s t l ine in t h e 
i n d u s t r y . T h a t m e a n s a p e r f e c t fit w h e n 

y o u fill a p r e s c r i p t i o n . You d o n ' t l o se 
t i m e o n e x t e n s i v e m e a s u r e m e n t s or 
s l o w c u s t o m p r e f a b r i c a t i o n . A n d all 
t h e s e a d v a n t a g e s m e a n p r o f i t a b i l i t y 

t o y o u . S. H. C a m p & C o m p a n y , 
J a c k s o n , M i c h i g a n 4 9 2 0 4 . 

Sigvaris elastic stockings, a seamless 
compression stocking that works. 
Sigvaris elastic stockings work like a 
professionally applied elastic bandage. 
They exert maximum compression at 
the ankle, gradually decreasing up the 
leg Yet unlike an elastic bandage, 
'they are easy to apply and cosmet­
ically acceptable Sigvaris stockings 
are knitted on special knitting ma­
chines which precisely control the 
width of each circular stitch for exact 
compression Circular knitting also 
produces a seamless stocking that 
cannot be detected under conven­
tional nylons And with a basic stock 
you can properly fit over 85 percent 
Of all customers ..immediately. 
Sigvaris stockings are available in calf, 
half-thigh and half-thigh Plus with 
wider top lengths; in normal (30~40 
mm/hg at the ankle) and super (40-
50 mm/hg at the ankle) compressions; 
and in small, medium and large sizes. 
A new therapeutic panty Sigvaris is 
also available in six different sizes 
and in normal compression (30-40 mm/ 
hg atthe ankle) only Uniquely Camp. 

Camp... 
the single source 

for uniquely 
valuable 

properties. 

®Sigvaris is a registered vxdemtrk of 
Canzoni & C/e A C , St Gallon, SwilietUnd 

Distributed 



Control can 
be more 

comfortable 

with the new 
Child Life 

pre-walker 
abduction 

boot 

The Sof-Top seamless back and the serrated tongue 
assure double protection against chafing. These 
features are available on Child Life abduction and 
straight last boo t s . . . and there is no charge for our 
Mismate Service. All Child Life Specialty Boots 
are available in sizes from 000 to 4, in narrow and 
medium widths. 

Two-Strap Abductor Boots 
Single-Strap Abductor Boots 
Advanced Straight Last Boots 
Basic Straight Last Boots 

O Sof-Top Seamless Back . . . 
prevents chafing and blistering 
while retaining the high back 
necessary to hold the heel 
securely in the shoe 

© Serrated Tongue .. prevents 
irritation to the instep area 

© Wider Toe Opening gives you 
a better view of foot position 
within the shoe 

Herbst Shoe Manufacturing Company 
2775 N 32nd St.. Milwaukee, Wisconsin 63210 
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KINGSLEY MFG. CO. 
PROUDLY PRESENTS THE 

N E W H Y D R A N U - M A T I C 
K N E E C O N T R O L FOR H E A V Y D U T Y 

* I N T E R C H A N G E A B L E W I T H R E G U L A R 
D U T Y U N I T 

* L A R G E R O I L R E S E R V E 

* L A R G E R S E A L S 

* G R E A T E R W A L L T H I C K N E S S 

S T R O N G E R G U A R A N T E E D T O L A S T L O N G E R 

NOW Y O U C A N F I T T H E A C T I V E A M P U T E E W I T H T H I S 
L I G H T W E I G H T , LOW COST U N I T W I T H A S S U R A N C E 

D I M E N S I O N S : 

W E I G H T : 

F U N C T I O N S : 

SPECIFICATIONS 
L E N G T H 1 1 " 
D I A M E T E R 1" 
8% O Z . 

• SWING PHASE D A M P I N G - H Y D R A U L I C . 
• E X T E N S I O N ASSIST - COMPRESSED A I R 

A N D C O I L S P R I N G . 
• F L E X I O N C O N T R O L - A D J U S T A B L E 

R E S I S T A N C E . 
• E X T E N S I O N C O N T R O L - C O N S T A N T 

R E S I S T A N C E . 
• K N E E L O C K - O P T I O N A L - A L L O W S 

E X T E N S I O N , RESISTS F L E X I O N A T 
A N Y A N G L E . 

• I N S T A L L A T I O N : NO S P E C I A L A L I G N M E N T 
P R O C E D U R E S N E C E S S A R Y . 

D E L I V E R E D I N S T A L L E D IN A C O N V E N ­
T I O N A L K N E E - S H I N SET U P . 

O R D E R E D BY K N E E W I D T H OR C A L F 
C I R C U M F E R E N C E , W I T H OR 
W I T H O U T L O C K . 

I * • JUj:** m f g , C O . 
1 9 8 4 PLACENTIA AVENUE • COSTA MESA. CALIFORNIA 
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EDUCATION AND MORE EDUCATION 

In 1945 a r e s e a r c h p r o g r a m in l i m b p r o s t h e t i c s w a s in i t i a t ed b y t h e N a t i o n a l R e s e a r c h 
C o u n c i l at t h e r e q u e s t of T h e S u r g e o n G e n e r a l of t h e A r m y . T h e N R C w a s n o t i n t e r e s t e d 
in s i m p l y filing r e p o r t s o n t he r e s u l t s of r e s e a r c h , b u t w a s c o n c e r n e d r a t h e r in s e e i n g 
t h a t p o s i t i v e r e s e a r c h f i n d i n g s w e r e u s e d t o b e n e f i t p a t i e n t s , a n d , t h e r e f o r e , e x p e r i m e n t s 
w e r e u n d e r t a k e n t o d e t e r m i n e t h e m o s t e f f ec t ive m e a n s for t r a n s f e r r i n g i n f o r m a t i o n f r o m 
t h e r e s e a r c h l a b o r a t o r i e s t o t h e c l i n i c i a n s w h o c o u l d a p p l y it . 

T h e p o s i t i v e r e s u l t s of t h e s u c t i o n s o c k e t for a b o v e - k n e e a m p u t e e s , a n A m e r i c a n i n v e n ­
t i o n o r ig ina l ly c o n c e i v e d by P a r m a l e e in 1863, b u t u s e d by t h e G e r m a n s in t h e 1930s 
a n d r e f i ned by t h e B i o m e c h a n i c s L a b o r a t o r y , U n i v e r s i t y of C a l i f o r n i a , B e r k e l e y , in 1946-
4 8 , a f f o r d e d t h e f irs t o p p o r t u n i t y for an e x p e r i m e n t in t r a n s f e r r i n g i n f o r m a t i o n t o t h e 
f ield. 

W i t h t h e c o o p e r a t i o n of t h e O r t h o p e d i c A p p l i a n c e a n d L i m b M a n u f a c t u r e r s A s s o c i a t i o n , 
t h e N R C a n d the P r o s t h e t i c a n d S e n s o r y A i d s S e r v i c e o f t h e V e t e r a n s A d m i n i s t r a t i o n 
c o n d u c t e d a p p r o x i m a t e l y 40 " s u c t i o n s o c k e t s c h o o l s " in m o r e t h a n a d o z e n l o c a t i o n s 
t h r o u g h o u t t h e U n i t e d S t a t e s d u r i n g t h e 1948-1951 p e r i o d . 

T h e s u c c e s s o f t h e s e t r a v e l i n g i n s t r u c t i o n a l t e a m s s u g g e s t e d a m o r e p e r m a n e n t a p p r o a c h 
t o t h e p r o b l e m . T h u s , in 1952 w h e n a b o d y o f k n o w l e d g e c o n c e r n i n g t h e m a n a g e m e n t 
of t h e u p p e r - l i m b a m p u t e e h a d b e e n a c c u m u l a t e d , f u n d s s u p p l i e d b y t h e V e t e r a n s A d m i n i s ­
t r a t i o n w e r e u s e d to se t u p a n e x p e r i m e n t a l e d u c a t i o n p r o g r a m a t t h e U n i v e r s i t y of C a l i f o r n i a 
a t L o s A n g e l e s , w h e r e a g o o d d e a l o f p i o n e e r i n g r e s e a r c h h a d t a k e n p l a c e . 

B e c a u s e p r o s t h e t i s t s h a d to b e t a u g h t t h e t e c h n i q u e of p l a s t i c l a m i n a t i o n , it w a s n e c e s s a r y 
for t h a t g r o u p t o s p e n d six w e e k s a t U C L A . F o u r w e e k s l a t e r t h e r a p i s t s a r r i v e d for 
i n s t r u c t i o n a n d d u r i n g t h e final w e e k s u r g e o n s a n d p h y s i c i a n s j o i n e d t h e g r o u p t o c o m p l e t e 
t h e c l in ic m a n a g e m e n t t e a m . T h e s u c c e s s of th i s p r o g r a m d u r i n g 1953-54 led t o t h e i n t r o d u c ­
t i o n of m a t e r i a l o n a b o v e - k n e e p r o s t h e t i c s w h i c h h a d b e e n d e v e l o p e d b y t h e U n i v e r s i t y 
o f C a l i f o r n i a a t B e r k e l e y . P r o g r a m s of p r o s t h e t i c s e d u c a t i o n w e r e a l s o i n i t i a t ed a t N e w 
Y o r k U n i v e r s i t y a n d N o r t h w e s t e r n U n i v e r s i t y . T h e Off ice of V o c a t i o n a l R e h a b i l i t a t i o n , 
D e p a r t m e n t o f H e a l t h , E d u c a t i o n , a n d W e l f a r e , a s s u m e d f iscal r e s p o n s i b i l i t y of t h e e d u c a ­
t i on p r o g r a m a b o u t 1958. T h e s e e a r l y p r o g r a m s c o n s i s t e d so l e ly o f c o u r s e s t o p r o v i d e 
c o n t i n u i n g e d u c a t i o n . M o r e r e c e n t l y p r o g r a m s of b a s i c e d u c a t i o n for p r o s t h e t i s t s a n d 
o r t h o t i s t s h a v e a l s o b e e n p r o v i d e d . 

T h e A m e r i c a n O r t h o t i c a n d P r o s t h e t i c A s s o c i a t i o n , t h e A m e r i c a n A c a d e m y o f 
O r t h o p a e d i c S u r g e o n s , a n d o t h e r s , h a v e l o n g r e c o g n i z e d t h e n e e d a n d h a v e m a d e u s e 
of t h e s e D H E W - s p o n s o r e d p r o g r a m s . D e s p i t e t h e fac t t h a t it c a n b e s h o w n t h a t t h e 
P r o s t h e t i c s a n d O r t h o t i c s E d u c a t i o n P r o g r a m h a s p a i d off h a n d s o m e l y , D H E W in c o m ­
p l i a n c e w i t h t h e d i r e c t i v e s of t h e U . S . Off ice o f M a n a g e m e n t o f t h e B u d g e t h a s g i v e n 
n o t i c e t h a t t h e s u p p o r t for e d u c a t i o n will b e w i t h d r a w n c o m p l e t e l y a f te r t h e c u r r e n t 
f iscal y e a r . In fac t t h e p r o g r a m s a t U C L A , N Y U , a n d N U h a v e b e e n k e p t a l ive d u r i n g 
t h e p a s t y e a r a n d wil l b e a b l e t o c o n t i n u e d u r i n g t h e p r e s e n t o n e o n l y b e c a u s e t h e V e t e r a n s 
A d m i n i s t r a t i o n w a s a b l e t o s u p p l y t h e s u p p l e m e n t a r y f u n d s n e e d e d . 

T h e f u t u r e for f ede ra l s u p p o r t of e d u c a t i o n in t h e a l l i ed h e a l t h field is t h u s q u i t e u n c e r t a i n . 
W i t h o u t q u e s t i o n , f o r m a l e d u c a t i o n a l p r o g r a m s for f u t u r e a n d p r a c t i c i n g p r o s t h e t i s t s a n d 
o r t h o t i s t s a r e n e e d e d , a n d s o m e s u b s i d i z a t i o n , l ike t h a t r e q u i r e d for m o s t o t h e r u n d e r ­
g r a d u a t e a n d g r a d u a t e p r o g r a m s , wil l b e r e q u i r e d . If y o u a g r e e , l e t t e r s s h o u l d b e s e n t 
t o y o u r U . S . C o n g r e s s m a n a n d S e n a t o r s s o t h a t t h e y will b e a w a r e of t h e n e e d fo r 
a n d t h e u s e f u l n e s s o f t h e f e d e r a l l y s p o n s o r e d p r o g r a m s . 



As for continuing education, it is gratifying that the American Academy of Orthotists 
and Prosthetists is conducting short-term courses to keep practitioners up to date. In 
coordination with the formal education program, the American Academy of Orthopaedic 
Surgeons and others, the American Academy of Orthotists and Prosthetists has tremen­
dous possibilities for becoming a very effective component in continuing education pro­
grams for orthopaedic clinic teams. 

The Veterans Administration has asked the National Research Council to study the 
past and present education programs, especially with respect to the needs of VA, and 
to make recommendations for future programs. This of course will be done with respect 
to the entire country. Any comments and suggestions will be welcomed by the Task 
Force now being organized to carry out the study. They should be forwarded to: Executive 
Director, Committee on Prosthetics Research and Development, National Research 
Council, 2101 Constitution Ave., N.W., Washington, D.C. 20418. 

A. Bennett Wilson, Jr. 



FABRICATION OF VACUUM-FORMED 
SOCKETS FOR LIMB PROSTHESES 

Roy Snelson, C . P . O . 1 

I t s e e m s t o b e s e l f - e v i d e n t t h a t t h e fit a n d a l i g n m e n t of a n ar t i f ic ia l l eg a r e t h e m o s t 
i m p o r t a n t t e c h n i c a l f a c t o r s t h a t e n t e r i n t o t h e s u c c e s s o f i n d i v i d u a l c a s e s . T h e s e t w o 
f a c t o r s a r e i n t e r d e p e n d e n t t o a c e r t a i n e x t e n t . 

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

T h e N a v y P r o s t h e t i c s R e s e a r c h L a b o r a t o r y u s e d s o c k e t s m a d e of P l e x i g l a s in t h e i r 
s t u d i e s o f a b o v e - k n e e f i t t ings in t h e ' F i f t i e s a n d t h e J . E . H a n g e r C o m p a n y o f A t l a n t a 
in t h e i r p i o n e e r i n g w o r k w i t h t h e t o t a l - c o n t a c t a b o v e - k n e e s o c k e t s in t h e e a r l y ' S i x t i e s 
u s e d P l e x i g l a s , b u t f a b r i c a t i o n o f s o c k e t s w i t h t h i s m a t e r i a l r e q u i r e d a n e x t r a o r d i n a r y 
a m o u n t o f t i m e b e c a u s e it w a s n o t p o s s i b l e t o f o r m a s o c k e t f r o m a s ing le p i e c e o f 
t h e m a t e r i a l . 

T h e A r m y M e d i c a l B i o m e c h a n i c a l R e s e a r c h L a b o r a t o r y p r o p o s e d a m e t h o d o f c a s t i n g 
a c l e a r s o c k e t u s i n g a n a c r y l i c (2) , b u t t h e t e c h n i q u e r e q u i r e d r e l a t i v e l y e x p e n s i v e m a t e r i a l s 
a n d s u c h e x t r e m e c a r e for s a t i s f a c t o r y r e s u l t s t o b e o b t a i n e d t h a t it w a s n o t a d o p t e d 
b y o t h e r s . 

N e w Y o r k U n i v e r s i t y l a t e r d e v e l o p e d a s i m p l e r t e c h n i q u e for c a s t i n g t r a n s p a r e n t s o c k e t s 
w i t h p o l y e s t e r r e s i n s (1 ) , b u t t h e p r o c e s s is suf f ic ien t ly t e d i o u s a n d t i m e - c o n s u m i n g t h a t 
it h a s n o t b e e n a d o p t e d for r o u t i n e c l i n i ca l u s e . 

In 1970 w i t h f i sca l s u p p o r t f r o m S R S 2 , a r e s e a r c h g r o u p a t R a n c h o L o s A m i g o s H o s p i t a l 
d e v e l o p e d a p r a c t i c a l , e f f ic ient m e t h o d of m a k i n g t r a n s p a r e n t s o c k e t s b y v a c u u m - f o r m i n g 
p o l y c a r b o n a t e s h e e t o v e r a m a l e m o d e l . T h e o r ig ina l t e c h n i q u e w a s r e p o r t e d in t h e M a r c h 
1972 i s s u e of Orthotics and Prosthetics. S u b s e q u e n t e x p e r i e n c e w i t h p o l y c a r b o n a t e 
i n d i c a t e s t h a t i t s b e s t u s e in p r o s t h e t i c s is p r o b a b l y a s a c h e c k s o c k e t , b e c a u s e o f t h e 
p r o b l e m of a t t a c h i n g it t o a n e n d o s k e l e t a l t y p e of p r o s t h e s i s for l o n g p e r i o d s o f u s e . 

T h i s a d v a n t a g e a l o n e j u s t i f i e s u s e of v a c u u m - f o r m e d s o c k e t s , b u t t h e m e t h o d is a l s o 
a p p l i c a b l e t o o t h e r p l a s t i c m a t e r i a l s . F u r t h e r m o r e , v a c u u m - f o r m e d s o c k e t s a r e u s e f u l 
for t e a c h i n g . 

T h i s m a n u a l c o v e r s t h e f a b r i c a t i o n a n d u s e o f c h e c k s o c k e t s m a d e of t r a n s p a r e n t 
p o l y c a r b o n a t e 3 s h e e t , a n d s u g g e s t s m e t h o d s of f a s t e n i n g t h e s o c k e t t o t h e r e s t o f t h e 
p r o s t h e s i s w h e n t e m p o r a r y u s e is d e s i r e d . 

1 President , Or thomed ics , Inc . , 8332 Iowa St. , Downey , CA 9024] 

2 T h i s work was supported primarily by Grant N o . 23-P-55290/9 from the Social and Rehabili tat ion 
Service (SRS) , Depar tment of Heal th , Educat ion , and Welfare, Washington, D C 20201 

3 Suppl ied by General Electric as Lexan . Other suppliers use other t rade n a m e s . 



FABRICATION OF TRANSPARENT SOCKETS 

Unfortunately, polycarbonate absorbs water from the atmosphere, and to avoid the 
formation of bubbles and other imperfections during molding it is necessary to remove 
the moisture prior to vacuum-forming the plastic sheet. The time required to remove 
the heat varies with thickness of the plastic sheet and the humidity. During the course 
of the experiments it was found that material 3/8" thick could be rendered free of moisture 
when subjected to a temperature of 275° F. for 36 hours. A second-hand pizza oven 
proved to be quite satisfactory for this purpose. 

The only special pieces of equipment needed not found in most prosthetics and orthotics 
facilities are a workstand and frames to hold the sheet plastic and tapered mandrels 
for use in making the male model. Each of the items can be fabricated easily and very 
inexpensively in a prosthetics facility. 



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

A f o o t - o p e r a t e d v a l v e in t h e v a c u u m l ine m a k e s c o n t r o l o f t h e v a c u u m e a s i e r for 
t h e o p e r a t o r , a n d a w a t e r t r a p s h o u l d b e i n s t a l l e d b e t w e e n t h e a i r e n t r y a n d t h e foo t -
o p e r a t e d v a l v e t o p r e v e n t a n a c c u m u l a t i o n o f m o i s t u r e in t h e v a c u u m t a n k . 

M e t a l f r a m e s a r e r e q u i r e d s o t h a t a f i rm g r i p c a n b e p r o v i d e d a r o u n d t h e p e r i p h e r y 
o f t h e p l a s t i c s h e e t d u r i n g t h e d r a w i n g p r o c e s s . T w o o r d i n a r y " C " c l a m p s h a v e b e e n 
f o u n d t o b e s a t i s f a c t o r y in h o l d i n g t h e a s s e m b l y t o g e t h e r . S t e e l o r a l u m i n u m m a t e r i a l 
1/8" t h i c k p r o v i d e s a d e q u a t e s t i f f ne s s . 



T a p e r e d m a n d r e l s a r e u s e d to p r o v i d e a l e n g t h w i s e c a v i t y in t h e p o s i t i v e c a s t t o i n s u r e 
t h a t t h e a i r f l o w s in s u c h a m a n n e r t h a t t h e p l a s t i c s h e e t will n o t b r i d g e a c r o s s u n d e r c u t s 
o n t h e s u r f a c e o f t h e c a s t . T h e y m a y b e m a d e o f m o s t a n y r igid m a t e r i a l . W o o d c o v e r e d 
w i t h t w o l a y e r s o f p o l y e s t e r - d a c r o n l a m i n a t e w a s u s e d in t h e c o u r s e o f t h e d e v e l o p m e n t 
p r o j e c t . 

T h e p l a s t e r - o f - P a r i s w r a p p e d c a s t is t a k e n in t h e r e g u l a r w a y a n d a p o s i t i v e m o d e l 
is p o u r e d u s i n g a w e l l - g r e a s e d t a p e r e d m a n d r e l t o f o r m a l e n g t h w i s e c a v i t y . A flat s u r f a c e 
is p r o v i d e d o n t h e p r o x i m a l e n d s o t h a t it will s t a n d f i rmly o n t h e w o r k p e d e s t a l . 



A f t e r t h e p o s i t i v e m o d e l h a s b e e n m o d i f i e d a c c o r d i n g to the r e g u l a r p r a c t i c e of t h e 
p r o s t h e t i s t , 1/16" d i a m e t e r h o l e s a r e d r i l l ed f r o m t h e o u t e r s u r f a c e , e s p e c i a l l y in t h e 
u n d e r c u t a r e a s , t o t h e i n n e r c a v i t y t o p r e v e n t " b r i d g i n g . " 



T h e p o l y c a r b o n a t e s h e e t (12 x 12 x 3/8" fo r t h e a v e r a g e b e l o w - k n e e a m p u t e e ) t h a t 
h a s b e e n p l a c e d in t h e m e t a l f r a m e a n d d r i e d a d e q u a t e l y is r e m o v e d f r o m t h e d r y i n g 
o v e n a n d p l a c e d in a c i r c u l a t i n g o v e n a t 400° F . un t i l t h e s h e e t s a g s u n d e r i t s o w n 
w e i g h t t o a d i s t a n c e a b o u t 2/3 t h e l e n g t h o f t h e p o s i t i v e c a s t . B e c a u s e t h e r a t e o f h e a t 
l o s s o f p o l y c a r b o n a t e is q u i t e h i g h , it is a g o o d i d e a t o h e a t t h e p o s i t i v e c a s t a t t h e 
s a m e t i m e , b u t , o f c o u r s e , c a u t i o n s h o u l d b e e x e r c i s e d b e c a u s e a w e t c a s t wi l l e x p l o d e 
if s u b j e c t e d t o h igh h e a t t o o r a p i d l y . 



T h e p o s i t i v e c a s t is p l a c e d o n t h e s c r e e n w i r e o n t h e p e d e s t a l of t h e workstand, and 
S l i p i c o n e 4 is a p p l i e d a s a p a r t i n g a g e n t . 

4 D o w C o r n i n g C o r p o r a t i o n , M i d l a n d , M I . 



T h e p l a s t i c , in i ts f r a m e , is r e m o v e d f r o m t h e o v e n , r o t a t e d 180° a b o u t t h e h o r i z o n t a l 
a x i s , d r a w n d o w n o v e r t h e p o s i t i v e m o d e l , a n d t h e v a c u u m is a p p l i e d . T h e r e s u l t is 
a p e r f e c t , c l e a r r e v e r s e r e p r o d u c t i o n t h a t c o n f o r m s t o e v e r y c o n t o u r o n t h e s u r f a c e of 
t h e p o s i t i v e m o d e l . 

C o o l i n g is q u i t e r a p i d b u t c a n b e a c c e l e r a t e d b y u s i n g a i r f r o m a c o m p r e s s e d a i r s y s t e m . 

Af t e r t he e x c e s s m a t e r i a l a n d t h e f r a m e h a v e b e e n c u t a w a y , t h e p l a s t e r , b e c a u s e 
of t h e c a v i t y f o r m e d b y the m a n d r e l , is r e m o v e d e a s i l y b y h a m m e r b l o w s o n t h e o u t s i d e 
o f t h e n e w l y f o r m e d s o c k e t . T h e s o c k e t c a n n o w b e t r i m m e d a n d m a d e r e a d y for u s e . 



If it is t o be u s e d as a c h e c k s o c k e t 1/4"-3/8" h o l e s a r c d r i l l ed a t p o i n t s t h a t a r e c o n s i d e r e d 
t o b e t r o u b l e s o m e a n d o b s e r v a t i o n s c a n b e m a d e to d e t e r m i n e w h a t f u r t h e r m o d i f i c a t i o n s 
to t h e p o s i t i v e m o d e l s e e m i n d i c a t e d . 



I f t h e s o c k e t is t o b e u s e d t e m p o r a r i l y , 
w h e t h e r for c l i n i c a l , t e a c h i n g , o r r e s e a r c h 
p u r p o s e s , it m a y b e m o u n t e d o n a p y l o n -
t y p e p r o s t h e s i s b y c e m e n t i n g t h e d i s t a l e n d 
t o a d i s c o f p o l y c a r b o n a t e w h i c h in t u r n 
c a n b e b o l t e d t o t h e p r o x i m a l p a r t o f t h e 
p y l o n . C a r e m u s t b e t a k e n , t h o u g h , t o p r o ­
v i d e a g r a d u a l c h a n g e in c r o s s - s e c t i o n a t 
t h e j u n c t i o n in o r d e r t o a v o i d f r a c t u r e s a t 
t h i s p o i n t . F o r e x t r e m e l y a c t i v e a n d h e a v y 
p a t i e n t s , t h e r e t a i n i n g s t r a p s s u p p l i e d w i t h 
m o s t p y l o n s m a y b e u s e d t o p r o v i d e a d d i ­
t i o n a l s e c u r i t y , b u t t h e i r u s e , o f c o u r s e , r e ­
d u c e s t h e a r e a s o f t h e s t u m p t h a t c a n b e 
o b s e r v e d . 



T h e e x a m p l e s h o w n h a s b e e n a s o c k e t for a b e l o w - k n e e a m p u t e e , b u t t h e t e c h n i q u e 
is e q u a l l y a p p l i c a b l e t o o t h e r l e v e l s of a m p u t a t i o n . 
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CRITERIA FOR USE OF SUPRACONDYLAR AND 
SUPRACONDYLAR—SUPRAPATELLAR SUS­
PENSION FOR BELOW-KNEE PROSTHESES 

James W. Breakey , B . S c . 1 

A number of art icles have been published on 
the " P T S " or a var ia t ion. Supracondylar with 
suprapatel lar suspension has been descr ibed by 
several au thors (2, 5, 6). A method of medial 
brim supracondylar suspension (1), a medial 
supracondylar wedge suspension (3), and a de­
tachable medial brim suspension (4) have also 
been descr ibed . All these articles have reported 
a high incidence of success with their part icular 
approach . 

I began using the " P T S " approach in late 1967 
and have fluctuated be tween supracondyla r plus 
suprapatel lar suspension and supracondylar sus­
pension a lone . Because , when both methods 
were tried on the same patient one method was 
preferred to the other , s tudy was initiated to de­
termine which was the method of choice in meet­
ing the suspension needs of the below-knee am­
putee . 

Careful analysis of changes of the stump-thigh 
relat ionship de termined by measu remen t , com­
bined with subjective information gained from 
pat ients having worn both suspension types , led 
to the grading sys tem to be presented here . 

G R A D I N G S Y S T E M 

For determining the mode of suspension for 
a B K pros thes i s , a grading sys tem has been 
developed and used. The sys tem uses 0 to 2 
points a l lowance per ca tegory. There are six 
categor ies , two major and four minor. The distri­
bution of points is given in Table 1. 

1Director of the Prosthetic-Orthotic Unit, Eastern 
Ontario Rehabilitation Centre, and Clinical Assistant 
in Rehabilitation Medicine, Queen's University, in 
Kingston, Ontario. 

Major Category : 
1. Relat ionship be tween the d iameters of the 

mediolateral (M/L) knee measurement and 
supracondylar (S/C) measurement (Fig. 1). 

2. Relat ionship be tween the circumferential 
measu remen t at the patel lar tendon (P/T) level 
and at the supracondylar (S/C) level (Fig. 2). 

Fig. 1. Diameter measurements at the supracondylar 
(S/C) and mediolateral (M/L) knee levels . 
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Fig. 2. Circumferential measurements at supra­
condylar (S/C) and patellar tendon (P/T) levels. 

Minor Category: 
1. S tump length 
2. Prominence of rec tus femoris tendon 
3 . Pa t ien ts ' desirability of full knee extension 
4. P resence of knee flexion con t rac tu re 
5 . Bilateral B/K amputa t ion 
6. Cosmes i s 
T h e rat ionale for a major and a minor category 

is based on a relat ionship be tween the s tump 
and thigh. The two de te rminants of the major 
category are directly related to the measuremen t s 
of both s t ruc tures . I have found that this 
measurement relat ionship largely de te rmines the 
mode of suspension (Table 2). The de te rminants 
of the minor category which are not related to 
the stump-thigh measu remen t relat ionship can 
influence the suspension choice (Table 3). 

M A J O R C A T E G O R Y 

Grading points a re allotted in favor of one sus­
pension method or the o ther (Table 1) depending 
on the measu remen t difference be tween the 
M L / S C relat ionship and the P T / S C circumfer­
ence . 



T A B L E 2. 

T h e knee M/L is measured at the widest point 
of the knee jo in t in the mediolateral p lane . A 
measu remen t from a point j u s t above the inser­
tion of the adduc to r magnus muscle medially, 
(adductor tubercle) to the ilio-tibial band laterally 
defines the S/C diameter (Fig. 1). 

Circumferential measu remen t s are taken at the 
same level as the S/C diameter measu remen t , 
and at the patellar tendon level in line with the 
anatomical knee joint (Fig. 2). 

In reference to Table 1, the reason for favoring 
supracondylar plus suprapatel lar ( P T S P C ) sus­
pension when the difference be tween the M/L 
and S/C measu remen t is 1 inch or less relates 
to the S/C c i rcumference which usually is larger 
than the P /T ' s c i rcumference (second determi­
nate major category) in these cases . With this 
s tump-thigh re la t ionship, the thigh tapers 
towards the s tump with extra subcu taneous tis­
sue found in the supracondylar region (Fig. 3a). 
In this situation the addition of the suprapatel lar 
brim increases suspens ion area from soft t issue 
as well as underlying bone s t ruc ture . 

In cases of M L / S C relat ionship greater than 
1 1/2 inches with a S/C ci rcumference smaller than 
a P /T c i rcumference (Fig. 3c). I have found this 

type of s tump-thigh relat ionship presents a sock­
et donning prob lem. Use of a two-piece socket 
consist ing of a semi-flexible liner which can be 
donned and then inserted into a rigid receptacle 
has ove rcome this problem (1). The socket is 
fitted less intimately in the S/C region and addi­
tional suspension is gained from the area above 
the patella. F i l lauer ' s de tachable medial brim (4) 
would also solve this donning prob lem. 

In the above two si tuations a 0 to 2 point allot­
ment is made but in the M L / S C of 1 1/8 inch to 
1 1/2 inch and in the P T / S C of equal (within a 
1/2 inch) the grading is 2 to 1. I have found that 
this group t ends to prefer the supracondylar 
( P T S C ) suspension but have managed on a 
P T S P C with little or no difficulty. 

M I N O R C A T E G O R Y 

Stump Length. T h e addition of the suprapatel­
lar socket brim to supracondylar suspension of­
fers the shor ter B/K s tump (4 1/2 inches and less) 
suppor t during s tance in the forward direction 
as well as to act as a check to hyperextens ion 
at the knee jo int . As shown in Table 1, a long 
s tump is not biased in favor of either suspension 
method . 



Fig. 3. The shapes of various stump-thigh relationships. 
a) The difference between the M/L and S/C circumference is larger than the P/T circumference. 
b) The difference between the M/L and S/C diameters is between 1 1/8 inch and 1 1/2 inch, and the S/C circumference 

is equal to the P/T circumference. 

c) The difference between the M/L and S/C diameters is greater than 1 1/2 inch, and the S/C circumference 
is smaller than the P/T circumference. 

Prominent Rectus Femoris Tendon. If the 
pat ient has a prominent tendon, he may complain 
of discomfort by the suprapatel lar brim. A promi­
nent tendon scores high in favor of supracondylar 
suspens ion . N o points are allotted to ei ther sus­
pension method if the tendon is not p rominent . 
This de terminant alone should not bias suspen­
sion choice , especially if more points are in favor 
of supracondylar plus suprapatel lar . T h e supra­
patellar brim dep th can a lways be reduced . In 
the case of a tie in points I have found more 
success in choosing supracondylar suspension. 

Desirability of Full Knee Extension. T w o 
points are allotted in favor of supracondylar sus­
pension, in the case of a former prosthet ic wearer 
who desires unresisted full knee extens ion. The 
suprapatel lar brim can be an annoyance to these 
pat ients . Re-educat ion of the pa t ien t ' s knee joint 
control and/or a less prominent brim has often 
solved this problem in cases where suprapatel lar 
brim was indicated. 

Knee Flexion Contracture. A two point allot­
ment to the addition of suprapatel lar brim is made 

in cases of apparent uncorrec table knee flexion 
con t rac tu re . The top edge of the patella offers 
a good suspens ion area , especially if the t issues 
are on the lean side and the patella is p rominent . 
N o points are allotted when a con t rac tu re is not 
present . 

Bilateral B/K Amputee. These ampu tees nor­
mally maintain slight flexion of the knee while 
s tanding and during walking. This presents a 
si tuation similar to knee flexion con t rac tu re and 
two points are given in favor of the suprapatel lar 
brim addit ion, because the brim augments s tump 
suppor t in s tance in the forward direct ion, and 
acts as a check to full knee extens ion. 

Cosmesis. Pat ients often prefer addition of the 
suprapatel lar brim when considering cosmes is . 
In these cases the cosmet ic factor indicates 2 
points towards addition of the br im. 

C L I N I C A L E X P E R I E N C E 

During the past 3 1/2 years a total of fifty-two 
pat ients have been fitted at the Eas tern Ontar io 
Rehabili tat ion Cent re with supracondylar and 
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supracondylar plus suprapatel lar suspension. 
This time period has allowed follow up and re­
fitting (due to s tump shrinkage) of a large number 
of these cases . 

Supracondylar suspension was used on 21 
pat ients . T h o s e fitted with supracondylar plus 
suprapatel lar totaled 31 . Three of the 31 were 
bilateral cases . 

Of the pat ients re-fitted due to s tump shrink­
age, 18 cont inued with the original suspension 
type . Six changed from supracondylar plus 
suprapatel lar suspension to supracondylar , and 
eight o thers altered suspension type in jus t the 
reverse . In all cases , maintaining or changing the 
suspension modality was supported by the cri­
teria and reinforced by patient accep tance . 

S U M M A R Y 

A grading system for assist ing in deciding be­
tween supracondylar or supracondylar-plus-
suprapatel lar suspension has been presen ted . 
T h e grading system offers points in favor of one 
type of suspension or the other . Point al lotment 
is based upon measurement relat ionship be ­

tween the thigh and B K s tump, and also on sub­
jec t ive information obtained from the amputee . 
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A POROUS, FLEXIBLE INSERT FOR THE 
BELOW-KNEE PROSTHESIS 

Gus tav Rubin , M . D . , F A C S 1 

and 
James L . B y e r s 2 

When an amputee using a total-contact 
patel lar- tendon-bearing ( P T B ) pros thes is or one 
of its variat ions perspires excessively his s tump 
becomes immersed in a pool of fluid, a condit ion 
that p roduces not only discomfort but , a lso , a 
potential cause of skin macera t ion and break­
d o w n . It is the purpose of this paper to present 
an approach to the solution that permits retention 
of " to t a l c o n t a c t " while allowing for escape of 
the fluid from the s tump-socket interface. 

B A S I C S O C K E T D E S I G N 

The posit ive model of a B K s tump is modified 
by removal of 1/8" of the distal por t ion. A soft 
insert of Co rdo (1,7) with a distal end of nylon 
mesh is fabricated over the model and thus an 
open space is retained in the distal end of the 
socket to act as a fluid t rap . An external lip, 
added to the proximal end of the insert , over laps 
the socket brim and prevents distal d isplacement 
of the insert within the socket as the patient bears 
weight during the s tance phase . As weight is 
borne over the s tump the elastic compress ion 
of the mesh against the s tump aids in express ing 
fluid from the intervening s tump sock into the 
compar tmen t be low. 

The insert with the nylon mesh is shown in 
Fig. 1. The space benea th the mesh has been 
made excessively large in this t ransparen t poly­
carbona te socket for demonst ra t ion purposes . 
Laxity of the mesh without weight-bearing and 
total contac t upon weight-bearing, left and right, 
respectively (Fig. 1), can be seen. An accumula-

tion of liquid perspirat ion outs ide of the insert 
and in the t rap after several hours of wear can 
be seen in Figure 2. The nylon mesh should be 
flushed each evening with a solution of soapy 
water and allowed to dry overnight . The t rap 
should be wiped dry . 

C A S E H I S T O R I E S 

Five pat ients have been fitted over the past 
two years ; one ca se , a bilateral was fitted on 
both s ides . 

C A S E N O . 1 
J . K . B . , a 53-year-old par t- t ime grocer with a 

6" left BK amputa t ion s tump, secondary to shell 
fragment wounds sustained in W W I I , was seen 
by the V A P C clinic team on July 15, 1971, when 
he presented with two abras ions over the distal 
s tump . H e had been using an open distal-end 
prosthesis with a thigh corse t . After a period 
of not wearing the pros thes is and soaking the 
s t ump regularly, the lesions cleared u p , only to 
recur short ly after he began using the pros thes is 
again. In view of the recurrent episodes of abra­
sions of the distal s tump area associated with 
a t endency to perspire a great deal , the clinic 
team decided to try to achieve total contac t and, 
at the same t ime, minimize the adverse macerat ­
ing effect on the skin produced by cons tant 
immersion of the s tump in a pool of perspira t ion. 

On N o v e m b e r 10, 1971, the patient received 
a supracondylar-suprapate l lar pros thes is with an 
open-mesh distal-end soft-socket insert . The 
s tump has remained in good condi t ion and abra­
sions have not recurred . At the date of mos t 
recent examinat ion , April 20, 1973, he stated that 
he no longer had a problem with perspira t ion. 
S tump shrinkage had occurred and the pat ient 

1Orthopedic Consultant, Veterans Administration 
Prosthetics Center, N e w York, N . Y . 

2 Prosthetist , Veterans Administration Prosthetics 
Center, N e w York, N . Y . 



Fig. 1. The porous, flexible (open-mesh) insert for a below-knee prosthesis shown installed in a transparent 
polycarbonate socket. Left, the stump is not bearing weight; right, the stump is bearing weight. 

reques ted a new limb fabricated in a similar 
manner , and this was prescr ibed. 

C A S E N O . 2. 
C . A . R . , a 27-year-old bilateral BK congenital 

a m p u t e e , is a research physiotherapis t . The pa­
tient consen ted to part icipate in the program in­
volving the open-mesh socket because there was 
a t endency toward excess ive perspirat ion of the 
s tumps . The p ros theses were prescr ibed July 31 , 
1972, and delivered on Oc tober 14, 1972. When 
last examined April 20, 1973, the following note 
was recorded by the clinic t eam: 

" T h e patient was pleased with the open-
mesh distal-end soft socket inserts and 
demons t ra t e s a perspirat ion pool in the t rap 
below the mesh on each side. It was esti­
mated that two tablespoonfuls of fluid were 
r emoved from each socket t rap every 
n igh t . " 

C A S E N O . 3. 

J . S . F . , a 32-year-old e levator opera tor was 
ampu ta t ed on the right side below the knee in 
May 1969, following an injury by a land mine . 
His s tump was revised in Sep tember 1969, to 
a 7 1/2" length. An Ertl p rocedure ( 3 , 4 , 5 , 6 ) was car­
ried out . When he was seen by the clinic team on 
N o v e m b e r 19, 1970, he complained of pain in 
the distal part of the s tump. Only a limited 
amount of weight-bear ing could be tolerated in 
spite of the Ertl p rocedure . A P T B prosthes is 
with a Plas tazote distal pad was prescr ibed. In 
February 1972, an ulcer appeared on the distal 
end of the s tump. The ulcer healed finally, after 
several socket ad jus tments , by June 1972, but 
the distal end cont inued to cause discomfort . An 
open-mesh distal-end soft-socket insert was pre­
scr ibed. The pros thes is was delivered on Sep­
t e m b e r s , 1972. 



F i g . 2 . P h o t o g r a p h s h o w i n g a c c u m u l a t i o n o f f luid in 

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

On re-examinat ion December 14, 1972, it was 
recorded by the clinic team that the patient was 
pleased with the open-mesh socke t . He was re­
ferred to Internal Medicine for t rea tment of 
general ized edema , asci tes , and a palpably en­
larged liver. The s tump was in good condi t ion, 
fitted well in the socket , and was not edema tous . 
After he was placed under medical ca re , his 
generalized e d e m a was control led. 

When examined February 5, 1973, he repor ted 
that , al though he formerly had noted a good deal 

F i g . 3 . M o d i f i e d p o s i t i v e m o d e l o f t h e b e l o w - k n e e 

s t u m p . 

of perspirat ion in his socket , he no longer had 
had this problem with use of the open-mesh in­
sert . His s tump sock was d a m p in the evening, 
but not wet . 

At his last examinat ion , April 23, 1973, he in­
dicated that he was pleased with the insert , stated 
he had no p rob lems , and reques ted a similar type 
for a spare . The s tump was in good condi t ion. 

C A S E N O . 4. 

M . C . S . is a 50-year-old, unemployed BK 
amputee whose left leg was amputa ted in Sep­
t ember 1971 for Buerger ' s d i sease . A once-inch-
wide spli t- thickness skin graft had been used to 
achieve closure along the entire t ransverse length 
of the fishmouth scar. The s tump was in good 
condition o the rwise . In Sep tember 1972, the 
right side was amputa ted , also at the BK level. 
On this side there was tenderness at the distal 
end, and the pat ient could not tolerate total con­
tact . A pros thes is with an open-mesh distal-end 
socket insert was delivered to the patient in Sep­
tember 1972 for the left leg. In view of the distal 
pain, the right side was provided with an open-
end socket . On January 8, 1973, it was recorded 
by the clinic team that his left s tump was rela­
tively free of mois ture . 

On February 28, 1973, the clinic team reported 
that , after the ampu tee used his pros thes is for 
four hour s , about a tablespoonful of fluid was 
accumula ted in the compar tmen t below the mesh 
on the left l imb. The s tump sock felt d a m p , not 
wet . T h e pa t ien t ' s s tump was shrinking progres­
sively and a new pros thes is of the same type 
was prescr ibed. 

C A S E N O . 5. 

R . L a C , a 50-year-old clerk sustained a post­
t raumat ic amputa t ion below the knee in 1944. 
The s tump was revised in 1949. The patient did 
not have a problem with excess ive perspirat ion, 
but he did have a fitting problem. By February 
9, 1971, two months after he had been conver ted 
from a thigh-corset side-joint limb to a PTB with 
a foamed-in-place distal end he developed an ul­
cer over the distal end of the s tump. The patient 
was very coopera t ive , and extremely anxious to 
discard the thigh corset . On February 17, 1971, 
a precursor of the open-mesh distal-end socket 
was fabricated for him. Cordo- impregnated 
nylon mesh was used with a view to simulating 
the air-cushion socket (8), yet with retention 
of the ability to modify the socket or replace 
the insert . This approach failed, although there 
was some improvement in the condit ion of the 
s tump. However , the ulceration did not heal 
completely and he cont inued to have discomfort . 



Fig. 4. Holes are drilled in positive model so that use 
of vacuum pump will avoid bridging of laminate. 

Fig. 5. Making the circumferential line to delineate 
the area of the open mesh. 

H e r e v e r t e d to the t h i g h - c o r s e t l i m b , but pers i s t ­
e d in his w i s h to h a v e a P T B . 

On O c t o b e r 2 0 . 1972. a P T B wi th an o p e n - m e s h 
d i s t a l - e n d soft s o c k e t insert w a s d e l i v e r e d to h im. 
H e c o u l d not o b t a i n c o m f o r t with this a n d . w h e n 
last s e e n in Apri l 1973, he had finally a c c e p t e d 
the t h i g h - c o r s e t s ide- jo int p r o s t h e s i s a s the mos t 
c o m f o r t a b l e l imb for h i m . T h i s pat ient is c o n ­
s i d e r e d a fai lure a l t h o u g h it is qu i te e v i d e n t that 
the p r o b l e m w a s o n e o f inabi l i ty to obta in c o m f o r t 
w i t h o u t a th igh c o r s e t rather than fai lure o f the 
o p e n - m e s h p r o c e d u r e . 

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

F o r the o p e n - m e s h l iner to f u n c t i o n proper ly 
the usual m o d i f i e d m a l e m o d e l o f the s t u m p m u s t 
be m o d i f i e d further by the r e m o v a l o f 1/8" o f p l a s ­
ter f r o m the distal end o f the m a l e c a s t ( F i g . 
3) . 

A 1/8" d i a m e t e r h o l e is b o r e d in the patel lar 
t e n d o n area and a n o t h e r in the popl i tea l area 
to t h e i n s i d e o f the c u p to permit m a x i m u m u s e 
o f a v a c u u m p u m p dur ing l a m i n a t i o n ( F i g . 4 ) . 

A c i r c u m f e r e n t i a l l ine is m a d e o n e inch proxi ­
mal to the distal e n d o f the c a s t ( F i g . 5) to d e ­
l i n e a t e the area for l o c a t i o n o f the o p e n - m e s h . 
O b v i o u s l y this area s h o u l d no t be c o a t e d wi th 
" C o r d o " at a n y s t a g e in the p r o c e d u r e . 

A w o m a n ' s n y l o n h o s e is then p l a c e d o v e r 
the c a s t to p r e v e n t d a m a g e to the la tex b a l l o o n 
that is then i n v a g i n a t e d o v e r it ( F i g . 6 ) . 

T w o c o a t s o f " C o r d o s o l u t i o n plain are a p ­
pl ied d i rec t ly to the la tex b a l l o o n , but not e x ­
t e n d e d past the mark on the distal e n d o f the 
c a s t . A shr inker s o c k is rol led o n t o the c a s t o v e r 
the b a l l o o n ( F i g . 7 ) . C a r e s h o u l d b e t a k e n not 
to br idge the pop l i t ea l or pate l lar t e n d o n a r e a s 
w i t h the shr inker s o c k . T h e shr inker s o c k is 
c o a t e d t w i c e with " C o r d o s o l u t i o n p l a i n " up to 
the m a r k e d a r e a , l e a v i n g the distal e n d free . A s 
i n d i c a t e d p r e v i o u s l y , the free e n d o f the shr inker 
s o c k wil l c o n s t i t u t e the f l e x i b l e o p e n - m e s h dis ta l 
e n d o f t h e c o m p l e t e d insert . 

A l ength o f t u b e g a u z e , c l o s e d at the distal 
e n d , is pu l l ed o v e r the l iner and c o a t e d with t w o 
a p p l i c a t i o n s o f " C o r d o s o l u t i o n 5 0 " . again l eav ­
ing the distal e n d u n c o a t e d ( F i g . 8 ) . 

T h e distal e n d o f t h e g a u z e is cut a l o n g the 
p r e v i o u s l y o u t l i n e d c i r c u m f e r e n t i a l mark and d i s ­
c a r d e d ( F i g . 9 ) . 

A s e c o n d layer o f t ube g a u z e is app l i ed and 
c o a t e d in the s a m e m a n n e r . T h i s l a y e r is t r i m m e d 
to a l eve l 1/4" p r o x i m a l to the trim l ine o f the 
p r e v i o u s l a y e r . T w o c o a t s o f " C o r d o s o l u t i o n 
5 0 " are a p p l i e d . T h i s p r o c e d u r e is r e p e a t e d , re-



Fig. 6. Imag ina t ion of the balloon that acts as a s epara t i ng a g e n t , o v e r t h e p o s i t i v e m o d e l . 

Fig. 7. Application of s h i n k e r sock after application 
ot two coats of " C o r d o solution p la in" . 

Fig. 8. Application of "Cordo solution 5 0 " to the lube 
gauze_c that has been applied over the shi inkei sock 
(Fig. 7). 



Fig. y. Cutting of the tube gauze, so'that the distal 
end can be removed to expose the open-mesh area. 

Fig. 10. View of distal end of liner after success ive 
layers of tube gauze have been applied, each about 
1/4" above the other to develop a tapering distal end. 

treat ing p r o x i m a l l y at 1/4" i n c r e m e n t s until a total 
o f s ix l a y e r s o f tube g a u z e h a v e b e e n a p p l i e d , 
e a c h w i t h t w o a p p l i c a t i o n s o f " C o r d o s o l u t i o n 
5 0 " ( F i g . 10). 

F i n a l l y , a p r o s t h e t i c s h e a t h or a w o m a n ' s 
s t o c k i n g is app l i ed and s imi larly c o a t e d w i t h 
" C o r d o . " T h e l iner is a l l o w e d to air c u r e for 
at l eas t f ive h o u r s to insure that the k e t o n e s h a v e 
e v a p o r a t e d fully Cur ing c a n be d o n e in l e s s than 

t w o h o u r s b y u s e o f a c o n v e c t i o n t y p e o f o v e n 
w i t h a h i g h - s p e e d b l o w e r . T h e t e m p e r a t u r e 
s h o u l d not e x c e e d 125 F . 

U p o n c o m p l e t i o n o f the l iner , and prior to 
l a m i n a t i o n o f the s o c k e t , a 1/2 thick c a p is p l a c e d 
o v e r the d is ta l e n d of the l iner, w h i c h , w h e n 
r e m o v e d after l a m i n a t i o n o f the s o c k e t , wil l l e a v e 
an o p e n s p a c e b e n e a t h the distal e n d o f the m e s h 
to p r o v i d e a persp ira t ion trap. T h e c a p m a y be 
m a d e o f e i t h e r p l a s t e r o f Paris or p o l y u r e t h a n e 
f o a m . For e a c h , the fabr icat ion t e c h n i q u e is 
e s s e n t i a l l y the s a m e . A s h e e t o f P V A is s t r e t c h e d 
o v e r the distal e n d of the l iner to pro tec t it f rom 
the f o a m or p las ter of Par is . A p o l y e t h y l e n e bag 
or P V A s h e e t is then w r a p p e d around the distal 
end o f the l iner and p o l y u r e t h a n e rigid f o a m (or 
p las ter ) is p o u r e d into the e x t e n s i o n . T h i s is 
s h a p e d to the c o n t o u r s o f the c a s t to p r o v i d e 
t h e 1/2" e x t e n s i o n required ( F i g . 11). T h e l iner 
and c a s t are l a m i n a t e d in the c o n v e n t i o n a l w a y . 
T h e m a l e c a s t s h o u l d b e k n o c k e d f rom the l iner, 
b e c a u s e w h e n it is pul led d e l a m i n a t i o n o f the 
l iner m a y o c c u r . 

B e c a u s e the r e l a t i o n s h i p o f s t u m p to s o c k e t 
is c r u c i a l , the 1/8" d i f ferent ial built into the distal 
e n d o f the l iner m u s t b e p r o t e c t e d aga ins t any 
s l ight d o w n w a r d d i s p l a c e m e n t o f the ent i re insert 
w i th in the s o c k e t . T h i s c o u l d o c c u r dur ing the 
s t a n c e p h a s e w h e n s t u m p p r e s s u r e is appl i ed 
i n t e r m i t t e n t l y . T o p r e v e n t s u c h d i s p l a c e m e n t a 
s u p p o r t i n g lip that o v e r l a p s the s o c k e t br im is 
built into the brim o f the inser t . T h e l iner is 
t r i m m e d to the s a m e c o n t o u r s a s the s o c k e t but 
a 3/8" e x t e n s i o n a b o v e the s o c k e t brim is left . 
A trac ing o f the p r o x i m a l por t ion o f the s o c k e t 
is m a d e and a p a p e r pattern d e v e l o p e d to be 
u s e d in c u t t i n g a p i e c e o f m o d i n g l ea ther that 
wil l f o l l o w the c o n t o u r s o f the 3/8" e x t e n s i o n ( F i g . 
12). T h e l ea ther and the l iner are c o a t e d wi th 
a c e m e n t s u c h as S u p e r b o n d . After the c e m e n t 
has d r i e d , t h e l ea ther is s o a k e d in w a t e r until 
it is p l iab le , and t h e n it is a t t a c h e d to the l iner 
and s e w n into p o s i t i o n . 

T h e fit o f t h e p r o s t h e s i s m a y be c h e c k e d b y 
X - r a y . T h e l iner wil l s h o w up d i s t inc t ly if the 
e x p o s u r e is not t o o h e a v y , a s in F igure 13 left , 
or it m a y require d e m a r c a t i o n with a c o i n in the 
b o t t o m o f the s o c k e t a s in F i g u r e 13 right. 

S U M M A R Y 

A B K soft s o c k e t wi th an o p e n - m e s h distal 
e n d has b e e n p r e s e n t e d . T h i s insert wil l retain 
total c o n t a c t w h i l e a l l o w i n g the e s c a p e o f per ­
sp irat ion fluid b a t h i n g the s t u m p o f the pat ient 
wi th h y p e r h i d r o s i s . T h e insert h a s b e e n s u c c e s s ­
fully e m p l o y e d for four p a t i e n t s . O n e pat ient is 
i n c l u d e d as a fa i lure , but the fai lure w a s not d u e 



Fig. 11. Left, cap applied over distal end of liner-mold to provide space below liner in finished pros thes is : 
right. cutaway view of finished socket showing space be tween end of liner and the bot tom of the socket . 

Fig. 12. View of the suppor t ing lip. See . a l so . Fig. 
11. 

to d i s s a t i s f a c t i o n with the o p e n m e s h but rather 
inabi l i ty to adapt to the c h a n g e from a th igh-
c o r s e t s ide - jo in t p r o s t h e s i s to a P T B t y p e . T h e 
liner has a l s o b e e n fabr icated s u c c e s s f u l l y for 
P T S a n d t h i g h - c o r s e t t y p e s o f p r o s t h e s e s a s w e l l 
as the s tandard P T B . 
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COLOR STANDARDIZATION FOR LAMINATED 
PLASTIC PROSTHETIC COMPONENTS 

William Applegate , C D R , M C , U S N 1 and 
Charles Asbel le , B . S . , C . P . O . 2 

In the past , pros thet ics research has been con­
cerned primarily with the mechanical aspects of 
limb design and const ruct ion. We are now ca­
pable of making very good , l ightweight, durable 
pros theses of plastic laminate. In our laboratory 
we have had an occasional exper ience in which 
the artificial l imb, though technically very ade­
qua te , did not quite satisfy the pat ient . On 
quest ioning pat ients about this react ion, it gradu­
ally became evident that the problem was in the 
mismatch be tween the color of the prosthesis 
and that of the pa t ien t ' s skin. We have particu­
larly noted this with our Black pat ients . 

As the Blacks and other minority groups be­
come more conscious of their racial identities, 
they are rightfully demanding that their individ­
ualities be recognized. Those of us in pros­
thet ics must recognize this . 

In view of the emerging importance of more 
adequate esthetic t rea tment , we developed a sys­
tem of color compar ison and color matching 
which we hope will aid the prosthet is t or orthotist 
in: 

1. Accura te determinat ion of the skin color 
of the patient. 

2. Reproduct ion of the selected matching 
color in the laminated plastic pros thes is . 

3. Recognizing the impor tance from the psy­
chological s tandpoint of matching the color of 
the prosthesis with that of the pa t ien t ' s skin. 

T H E R E S E A R C H S T U D Y 

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

Ser ious a t t empts at matching skin colors and 
tones began early in World War I I . The Navy 
Dental Depar tment at Bethesda made certain 

1Medical Officer-in-Charge, N a v y Prosthetic Re­

search Laboratory, Naval Hospital, Oakland, CA. 

2 Research Director, N P R L . 

original contr ibut ions to coloring polyvinyl chlo­
ride for their own requi rements . Using their ex­
per ience , the N P R L made several hand molds 
that made it possible to p roduce experimental ly 
a limited number of cosmet ic g loves . These 
gloves were used with the N a v y articulated artifi­
cial hand (Fig. 1). 

T h e Army Prosthet ics Research Labora to ry 
(now Army Medical Biomechanical Research 
Labora tory) were also developing improved de­
vices, including es thet ic improvement s , for 
upper-l imb amputees . To avoid duplication of 
effort, N P R L abandoned further research on 
artificial hands and gloves . The Army has subse­
quent ly developed a hand and glove combinat ion 
which today may be among the best in exis tence . 

Using the exper iences of the Navy Dental and 
Army uni ts , we a t tempted the cosmet ic treat­
ment of artificial legs, concent ra t ing on those 

Fig. 1. E X P E R I M E N T A L P O L Y V I N Y L C H L O ­
R I D E G L O V E A N D A R T I C U L A T E D A R T I F I ­
C I A L H A N D — T h e N P R L molded polyvinyl 
cosmetic glove was individually colored at time of 
fabrication to match the skin tones of the patient. 



for female pa t ients , with some success . 
T w o types of cosmet ic t rea tment were 

devised: 
1. Sponge Rubber Sect ions . 

Cut sect ions of thin, sponge rubber were 
applied to the external surface of the 
laminated plastic leg in such a way that 
the c losure line cor responded with the 
seam line of the nylon hose on the posterior 
surface of the leg. This presented a smooth , 
resilient, conforming cover . A paint, mixed 
to match the skin color and tone of the 
contra la teral leg, was applied. A pledget 
of co t ton gauze was used to gently stipple 
the wet surface thus providing a life like 
skin tex ture . Sheer nylon hose were worn 
directly over the cover without difficulty. 
La te r work resul ted in a method of applying 
" p a n c a k e m a k e u p " to the surface, allow­
ing the pat ient to change the shade of her 
pros thet ic leg to match the changes due 
to exposure to the sun. T h e cover could 
be cleaned with soap and water . 

2. Molded Polyvinyl Chloride 
This consis ted of a thin, molded, polyvinyl 
chlor ide. The material was formed by a dip­
ping process using a mold made of thin, 
sheet copper in the shape of the leg. The 
cover was formed by repeatedly dipping 
the copper mold until the desired th ickness 
was obta ined. Repeated dippings also per­
mitted considerable latitude in achieving 
proper and pleasing color matches . 

Nei ther of these techniques proved to be prac­
tical in making large number s of limbs and both 
have been abandoned . 

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

Current ly we have eight color pigments3 avail­
able to us when we prepare plastic laminated 
prosthet ic componen t s . These are : 

1. White 
2. Caucasian 
3 . Mexican 
4. 3-A 

5. 4-A 
6. 6-A 
7. Burnt Umber in G-62 
8. Black in G-62 

Often these do not match very closely the true 
skin color of the patient. As a consequence the 
prosthet is t mixes two or three colors together 

until he has a color which looks as though it 
will be close to the pa t ien t ' s skin color. Some­
t imes it is. The prosthet is t , however , usually 
does not record how much of each pigment he 
has used, thus it is impossible to duplicate that 
specific color later if it becomes necessary . 

In many ins tances limbs consist of several dif­
ferent laminated plastic componen t s which are 
made at different t imes by different technic ians ; 
for ins tance , the hip disart iculation pros thes is . 
Often, the several componen t s come out with 
slightly differing colors . 

With this in mind we decided to a t tempt 
to s tandardize our color sys tem. Our goal was 
to allow the patient to choose the color that most 
nearly matched his skin. We had hoped that this 
p rocedure would make the pat ient feel he was 
a member of the "p roduc t ion t e a m " as well as 
add to the accuracy of the result. Addit ionally, 
we wished to identify the color shadings numeri­
cally so that any prosthet is t might exactly re­
produce a color used earlier. 

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

The eight basic p igments , listed above , were 
used to make up a Master Skin Tone Table (Table 
1) in which each of the commercia l pigments was 
mixed as indicated, in a total of forty-one combi-

3Obtained from Kingsley Manufacturing Company, 
Costa Mesa, California 

Fig. 2 . P O U R I N G MOLD—Tapered and rounded 
mold was used for forming standard plaster models . 
They were poured with a mandrel in place. 



T A B L E 1—Matrix of Mixtures to Obtain Color Swa tches . Colors 7 and 8 are deleted because 
both are je t black. 

nat ions of pigments . We wanted to dupl icate , 
in minia ture , exactly the same s t ructure as our 
laminated limb componen t s , each containing 
graduated amoun t s of color p igments . The stan­
dard form used to p roduce identical plaster cas t s 
was a tapered , plastic cylinder with a c losed, 
rounded end filled with plaster (Fig. 2 ) . A man­
drel is used to facilitate handling and application 
of suct ion during polymerizat ion of the laminated 
plastic. On removal from the mold each test 
model was dried thoroughly, sanded lightly, and 
then covered with a thin layer of polyvinyl ace­
ta te . The laminating materials (Fig. 3) consist ing 
of a first layer of dacron fleece followed by four 
layers of nylon stockinet were applied. 

S tandard quanti t ies of polyester plastic with 
graduated amoun t s and kinds of pigments shown 
in the Master Skin Tone Chart were used to 
sa tura te the laminates now in place. Methylethylketone peroxide was used as the catalyst and 
each unit was polymerized under suction. 

When completely polymerized the top brim 
was cut away (Fig. 4) and the conical cup re­

moved from the plaster . The cups were then cut 
into four longitudinal fourths and the e lements 
shaped into " p a d d l e s " to provide four sets of 
color samples for use in the product ion shop . 
Each paddle was coded to show the color and 
percentages of each componen t—the numerical 
identification referred to earl ier—to allow accu­
rate color duplicat ion. Apothecary scales were 
used in all weighings, because considerable ac ­
curacy is required in this p rocedure . When com­
pleted, each of the four sets of paddles were 
strung together on a nylon cord , ready for use 
in directly matching the skin color (Fig. 5 ) . 

The actual matching (F ig . 6) should take place 
in ordinary daylight, and not under artificial light. 
Howeve r , special lights are available which are 
color correc ted and permit inside color matching. 
These are used inside a special light booth which 
masks out o ther kinds of artificial light. 

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

In use , the paddle most nearly matching the 



Fig. 3 . L A M I N A T E O V E R M O D E L — T h e standard 
laminated structure was duplicated over models similar 
to a laminated shin. Suction was used during polymeri­
zation. 

Fig. 4 . R E M O V A L & Q U A R T E R I N G — T h e cone 
is shown being removed and quartered. 

Fig. 5. S K I N T O N E COLORS—Paddles in array 
show the eight basic colors in the center plus the 
remaining thirty-three skin tones arranged around the 
periphery. 

Fig. 6. M A T C H I N G S K I N COLORS—Appropriate 
paddle is selected by comparing with skin. 

skin color of the subject is selected, using day­
light only. Referring to the Master Skin Tone 
Char t , the formula on the back of the paddle 



selected is located. For example , suppose the 
formula i s — " 1 % of 3 + 1% of 8 " . This means 
that when the amount of plastic is determined 
which will be requi red for lamination of the com­
ponent at hand—for ins tance , 600 grams—then 
the calculation will be as follows: 

600 grams of polyester 
6 grams of # 3 ( 1 % of Mexican) 
6 grams of # 8 ( 1 % of Black in G-62) 

plus catalyst 
612 grams—tota l 

When mixed, applied and polymer ized under 
suct ion, the result ing lamination will accurately 
match the skin tone paddle selected and , if the 
original matching was properly accompl ished , it 
will accurately match the skin of the pat ient . 

D I S C U S S I O N 

This color-matching system requires some 
care and a few precau t ions . The quanti t ies noted 
are exac t . Mater ia ls used must not become con­
taminated by careless use and s torage. The scales 
must be accura te enough to weigh the small quan­
tities involved. We have found that the plastic 
laminate color is affected somewhat by the 
underlying material . The same color will appear 
darker over wood . It will appear lighter over 
white foam. 

One problem which still is unsolved is that 
there is some variation in the pigments as they 
come from the supplier. It is hoped that bet ter 
quality control can be inst i tuted, and we hope 
to make recommenda t ions in the future to the 
prosthet ic-orthot ic profession relating to stan­
da rds . We feel that patient part icipation is very 
important . The patient is given the samples and 
is encouraged to try them out in various lighting 
condi t ions . It is left up to him to choose the 
proper color . When he does this he feels he has 

become part of the clinic team, because he has 
some say in how his artificial limb will look. We 
have received favorable response from our 
pat ients since we have instituted this sys tem. 
In those few cases in which the color match has 
not been as good as we might have hoped, the 
patient feels he is at least partially to b l ame , and 
thus is not so critical of the prosthet is t . 

S U M M A R Y A N D C O N C L U S I O N S 

The prosthet ics profession has an obligation 
to improve the color matching of artificial limbs 
to the respect ive skin colors of pat ients . Our 
minority pa t ients , as they become more proud 
of their racial identities are beginning to insist 
on it. 

We have presented our preliminary efforts at 
developing a s tandardized color sys tem for use 
with plastic laminate prosthet ic componen t s . It 
involves forty-one plastic laminate color samples 
which cover the spec t rum from the lightest Cau­
casian to the darkes t Negro and include many 
tones suitable for the Mexican-Amer ican . Each 
color sample is numbered so that the prosthet is t 
can refer to a char t and quickly determine what 
propor t ions of the basic pigments to use to repro­
duce it. The patient is asked to choose that color 
which most nearly matches his skin color . Vari­
ables are introduced by lighting, by the material 
over which the plastic laminate is applied and 
by variat ions in the pigments as they come from 
the supplier. These were discussed briefly. 

Fur ther development of a color matching sys­
tem and better s tandardizat ion of colors are re­
quired. We intend to cont inue working on this. 
As we learn more about the pigments and the 
color matching process , we hope to be able to 
extend the system to prosthet ic feet, our molded 
plastic knees and our plastisol coatings for or tho­
ses . 



THE ABOVE-KNEE FRACTURE ORTHOSIS 

Virgil Fau lkner , C . P . O . 1 and 
Frank G w a t h m e y , M . D . 2 

The Prosthet ic and Orthotic Division of the 
Universi ty of Virginia with the coopera t ion of 
the Depar tment of Or thopedics has conducted 
over the past eight months a limited investigation 
of the t rea tment of femoral fractures with a tem­
porary or thosis made from prefabricated com­
ponents and plaster of Par is . Until recently it 
had been generally held that the only suitable 
method for good os teosynthes i s of fractures was 
rest and rigid fixation. If the fixation could not 
be achieved by external means , internal fixation 
would have to be accompl ished. There has been 
good laboratory evidence showing the detri­
mental effect on healing of motion at the fracture 
site (5). H o w e v e r , it is well known that the cla­
vicle and ribs heal very nicely while under fairly 
cons tant mot ion. 

With this in mind, there were some advoca tes 
of early ambulat ion and weight-bearing on the 
fractured tibia. During the 1950s the United 
States Army conduc ted a study of this concept 
that resulted in the closed weight-bearing treat­
ment becoming the one choice in the military 
(1). Sa rmien to ' s work (6, 7) with the functional 
below-knee cast for tibial fractures that resulted 
in the deve lopment of the functional be low-knee 
brace has now almost completely eliminated any 
need for open t rea tment of tibial fractures. The 
concept that the soft t issues of the leg act as 
a " f l u i d " and the ends of the fractured tibia are 
pis tons within this " f l u i d " defines a hydraulic 
sys tem (7): that is, when a snug-fitting cast or 
brace imposes definite boundar ies on the soft 
t i ssue, the soft t issue then acts as a rigid cylinder 
when loaded. This rigid cylinder then is in-

herent ly stable and no appreciable shortening or 
d isplacement can occur . This principle has been 
proven adequate ly in the case of the tibia, and 
can also be applied to the femur. 

The femur, however , poses a problem more 
difficult than the tibia. The thigh contains con­
siderably more soft t issue than the tibia and has 
a much greater cross-sect ional area at each end 
allowing the soft t issue to escape from the rigid 
cone that is formed by an enclosing cast or brace 
when the leg is loaded, thereby allowing some 
shortening. Fu r t h e rmo re , the femur is con­
siderably more lateral to the line of force from 
the center of gravity of the body than is the tibia 
so that there is a greater force present to cause 
angulat ion. Consequent ly , t rea tment of the frac­
tured femur while ambulat ion is permit ted is not 
as satisfactory. Sarmiento has been somewhat 
disappointed with functional bracing of femoral 
fractures when compared to tibial fractures (7). 
Mooney et al. (4) have found that this form of 
t rea tment is superior to the conventional spicacast treatment for distal femoral fractures. 

The major difference in treating the two types 
of fractures is that in the femur some inherent 
stability of the fracture through healing must 
have taken place before ambulat ion is en­
couraged . This is accomplished by applying trac­
tion for a period of t ime sufficient to obtain sta­
bility, usually about seven weeks for adul ts . The 
best resul ts occur when the distal half of the 
femur is involved. F rac tu res more proximal will 
angulate because of the impossibility of providing 
a cone of support high enough to counterac t the 
natural t endency for lateral angulat ion. As in the 
case with the tibia, the cast about the thigh pro­
vides a t runcated cone with the soft t issue be­
coming rigid when loaded. The addition of a 
quadri la teral-socket contour to the thigh piece 
provides some rotational stability. 

Only the thigh port ion of the orthosis is func-

1Lecturer in Orthopaedics, University of Virginia, 
Charlottesville, V A . 

2 Senior Resident, Dept. of Orthopaedics & Rehabili­
tation, University of Virginia, Charlottesville, V A . 



Fig. 1. Prefabricated plastic quadrilateral-type socket 
brim used to provide rotary stability about the thigh. 

Fig. 2. Alignment fixture, upper left, and sketches of two of the major components . The connecting slide-bar 
is simply brass stock 1/2" x 1/2" about 13" long. 

t ional, the remainder of the or thosis being used 
only to hold the thigh port ion in place. Most 
of these o r thoses are suppor ted from below by 
knee hinges a t tached to a cast about the shin 
or by a cable a t tached to the shoe . Deyerle (2) 
suspends the thigh piece from a wais tband leav­
ing knee and leg entirely free. 

T h e use of the cast b race permits the pat ient 
to get out of bed and to leave the hospital sooner 
and in a more functional capaci ty than is the 
case when a spica cas t is used . The risk of os teo­
myelitis from internal fixation is el iminated and 
the healing t ime is shor tened . In a s tudy by 
M o o n e y (4), the average t ime of t rea tment was 
14.5 weeks compared to 24.7 weeks using spica 
cas t s . 

This form of t r ea tment can be used in children 
but should be restr ic ted to those under the age 



Fig. 3. Ankle "joint" developed at the University of 
Miami. 

Fig. 4. Application of cast-fracture sock. 

of ten with a wel l -contoured leg after at least 
four weeks of t ract ion. If angulation is noted 
after ambulat ion it should be cor rec ted , or it will 
progress (3). 

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

T h e or thos is is applied to the pa t i en t ' s limb 
after a per iod of t ract ion to gain bony stabili ty, 
usually about seven w e e k s . The design of the 
or thosis is intended to crea te a total-contact 
appl iance that will give stability to the fractured 
femur . A quadri la teral - type socket brim is used 
to provide rotary stability about the long axis 
and a close fit about the thigh (Fig. 1). The 
or thosis is only intended to be partially weight-
relieving. 

Careful al ignment of the knee joint is obta ined 
by the use of an al ignment fixture designed and 
fabricated by the Biomedical Engineer ing 
Depar tmen t at the Univers i ty of Virginia (Fig. 
2). In most cases no ankle joint is used . H o w e v e r , 

when one is used , it is the one developed by 
Sinclair a t the Univers i ty of Miami (Fig . 3 ) 3 . 

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

1. O n e cast-fracture sock 4 

2. One split quadri lateral socket 
3 . Five rolls , res in- impregnated 

plaster of Paris 
4 . Four rolls , elastic plaster of Paris 
5 . T w o malleolar pads 
6. One calcaneal pad 
7. One pair of knee hinge jo in ts 
8. One al ignment fixture (Fig. 2) 
9. One can , medical adhesive 

10. One fracture boot 

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

When tract ion is discont ined the cast or thosis 
is applied to the pat ient in the following manner : 
a cast-fracture sock, a prefabr icated, split, quad­
rilateral socket brim, and a pair of convent ional 
or thot ic knee jo in ts with d rop locks are selected, 
and the jo in ts are p repared and at tached to the 
al ignment f ixture. If an ankle joint is to be incor­
pora ted into the o r thos i s , it is a lso selected at 
this t ime. 

After the tract ion equ ipment has been 
r emoved , the cas t fracture sock is slipped over 
the pa t i en t ' s limb while he is still in bed (Fig. 
4). He is then transferred to the fracture table . 

3United States Manufacturing C o . , Glendale, C A 
91209 

4 Knit-Rite , Inc. , Kansas City, MO 64106 



Fig. 5 Appl ica t ion of the quadri la teni l -sockel brim 

Fig 6. Making sure that the cast sock adheres to the 
skin t o . in turn, insure that total contact between east 
and limb will he obtained, 

Fig. 7. Rectangular sect ions are cut out of the cast 
i n the area cor responding to t h e k n e e joint. 

( T h e u s e o f t h e f r a c t u r e t a b l e is r e c o m m e n d e d 
b e c a u s e it a l l o w s t h e p r a c t i t i o n e r c o m p l e t e f r ee ­
d o m to w o r k a r o u n d t h e l i m b . If a f r a c t u r e t a b l e 
is n o t a v a i l a b l e , t h e p r o c e d u r e c a n b e c a r r i e d 
o u t on a b e d o r a s t r e t c h e r . ) T h e q u a d r i l a t e r a l -
s o c k e l b r i m is a p p l i e d a s h igh a s p o s s i b l e on 
t h e th igh a n d is s e c u r e d by t w o c i r c u l a r w r a p s 
o f r e s i n - i m p r e g n a t e d p l a s t e r ( F i g . 5) . 

T h e p r a c t i t i o n e r m u s t a t t h i s t i m e m a k e s u r e 
t h a t t h e q u a d r i l a t e r a l s o c k e t is p r o v i d i n g t o t a l 
c o n t a c t . T h e m a l l e o l a r a n d c a l c a n e a l p a d s a r e 
a p p l i e d , a n d t h e e x t r e m i t y is he ld w i t h t h e k n e e 
in s l igh t f l ex ion a n d t h e a n k l e a t 90 ( F i g . 6) so 
tha t t h e c a s t s o c k a d h e r e s c l o s e l y to) t h e sk in 
a s t h e w r a p is m a d e . 

S t a r t i n g a t t h e d i s t a l e n d o f t h e q u a d r i l a t e r a l 
s o c k e t , t h e l i m b is w r a p p e d wi th e l a s t i c p l a s t e r -
o f - P a r i s b a n d a g e s . F a c h w r a p o v e r l a p s o n e ha l f 
o f t h e p r e v i o u s w r a p . U s e o f e l a s t i c p l a s t e r b a n d ­
a g e is e s s e n t i a l t o i n s u r e t o t a l c o n t a c t . T h i s w r a p 
is c a r r i e d all t h e w a y to t h e hee l a n d t o e s . 

P a r t i c u l a r c a r e m u s t be g i v e n t o t h e a r e a s u r ­
r o u n d i n g t h e f o o t - t i n k l e c o m p l e x b e c a u s e t h e 
e l a s t i c p l a s t e r b a n d a g e will s h r i n k a s it h a r d e n s , 
a n d m a y c a u s e e x c e s s i v e p r e s s u r e in t h i s a r e a . 
Af t e r t h e e l a s t i c p l a s t e r h a s h a r d e n e d , two l a y e r s 
o f r e s i n - i m p r e g n a t e d p l a s t e r t o p r o v i d e a d e q u a t e 
s t r e n g t h a r e a p p l i e d s t a r t i n g a t t h e m o s t p r o x i m a l 
s e c t i o n of t h e o r t h o s i s a n d c a r r i e d all t h e way 
to t h e t o e s . 

A f t e r t h e c a s t h a s h a r d e n e d , r e c t a n g u l a r s e c ­
t i o n s on b o t h t h e m e d i a l a n d l a t e r a l s i d e s a t t h e 
l eve l o f t h e k n e e a r e c u t o u t o f t h e c a s t ( F i g . 
7) a n d t h e k n e e j o i n t s a r e a t t a c h e d u t i l i z i n g t h e 

6 Merck . Sharp . and Dohme. West Point . PA 19486 
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Fig. 8.Attachment of the knee joint by use of the align­
ment fixture (Fig. 2). 

Fig. 9. Partial weight-bearing is generally allowed after 
24 hours. 

Fig. 10. View showing trim lines on proximal and distal 
portions of cast made approximately 48 hours after 
application. 

alignment fixture (Fig. 8). The axis of the knee 
hinge should be as close to the axis of the knee 
joint as possible. 

After twenty-four hours , the pat ient may be 
allowed to bear partial weight with c ru tches using 
-his or thosis (Fig. 9). After forty-eight hours the 
remainder of the knee section is r emoved to allow 

knee motion (Fig. 10). The Orion cast sock 
should not be cut because it helps to prevent 
edema around the knee . 

At this t ime it is important to assure a good 
range of motion of the knee by cutt ing away plas­
ter in the popliteal area if necessary . After two 
weeks of training with c ru tches , knee exerc ises , 
and cast adjustments for comfort , the pat ient usu­
ally may be discharged. The average patient will 
require no more than two to three mon ths of 
use of his or thos is . After this t ime if X-ray and 
clinical signs show good healing, he may walk 
with c ru tches but without any other means of 
external suppor t . 

C O N C L U S I O N 

As stated previously , the ambula tory treatment of fractures of the femur with a cast or thosis 
is considered to be a reliable method. Our ex­
per ience with more than 30 pat ients closely paral­
lels that of Mooney (4). Shor tening should remain 
the same as accep ted dur ing tract ion. Knee 
edema if present should disappear in a m o n t h ' s 
t ime; however , all pat ients should e levate the 
limb for approximate ly ten minutes each hour . 

The indication for use of the cast or thosis is 
any patient with a fracture of the distal femur 
with a wel l-contoured thigh who has no other 
injury that would preclude ambulat ion. Contra-
indicated is the patient with a short obese thigh 
unless he has a very low fracture. Epiphyseal 
fractures should not be treated by weight 
bearing. If angulation is accepted during traction 
it will probably worsen in the fracture brace. 
This form of t rea tment allows the patient to get 
out of the hospital sooner and to better care for 
himself as well as shorten the overall healing 
t ime. 
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PATIENT POPULATION AND OTHER 
ESTIMATES OF PROSTHETICS AND 

ORTHOTICS IN THE U.S.A. 

Maurice A. LeBlanc , M . S . , C . P . 1 

Because of the way health services are de­
livered in the Uni ted Sta tes , no accura te figures 
are available concerning the or thopaedic patient 
populat ion, t rea tment me thods , and other infor­
mation that would be useful to adminis t ra tors , 
clinicians, and research groups. 

In July 1969 the Commit tee on Prosthet ics Re­
search and Deve lopment ( C P R D ) collected in­
formation that permitted certain es t imates con­
cerning amputees and orthot ic pat ients in the 
U . S . A . (1). This art icle, compiled in May 1973, 
updates the 1969 effort. Fur ther searching for 
more accura te information has emphas ized that 
only rough es t imates can be m a d e , especially 
in or thot ics . 

P R O S T H E T I C S 

N U M B E R O F A M P U T E E S 
The best sources of information on the total 

number of amputees in the country are the house­
hold interview surveys conducted by the 
National Center for Health Statist ics ( N C H S ) 2 . 
For t he t ime per iods 1963-1965 (7), 1965-1967 
(8), 1969(8), and 1971 (8), these surveys resulted 
in es t imates of 257,000, 305,000, 260,000, and 
274,000 amputees respectively in the civilian, 
non-institutional populat ion. Taking an average 
of these figures and guessing at the number of 
amputees in military and Veterans Adminis-

tration hospi ta ls , convalescent homes , and other 
inst i tut ions, brings the total to at least 300,000 
or about 1.5 amputees per 1000 popula t ion 3 . This 
figure co r responds quite well with statistics from 
Great Britain. 

The N C H S surveys show that the ratio be­
tween upper-l imb and lower-l imb amputees is 
30% to 70%. 

L E V E L S O F A M P U T A T I O N 
For use in est imating the distribution by level 

of amputa t ion , only the results of surveys con­
ducted by the Commi t tee on Prosthet ic-Orthot ic 
Educat ion ( C P O E ) in 1961-1963 (3) and 1965-
1967 (2) a re available (Table 1). 

These surveys consisted of contacts solely 
with pros thet ics facilities and include only those 
amputees showing up for prosthet ic t rea tment . 
The 1961-1963 study consisted of data only from 
the initial fitting of pat ients for a given per iod. 
The 1965-1967 study consisted of data from all 
pat ients fitted at a selected number of pros thet ics 
facilities for a given per iod. The first study in­
volved approximate ly 12,000 cases ; the lat ter , 
about 4,000. Since not all amputees wear pros­
theses , the C P O E surveys obviously do not yield 
a comple te picture . Therefore , it seems appro­
priate to show the distr ibution by level of amputa­
tion in upper- and lower-limb groups (Table 2). 
T h e results of the two surveys are quite similar. 
The not iceable change is the reversal in number s 
of above-knee and be low-knee amputa t ions . Pre­
sumably this is because of the benefits of imme­
diate postsurgical prosthet ic management and 
improved methods of elect ive surgery allowing 
greater length to be saved. A repeat of the 1961-
1963 survey is currently underway as a coopera­
tive effort of C P R D - C P O E and the American 
Orthot ic and Prosthet ic Associat ion ( A O P A ) . 

3 B a s e d on a population of 200,000,000. 

1Staff Engineer, Committee on Prosthetics Research 
and Development, National Academy of Sci­
ences—National Research Council, Washington, D . C . 

2 National Center for Health Statistics, Health Ser­
vices and Mental Health Administration, Public 
Health Service , Department of Health, Education, and 
Welfare, 5600 Fishers Lane, Rockville, Maryland 
20852. 



T A B L E 1 

T A B L E 2 

A M P U T E E S BY A G E 

There are several sets of figures available from 
which ampu tees can be broken into age groups . 
One useful b reakdown is given in Table 3. Taking 
an average of these figures gives about 10%, 
60%, and 30% in the under 2 1 , 21-64, and 65-and-
over age groups respect ively. 

U S E O F P R O S T H E S E S 

It has long been a rule of thumb that 50% of 

arm amputees and 7 5 % of leg ampu tees wear 
p ros theses . These es t imates are reinforced by 
a 1969 N C H S survey (10) which cites the use 
of 46,000 upper-l imb pros theses and 126,000 
lower-limb pros theses or 52% and 76% of the 
arm and leg amputees respectively in that survey 
of the civilian, non-institutional populat ion. 

A 1964 N C H S survey (9) of homes for the 
aged and chronically ill es t imated 2,100 artificial 
l imbs being used by res idents . 

M A N P O W E R 

Records at the American Board for Certifica­
tion ( A B C ) office indicate that there are 395 certi­
fied prosthet is ts and 235 certified prosthet is t -
orthotis ts for a total of 630 certified prosthet is ts 
(including 1972 examinees) . Therefore , the ratio 
of ampu tees to certified prosthet is ts is 300,000/630 
or 476/1 and the ratio of artificial limbs to certified 
prosthet is ts is 203,000/630 4 or 322/1. F rom a 
C P O E manpower survey (14) and other indica­
t ions from the field, additional qualified pros­
thetists are needed . 

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

The total number of orthotic pat ients is diffi­
cult to es t imate because orthotic t rea tment is 
usually more complicated than prosthet ic treat­
ment and because records are not kept in a way 
so this information is accessible . A list of var ious 

4Assuming 50% upper-limb and 75% lower-limb 
usage. 



*In some cases interpolation of given statistics has been used to arrive at figures for some of 

the age g roups . 
T A B L E 3 

T A B L E 4 

neuromuscu la r dysfunctions for which or thot ics 
is commonly part of the t rea tment scheme is 
given in Tab le 4. W e have insufficient knowledge 

a t present to arr ive at the total number of or thot ic 
pat ients from this table showing neuromuscu la r 
dysfunctions or from surveys or records in the 

5 All figures for paralysis and deformity are averages 
of the statistics from the N C H S household interview 
surveys of 1963-1965 (7), 1965-1967 (8), 1969 (8), and 
1971 (8). 

6 In reference (11) the National Institute for 
Neurological Diseases and Stroke estimates that there 
are 2,000,000 total cases of stroke ( C V A — c e r e -
bralvascular accidents) in the U . S . A . However , there 
is no way to arrive at the number of hemiplegic and 
hemiparetic people from this estimate. 

7 In reference (12) the National Paraplegic Founda­
tion guesses there are 125,000 to 200,000 paraplegic 

people in the U . S . A . 

8 T h e N C H S survey reported in reference (5) 
estimates that due to arthritis and rheumatism there 
are 3,248,000 people with limitation of activity and 
1,541,000 people with limitation of mobility among the 
civilian, non-institutional population. 

9 T h e Social Security Administration survey reported 
in reference (4) estimates that among the civilian, non-
institutional population between ages 18-64 there are 
2,201,000 people with major disabling arthritis and 
rheumatism causing limitation of work. 



field. T h u s , the best es t imate now is the rule-of-
thumb ratio 10 to 1 of or thot ic pa t ients to am­
putees , which gives abou t 3,000,000 or thot ic pa­
t ients or 15 per 1,000 populat ion. 

U S E O F O R T H O S E S 

N C H S surveys of 1958-1959 (6) and 1969 (10) 
showed 695,000 and 1,102,000 braces respec­
tively being used in the civilian, non-insti tutional 
populat ion. A 1964 N C H S survey (9) of homes 
for the aged and chronically ill es t imated 5,400 
braces being used by res idents . 

M A N P O W E R 

Records at the A B C office indicate that there 
are 515 certified or thot is ts and 235 certified 
prosthet is t -or thot is ts for a total of 750 certified 
or thot is ts (including 1972 examinees) . There ­
fore, the ratio of potential orthotic pat ients to 
certified or thot is ts is roughly 3,000,000/750 or 
4,000/1 and the ratio of actual b races to certified 
or thot is ts is roughly l,107,000 1 0 / 750 or 1,476/1. 
From a C P O E manpower survey (14) and indica­
tions from the field, additional qualified or tho­
tists are in serious demand , especially in view 
of the large number of pat ients and the changing 
pract ice of or thot ics away from the use of metal 
toward the use of plastics and new fabrication 
me thods . 

C O S T O F S E R V I C E S 

In fiscal year 1972 the Veterans Administrat ion 
( V A ) spent about $5,106,000 for prosthet ic services (15). F r o m the C P O E surveys of 1961-1963 
and 1965-1967, it was es t imated that the V A paid 
for 12.7% and 14.3% respectively of the pros­
theses in the coun t ry . (With Medicare going 
s t rong, the lower figure probably is more accu­
rate now.) Therefore , we can ext rapola te that 
$5,106,000/12.7% or roughly $40,000,000 was 
spent in fiscal year 1972 for prosthet ic services 
in the U . S . A . 

If we a s sume that the ratio of certified pros the­
tists to certified or thot is ts is proport ional to the 
cost of prosthet ic and orthot ic serv ices , then 
$40,000,000 x 750/630 or $48,000,000 was spent 
for or thot ic services in fiscal year 1972. Conse­
quent ly , a total of roughly $40,000,000 + 
$48,000,000 or $88,000,000 was spent on prosthet­
ic and orthot ic services . 

E X P E N D I T U R E S I N R E S E A R C H 

Actual funding figures obtained from the V A 
and Depar tmen t of Heal th , Educa t ion , and Wel­
fare (including both the Social and Rehabili tat ion 
Service and the Maternal and Child Heal th Ser­
vice) and es t imates of funding from var ious other 
sources show a total of $5,709,000 spent on 
research (including design, deve lopment , and 
evaluat ion) in prosthet ics and or thot ics dur ing 
calendar year 1972. This figure is 
$5,709,000/$88,000,000 or about 6 1/2% of the total 
spent on services: 

T A B L E 5 

1 0 1,102,000 in the civilian, non-institutional popula­
tion (10) plus 5,400 in the institutional population (9). 



SUMMARY 

Figures 1 and 2 provide a graphical summary 
of the information presented on prosthetic and 

orthotic estimates. Figure 3 provides a graphical 
display of information only partly presented in 
the text on the numbers of certified personnel 
in prosthetics and orthotics over the years. 

1 'Based on 1966-1967 CPOE survey percentages (2). 

Figure 1. Estimates in Prosthetics. 



Figure 2. Estimates in Orthotics. 

Figure 3. Manpower in Prosthetics and Orthotics 1 2 

1 2These figures were obtained from the A B C registries for the years shown. 
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TECHNICAL NOTE 

AN IMPROVED CRUTCH GRIP 

One of the recurrent complaints made by our 
pat ients who require additional suppor t from the 
arm, or a r m s , is discomfort of the hands . When 
the lower limbs cannot support the body weight, 
the burden is placed on the upper l imbs and is 
t ransmit ted to the body through the hands . Canes 
provide a small , often non-anatomically posi­
t ioned, grip for the hands that t ends to blister 
because of the forces that are needed to avoid 
slippage for any significant length of t ime. With 
this in mind a handle has been designed and tested 
on pat ients with shor t - term disabilities and on 
pat ients with long-term disabilit ies. Some of the 
patients with long-term disabilit ies, especially the 
act ive ones , have benefitted greatly from the han­
dle and continue to use it. 

The handle (Fig. 1) is anatomically shaped to 
conform to the palm. The gripping fingers are 
provided with a support ing area which pro t rudes 
radially and ex tends obliquely to the gripping 
surface. The thenar and hypothenar eminences 
are provided with a weight-bearing surface. The 
handle offers a maximum area for distribution 
of the force be tween hand and handle so that 
unit pressure over the inner surface of the hand 
is relatively small. 

The handles are designed for the left and right 
hand and may be made of materials that are easy 
to shape , such as wood or, preferably, plastic. 
The only tools needed in the product ion of the 
grip are a bandsaw and a " T r a u t m a n " router . 
The overall length of the grip should be about 

Fig. 1. Three v iews of the new crutch grip. 



Fig. 2. Top View, Left Handle. The outboard end of the handle has a knob-like thickening 
which, via a throating, extends into the handle with a large radius so that an adherent 
surface is formed for the inner thumb blank that extends from the root of the thumb 
to the outer thumb member, forming, at the same time, a supporting area for the index 
finger. 

five inches . (Fig. 2). The maximum overall width 
is two inches . The knob end is 1 1/2 inches in 
diameter , with a throat ing angle of approximately 
25 degrees to a cross-sect ion of approximate ly 
1 inch in d iameter . The weight-bearing surface 
suggests a 45 degree angle downward . The over­
all depth should not be any more than any regular 
wooden crutch handle . 

The benefits of this handle have been conclu­
sive after having been tes ted clinically for approx­
imately six months . Among the pat ients testing 
the handle on the Lofs t rand- type crutch were 
six different long-term disabilities, three high le­
sion paraplegics , two lower-limb compound frac­
tures , and one hip-disarticulation amputee . All 
of t hem, including two who had already used 
Lofstrand-type cru tches for many years , found 
the newly designed handle superior as it lowered 
pressure in the palm area and the outer borders 

of the hand. This , natural ly, lowered the force 
necessary for gripping. Crutch motion and place­
ment were improved, and the fingers could be 
s t re tched when tired while the palms were used 
for leaning on the handles with safety. 

A hip-disarticulation amputee , a young, active 
pat ient , agreed to use the pro to type handle on 
the left (pro to types were designed for both left 
and right) while continuing to use the conven­
tional handle on the right. After four mon ths of 
r igorous daily activity, including some mountain 
hiking, he asked for a right p ro to type . He had 
quickly grown accus tomed to the left-hand proto­
type while his right hand had blistered and his 
right forearm cont inued to be sore. He has now 
been using both new handles contentedly for 
several months . 

Rainer Schmid, C . P . 



NEW PUBLICATIONS 
A M P U T E E C L I N I C S I N T H E U N I T E D 

S T A T E S A N D C A N A D A — 1 9 7 3 , Commit­
tee on Pros thet ic-Orthot ic Educa t ion , 
National Academy of Sc iences , Washington, 
D . C . 20418; 69 pages ; grat is . 

The 1973 edition of Amputee Clinics in the 
United States and Canada is now available. This 
annual document was developed originally as a 
mailing list for use in the distribution of educa­
tional materials by the Commit tee on Prosthet ic-
Orthot ic Educat ion ( C P O E ) . Because of the 
encouragement and cooperat ion of amputee 
clinic personnel and o thers in the field of rehabili­
tat ion, the listing has gradually been enlarged 
to include information that might be useful for 
patient referral. Therefore the types of services 
offered and the meet ing schedule for each clinic, 
as well as the clinic address and names of chiefs 
and co-chiefs, are presen ted . 

Each new edition of the amputee clinic roster 
includes any appropr ia te changes and correc­
t ions in information on clinics previously listed 
and provides data on clinics more recently iden­
tified. Every effort is made to ensure the accu­
racy of the recorded information. 

H A N D B O O K F O R T H E O R T H O P A E D I C 
A S S I S T A N T , by F . Richard Schneider , 
M . D . , C . V . Mosby C o . , St. Lou is , M o . ; 198 
pp . ; Publication Date : March 20, 1972;$10.75. 

This concise , well-illustrated book relates in 
clear, easily unders tood te rms the basic types 
of or thopedic t reatment with which the or tho­
pedic assistant should be familiar. Included are 
explanat ions of fractures , dis locat ions, sub­
luxat ions , sprains , s t ra ins , contus ions , and their 
t rea tment . The use of common types of cas ts 
(arm, leg, body and spica), and tract ion (circum­
ferential, skin and skeletal) are descr ibed. 

The author makes no a t tempt to relate the pro­
fessional role of the or thopedic assis tant . Rather , 
the book is intended as an or thopedic primer. 
As such, its con ten ts are of general professional 
interest to prosthet is ts and orthot is ts . Though 
it is a little expensive ($10.75) for a 198-page 
primer, this book would seem a worthwhile addi­
tion to the reading list for s tudents of prosthet ics 
and or thot ics . 

Maurice A. LeBlanc , C .P . 

R O E N T G E N O L O G I C A T L A S O F T H E 
H A N D A N D W R I S T IN S Y S T E M I C 
D I S E A S E , Morrison E . Kr icun, M . D . and 
Jack Edeiken, M . D . ; Williams & Wilkins. 324 
p p . , $19.50. 

This is a wel l -produced, beautifully illustrated 
book with concise and clear description of the 
diseases . 

The au thors claim that the X-rays of the wrist 
and hand " m a y be the primary clue to underlying 
systemic d i s e a s e " , and may be "pa thognomon ic 
of the d i s e a s e " . 

In fact, most of the examples are of advanced 
disease when the diagnosis is shouting from the 
house tops . 

S o m e examples , particularly in the chapter on 
"Abnormal i t i e s of Growth and D e v e l o p m e n t " , 
list a number of syndromes so that further exami­
nation is necessary to establish a diagnosis . 

Nor do they establish that the wrist is involved 
before other jo in ts so that it would necessari ly 
be the choice for diagnost ic purposes . F rom per­
sonal exper ience I know that the lower limb can 
have gross changes in renal r ickets with a nearly 
normal radiological appearance in the upper 
l imb. 

I would wish that there was instruction in rec­
ognizing the very early pa thognomonic signs 
before the diagnosis is o therwise evident . 

Never the less I would think this was a valuable 
addition to any or thopaedic depa r tmen t ' s l ibrary. 

E . E . Harr is , F . R . C . S . 

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

The National Easter Seal Society has 
announced the 1973 edition of its directory of 
residential camps for the disabled—the most 
comprehens ive in the camping field—is now 
available. 

Titled " T h e Easter Seal Directory of Resident 
Camps for Persons with Special Health N e e d s " , 
the 77-page booklet lists by states more than 240 
c a m p s organized to serve children and adults 
with physical , mental , social, and/or emotional 
handicaps . Camps are also classified by the 
handicapping condit ions se rved . 

Directory information includes name and loca­
tion of camp, types of disabilities accepted and 
any qualifications of degree of independence re­
quired, age range, length of camping sess ions , 
fees charged, c a m p capaci ty , and the name and 
address of the sponsoring organizat ion. 

Published to assist parents planning a camping 



exper ience for disabled children requiring special 
ca re , the Eas ter Seal directory can also be used 
as a source of information for health agencies 
compil ing camping facts for clients and their 
families, s tudents seeking summer c a m p j o b s , 
and colleges offering placement services to stu­
den ts interested in careers in rehabil i tat ion. 

Among the disabling condit ions classified in 
the directory are cerebral palsy, mental retarda­
t ion, cardiac d i sorders , speech and hearing 
defects , visual impai rments , organic brain dam­
age, respiratory d i seases , and emotional distur­
bances . 

The directory is obtainable from the National 
Easter Seal Socie ty , 2023 Wes t Ogden A v e n u e , 
Chicago, IL 60612, at $1 a copy . 

E Q U I P M E N T F O R T H E D I S A B L E D , The 
Nat ional Fund for Research into Crippling 
Diseases , Vincent House , la Springfield Road, 
H o r s h a m , Sussex , England. 

The Nat ional Fund for Resea rch into Crip­
pling Diseases has published " E q u i p m e n t fo r the 
Di sab led" since 1960. Described as " a n essen­
tial reference for anyone involved with handi­
capped p e o p l e " the first and second edit ions of 
" E q u i p m e n t for the Di sab led" were issued in 
loose-leaf form for easy amendment . As a result , 
the publicat ion has grown to four thick vo lumes . 
Fur ther am endmen t s and new sections in prep­
aration would bring " E q u i p m e n t for the Dis­
a b l e d " to six unwieldy volumes . 

To ensure that " E q u i p m e n t for the Disab led" 
cont inues to fulfill its purpose as a complete and 
easily handled reference, it has been decided to 
issue the 3rd edition as a set of individually 
bound A4 bookle ts . These booklets will be 
released over the next year—after which com­
plete revised bookle ts will be published. The con­
tent and purpose of " E q u i p m e n t for the Dis­
a b l e d " remain the same and the editorial work 
will cont inue to be carried out at the Nuffield 
Or thopaedic Cen t re , Oxford. Order s can be 
placed for the complete set of " E q u i p m e n t for 
the Disab led" or for individual sect ions. 

The comple te set consists of the following 
booklets or sect ions: 
Wheelcha i r s and Outdoor Transpor t—Spe­

cial supplement 
Communica t ion 
H o m e Management 
Clothing and Dressing 
Housing and Furni ture 
Personal Care 
Gardening and Leisure 

Hois ts and Walking Aids 
T h e Disabled Child 
Binder to hold sections 1-9 

All sect ions priced at £1.05, binder at 95p (in­
c ludes pos t and packing). 
Reviews of each section will be carried in 

" O r t h o t i c s and P ros the t i c s " as they are issued. 
The December issue will include reviews on 
"Whee l cha i r s and Outdoor Transpor t—Specia l 
S u p p l e m e n t " and " C o m m u n i c a t i o n . " 

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

Manuals developed by New York Univers i ty 
to cover various aspec ts of prosthet ics and orthot­
ics practice are available to members of the 
prosthet ics and or thot ics profession. 

The basic manual in each of the four subject-
mat ter a reas is designed to meet the professional 
needs of physic ians , surgeons , and therapis ts . 
To mee t the requi rements of prosthet is ts-
or thot is ts , supplementary materials which 
include detailed measu remen t s , fabrication, and 
fitting p rocedures have been prepared . The sup­
plements are designed to be used in conjunction 
with the basic manuals as they are too incomplete 
to be used alone. 

Manuals Available Price 

Upper -Ext remi ty Prosthet ics U S $ 7.50 
Upper-Extremity Prosthetics (in­

cluding prosthet is t supplement) 12.50 
Spinal Orthotics 5.00 
Spinal Orthotics (including orthotist 

supplement) 7.50 
Lower-Extremity Orthotics 10.00 
Lower-Extremity Orthotics (in­

cluding orthotis t supplement) 12.50 
Lower-Extremity Prosthetics 10.00 
Lower-Extremity Prosthetics (in­

cluding prosthet is t supple­
ment—below- and above-
knee procedures) 25.00 

Prosthetics and Orthotics for 
Rehabili tat ion Counse lors 10.00 

The prices quoted include charges for ship­
ment by surface mail. Because N Y U has no 
facilities for billing, p repayment by check or 
money order is required. Order s should be sent 
to Prosthetics and Orthotics, NYU Post-
Graduate Medical School, 317 East 34th Street, 
New York, NY 10016, U.S.A. 



METRIC SYSTEM 

*This double-prefix usage is not desirable. This unit is actually a nanometer (10-9 meter = 10-7 centimeter). 
+ Exact conversion, all subsequent digits are zeros. 



STRESS (OR PRESSURE) 

TEMPERATURE CONVERSION TABLE 

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



Sutton's SJ /4 Jack S a n d e r . . . 
YOU'LL HAVE AN ATTACHMENT FOR IT! 

Or maybe 23 opt ional attachments. Sutton is an old pro at 
m a k i n g jack sanders . They k n o w what a p p l i a n c e c ra f tsmen 
want and need, and you can get it all in the SJ/4. Two 4" x 
60" fast c u t t i n g , q u i c k - c h a n g e bel ts ; a great dus t c o l l e c t o r : 
f ront -opening dust drawer; 1 !*S hp motor; big shelf. Three other 
models available. Write today! 

Sure we 
take trades 

Financing may 
be arranged 

M A D E I N U S A 

z Sutton 
T. O. BOX 9940 • ST. IOUIS, MO 63122 - (314) JJ5 .52SS 

• Send dope on S J / 4 and other jack sanders 

• Send c o m p l e t e Sutton ca ta log 

Name. . 

S h o p 

Address 

City -State. -Zip-
Telephone-



BECKER O R T H O P E D I C A P P L I A N C E C O M P A N Y 
1776 S O U T H W O O D W A R D A V E . 

B I R M I N G H A M , M I C H I G A N 48011 

— E x c l u s / v e i y — 

LEATHERS FOR THE 

O R T H O P E D I C a n d PROSTHETIC TRADE 

LIMB & BRACE LEATHERS: HOSPITAL LEATHERS: 
• Shearlings for Pads 
• Carving & Tooling 
• Molding 
• Russet Strap 

• Orthopedic Horsehide 
• Orthopedic Cowhide 
• Orthopedic Elkhide 
• G lazed & Molding Cowhide 
• Ca l f—Kip—Sheep—Pigsk in 

Satisfied Customers Throughout the United Slates Since 1924 

ORDERS SHIPPED 
THE SAME DAY 

RODEN LEATHER CO., INC. 
1725 CROOKS ROAD 

ROYAL OAK, MICH. 48068 
Arec Code 313 -542 -7064 
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WASHINGTON 
PROSTHETIC 

SUPPLIES 
N O W D I S T R I B U T I N G F O R 

4 0 P A T T E R S O N S T R E E T , N . E . 

W A S H I N G T O N , D . C . 2 0 0 0 2 

T E L E P H O N E 

(202) 6 2 8 - 1 0 3 7 

x v 



Ttlaphonc 175-0066 
Ar*o Cod* 404 

SocO^Tm PROSTHETIC SUPPLY CO. 
POST OFFICE BOX 7428 

947 Juniper St., N.E. • Atlanta, Go 30309 

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

1A 298 Polycentric Knee Joints for Fracture Bracing 

Upper Bars 6 9 / 1 6 " 

Lower Bars 8 9 / 1 6 " 

ALIGNMENT JIG 

Will accomodate most all 
Fracture Braces 

Polyethylene Quadrilateral Casting Brims 

2 L 2 4 3 S 
2 L 2 4 3 M 
2 L 2 4 3 - L 

Cast Boot 
Small 

Medium 
Large 

Small 16" to 19" > 
Med. 19" to 2 3 " 
Large 2 3 " to 28" | I, 

}". 
Lefts and Rights CLAMPS, Snaplock 

Two necessary for each cast. 

Length _ 

Full Leg Post Fracture Socks 
3-Ply Weight 
Orion/Acrylic 95.25% 
Lycra/Spa ndex 4 75% 
Closed Toe (not pulled up) 
Fleecy (Fleeced inside and outside) 

fXL Toe 
Width 

Below 
Top Knee Ankle Heel Toe 

Length Width Width Width Width Width 

se­ 6" 4'/2" 31/2" 5" ~3" 
as" 9" 5" 4" 6" 3l/2" 
39" 9- 5" A" 6" 1W' 
42* 5" 5" 4 " 6" Wz" 4 6 " 9" 5" 4 " 6" 3<$* 
4 6 " 10" 6" 4 V j " 6 V / ' 31/j" 

"Everything for the Prosthetic and Orthotic Manufacturer" 
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DEMAND THE FINEST 
FOR YOUR 
CUSTOMERS 

t 

KENDRIGK'S 
dorso-lumbar 

supports 
PRESCRIBED BY PHYSICIANS. 

For your customers there should be no substitute for the finest. Kendrick's 
Dorso Lumbar Support for women offers extremely beneficial protection for 
the dorsal region as well as the lumbar spine. The Dorso Lumbar Support can 
be worn following fractures, in cases of faulty posture defects such as scoliosis, 
and for arthritis of the spine. 

Model No. 2030, illustrated, is available in stock sizes from 30 to 44, hip 
measurement — hip development, 6"—8". The support is well boned in the 
back with two 18" shaped steels at the center to brace and support the entire 
back. Three traction straps permit variable pressure. Support through the 
dorsal region is increased by the shoulder straps which are looped under the 
arm and joined in the front. Also available in Dacron Mesh Style No. 8430. 

Specify surgically correct Kendrick products for your customers. Their 
confidence in you will result in more frequent repeat sales and higher profits. 

You can recommend Kendrick with Confidence 
J A M E S R . K E N D R I C K C O M P A N Y , I N C . 
Philadelphia, Pa. 19144 New York, N. Y. 10016 

Kendrick 
S I N C E / a S 3 

XVII 

Kendrick Dorso Lumbar Support No. 
2030 features 2 1 " back depth, an 
elastic release at the groin and a 
hook and eye opening at the left side. 

. . S O L D WITH CONFIDENCE 



G F t € e m a n 
S u p p o r t s 

" D e a l e r 
R e q u i r e m e n t s 

f r o m h e a d 
to t o e 

Dealers count on Freeman for a complete line of 
Surgical Support garments . . . and we don't disappoint 

them. If it's a body support item from elastic hose 
to cervical collars, chances are that Freeman makes it; at 

reasonable cost. To insure prompt delivery Freeman 
established four warehouses across the country. Dealers 

call their nearest warehouse (collect) and receive shipment 
within 24 h o u r s , . . less transportation charge; less dealer 

inventory required. Complete, high quality line and 
fast service . . .just a few ways in which Freeman supports 

dealer needs. Write for free catalog and complete 
information on Freeman products. 

Modal 1M 
••tension and IIact)on 

p.u.i. J,.,i.n., 

Amman 
FREEMAN MFC. CO. 
Box J, Sturgis, Mich. 49091 

FREEMAN WAREHOUSES: 
Ephrata, Pennsylvania 17522, P O. Box 277, phone 717-733-4261 
Sturgis, Michigan 49091, P.O. Box J, phone 616-651-2371 
A n n i s i o n , A labama 36201, P.O. Box 1791, phone 205-2374)611 
West Cov ins , Ca l i forn ia 91790, 1148 E. Garvey, phone 213-338-1618 

X V I I I 



R i g i d l v 
s p i n a l 

Spinal appl iances a r e our only 
p roduc t . T h e y ' r e sold only th rough 

ethical d ispensing o r tho t i s t s . So 
we t r y to m a k e each of our collars and 

braces the best of i ts kind - like 
^ our new T w o - P o s t Cervical Brace -
™ J for m a x i m u m accep tance by your 

doc to r s a n d pa t i en t s . And we 
back t hem u p with service to you . 

Service like 24-hour del ivery of 
prescr ipt ion braces a n y w h e r e 

in the c o u n t r y . P lus a price 
s t r u c t u r e t h a t can m a k e 

; our service y o u r mos t 
profi table way to fill sp inal 

appl iance prescr ip t ions . 
For more in format ion , 

wr i t e P . 0 . Box 1299, 
Win te r P a r k , F lo r ida 32789. 

Florida Brace Corporation 



CENTRALLY LOCATED FOR QUICK DELIVERY 
PEL SUPPLY'S central location ensures fast delivery for customers 
situated in or near the "Market Center of America." 

GEARED FOR SAME-DAY-SHIPMENT . . . . 
Our expanded warehouse facilities and fast, efficient handling of 
orders enables us to provide same-day-shipment of most orders. 

AMPLY STOCKED TO AVOID BACK-ORDERS 
We have doubled our warehouse capacity and added many new prod­
ucts, as well os maintaining larger stocks of popular items supplied by 
BOCK, DUPACO, KINGSLEY, REALASTIC, 3M CO., U.S. MFG. CO. 
and other leading manufacturers. Orders are shipped complete, with 
seldom a back-order. 

PEL SUPPLY CO. 
P E L ' PROSTHETIC AND ORTHOTIC PARTS AND SUPPLIES 

PAUL E. LEIMKUEHLER, president 

4472 WEST 160th ST., CLEVELAND, OHIO44135 
PHONE: 216-267-5775 

X X 



CERTIFIED ORTHOTIST AND 
PROSTHETIST 

Well-established facility, 18 years in opera­
t ion in central New Jersey. Offers 2 5 % part­
nership to two (2) certif ied Orthotists and 
Prosthetists. No money needed. Must be 
good bench technicians. 

Write: Box 73-6 
AO PA 
1440 N Street, N.W. 
Washington, D.C. 20005 

CERTIFIED PROSTHETIST-ORTHOTIST 
A120-physician clinic, located in the center 
of Wisconsin, where hunt ing and f ishing 
are prevalent, is seeking an individual to be 
responsible for department development, 
fabrication of braces and l imbs and con­
centrated patient contact. Excellent fr inge 
benefit program, negotaible salary. Con­
tact: Personnel Manager 

Marshfield Clinic 
Marshfield, Wis. 54449 

ORTHOTIC FACILITY FOR SALE 
Established Orthotic and Prosthetic Faci­
l i ty—Metropol i tan Philadelphia and South 
Jersey clientele. Good contacts with physi­
cians and hospitals in area. Good terms. 

Write: 
P.O. Box 17420 

Philadelphia, Pa. 19105 

ORTHOTIST-PROSTHETIST DESIRES 
RELOCATION 

Experience includes promot iona l , c l in ical , 
educat ional and supervisory background. 
Wi l l consider partnership. 

Reply to : Box No. 73-5 
AOPA 
1440 N St., N.W. 
Washington, D.C. 20005 

WANTED—SALESMAN 
For Orthot ics, eastern and southern areas. 
Can be in conjunct ion wi th other unrelated 
orthopedic products. 

Write: Box 73-7 
AOPA 
1440 N St., N.W. 
Washington, D.C. 20005 
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INFORMATION FOR AUTHORS 

ORTHOTICS AND PROSTHETICS 

INVITES THE SUBMISSION OF ALL ARTICLES AND MANUSCRIPTS 

WHICH CONTRIBUTE TO ORTHOTIC AND 

PROSTHETIC PRACTICE, RESEARCH, AND 

EDUCATION 

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

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

the body of the text. 
3. LEGENDS. List all i l lustration legends in order, and n u m b e r t o agree with i l lustrations. 
4. ILLUSTRATIONS. Provide any or all of the fo l lowing: 

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

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

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

shown in Fig. 14) 

PREPARATION OF ILLUSTRATIONS 

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

permission granted. 

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

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

t ion. 
—Permission to reprint is usually granted provided that appropriate credits are given. 
—Authors wil l be supplied with 25 reprints. 
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THE SHOE FITS. ON BOTH SIDES. 
In t h e c a s e o f t h e p r o n a t e d . 

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

S t i l l , t h e f o o t c a n n o t b e a l ­
l o w e d t o s l i d e f o r w a r d o r r o t a t e 
w i t h i n t h e s h o e . T h e b a c k p a r t 
s h o u l d h o l d t h e h e e l firmly. 

T h a t ' s t h e A l d e n T r u f l a r e 
L a s t . ( S t y l e # 6 6 5 s h o w n ) 

F o r i n f o r m a t i o n o n t h i s , o r 
a n y o t h e r A l d e n l a s t , c o n t a c t 
y o u r O r t h o p e d i c S h o e S p e c i a l ­
i s t , o r w r i t e : A l d e n S h o e C o . , 
M i d d l e b o r o u g h . M a s s . . 0 2 3 4 6 . 

THE ALDEN 
FOOT BALANCE 

SYSTEM. 



A M E R I C A N ORTHOTIC A N D PROSTHETIC A S S O C I A T I O N 
1440 N STREET, N.W. 

W A S H I N G T O N , D C . 2 0 0 0 5 
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