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VELSTRAP Fasteners. 
The Instant strap for tough jobs 
V E L S T R A P fas teners , t h e ready- to -use s t rap 
that g o e s on quickly , holds secure ly . 
Reliable VELCRO® hook and loop fasteners in a ready-to-use 
strap with " c i nch " ring. Easy to use: sl ip end of strap th rough 
ring, c inch it back on itself to fasten securely. The c inch ring 
acts like a pulley, a lmost doubl ing the c los ing force, and 
al lowing strap to be pul led down t ight when needed. Use as 
instant strap for spl ints and braces, or for holding therapy • 
weights to wrists and ankles. May be used to bundle cables or 
restrain heavy equipment . St rong, l ightweight, and complete ly 
adjustable, strap opens and c loses thousands of t imes wi th 
little sign of wear. Adjusts quick ly and easily, yet holds firmly. 
Washable, autoclavable. Available in 1" , 1 ' / 2 " , and 2" w id ths, 
lengths to 48 inches; beige color. 

C ontac t your s u p p l i e r t o d a y 
IMPORTANT TO REMEMBER: All hook and loop 
"fasteners look much alike. But they don' t 
funct ion that way. For dependabi l i ty 's 
sake, demand the best—VELCRO brand, n 
You can't afford less. 

SMALLEY« 
220 L i t t l e Falls Road ^ ^ ^ ^ ^ ^ ^ H 
Cedar Grove, NJ 07009 
201/239-9014 , 
E X C L U S I V E D I S T R I B U T O R S O F V E L C R O P R O D U C T S F O R H E A L T H C A R E . 



H I P A B D U C T I O N S P L I N T 
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The l l f e l d H i p A b d u c t i o n S p l i n t i s i d e a l f o r t r e a t i n g c o n g e n i t a l 
d y s p l a s i a o f t h e h i p , w i t h o r w i t h o u t d i s l o c a t i o n o f t h e f e m o r a l 
h e a d , b e f o r e a n d a f t e r t h e w a l k i n g a g e . 
• T h e l l f e l d s p l i n t c o n s i s t s o f t w o 
a l u m i n u m t h i g h b a n d s , w i t h w a s h ­
a b l e c l o t h a n d f e l t c o v e r s , f a s t e n e d 
t o a c h r o m e p l a t e d c r o s s b a r b y 
u n i v e r s a l j o i n t s . T h e T h i g h b a n d s 
a r e a l s o a v a i l a b l e P l a s t i s o l - d i p p e d . 

• T h e t h i g h b a n d s a r e a d j u s t a b l e 
a n d a r e l o c k e d i n p l a c e w i t h a 
3 / 1 6 " h e x a g o n w r e n c h . 

• S k i n i r r i t a t i o n i s e l i m i n a t e d . 

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

• I t i s c o o l a n d c o m f o r t a b l e ; h a v i n g 
n o b i b s o r h a r n e s s e s . 

• T h e p e r i n e u m i s f r e e f o r d i a p e r 
h y g i e n e . 

• T h e c h i l d c a n c r a w l , w a l k , o r c l i m b 
i n t h e s p l i n t . 

ace 

ace medical 



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

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

Florida 
Brace 
Corporation 
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AMAZING NEW 
FULL-FUNCTION 

ORTHOPEDIC 
FINISHER - A T 

AN AMAZINGLY 
LOW PRICE 

T h e new S-750 by Sutton-Landis 
is only 26" wide , yet features a 
full f ive-foot long sanding belt 

4" w ide , for extremely rapid sand­
ing at low abrasive cost. T h e edge 

t r i m m e r section is complete — 
adjustable sole t r immer (up to a 

32- i ron! ) , high speed heel t r i m m e r , 
and the cutter sharpener is built 
in at no extra cost. Belts may be 

changed in seconds, and no extra 
side room is needed to gain access. 

F lo-Thru dust control system. T h e 
sturdy monolithic steel chassis is 

heavily undercoatecl for quiet oper­
at ion. Dozens of Sutton-Landis 

at tachments snap onto the right 
end of the shaft — heel breaster is 

included for left end . A str ipped-
down S-750 is also available — with 

only one t r immer and without the 
naumkeag , and that is the lowest 
priced professional belt sander in 

the orthotic-prosthetic industry. 
A n d a new S-725 model is now in 
production, exclusively for edge 

f in ishing. It features two brushes, 
two burnishers, and a welt brush, 

all powered by a two-speed motor. 
Cal l on the toll-free hotline today: 

(800) 325-3542. 

SHOE 
MACHINERY 

COMPANY 
Toll-Free: (800) 325-3542 • Mo. Customers: (314) 225-5255 Collect 

snot 
COMPANY 

3500 Scarlet Oak Blvd. • St. Louis, M O 63122 
[ ] P lease send in fo rmat ion on t h e S-750 f in isher 
[ ] Send t h e new Sut ton -Land is cata log 
( j H a v e a s a l e s m a n contact m e rig.-it a w a y . 

N a m e 

C o m p a n y . 

A d d r e s s . 

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



Meetings and Events 
Please notify the Nat ional Headquarters immediate ly concerning addit ional meet ing dates. 
It is important to submit meet ing notices as early as poss ible . In the case of Regional 
Meet ings , it is mandatory to check with the National Headquarters prior to confirming date 
to avoid conflicts in scheduling. 

1983 
N o v e m b e r 1 1 , " S e a t i n g a n d Mob i l i t y S y s ­

t e m s , " Gil let te Ch i ld ren ' s Hospi ta l , S t . 
Paul , M i n n e s o t a . Contac t : Bret t Day , 
C o n t i n u i n g Educa t ion Dep t . , Gi l le t te 
Chi ld ren ' s Hospi ta l , 200 E . Univers i ty 
Ave . , St . Paul , M i n n e s o t a 5 5 1 0 1 , 612 -
291 -2848 . 

N o v e m b e r 1 2 - 1 3 , Sea t ing S y m p o s i u m , 
Nor thwes te rn Univers i ty , C h i c a g o , Illi­
no i s . Sponso red b y the A c a d e m y M i d ­
wes t Chapter . Contac t : R o b e r t P i cken , 
CP, Educa t iona l Cha i rman , A c a d e m y 
M i d w e s t Chap te r , 345 Eas t Super ior , 
R o o m 1723 , C h i c a g o , I l l inois 6 0 6 1 1 , 
3 1 2 - 6 4 9 - 8 0 0 6 . 

N o v e m b e r 1 3 - 1 8 , 2 n d Internat ional S y m ­
p o s i u m on D e s i g n for the H a n d i c a p p e d , 
Tel-Aviv, Israel. Contac t : Dr. E . Ch ig i e r , 
K e n e s , P . O . B . 29784 , Tel-Aviv 61297, I s ­
rael. 

N o v e m b e r 1 4 - 1 8 , Afro-Asian Confe rence 
on Role of Play in Chi ld D e v e l o p m e n t , 
inc luding s u b - t h e m e , "P lay for the D i s ­
abled C h i l d , " under the auspices of 
U N E S C O , N e w Delh i , India . Contac t : 
Dr . Paul C h o w d h r y , Secre tary Genera l , 
Afro-Asian Confe rence , c/o Nat iona l In­
st i tute of Pub l ic Coopera t ion and Chi ld 
Deve lopmen t , 5 Si r i Ins t i tu t ional Area , 
Hauz Khas , N e w Delh i 110016 , India . 

N o v e m b e r 1 5 - 1 8 ( tentat ively) , Seven th 
A n n u a l I n t e r n a t i o n a l R e h a b i l i t a t i o n 
F i lm Fes t iva l , N e w York , N e w York . 
C o n t a c t : R e h a b f i l m , R I U S A , 1 1 2 3 
Broadway, N e w York, N e w York 10010 . 

D e c e m b e r 9 - 1 1 , " S u r g e r y and Rehab i l i t a ­
t ion of Complex P r o b l e m s of the U p p e r 
L i m b , " Shera ton Bal Harbour , M i a m i 
B e a c h , Florida. P resen ted b y the D e ­
p a r t m e n t o f O r t h o p a e d i c s a n d R e ­

habi l i t a t ion , Un ive r s i ty o f M i a m i Schoo l 
o f M e d i c i n e . Contac t : Jo A n n Harr i s , 
Coord ina t ing Ass i s t an t , D e p a r t m e n t of 
Or thopaed ics and Rehab i l i t a t ion , P .O . 
Box 016960 , Univers i ty of M i a m i School 
of M e d i c i n e , M i a m i , Flor ida 33101 . 

D e c e m b e r 1 2 - 1 3 , U C L A S e m i n a r , " A m ­
puta t ion Surgery Immed ia t e Pos t Surg i ­
cal Pros the t ic T e c h n i q u e s for Phys i -
c i a n s / P r o s t h e t i s t s . " C o n t a c t : P e g g y 
Col ton , Program Coord ina to r , U C L A 
P .O.E .P . , R m . 22-46 R e h a b . Cen te r , 1000 
Veteran Ave . , Los Ange le s , Cal i fornia 
90024 . 

D e c e m b e r 1 2 - 1 3 , 30 th Annua l Mee t i ng of 
the Counc i l of Wor ld Organ iza t ions in­
teres ted in the H a n d i c a p p e d , U N E S C O 
Headquar te r s , Par is , France . Contac t : 
Cha i rman , C W O I H , 432 Park Avenue 
Sou th , N e w York, N e w York 10016. 

D e c e m b e r 1 5 - 1 8 , S e c o n d In ternat ional 
S y m p o s i u m on Integra t ion of the D i s ­
ab led , M a r del Pla ta , P rov ince of B u e n o s 
A i r e s , Argen t i na . Contac t : Dr . J o s e 
O r o z c o , Inst i tuto Nacional de Rehab i l i ­
ta t ion del Sur , Ruta 88 K m . 4 Y 2 , C a m i n o 
2 N e c o c h e a , Estafeta Postal No . 18 ,7 .600 
M a r del Plata, Prov inc ia B u e n o s A i r e s , 
Argen t ina . 

1984 
Janua ry 2 5 - 2 9 , A c a d e m y A n n u a l M e e t i n g 

and S e m i n a r , Du tch Resor t Hote l , Lake 
B u e n a Vis t a , Or l ando , Flor ida . Contac t : 
A c a d e m y Nat iona l Headquar te r s , 703 -
8 3 6 - 7 1 1 8 . 

Apri l 1 - 4 , As ian and Pacif ic Convoca t ion 
o n Rehab i l i t a t ion , to e x a m i n e h o w a 
w i d e cross-sec t ion of people can work in 
par tnersh ip wi th d isab led peop le , spon­
sored b y R . I . N e w Zea land , Rehab i l i t a -



t ion League and Acc iden t C o m p e n s a t i o n 
Corpora t ion , Wel l ing ton , N e w Zea land . 
Contac t : Acc iden t C o m p e n s a t i o n Cor ­
pora t ion , Pr ivate Bay , Wel l ing ton , N e w 
Zea land . 

April 6 - 7 , N e w Eng land A c a d e m y Chap te r 
A n n u a l M e e t i n g , Worces te r Marr io t t , 
Worces te r , Massachuse t t s . 

Apri l 1 2 - 1 5 , A O P A Reg ion IV A n n u a l 
M e e t i n g , Waver ly Hotel at the Gal ler ia , 
At lanta , Georg ia . 

April 1 9 - 2 2 , A O P A R e g i o n V A n n u a l 
M e e t i n g , A m w a y G r a n d Plaza Hotel , 
G r a n d Rap ids , M i c h i g a n . 

April 1 9 - 2 4 , 1st In ternat ional Mee t i ng on 
Le i su re , Recrea t ion , and Spor t s , or­
gan ized b y the Rehab i l i t a t ion In terna­
t ional C o m m i s s i o n and sponsored b y 
R . I . , the J apanese Soc ie ty for Rehab i l i t a ­
t ion of the D i s a b l e d and the govern­
men t s of Gamagor i C i ty and A ich i Pre­
fecture, G a m a g o r i , Japan . Contac t : Japan 
S u n I n d u s t r i e s , K a m e g a w a , B e p p u 
847-01 Japan . 

M a y 3 - 4 , A O P A R e g i o n s I, I I , and III C o m ­
b i n e d A n n u a l Mee t i ngs , Concord Hote l , 
K i a m e s h a Lake , N e w York. 

M a y 1 3 - 1 9 , 9 th In ternat ional Congres s of 
Phys ica l M e d i c i n e and Rehab i l i t a t ion , 
Je rusa lem, Israel . Contac t : K e n e s , 29 
M a m r e d Street , P . O . B . 29784 , 61297 
Tel-Aviv, Israel . 

J u n e 1 - 3 , AOPA R e g i o n IX, CORA and the 
Cal i fornia Chapte rs o f the A c a d e m y 
C o m b i n e d A n n u a l M e e t i n g , Lake Ar­
rowhead , Cal i fornia . 

June 4 - 8 , 15th Wor ld Congres s of R e ­
hab i l i t a t i on In te rna t iona l o n t h e m e , 
" Informat ion , Awarenes s and Unde r ­
s tanding for In tegra t ion of D i sab l ed Per­
sons and S o c i e t y , " L i s b o n , Por tugal . 
Contac t : (Program) Rehab i l i t a t ion Inter­
na t iona l , 432 Park Avenue Sou th , N e w 
York, N e w York 10016 . 

J u n e 1 2 - J u l y 4 , 7 th Wor ld W h e e l c h a i r 
G a m e s (formerly Pa ra lympics ) , Un ive r ­
s i ty o f I l l inois , C h a m p a i g n , I l l inois . 

Contac t : Prof. T i m o t h y Nugent , R e ­
hab i l i t a t i on E d u c a t i o n C e n t e r , 1207 
Sou th O a k Street , C h a m p a i g n , I l l inois 
61820 . 

June 1 6 - 2 8 , 1984 In ternat ional G a m e s for 
the D i sab led , sponsored b y the In terna­
t ional Spor ts Organiza t ion for the D i s ­
ab led , Nassau County , Long Is land, 
N e w York. Contac t : Mr . Michael M u -
shett , Direc tor , 1984 In ternat ional G a m e s 
for the D i sab l ed , do Spec ia l Popula t ions 
Un i t , E i s e n h o w e r Park, East M e a d o w , 
N e w York 11554 . 

June 1 7 - 2 2 , " 1 9 8 4 — T h e Br igh t S i d e , " T h e 
S e c o n d In ternat ional Confe rence on R e ­
h a b i l i t a t i o n E n g i n e e r i n g , c o m b i n e d 
wi th the 7th Annua l Confe rence on R e ­
h a b i l i t a t i o n E n g i n e e r i n g , C o n g r e s s 
Cen t re , O t t awa , On ta r io , Canada . Spon­
sored b y the Nat iona l Resea rch Counc i l 
o f Canada , the Rehab i l i t a t ion E n g i ­
neer ing Soc ie ty of Nor th Amer ica , a n d 
the Canad ian Medica l and Biologica l En­
g ineer ing Socie ty . Contac t : Confe rence 
Serv ices , Nat iona l Resea rch Counc i l o f 
Canada , O t t awa , On ta r io , Canada K 1 A 
0 R 6 . 

J u n e 2 1 - 2 4 , A O P A R e g i o n VI and the Aca ­
demy M i d w e s t Chap te r Annua l C o m ­
b i n e d M e e t i n g , Hol iday Inn , Merr iv i l le , 
Ind iana . 

J u n e 2 8 - 3 0 , AOPA R e g i o n s VI I , VIII , X , 
and XI C o m b i n e d M e e t i n g , Nor th Shore 
C o n v e n t i o n Cen te r , Lake C o e u r d A l e n e , 
Idaho . 

September 3 0 - O c t o b e r 5 , 1 6 t h Congres s of 
the Internat ional Soc ie ty for Or thoped ic 
Surgery and Trauma to logy ( S I C O T ) , 
L o n d o n , Eng land . Contac t : Conference 
Se rv ices , L td . , 3 Bu te Street , L o n d o n , 
S W 7 3 E Y , U n i t e d K i n g d o m . 

October 1 6 - 2 1 , A O P A Genera l A s s e m b l y 
and In ternat ional Congre s s , Fon ta ine -
b leau Hote l , M i a m i B e a c h , F lor ida . 
Contac t : A O P A Nat iona l Headquar te r s , 
7 0 3 - 8 3 6 - 7 1 1 6 . 



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

Poly^TTVytejie Quadrilateral 
\ Casting Brims 

^nt Jigs 

two n 
r^Snaplock 

for each cast 

Fracture 
sizes 

Polyettiyleifee Kfiee Joints 

Locking Kru e Joints 

Polycen^ac Krjee Joints 

Plastic |ShoeVInserts 
Small, l^jediurn. Large 

Perforated Qrthorjlast Sh^etin 

Cast Boots - 3 Sizes 

P O S T S U R G I C A L 
S U P P L I E S 

Suspension corsets, A/K 

Suspensi ctacab I es,\A/K 

Adjustable Prosthetic Units 
A/K e n d B/K 

Stump Sock > - Sp 

Suspension 
left an 

Felt or Polyilre 
B/K Relief Pjads 

Sach Feet *9>- ^ z e s 

Lamb's Wool 

get them faster from . . . 

PEL S U P P L Y C O . 
4666 MANUFACTURING ROAD 

CLEVELAND, OHIO 44135 

C A L L T O L L FREE ( 8 0 0 ) 3 2 1 - 1 2 6 4 

Paul E. L e i m k u e h l e r , P res iden t 

PROSTHETIC AND ORTHOTIC PARTS AND S U P P L I E S 



THE MODULAR ADVANTAGE 

OMptfyxA System Orthoses 

T H E M O D U L A R A D V A N T A G E 
P R O V I D E S : 
* E a s y i n t e r c h a n g e a b i l i t y o f 

o r t h o t i c j o i n t s f o r p r e s c r i p t i o n 
f l e x i b i l i t y . 

* Q u i c k r e p l a c e m e n t o f w o r n o r 
d a m a g e d p a r t s 

9 C o n t o u r e d m e d i a l j o i n t s a n d 
a l u m i n u m o r s t a i n l e s s s t e e l 
u p r i g h t s . 

* E a s i e r a n d f a s t e r m a i n t e n a n c e 
o f j o i n t e d p l a s t i c o r t h o s e s , 
w i t h o u t t h e p o t e n t i a l t o d a m a g e 
t h e p l a s t i c s e c t i o n s . 

There is a difference. 
And it's worth the difference O R T H O P E D I C I N D U S T R Y INC 

U N I T E D S T A T E S O F A M E R I C 
6 1 0 I n d i a n a A v e n u e N o r t h 
M i n n e a p o l i s • M i n n e s o t a 5 5 4 J 

Pf l lNTEO IN U.S.A 



Ad Index and Hotline 
Advert isers are encouraged to submit n a m e s of contact persons for inclusion in the A d 
Index and Hot l ine . 

Ace Med ica l 1 M o t i o n Cont ro l , Inc 73 
800-421-2871 Mr. Haro ld Sears 801 -364-1958 

In Cal i fornia 213-515-5443 

Ot to B o c k 8 
800 -328-4058 

D r e w S h o e 9 
614-653-4271 

Durr-Fi l lauer Med ica l , Inc 72 
800 -251-6398 

Flor ida Brace 2 
Mr. B e n M o s s 3 0 5 - 6 4 4 - 2 6 5 0 

J O B S T 65 

Kings l ey Manufac tur ing 

O r t h o m e d i c s 71 
Mr. Dav id Ker r 800 -854-3259 

PEL Supp ly 7 
C u s t o m e r Se rv ice 800-321-1264 
In O h i o , please 

call collect 216 -267-5775 

Smal ley and Ba tes C-2 
Mr . Lou Kanya 201 -239 -9014 

Sou the rn Pros the t ic Supp ly 67 
C u s t o m e r Serv ice 800-241-1892 

10 Su t ton /Land i s 4 
Mr . Jack L y n c h 800 -325 -3542 Mr . Jeff Kings ley 800-854-3479 

Kn i t -R i t e , Inc C-3 Un i t ed Sta tes Mfg. C o . 
800 -821-3094 

62 
213-796-0477 

Cushion Depth For 
Extra Comfort 

T h e s e shoes are specialty designed and engineered 
with vertical depth added to accept various types of 
appl iances, including the Drew Cushion Depth Inlay.* 

• removable Cushion Depth 
insole 

• genuine deerskin padded 
collars 

• m a d e in a variety of 
genuine deerskin and 
leather colors 

• excellent for sensitive and 
insensitive feet 

Please send for our Free 
In -S tock Cata logue showing 
m a n y styles of Cushion D e p t h 
footwear. 

STROLL 
• L o n g w e a r i n g , s h o c k a b s o r b a n t . 

c u s h i o n c repe ou t so le . 
• G e n u i n e t a n d e e r s k i n leather. 

• L o n g inside c o u n t e r s . 
D r e w m a k e s a variety 

of C u s h i o n D e p t h 
inso les In 

several 
mater ia ls . 

V 
SALLY 
• Rol lar 

B o t t o m 
e l im ina tes hee l 
s h o c k b e c a u s e it is 
m a d e ou t of c u s h i o n c r e p e . 

• R e d u c e s s t e p s h o c k b e c a u s e it rolls f r o m 
heel str ide to toe off. • L o n g inside c o u n t e r s . 
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W h e n myoe lec t r i c c o m p o n e n t s b e c a m e 
avai lable for y o u n g b e l o w e l b o w am­
pu tees , the Ch i ld A m p u t e e Pros the t ics 
Project (CAPP) at the Unive r s i ty o f Califor­
n ia at Los Ange l e s under took a s tudy to 
de te rmine h o w chi ldren w o u l d benef i t 
from such f i t t ings. T h e goals of the s tudy 
were : 

• to es tab l i sh cr i ter ia for se lec t ion o f 
candida tes . 

• to identify m a i n t e n a n c e n e e d s u n i q u e 
to the myoelec t r ic f i t t ings for chi ldren . 

• to evaluate the funct ional potent ia l of 
myoelec t r ic hands for chi ldren . 

• to develop evalua t ion , f i t t ing and 
t ra in ing t e chn iques appropr ia te for differ­
ent age g roups . 

• to evaluate the a t t i tudes o f ch i ldren 
and the i r paren ts toward the myoelec t r ic 
pros thes i s wi th regards to its funct ional 
and cosmet i c po ten t ia l s . 

PROSTHETIC 
COMPONENTS AND 
EQUIPMENT EVALUATED 

At the t ime o f the study, two myoelectrically control led hands were readi ly avail­
able in s izes w h i c h w e r e appropr ia te to ou r 
popula t ion ; the O t to B o c k ch i ld s ize h a n d 
and the Sys t emtekn ik h a n d , n u m b e r o n e 
(small) often referred to in the l i terature as 

the " S w e d i s h H a n d . " Bo th w e r e u s e d in 
con junc t ion w i t h the Ot to Bock 6 vol t two 
stage electrode sys tem. A myoelec t r ic h a n d 
and e lect rode set-up a n d the O t t o B o c k 
myotes t e r w i t h dual dials w e r e used for 
e lectrode s ight loca t ions . 

CRITERIA FOR SELECTION 
OF SUBJECTS 

Fol lowing a r ev iew o f cri ter ia e s t ab ­
l i shed for adult myoelec t r ic h a n d cand i ­
dates , the staff e s tab l i shed the fol lowing 
list of cr i ter ia for se lec t ion o f ch i ld ren to 
par t ic ipate in the study. 

• Ch i ld and fami ly are h igh ly mot iva ted 
to par t ic ipate in the myoelec t r ic h a n d 
study. 

• Ch i ld has a funct ional o r c o s m e t i c 
n e e d that can b e m e t b y the myoelec t r ic 
hand . 

• Ch i ld is o f an appropr ia te s ize for the 
myoelec t r ic hands avai lable . 

• Ch i ld has two su i tab le e lect rode s i tes . 
• Ch i ld has an appropr ia te length re­

sidual l i m b . 
• Chi ld has a cons i s t en t wea r ing pat tern 

if current ly wear ing a p ros thes i s . 
• Ch i ld can m a k e the r equ i red v i s i t s for 

t ra in ing and evaluat ion. 
• Ch i ld and family are consc i en t i ous 

abou t ma in t a in ing current p ros thes i s . 



• Ch i ld wil l res t ra in h im/he r se l f w h e n 
act ivi t ies m a y cause damage to the m y o ­
electr ic hand . 

• Ch i ld is able to w e a r an in t imate ly 
fi t t ing socket w i thou t a pros the t ic sock . 

• Ch i ld does not ob jec t to hav ing re­
str icted range of mo t ion at the e lbow. 

T h e fol lowing opera t ional def in i t ions 
w e r e u sed to apply these cr i ter ia . 

• Approx ima te s ize : sound h a n d is the 
same s ize o r s l ighly larger t han avai lable 
myoelec t r ic hand . 

• Cons i s t en t wea r ing pat tern: wear s 
pros thes i s regularly for cer tain act ivi t ies o r 
per iods o f the day. 

• R e q u i r e d n u m b e r o f v is i t s : regular 
v is i t s to C A P P facility and/or therapy 
t ra in ing facility unti l p ros thes i s is com­
pleted and chi ld has ach ieved develop-
menta l ly appropr ia te funct ional use of the 
p ros thes i s . 

• Appropr ia te length residual l i m b : the 
res idual l i m b mus t b e long e n o u g h to ac ­
c o m m o d a t e the e lect rode si tes comfor tab ly 
w i th in the socket and short e n o u g h to k e e p 
the overal l length o f the f in i shed p ros thes i s 
n o longe r than is cosmet ica l ly accep tab le to 
the chi ld and family. 

DATA COLLECTION 
Data u sed to comple te th is report w e r e 

col lected us ing a var ie ty o f m e t h o d s . S tan­
dards medica l reports provided informa­
t ion on individual t rea tment p lans and 
ou t comes . Indiv idual records w e r e kep t b y 
bo th pros the t i s t s and therapis ts to record 
m e t h o d o f approach to t rea tment , hour s o f 
t ra in ing , type of e q u i p m e n t , and t rea tment 
m e d i a used . T h e s e prov ided greater detail 
than the medica l records . Electr ical com­
ponen t and p ros thes i s m a i n t e n a n c e rec­
ords were kept b y the pros the t i s t s . 

T w o forms w e r e crea ted to ga the r infor­
mat ion . T h e occupa t iona l therapis ts de­
v i sed the B i m a n u a l Func t iona l Skil ls Eval­
uat ion to record funct ional use o f the 
p ros thes i s and de t e rmine preference for 
the type of p ros thes i s u sed in each activity. 
T h i s w a s admin i s t e r ed for b o t h the m y o ­
electr ic p ros thes i s and the b o d y - p o w e r e d 
pros thes i s i f o n e w a s worn . T h e social 
worke r cons t ruc ted the "At t i tudes Toward 

C h a n g e in Pros the t ic F i t t i n g " ques t ion ­
naire w h i c h was u s e d dur ing an open -
e n d e d s t ructured in t e rv i ew to ga the r in­
format ion from b o t h the ch i ldren and/or 
thei r parents abou t a t t i tudes toward the 
p ros thes i s and o ther pe rsons reac t ions 
to it . 

POPULATION 
Four teen subjec t s par t ic ipa ted in this 

study. N i n e w e r e fit w i t h the O t t o B o c k 
h a n d a n d five w i t h the S y s t e m t e k n i k # 1 
h a n d . All o f the par t ic ipants were uni lat­
eral congen i ta l u p p e r l i m b ampu tees . Ele­
ven chi ldren h a d b e l o w e l b o w def ic ien­
c i e s , and three had wr is t d isar t icula t ion 
def ic ienc ies . A g e o f sub jec t s at the t i m e of 
the myoelec t r ic fit t ing r anged from three 
years and three m o n t h s to 17 years o f age . 
T w o o f the par t ic ipants w e r e male and 12 
were female ( F i g . 1 ) . 

P ros the t ic f i t t ings pr ior to the s tudy 
var ied . F ive o f the sub jec t s had worn C A P P 
terminal dev ices . T h r e e w o r e b o d y - p o w ­
ered hands a n d three in t e rchanged Dorrance h o o k and b o d y - p o w e r e d h a n d . O n e 
subjec t had w o r n an O C C C swi tch-oper ­
ated electr ic h a n d , bu t w a s current ly no t 
wea r ing a l imb , ano the r chi ld wore an o p ­
pos i t ion post , and one ch i ld h a d neve r 
b e e n fit w i th a p ros thes i s p r io r to the m y o ­
electr ic fi t t ing. M a n y of the ch i ld ren had 
h a d exper ience wi th o the r types o f te rmi­
nal devices dur ing the i r earl ier pros the t ic 
p rograms . T w e l v e o f the sub jec t s h a d b e e n 
fit w i th a p ros thes i s before two years 
o f age . 

P r o s t h e t i c w e a r i n g p a t t e r n s v a r i e d 
a m o n g the sub jec t s . O f those wea r ing 
p ros theses , n ine were ful l- t ime weare rs 
and two w o r e thei r l i m b s par t - t ime , pri­
mar i ly for school and social occas ions . T h e 
chi ld fit w i th an o p p o s i t i o n post wore it for 
specif ic act ivi t ies only. 

Initially, cr i ter ia e s t ab l i shed for se lec t ing 
subjec t s were r ig idly adhered to. As t ime 
pas sed s o m e excep t ions were m a d e , nota­
b ly two famil ies w i th h i g h mot iva t ion , b u t 
a poor h i s to ry o f a t t endance and fol low-up 
were accep ted . T h e s e excep t ions subs tan­
t ia ted the val id i ty o f the cr i ter ia as b o t h 
these ch i ldren failed to comple te the s tudy. 



Figure 1 

Subject D a t a — T w o - S t a g e Myoelectr ic H a n d for Chi ldren and Young Adults 



METHOD 
Sub jec t s w h o m the staff felt m igh t mee t 

the cr i ter ia for par t ic ipa t ion in the s tudy 
were asked i f they wou ld like to part ic i­
pate . T h o s e w h o accep ted were scheduled 
for an evalua t ion . At the first v is i t the fam­
ily w a s g iven an or ien ta t ion to the study. 
Es t ima ted n u m b e r o f v i s i t s to the cen te r 
were g iven , t rea tment t e c h n i q u e s de­
s c r i b e d a n d da ta g a t h e r i n g m e t h o d s 
exp la ined . T h e pros the t i s t and occupa­
t ional therapis t demons t ra t ed the opera­
t ion o f a myoelec t r ic pros thes i s and de­
scr ibed its funct ional potent ia l . 

If the ch i ld and h i s parents m e t all cr i ter ia 
and were in te res ted in par t ic ipa t ing , test­
ing to locate su i tab le e lec t rode s i tes was 
begun . Fo r ch i ldren ove r s ix , it was usual ly 
poss ib le to f ind s i tes at the first v is i t . 
Y o u n g e r ch i ld ren s o m e t i m e s r e q u i r e d 
more than o n e sess ion to grasp the concept 
o f cont rac t ing a musc le to p roduce an ac ­
t ion in the myoe lec t r i c h a n d . 

T h e pros thet i s t scheduled t ime to take a 
nega t ive impres s ion for the ini t ial socket as 
soon as the si tes w e r e wel l -es tab l i shed . 
W h e n cr i ter ia e s t ab l i shed for the def ini t ive 
socket w e r e me t , final fabr icat ion and fit­
t ing w e r e comple t ed . Contro ls t ra in ing 
was c o n t i n u e d unt i l the chi ld could opera te 
the h a n d smooth ly and consis tent ly . Th is 
was fol lowed b y use t ra in ing. 

Fo l lowing a t t a inment o f pros the t ic skills 
at a deve lopmenta l ly appropr ia te level , the 
chi ld w a s asked to comple te the Bilateral 
Functional Skills Evaluation. A t the same 
vis i t o r a later o n e , the social worke r inter­
v i e w e d the parent (s ) and/or chi ld and 
comple ted the a t t i tude ques t ionna i r e . 

PROSTHETIC FITTING 
TECHNIQUE 
Locating and Developing 
Electrode Sites 

Cri ter ia for the se lec t ion of e lect rode 
si tes w e r e e s t ab l i shed as fol lows: 

• Se lec ted musc les can b e cont rac ted 
voluntar i ly and consis tent ly . 

• Se lec ted musc les are not used to ac­
t ively m o v e the e lbow. 

• Elec t rode s i tes fall w i th in the socket 
area a n d wil l no t interfere w i th fit o r com­
fort of the socket . 

E q u i p m e n t u sed to locate and deve lop 
e lect rode sites inc luded a myoelec t r ic h a n d 
set-up wi th ba t te ry and e lec t rodes and the 
Ot to B o c k dual dial myotes te r . A n elas t ic 
Velcro® strap to hold e lect rodes in place 
and wa te r to d a m p e n the skin and improve 
contact w e r e s o m e t i m e s u sed (Fig. 2 ) . T h e 
myoelec t r ic h a n d se t -up p roved to b e the 
mos t effective feedback sys tem for re in­
forcing appropr ia te musc l e con t rac t ions in 
young chi ldren . T h e Ot to B o c k myotes t e r 
was used for control t ra in ing wi th s o m e 
older sub jec t s and for all sub jec t s to eval­
uate the e lect rode s i tes m o r e prec i se ly b e ­
fore the actual cast o f the l i m b was taken. 

The pros thet i s t and therapis t worked to­
ge ther to locate e lec t rode s i tes . Dur ing the 
ini t ia l si te locat ion sess ion , the e lec t rode 
ga ins were set at f ive o r s ix . T h i s a l lowed 
the myoelec t r ic h a n d to r e spond qu ick ly to 
a m i n i m a l cont rac t ion w h i c h improved 
f e e d b a c k . M u s c l e c o n t r a c t i o n s in the 
ch i ld ' s res idual l i m b w e r e e l ic i ted b y first 
ask ing the chi ld to wigg le any residual 
n u b b i n s or d imples w h i l e the t ra iner pal­
pated to locate the be l ly of the musc le b e i n g 
used . T h i s usual ly t r iggered a f lexor musc le 
on the media l s ide o f the res idual l i m b . T h e 
appropr ia te e lect rode was then p laced on 
the be l ly o f the s t ronges t musc le w i th the 
e lect rodes in l ine wi th the musc le f ibers . 
S ince it was usual ly a flexor, the c los ing 
e lect rode w a s used . T h e t ra iner o p e n e d the 
hand b y touch ing the open e lect rode and 
encourag ing the chi ld to " w i g g l e h is nub ­
b i n " and contract the musc l e w h i c h c losed 
the h a n d (Fig. 3 ) . In th is m a n n e r the chi ld 
mas te red o n e control at a t ime and w a s less 
confused . O n c e a cons i s t en t s ignal could 
b e genera ted , as demons t ra ted b y repea ted 
control led opera t ion o f h a n d c los ing, a sec ­
ond control s i te w a s located . To el ici t an 
ex tensor musc le cont rac t ion in the res idual 
l i m b , it was usual ly m o s t effective to ask 
the chi ld to forcibly ex t end the wr is t and 
f ingers o f the sound h a n d . T h i s p roduced a 
sympathe t i c r e sponse in the ex tensor m u s ­
cles o f the res idual l i m b and usual ly s t im­
ulated a weak contracture w h i c h could b e 
palpated o n the lateral surface o f the l i m b 



Fig. 2. A myoelectric hand and electrodes were used to locate electrode sites. 

Fig. 3. The trainer encourages the child to "wiggle the 
nubbin" on her residual limb to stimulate a contrac­
tion. 

(Fig. 4 ) . T h e o p e n i n g electrode w a s then 
p laced over this musc le and the procedure 
for opera t ing the h a n d reversed . T h e chi ld 
was asked to open the hand b y ex tend ing 
the sound wris t and t igh ten ing the musc le 
in the res idual l i m b . T h e t ra iner c losed the 
h a n d b y touch ing the o ther e lect rode. F i ­
nally both e lec t rodes were held o n the re­
s idual l imb and the ch i ld was asked to open 
and c lose the h a n d (Fig. 5 ) . 

Usual ly it w a s poss ib le to genera te at 
least m i n i m a l s ignals from two appropr ia te 
musc les at the first vis i t . W h e n two s i tes 
were es tab l i shed the myotes t e r w a s u sed to 
evaluate the ch i ld ' s abi l i ty to genera te and 
separate the myos igna l s . If o n e musc le w a s 
obv ious ly s t ronger than the o the r or they 
had difficulty separa t ing s ignals , the ga ins 
on the e lect rodes were adjusted to improve 
the s i tua t ion. W h e n successful o p e n i n g 
and c los ing o f the h a n d was accompl i shed , 
the e lect rode sites were re-evaluated b y the 
pros thet i s t to assure they could b e incorpo­
rated into the socket . If e i ther o f the s i tes 
was not su i tab le , the t ra iner m o v e d one 
e lect rode at a t ime toward a more sui table 
si te keep ing the contac ts in l ine wi th the 
musc le f ibers and re- tes t ing unt i l o p t i m u m 
si tes for funct ion and comfort w i t h i n the 

socket area w e r e located. If musc le con­
tract ions were w e a k or erra t ic , further 
t ra in ing w a s carr ied out before final s i tes 
were se lected. 



Fig. 4. Asking the child to extend the wrist of her 
sound arm often produces sympathetic extensor con­
traction in the residual limb. 

Fig. 5. After locating the flexor and extensor sites, 
both electrodes were used at the same time. 

Fig. 6 . Encouraging the child to manipulate toys with 
the powered hand provides motivation and reduces 
anxiety. 

Addi t iona l t ra in ing for those chi ldren 
who could no t genera te adequa te s ignals at 
the first vis i t cons i s t ed o f us ing the tech­
n iques desc r ibed above to s t rengthen the 
muscles and improve voluntary control 
and separat ion of s igna ls . T h i s w a s done 
b y ho ld ing the e lec t rodes in place wi th an 
elas t ic Velcro® strap and hav ing the ch i ld 
pract ice o p e n i n g and/or c los ing the h a n d . 
T h e addi t ion of toys requ i r ing t w o - h a n d e d 
manipu la t ion at th is t ime as wel l as dur ing 
the ini t ia l evaluat ion p rov ided mot iva t ion 
and reduced anxie ty (F ig . 6 ) . 

NEGATIVE IMPRESSION 
PROCEDURE 

O n c e adequa te musc le s i tes w e r e lo ­
ca ted , a 2-s tage nega t ive impres s ion w a s 
taken of the pa t ien t ' s res idual l i m b . T h e 
first s tage cons i s t ed o f a plaster spl in t en­
circ l ing the p rox imal b r i m and cubi ta l fold 
areas . A str ing w a s t i ed securely a round 
the apices o f the ep icondy les (Fig. 7 ) , o le ­
cranon, and through the cubi ta l fold, a n d 
the l i m b w a s pass ive ly m o v e d into full 
e l b o w flexion b y the pros the t i s t and held 
unti l thoroughly dr ied (Fig. 8 ) . Th i s s l ight 



Fig. 7. The string casting was used for the negative 
impression. 

Fig. 8. The elbow is held in full flexion until the 
plaster is set. 

Fig. 9. The elbow is extended and the remaining tis­
sue of the residual limb is cast. 

var ia t ion o f the G e r m a n cas t ing t echn ique 
taught b y Ot to B o c k is essen t ia l for inde­
penden t s u s p e n s i o n o f the p ros thes i s due 
to the lack of deve loped humera l condyles 
in the chi ldren fi t ted. T h e s econd s tage o f 
the impress ion was comple ted wi th the 
arm ex tended incorpora t ing the r e m a i n i n g 
port ion of the residual l imb in plaster ban­
dage (Fig. 9 ) . T h i s two-s tage t e c h n i q u e al­
lows for full d i sp lacement of the cubi ta l 
fold t i ssue w i t h m a x i m i z e d e l b o w range o f 
mot ion wi thou t reducing the total suspen­
s ion of the pros thes i s . The dr ied cast w a s 
r emoved and a hole placed distally so the 
cas t could be u s e d as a check socket . B y 
pull ing the residual l imb back into the cast , 
range of mo t ion as wel l as suspens ion can 
b e ini t ia l ly evaluated b y the pros thet i s t . 

Modification of the Positive Model 
Var ia t ions in modif ica t ion t echn iques 

pr imar i ly focused on the proximal b r i m 
area in order to ach ieve adequa te indepen­
dent suspens ion o f the p ros thes i s . Because 
of the lack o f well deve loped condy les and 
the a m o u n t of soft t i ssue coverage in chi l ­
dren, suspens ion o f the socket w a s bes t 
ach ieved b y cupp ing the socket in t ightly 
over the supre-olecranon area against the 



triceps tendon wi th the counter pressure 
rected from the cubi ta l fold area w h i c h cor­
responds to the string p lacement from the 
cast (Fig. 10 ) . 

W i t h the appropr ia te a m o u n t o f t ens ion 
created, the suspens ion o f the socket is 
adequa te as wel l as comfor table for the pa­
t ient . R e m a i n i n g cast modi f ica t ions were 
comple ted in the usual m a n n e r for m y o ­
electric f i t t ing—for example , distal bui ld­
up for pull tube c learance and a s l ight flat­
ten ing of the mode l over the e s t ab l i shed 
e lect rode p l acemen t s i tes . 

The Definitive Socket 
Flexible po lyes te r res in was the pr imary 

cho ice of mater ia ls for socket fabr ica t ion. 
Th i s p roved to be adequa te except for three 
cases in w h i c h allergic type skin reac t ions 
from the socket were obse rved . In these 
cases a h igh ly inert thermoplas t ic was sub­
st i tuted ( i . e . , po lypropylene or Surlyn®) 
and skin react ion d i m i n i s h e d w i th in 24 
hours . 

O n c e the plast ic socket was fabr ica ted a 
fi t t ing took place wh ich a l lowed the pros­
thet is t to evaluate: 

• Socke t fit. 
• I ndependen t su spens ion of socket . 
• Elec t rode p lacement contact agains t 

skin. 
• T h e chi ld ' s abi l i ty to opera te the m y o ­

electr ic controls . 
U p o n sat isfactory accompl i shmen t of 

these ob jec t ives the fabr ica t ion o f the 

p ros thes i s w a s comple ted us ing the stan­
dard t e c h n i q u e as r e c o m m e n d e d b y Ot to 
B o c k . T h e only excep t ion to this p rocedure 
is wi th the use of S w e d i s h s ize # 1 myo­
electr ic sys tem. W i t h th is sys tem the inter­
changeab le ba t te ry w a s u sed in con junc ­
t ion wi th the Ot to Bock clip receptacle 
( 1 3 E 5 2 = 2 ) and the ba t te ry connec t i on cable 
was replaced b y # 3 3 A W G - 2 conduc to r re­
tractile m i c r o p h o n e cable (Fig. 11 ) . T h e clip 
receptacle w a s a t tached to an elast ic strap 
or po lye thylene cuff and secured around 
the upper arm wi th the bat tery located 
poster iorly. T h e cable passed into the 
pos ter ior proximal forearm and the te rmi­
nal e n d connec t ed to the S w e d i s h h a n d 
connec to r . O n c e the cable w a s fed into the 
forearm of the pros thes i s it w a s secured 
pe rmanen t ly in order to p reven t any un­
wan ted remova l . T h i s u se of a smal l retrac­
tile cable in con junc t ion wi th the cl ip re­
ceptacle p rov ided us w i th a rel iable electr ic 
connec t ion to the external ly p laced ba t te ry 
w h i c h r e m a i n e d intact th roughout the 
young chi ld ' s dai ly phys ica l d e m a n d s on 
the pros thes is (Fig. 12 ) . 

TRAINING METHODS 
Control Training 

Contro ls t ra in ing refers to that part of the 
t ra in ing process w h e n the chi ld is learn ing 
to operate the p ros thes i s , bu t does not ye t 
have e n o u g h skill to incorporate it in to 
functional ac t iv i t ies . In the early s tages of 

Fig. 10. Prosthetic suspension is enhanced by under­
cutting in the cubital fold and supra-olecranous 
areas. 

Fig. 11. When the Swedish hand was used, the Bock 
clip receptacle was used to hold the battery, and a 
retractile microphone cable replaced the battery con­
nection cable. The battery is secured over the triceps. 



Fig. 12. The battery location for the Swedish hand 
provides a reliable connection for children. 

Fig. 13. Control training is undertaken before the 
prosthesis is completed. 

our s tudy mos t chi ldren were seen a 
n u m b e r of t imes for controls t ra in ing after 
e lec t rode s i tes w e r e ident i f ied and before 
the pros thes i s was comple ted . T h e socket 
w i th the e lect rodes in place a n d h a n d at­
tached w a s used for t ra in ing before the 
p ros thes i s w a s a s s e m b l e d (Fig. 1 3 ) . As the 
staff b e c a m e famil iar wi th the p rocedure , it 
b e c a m e ev iden t that once e lec t rode si tes 
w h i c h m e t our cr i ter ia w e r e e s t ab l i shed , 
further t ra in ing d id not lead to develop­
ing be t te r s i tes . Therefore , fabr icat ion of 
the pros thes i s could b e g i n immedia te ly . 
Fur ther controls t ra in ing was carr ied out in 
a m a n n e r that fit the needs of the family. 
Chi ld ren w h o traveled great d is tances and 
had a l imi ted t ime for t ra in ing w e r e usual ly 
seen dai ly and controls t ra in ing w a s b e g u n 
before the f in ished pros thes is w a s avail­
ab le . U s i n g the e lec t rode-hand set up and 
Velcro® strap to hold the e lectrodes in place 
or the socket and electrodes i f they were 
avai lable , the ch i ld was encouraged to 
place objec ts in the h a n d w h i l e opera t ing 

the controls a n d to comple te s imp le tasks 
such as th read ing b e a d s or a s semb l ing 
nes t ed toys . It w a s impor tan t to select ac­
t ivi t ies that did no t requi re act ive pos i ­
t ion ing of the h a n d as it h a d to b e u sed 
wh i l e ly ing on the table in the sup ina ted 
pos i t ion . W h e n chi ldren l ived in the v ic in ­
ity of CAPP, week ly v is i t s were in i t ia l ly 
scheduled for controls t ra in ing us ing this 
m e t h o d dur ing the per iod of fabr ica t ion . 
Howeve r , as the s tudy progressed it b e ­
came ev iden t that controls t ra in ing could 
b e comple ted in the p ros thes i s and the 
variety of act ivi t ies avai lable to the ch i ld 
were far greater and more mot iva t ing than 
those that could b e used w h e n w o r k i n g 
wi th the incomple te set -up. A l though 
chi ldren w h o h a d controls t ra in ing dai ly 
learned to opera te the hand more prec ise ly 
in the b e g i n n i n g , the i r f inal funct ional use 
pat terns did not appear to vary from those 
o f chi ldren w h o rece ived controls t ra in ing 
in the comple ted pros thes i s on a l ess fre­
q u e n t ba s i s . 



Use Training 
Fol lowing fitt ing o f the p ros thes i s , use 

t ra ining w a s carr ied out in much the same 
m a n n e r as for a ch i ld rece iv ing a b o d y -
p o w e r e d pros thes i s w i th an unfami l ia r 
te rmina l dev ice . Ins t ruc t ions in d o n n i n g 
and r emoving the pros thes i s and care and 
m a i n t e n a n c e w e r e p rov ided for the paren ts 
and chi ldren b y the therapis t and pros­
thet is t at the t ime of del ivery of the l i m b . 
Pul l ing in to the socket w i th a pull sock w a s 
ve ry impor tan t , especia l ly for the chi ld 
w i th a short b e l o w e l b o w def ic iency, as it 
was the only way to assure that the e lec­
trodes and electrode s i tes l ined up appro­
priately and p rov ided cons i s t en t feedback . 

Ch i ld ren w h o h a d h a d prev ious ex­
pe r i ence w i t h b o d y - p o w e r e d p ros theses 
needed encou ragemen t to try tasks re­
qu i r ing firm grip and ac t ive use o f the h a n d 
above shou lder level to b reak up old pat­
terns e s t ab l i shed to mee t the l imi ta t ions of 
the b o d y - p o w e r e d l i m b (Fig. 14 and 15) . 
Work ing away from the b o d y and wi thou t 
the suppor t o f a table w a s impor tan t for the 
young chi ld or those wi th a very short re­
s idual l i m b to deve lop to lerance to the 
added w e i g h t o f the myoelec t r ic pros the­
s i s . I f the chi ld w a s no t a ccus tomed to a 
hand type te rmina l dev ice , ex p e r imen t in g 

wi th placing objec ts of different shapes 
and s izes in the h a n d was e m p h a s i z e d . In 
genera l , t ra inig tasks w e r e selected that 
were appropr ia te to the deve lopmenta l 
level and the in teres t o f the specif ic ch i ld . 
E m p h a s i s was p laced on act ivi t ies w h i c h 

Fig. 15. Using the prosthesis above the shoulder level 
is a new experience for children accustomed to body 
powered prostheses. 

Fig. 14. Children who were accustomed to connectional body powered prostheses needed train­
ing to use the prosthesis away from the body and to support the added weight of the powered 
prosthesis. 



r equ i red a w i d e var ie ty o f grasp pat terns 
and w o r k i n g at var ied he igh t s and in dif­
ferent pos i t i ons . 

Al though no chi ldren were sent to local 
faci l i t ies for cont ro ls t ra in ing b e c a u s e o f 
the r equ i r emen t s o f the study, those chi l ­
dren w h o had occupa t iona l therapy avail­
able in the i r h o m e c o m m u n i t i e s w e r e en­
couraged to rece ive use and skil ls t ra in ing 
in these faci l i t ies . It was found that thera­
pis ts famil iar w i t h work ing wi th l i m b defi­
c ient ch i ld ren readi ly adapted the i r pro­
grams to working wi th the child wi th a myo­
electr ic h a n d . "The c o m m u n i t y therapis t s 
were inv i t ed to a t tend a sess ion at C A P P at 
w h i c h t i m e they rece ived an o r ien ta t ion to 
the myoelec t r ic h a n d , ins t ruc t ions in care 
and m a i n t e n a n c e o f the myoe lec t r i c pros­
thes i s and were famil iar ized w i t h the 
funct ional potent ia l o f the hand . 

RESULTS 
Prosthetic Maintenance Needs 
Unique to Myoelectric Prostheses 

Data gathered on care required to main­
tain a well fit t ing and funct ioning prosthe­
sis focused on three aspects o f t reatment. 
T h e y were average life expectancy of the 
socket , componen t failures, and main te ­
nance o f the electrical parts o f the pros­
thes is . 

T h e average life o f the socket was o f par­
ticular interest because o f the more intricate 
type o f fitting requi red for the myoelectr ic 
pros thes is . Previous reports from England 
o f myoelec t r ic f i t t ings for ch i ld ren sug­
ges ted refi t t ing at six m o n t h in tervals in 
order to main ta in proper fit o f the pros­
thes is . 

All o f our subjects w e r e fit us ing the vari­
at ions o f s tandard t echn iques as previously 
descr ibed. Eight o f the pat ients have re­
qu i red at least one addit ional fit t ing s ince 
the beg inn ing o f the study. W e have in­
cluded these addit ional fittings in our report 
to give a more rel iable figure. Based on a 
total o f 22 fitt ings, the average socket life 
was found to b e 15 .4 mon ths , the median 
was 14 months . Recogniz ing that potent ial 
and actual l imb growth varies significantly 
a m o n g individuals it is interest ing to note 

that the longest socket life was 30 m o n t h s o n 
a subject wi th a very short b e l o w e lbow 
l imb deficiency and the shortest was 8 
mon ths fit on a female wi th a wris t disar­
ticulation l i m b deficiency. 

The re were few main tenance p rob lems 
due to componen t failure dur ing the study, 
and only two related to abuse or mi suse of 
the pros thes is . In o n e case a child exposed 
her pros thes is to salt water whi le at the 
beach and the hand was destroyed. A sec­
ond incident of abuse occurred w h e n a chi ld 
broke out the wris t uni t and bat tery case of 
her pros thes is b y us ing her pros thes is to 
serve a volley ball . The re were two cases o f 
componen t failure not related to abuse . O n e 
electrode and one cable proved faulty. 

It should b e noted that the cri ter ia for 
select ion o f candidates related to previous 
main tenance his tory on pros theses , and 
wi l l ingness to restrict use o f the l imb in 
activit ies wh ich m a y b e injur ious to it, au­
tomat ica l ly b iases the sample away from the 
heavy duty pros thes is user . O n l y o n e young 
man part icipated in the s tudy and o f the 
e ight rejected four w e r e males . Interest in 
cosmet ic aspects of the myoelectr ic fitting 
were also h ighe r for females and also influ­
enced the sample . 

T h e connec t ion o f the clip receptacle wire 
in the fi t t ings requir ing an external bat tery 
was the major repair problem. W e used a 
var ie ty of types of w i r e to connect the clip 
receptacle to the electric hand , all o f wh ich 
failed at s o m e point dur ing the fitting. O n c e 
the retractable cable was used, a cons i s ­
tently rel iable electric connec t ion could b e 
main ta ined . Subsequen t ly all o f the clip re­
ceptacle wires have been replaced b y the 
retractable cable and w e have had no fail­
ures to date. 

A second p rob lem developed related to 
battery use and charging requ i rements . O u r 
init ial instruct ions to the pat ients and 
families were to charge bat ter ies after each 
use . After a per iod o f t ime pat ients began to 
exper ience a shorter use per iod from each 
battery. O u r concern led us to b e c o m e be t te r 
in formed o n the p roper use of nickle-cadmium bat te r ies r equ i r ing us to al ter our 
ins t ruc t ions for p roper u s e . Pa t i en t s o r 
parents were then instructed to fully drain 
ba t te r ies before cha rg ing due to the inhe r -



en t " m e m o r y " proper t ies of the recharge­
able bat tery. T h e s e n e w ins t ruc t ions as 
wel l as r e c o m m e n d i n g annua l r ep lacement 
o f the ba t te r ies have great ly i m p r o v e d the 
re l iabi l i ty of this par t icular c o m p o n e n t . 

Functional Skill Levels 
Data o n funct ional use o f the myoelec t r ic 

p ros thes i s w e r e ga thered b y obse rva t ion of 
the ch i ldren whi le they comple ted the Bi­
manual Functional Skills Evaluation. N i n e ­
teen tasks w h i c h r equ i red b i m a n u a l ma­
nipula t ion o f ob jec ts w e r e inc luded in the 
evaluat ion. Typica l i t ems w e r e shoe ty ing , 
h a m m e r i n g nai l s , a n d j u m p i n g rope . S o m e 
of the i t ems , such as cut t ing m e a t , were 
above age level for the y o u n g e r chi ldren . 
All subjec ts w e r e ab le to accompl i sh all 
age-appropr ia te tasks p re sen ted w i t h the 
the i r myoelec t r ic and the i r b o d y - p o w e r e d 
p ros thes i s w h e n one w a s avai lable . 

U p o n comple t ion of the eva lua t ion they 
were asked h o w t h e y preferred to ac­
compl i sh each o f the 19 tasks . T h e over­
w h e l m i n g preference was for u se o f the 
myoelec t r ic p ros thes i s . O u t o f a total o f 209 
r e sponses to 19 different tasks , preference 
for the myoelec t r ic pros thes i s w a s indi ­
ca ted 112 t imes . T h e b o d y - p o w e r e d pros­
thes is and the myoelec t r ic o n e were rated 
equal ly funct ional for comple t ing tasks 66 
t imes , and the b o d y - p o w e r e d pros thes i s 
was ind ica ted as preferable only five t imes . 
T h e sub jec t s ind ica ted a preference for ac ­
c o m p l i s h i n g a task wi thou t us ing a pros­
thes is only six t imes out of the poss ib l e 209 
responses . 

Graceful arm m o v e m e n t and ease o f op ­
era t ion of the myoelec t r ic p ros thes i s as 
wel l as the added advantage o f the s t ronger 
grip p rov ided b y the h a n d was obse rved in 
chi ldren us ing the myoelec t r ic hand . The 
skillful use o f " b o d y e n g l i s h " and al ternate 
grasp pat terns such as ho ld ing ob jec t s 
agains t the ches t rather than in the te rminal 
device m a d e it pos s ib l e for the ch i ldren to 
comple te the tasks requ i r ing p o w e r grip 
wi th the b o d y - p o w e r e d l imb . Al though 
funct ional levels were not r emarkab ly dif­
ferent , the es the t ic and energy saving fea­
tures of the myoelec t r ic l imb w e r e defi­
n i te ly obse rvab le . 

Attitudes Toward Myoelectric 
Prostheses 

Twelve chi ldren and /or their paren ts 
were in t e rv i ewed b y the social w o r k e r w h o 
comple ted the "At t i tudes Toward C h a n g e 
In Pros the t ic F i t t i n g " ques t ionna i r e . T h e 
in t e rv i ew took place after the chi ld h a d b e ­
c o m e reasonab ly prof ic ient in opera t ing 
the myoelec t r ic l imb . T h e major reasons 
g iven for wan t ing to try the myoelec t r ic 
h a n d w e r e cosmes i s (40 percen t ) and free­
dom from the res t r ic t ions of a ha rness (40 
percen t ) . Cur ios i ty in n e w advances o r 
bet ter funct ion accounted for the r ema in ­
ing 20 percen t . S ix ty pe rcen t of the respon­
dents felt the myoelec t r ic p ros thes i s me t 
the i r or ig inal expec ta t ions . Reasons mos t 
often g iven for the pros thes i s no t mee t ing 
expec ta t ions inc luded d i s appo in tmen t in 
cosmes i s and funct ion. 

T h e major advantages o f the myoelec t r ic 
h a n d w e r e ident i f ied as s t ronger g r ipp ing 
power , w h i c h improved funct ion; be t t e r 
cosmes i s ; and improved comfort and con ­
v e n i e n c e because o f the e l imina t ion of the 
ha rness . Major d i sadvantages ident i f ied 
were lack o f durabi l i ty o f the g love , fear of 
in jur ing the m e c h a n i s m of the h a n d , 
p r o b l e m s wi th ba t t e r i e s and , for the 
younge r chi ldren, the added we igh t of the 
hand . Bo th parents and chi ldren were 
asked to identify the major p rob lems wi th 
the myoelec t r ic p ros thes i s . Hea t and sk in 
reac t ions to wea r ing the p ros thes i s w i th ­
out a sock was c i ted mos t often, added 
we igh t and mechan ica l b r e a k d o w n s w e r e 
each ci ted three t imes . Four ch i ldren could 
not th ink o f a major p rob lem al though the i r 
parents l is ted s o m e of the above . 

Wear ing pat terns were r e v i e w e d fol­
lowing the expe r i ence w i t h the myoelec t r ic 
f i t t ing. Eleven chi ldren con t inued to wea r 
thei r myoelec t r ic l imbs exc lus ive ly or in 
c o m b i n a t i o n wi th the i r b o d y - p o w e r e d 
l imbs . O n e chi ld has rever ted to full- t ime 
wear ing of her body -powered pros thes i s 
due to f inancial ha rdsh ip ( they m o v e d out 
of the Var ie ty C lub area) . 

O f those wear ing myoelec t r ic l i m b s , 
e ight w e a r them exclus ively and three in 
c o m b i n a t i o n wi th the i r body -powered 
l i m b . T h r e e chi ldren h a v e inc reased their 



wear ing t ime , two sl ightly reduced it and 
five have m a i n t a i n e d the same wea r ing 
pat tern. All ch i ldren c o m b i n i n g wea r o f 
bo th p ros theses have ma in t a ined the same 
wear ing pat tern as before myoelec t r ic fit­
t ing. T h e chi ld w h o h a d not b e e n fit before 
the s tudy ma in t a in s a par t - t ime wear ing 
pattern. 

T h e chi ldren a n d the i r parents were each 
asked wh ich l i m b they would choose i f 
they had to make a cho i ce . T h e response 
was in favor of the myoelec t r ic fi t t ing (66 
percen t ) . R e a s o n s g iven b y the chi ldren 
and thei r parents for choos ing to wea r the 
myoelect r ic l i m b were " I love i t , " " i t feels 
m o r e na tura l , " " m y arms are f reer , " " i t ' s 
eas ie r to ope ra t e , " and " m o r e c o s m e t i c . " 
R e a s o n s for choos ing the b o d y - p o w e r e d 
pros thes i s were durabi l i ty and cost factors. 

W h e n asked h o w fr iends reacted to the 
myoelec t r ic h a n d the response w a s un iver ­
sally pos i t ive from bo th parents and chi l ­
dren. Ini t ial cur iosi ty wi th the h a n d w a s 
c i ted often, bu t no nega t ive r e sponses w e r e 
e l ic i ted . 

SUMMARY AND 
RECOMMENDATIONS 

R e v i e w of the cr i ter ia e s t ab l i shed for the 
se lec t ion of sub jec t s for the s tudy subs tan­
t iated thei r validity. In all, 22 chi ldren were 
cons ide red for the study. E igh t were re­
j ec t ed ; three because the i r res idual l imbs 
were too short to al low comfor table p lace­
men t of the e lectrodes wi th in the conf ines 
o f a self su spend ing socket , two b e c a u s e 
they were not deve lopmenta l ly ready to 
focus on learn ing to opera te the m y o e l e c ­
tric hand , and two b e c a u s e r equ i red 
m a i n t e n a n c e on the i r current p ros theses 
due to hard wea r ind ica ted that the m y o ­
electric h a n d wou ld no t hold up unde r 
thei r use pattern. O n e was re jec ted for a 
his tory of p o o r fol low-up and m a i n t e n a n c e 
of the b o d y - p o w e r e d pros thes i s . T w o 
others w i t h poor fol low-up h is tor ies were 
fit and failed to comple te the s tudy and are 
current ly no t wear ing any pros thes i s . O f 
the twelve w h o comple ted the s tudy, all 
me t each o f the cr i ter ia . S i n c e the s tudy w a s 
comple ted , an addi t ional ten subjec ts have 

been se lec ted and fi t ted us ing the or ig ina l 
cri ter ia . All are current ly wea r ing thei r 
p ros theses cons is ten t ly . 

T h e results of our analysis o f ma in te ­
nance needs on myoelec t r ic p ros theses 
have a l lowed us to predic t socket life ex­
pec tancy more accurately, r educed our 
m a i n t e n a n c e p rocedures , and improved 
our ins t ruc t ions for paren ts and therapis ts . 
The myoelec t r ic f i t t ings h a v e r equ i red the 
s a m e or f ewer v is i t s to the pros the t i s t for 
genera l m a i n t e n a n c e as c o m p a r e d to tradi­
t iona l b o d y - p o w e r e d f i t t ings . H a r n e s s 
ad jus tments and cab le b reakage are no 
longer necessa ry and the life o f c o s m e t i c 
gloves is s imi la r to that of those worn on 
b o d y - p o w e r e d hands in spi te o f greater 
use o f the device for p rehens i l e skil ls . 

T h e funct ional potent ia l of the myoe lec ­
tric h a n d as measu red b y the Bilateral 
Functional Skills Evaluation p roved equa l o r 
super ior to the b o d y - p o w e r e d pros thes i s 
worn b y those chi ldren w h o w e r e previ ­
ously fit. In n o case d id a chi ld b e c o m e 
dependen t in an act ivi ty prev ious ly per­
formed independent ly . Tasks w h i c h were 
more eas i ly comple ted wi th the myoe lec ­
tric hand w e r e those w h i c h requ i red p o w e r 
grip and work ing in pos i t ions above 
shoulder level , or wi th the h u m e r u s e x ­
tended . F i t t ing o f a b o d y - p o w e r e d pros­
thes is as wel l as a myoelec t r ic p ros thes i s 
was necessa ry for those chi ldren w h o were 
full-time wearers a n d par t ic ipa ted in ac­
t ivi t ies that m igh t b e injur ious to the 
m e c h a n i s m or glove of the myoelec t r ic 
hand . 

T h e evalua t ion , f i t t ing, and t ra in ing 
t e chn iques deve loped and ref ined dur ing 
this s tudy have b e c o m e s tandard proce­
dures for fit t ing of myoelec t r ic l i m b s at 
CAPP. Var ia t ions in the nega t ive impres ­
s ion procedure deve loped for congeni ta l 
amputees have made it poss ib le to fit 
shor ter residual l i m b s than were previ­
ously expec ted . T e c h n i q u e s for use t rain­
ing deve loped for this s tudy are eas i ly 
taught to therapis ts and allow m o s t chi l­
dren to rece ive the major i ty of the i r train­
ing in thei r o w n c o m m u n i t y . 

T h e s tudy of at t i tudes toward the m y o ­
electric h a n d revealed that it is wel l ac ­
cep ted by the chi ldren and the i r fami l ies as 



subs tan t ia ted b y the wea r ing and use pat­
terns of the sub jec t s as well as their per­
sonal preferences for the myoelec t r ic h a n d . 
Repea t ed s ta tements that the myoelec t r ic 
p ros thes i s feels more natural and al lows 
more f reedom o f m o v e m e n t ind ica te that , 
to the chi ldren , the fi t t ing appears c loser to 
a natural l i m b than previous f i t t ings. 

Th i s s tudy has successfully e s t ab l i shed 
the feas ib i l i ty and funct ional benef i t s of 
fit t ing chi ldren wi th myoelec t r ic hands . 
The f indings also dispel l any conce rn that 
chi ldren wi th congen i ta l l i m b def ic ienc ies 
migh t be u n a b l e to mas ter coord ina ted use 
of myoelec t r ic control sys tems . T h e data 
mos t surpr i s ing to the staff w a s the 15.4 
m o n t h average socket l ife, w h i c h far ex­
ceeded p rev ious repor ts . T h e re l iabi l i ty 
and durabi l i ty of the c o m p o n e n t s , e spe­
cially the hands , w e r e also a b o v e expec ta ­
t ion, cons ide r ing the u n i q u e d e m a n d s 
p laced on them b y ch i ldren . A l though con­
s iderable amoun t s of sand were pou red out 
o f a n u m b e r o f S w e d i s h h an d s n o n e failed 
to funct ion wel l dur ing the study. T h e dis­
covery of the retractible cable was a turning 
po in t for b o t h sub jec t s and pros the t i s t s . It 

so lved the major b r e a k d o w n p rob lem 
w h i c h had requ i red extra tr ips to the 
prosthetic facility for the parents and re­
duced wea r ing t ime for the chi ldren . At­
t i tudes toward the pros thes i s improved 
cons ide rab ly on all coun ts w h e n this p ro­
b l e m was e l imina t ed . 

Unfor tunate ly , ch i ld ren w i t h h igh level 
and/or bi la teral uppe r l i m b def ic ienc ies , 
w h o are mos t in n e e d of the potent ia l ad­
van tages o f myoelec t r ic controls , w e r e no t 
se rved b y th is s tudy. It is h o p e d that future 
research can bu i ld on the knowledge 
ga ined from myoelec t r ic f i t t ings a n d lead 
to deve lopment o f m o r e funct ional p ros ­
theses for this g roup o f chi ldren . 
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Flexible Above Knee Socket Made 
from Low Density Polyethylene 
Suspended by a Weight 
Transmitting Frame 
Ossur Kristinsson 

INTRODUCTION 
Ten years ago , a bi la teral ampu tee c a m e 

to us to b e fi t ted for n e w pros theses . T h e 
pros theses h e w a s wea r ing cons i s t ed o f 
e x t e r n a l b r a c e j o i n t s , h y p e r e x t e n d e d 
k n e e s , Sach feet in p lantar flexion (to com­
pensa te for the hyperex tens ion o f the 
k n e e s ) , and laced lea ther sockets . S u s p e n ­
s ion w a s prov ided b y hard lac ing a n d 
shou lde r s traps. H i s res idual l i m b s w e r e in 
b a d cond i t ion , distal ly a n d proximally . 
T h e y were ra ther long, w i t h the patel las 
f ixed under the femurs w h i c h had b e e n cut 
j u s t above the e p i p h y s e s . 

T h e n e w pros theses w h i c h w e fabr ica ted 
for h i m cons i s t ed o f more accep tab le 
a l ignment , total contac t suc t ion socke t s , 
and mul t i -ax is feet. A l though the pa t ien t ' s 
old sockets w e r e uncomfor tab le w h i l e 
s t and ing , they were comfor tab le w h e n h e 
w a s seated. B e i n g e m p l o y e d as a go ld­
smi th , a great deal of h i s w o r k day was 
s p e n t s i t t ing . T h e pa t ien t was a lso u s e d to 
tacti le feedback a c c o m m o d a t e d from the 
lea ther socke ts . The socke ts o n h i s n e w 
pros theses w e r e r igid p las t ic , and c o m ­
pared to the o ld o n e s , ex t remely u n c o m ­
fortable w h e n h e sat. B e c a u s e of t h i s , the 

pa t i en t re jec ted the n e w p ros these s and 
asked us to m a k e lea ther socke ts s imi la r to 
h i s o ld ones to replace the r igid p las t ic . 
Because o f th i s , w e b e g a n to look for a 
socket mater ia l that w a s a c o m p r o m i s e 
b e t w e e n the r igid plast ic and lea ther socket 
mater ia l s . T h i s led to a f lexible socket at­
t a c h e d to an externa l r ig id frame, the s u b ­
j e c t of this ar t ic le . 

SILICONE SOCKETS 
T h e flexible sockets were fabr icated 

us ing soft l amina t ing res ins l ike s i l i cone , 
po lyes te r , acryl ic , po lyure thane , and lynadure. T h e l amina tes w e r e usual ly m a d e up 
o f nylon s tockine t te w i t h o n e or two layers 
o f f iberglass s tock ine t te b e t w e e n each 
layer. T h i s , in c o m b i n a t i o n w i t h s i l icone 
res in , y ie lds a f lexible socket w h i c h is rela­
t ively uns t re tchab le . In the b e g i n n i n g , the 
r ig id frame had bo th med ia l and lateral 
bars to connect the distal socket to the prox­
imal b r i m . T h e use o f ca rbon f ibre a l lowed 
us to e l imina te the lateral bar . W h e n w e 
star ted us ing low dens i ty po lye thy lene as a 
socket mater ia l , w e also dele ted the lateral 
quar ter of the b r i m , e n d i n g up wi th a 
fork-l ike structure w h i c h is used today. 



FABRICATION METHODS 
Socket 

T h e socket is v a c u u m formed wi th a low 
dens i ty po lye thy lene shee t b y conven­
t ional t e c h n i q u e . W e heat the shee t in an 
infrared oven and drape it over a mois t 
plaster of par is pos i t ive mode l . A n O r ing 
and double adhes ive tape are placed over 
the valve r ing, w h i c h then is placed in po­
s i t ion over an air channe l that ha s b e e n 
dril led through the length of the pos i t ive 
mode l . Po lye thy lene has a ra ther large 
sh r ink ing coeff icient . To ove rcome this 
p rob l em, w e usual ly make the pos i t ive 
mode l for a flexible socket s l ightly larger 
than for a r ig id socket . At th is poin t , a 
check socket should be used to insure a 
good fit b e t w e e n the socket and the frame. 
Howeve r , if this is done the socket cannot 
be placed back on the pos i t ive mode l , so it 
wil l need to b e refilled wi th plaster before 
l amina t ing . 

If o n e does lamina te directly ove r the 
newly molded socket , expect a loose fi t t ing 
be tween the socket and the frame, as the 
socket shr inks after b e i n g r e m o v e d from 
the pos i t ive mode l . To date , we are not 
famil iar w i t h any t e c h n i q u e s for e l imina t ­
ing th is sh r inkage factor. 

Frame 
T h e frame is l amina ted wi th ny lon stock­

inet te , several layers o f f iberglass and 
abou t ten layers of ca rbon f ibre tape (Fig­
ure 1 ) . W e use acrylic res ins , bu t polyes ter 
res in works as well . The socket and the 
frame are r iveted together . In S tockho lm 
and Uppsa la , doub le adhes ive tape is used 
to fix the socket to the frame, w i thou t 
r ivets . As the r ig id frame covers less than 
40 percent of the socket , it is ea sy to add or 

Fig. 1. The fiberglass and carbon fibre lay-up for the 
socket frame. 

Fig. 2. Medial view of the carbon fibre and fiberglass 
reinforced acrylic frame. The frame has only a medial 
strut connecting the proximal socket to the distal end. 
Less than 40 percent of the socket surface is covered 
by the frame. 



Fig. 3. Patient wearing the flexible above 
knee socket. Note that the frame extends only 
to the center of the rectus femoris channel 
anteriorly. The flexible low density poly­
ethylene socket can conform naturally to the 
muscle expansion and other forces. 

Fig. 4. Lateral view of the flexible socket. In 
this view tape is seen holding the socket to 
the frame for the fitting. When finished, the 
socket is fastened to the frame either by riv­
eting or using double face tape. Over 300 of 
these sockets have been used, mostly in 
Stockholm. 

r emove mater ia l from the pos i t ive mode l . If 
the leng th of the pos i t ive mode l is no t al­
tered, and if bu i ld -up mater ial ha s no t 
b e e n added or r emoved at the p rox imal 
b r i m area, a n e w socket can be fabr ica ted 
ove r the altered pos i t ive and , of course , 
wi l l fit the or ig ina l frame. 

It is usual ly unneces sa ry to alter the 
a l ignment w h e n a smal le r socket is replac­
ing a larger o n e , w h i c h is obv ious ly an 
advantage w h e n deal ing wi th a n e w am­
putee regard ing the rap id vo lume de­
crease . O u r obse rva t ions indica te that at­
rophy in the res idual l i m b is s o m e w h a t less 
wi th the use of a f lexible socket than it is 
wi th the use of a conven t iona l r ig id socket . 
T h e s e are , h o w e v e r , only obse rva t ions and 
have no t b e e n stat is t ical ly conf i rmed . 

Finishing 
C o n v e n t i o n a l m e t h o d s are u sed to 

f in i shed the p ros theses ; howeve r , w e do 
not laminate over the socket . W h e n the pa­
t ient is not conce rned w i t h c o s m e s i s , the 
po lye thy lene socket is left uncove red , thus 
p rov id ing for rapid hea t exchange , tactile 
contact , and bet ter d y n a m i c in teract ion 
b e t w e e n the res idual l imb and socket . 
Also , the socket exchange is s imple and 
i nexpens ive wi th this type of app l iance . 

SUMMARY 
Approx imate ly 300 pros theses wi th th i s 

type of socket have b e e n m a d e , m o s t o f 
them in S tockho lm. To date on ly two 
b r e a k d o w n s have occurred , bo th due to 
l amina t ion fai lures. 

O u r goal in u s i n g a socket o f this type is 
to ach ieve a socket w i th excel lent suspen­
s ion , one that adapts i tself wel l to the var i­
ous contours o f the s tump dur ing ambu la ­
t ion, and one w h i c h is s imple and rela­
t ively inexpens ive to change . 

The re are four fi t t ing centers involved in 
this project . To date , there have b e e n n o 
reports of u n d u e m a i n t e n a n c e requ i re ­
men t s or d issa t is fact ion on the pa t ien t ' s 
part wi th a f lexible socket over a conven ­
t ional r igid o n e . 

Mr Kristinsson operates Ossur hf Prosthetics-Orthotics, Reykjavik, 
Iceland 



Prosthetic Finger Retention: A New 
Approach 
H.W. Herring, Jr . , D.M.D. 
Eric H. Rommerdale, C.D.T. 

INTRODUCTION 
T h e p rob l em o f replacing externa l par ts 

o f the b o d y m i s s i n g from surgery or t rauma 
often falls to the maxil lofacial p ros thodon­
tist . O n e o f the major p r o b l e m s assoc ia ted 
w i t h somatopros the t i c r ep lacement is in­
adequa te re ten t ion of the pros thes i s . T h i s 
m a y s tem from the w e i g h t o f the pros the­
s i s , i nadequa te t i ssue suppor t , and/or the 
par t icular area o f the b o d y to b e replaced. A 
n u m b e r o f m e a n s have b e e n e m p l o y e d to 
e n h a n c e re ten t ion . A m o n g the m o r e com­
m o n are adhes ives , adhes ive tape , and at­
t a chmen t to eyeg lasses . T h e purpose of th is 
article is to desc r ibe a t e c h n i q u e w h i c h 
e l imina tes the n e e d for adhes ive mater ia ls 
and w h i c h uses t i ssue d i sp lacemen t as a 
p r imary m e a n s o f re ten t ion . T h i s tech­
n i q u e can b e u t i l ized w h e n e v e r the pros­
thes i s e n c o m p a s s e s more than 180° o f the 
affected area. A n ideal ind ica t ion is pros­
thet ic r ep lacement o f a f inger . 

TECHNIQUE 
1. A n i m p r e s s i o n of the r ema inde r of the 

f inger to b e replaced is m a d e wi th i r rever­
s ib le hydrocol lo id in a pape r cup . T h e im­
press ion is immed ia t e ly poured wi th den­
tal s tone , vacuum-spa tu la ted to ob ta in a 
dense , bubb le - f r ee work ing cast. 

2 . W i t h a su i tab le ins t rumen t such as a 
c leo id -d i sco id carver , two parallel inde­
n ta t ions approx imate ly .75 m m deep and 
1.0 m m w i d e are insc r ibed into the work­
ing cast a round its en t i re c i rcumference 
(Figure 1.) T h e first inden ta t ion is placed 

Fig. 1. Scribed (or beaded area) of stone cast of am­
putated finger. 



no less the 5.0 m m from the t ip of the 
work ing cast wi th the s econd inden ta t ion 
no c loser t hen 3.0 m m from the first. 

3. The p ros thes i s is n o w waxed to form. 
T h e na i lbed is formed b y us ing an Eylure 
Nail* w h i c h is r e m o v e d pr ior to fabr icat ion 
of the m o l d . 

4 . T h e pros the t ic f inger is t hen fabri­
cated from M D X - 4 - 4 2 1 0 elastomer** w h i c h 
has b e e n t in ted pr ior to p lacement in the 
m o l d 1 ( F i g u r e 2 ) . P r o c e s s i n g i s a c ­
compl i shed at 276°F for four hours . 

5. The p rocessed f inger is recovered 
from the mold , t r immed , f in ished and tried 
on the pat ient to de te rmine fit, con tour and 
degree o f re ten t ion (Figure 3 ) . T h e p ros the ­
s is is then extr ins ica l ly t in ted to be t te r 
ma tch the pa t ien t ' s skin tone . 

6. T h e acrylic nai l is t r immed to the de­
s i red shape and length and at tached to the 
na i lbed us ing a thin layer o f S i las t ic 8 9 t or 
Prolast ic M e d i u m # 1 or 2 t t d i lu ted wi th a 
small amoun t o f xylene. 

T h e comple ted p ros thes i s is fitted to the 
pa t ien t wi th ins t ruc t ion for proper use and 
care , and advice on the use of m a k e u p for 
the purpose of mak ing the marg in of the 
p ros thes i s less no t iceab le . After w e a r i n g 
the p ros thes i s from three to five days , the 
inden ta t ions w h i c h have b e e n pos i t ive ly 
reproduced in to the p ros thes i s will d is­
place the f inger t i ssue sufficiently to pro­
vide excel lent re ten t ion wi thou t the use of 
adhes ive s and w i t h o u t c o m p r o m i s i n g 
normal b lood flow. The pr inc ip le is s imi la r 
to the funct ion of a pos ter ior per iphera l 
seal o r a maxi l lary comple te den ture w h e r e 
t i ssue is select ively placed to create addi­
t ional re ten t ion . 

In addi t ion , the p ros thes i s m a y b e so 
fabr icated that addi t ional re tent ion will b e 
ga ined by m a k i n g the p ros thes i s fit the 
ent i re length of the r ema in ing f inger . A 
r ing may then b e placed ove r the p ros thes i s 
on to the f inger render ing addi t ional reten­
t ion as wel l as increased cosme t i c effect 
(Figure 3 ) . Final ly , the mold is label led 
wi th sk in tone formula in format ion and 
s tored for future u se . 

Fig. 2. Stone finger in mold ready to receive base 
shaded elastomer. 

Fig. 3. Untinted finger prosthesis made from Dow 
Corning MDX-4-4210 elastomer. 



SUMMARY 
A technique for prov id ing a definitive 

form of retention has been descr ibed 
w h i c h el iminates the use of adhesives . The 
technique can b e utilized w h e n e v e r the 
prosthes is encompases m o r e than 180° of 
the affected area . 
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Low Back Pain and the Cottrell 90/90 
Backtrac® System 
Wallace Lossing, C.O. 

INTRODUCTION 
C h a i n e d to the i r jobs, ou r pa t ien t s don ' t 

exerc i se regular ly. T h e y b e c o m e w e e k e n d 
athletes for an h o u r or two of abus ive ac ­
t iv i ty . S i n k i n g deeper and deepe r into soft 
mat t resses and over-stuffed cha i r s , t hey 
place more and more strain on thei r b a c k s . 

W e have crea ted the p rob lem of lower-
back pa in . A s Dr . K e n n e t h Casy , a pa in 
special is t at the Univers i ty o f M i c h i g a n 
s ta tes , " L o w - b a c k p a i n is largely a socia l 
p rob lem. I t ' s as m u c h due to the w a y w e 
live as any th ing e l s e ! " 1 

I f back p a i n is a social p rob l em, it is one 
abou t wh ich the Amer i can pub l i c is not 
very well in formed. Mos t Americans are 
still l iv ing in a state o f i n n o c e n c e abou t 
thei r backs . Peop le do no t real ize h o w they 
are abus ing the i r b a c k s , h o w they can 
avoid back p rob l ems , w h y thei r b a c k s g ive 
them trouble , o r w h a t can b e done to alle­
v ia te back pa in o n c e they get i t . 

STATISTICS 
But wha t abou t the current b a c k p rob ­

lem? Next to the c o m m o n co ld , l ow b a c k 
pa in is p robab ly our mos t c o m m o n d i s ­
comfort . A b o u t 80 percen t o f all A m e r i c a n s 
wil l have a severe backache s o m e t i m e 
dur ing the i r l i v e s . 2 W h a t abou t the 75 mi l ­
l ion Amer i cans w h o have b a c k p rob lems 

n o w , and the addi t ional 7 mi l l ion w h o wil l 
b e added to the back pa t ien t rolls each 
y e a r ? 3 W h a t do w e rece ive for the $5 b i l l ion 
a yea r w e s p e n d on tests and t rea tments for 
back a i l m e n t s ? 4 C a n we reduce the $12 to 
$20 b i l l ion w e pay in disabi l i ty c la ims , l aw­
sui t awards , and o ther se t t l ements resul t­
ing from b a c k i n j u r i e s ? 5 

T h e r e are o the r cos t s , no t measu red in 
dollars, w h i c h b a c k pain extracts . T h e 
n u m b e r one d i sab le r in the U n i t e d States is 
c h r o n i c pa in , and the m o s t c o m m o n 
chron ic pa in s y n d r o m e is lower b a c k p a i n . 6 

The Nat iona l C e n t e r o f Heal th S ta t i s t ics 
c la ims that o f the 75 mi l l ion A m e r i c a n s 
w h o suffer from chron ic pa in , 23 mi l l ion 
have back p a i n . 7 W e k n o w that in the 
U n i t e d Sta tes 93 mi l l ion workdays are lost 
each yea r b e c a u s e of b a c k p rob l ems , b u t 
wha t o f the emot iona l and persona l costs o f 
lower -back pa in? A s tudy conduc ted b y 
J o h n s H o p k i n s Medica l C e n t e r revealed 
that 70 percent o f ch ron ic pa in sufferers go 
th rough d ivorce and 2 0 percent con ­
template o r actual ly a t tempt s u i c i d e . 8 

PROBLEM DEFINITIONS 
W h a t is this pa in w e are desc r ib ing? 

H o w is it b e i n g d iagnosed? Isn ' t the pa­
t ient ' s uncer ta in ty over h i s or he r cond i ­
t ion related to ou r o w n uncer ta in ty in 
d i agnos ing and treat ing the i r l ower b a c k 



pa in? Mos t phys i c i ans wi l l admi t that 
l ow-back pain is a very confus ing and 
frustrat ing d i sease to treat. O b j e c t i v e 
f ind ings on l o w - b a c k pa in are r andom, un­
cer ta in , and deba tab le . X- rays are no t very 
helpful i n d i agnos ing l o w - b a c k pa in b e ­
cause approximate ly 25 percent o f the 
popula t ion exis ts comfor tab ly wi th a b ­
normal v e r t e b r a e . 9 A comple te lack o f con ­
trol led cl inical trials on var ious t rea tments 
of l ow-back pa in has a l lowed the con ­
t roversy to c o n t i n u e . 

T h e causes o f l ow-back pa in r ema in 
ra ther mudd led . Th roughou t the past 100 
years var ious causes for l o w - b a c k pa in 
have been p roposed . W e have focused on 
the sciat ic nerve theory and the sacroi l iac 
jo in t theory. Faul ty b o d y m e c h a n i c s , the 
disc theory, and musc le s p a s m s are o the r 
exp lana t ions for l ow-back pain . It is b e ­
l ieved that 80 percen t o f lower -back pa in is 
caused by ove rworked musc l e s , a he rn i ­
a ted or ruptured d isc , or the facet- joint 
s y n d r o m e . 1 0 

Today w e place greater e m p h a s i s o n h o ­
l is t ic hea l th , o n treat ing the pa t ien t as an 
ent i ty o f m i n d and b o d y . W e also f ind the 
r e n e w e d e m p h a s i s on p sychoneu ros i s and 
the " p a i n pe r sona l i ty" as exp lana t ions for 
the preva lence o f l ow-back pa in a m o n g 
specif ic types o f pe r sons . 

T h e causes of l ow-back pa in are so 
n u m e r o u s that g iving a specif ic d i agnos i s 
r ema ins difficult, if not i m p o s s i b l e . A s 
Or thoped i s t E d w i n G u i s e of H e n r y Ford 
Hosp i ta l , phys i c i an for the Detroi t L i o n s , 
says: " Y o u have to th ink o f every th ing 
from poor pos tu re to c a n c e r . " 1 1 N e w tech­
n i q u e s , such as c o m p u t e d tomograph ic 
s cann ing , have improved the d iagnos i s o f 
cond i t ions such as lateral or cent ra l sp ina l 
s t enos i s , w h i c h are no t readi ly ident i f ied 
b y mye lography . Incomple te ini t ia l d iag­
n o s i s , h o w e v e r , r ema ins a p r o b l e m in 
t reat ing the lower back . A lower -back pa­
t ient m a y very well e n c o u n t e r va ry ing 
d iagnoses i f h e vis i ts more than o n e phy­
s ic ian . 

In the last twenty years w e have found , 
in addi t ion , that we canno t treat the pa t i en t 
w i th back p r o b l e m s in isola t ion. W e h a v e 
real ized the i m m e n s e poten t ia l for self-
a b u s e w h i c h l ies in t reat ing the l ower -back 

pat ient . P h y s i c i a n s , phys ica l therap is t s , 
nurses , and or thot is ts al ike are faced w i t h 
the potent ia l o f malprac t ice l i t igat ion. 
C o n c e r n e d for h i s o r h e r pa t ient , the heal th 
care provider is su r rounded b y the nega­
tive fee l ings and cyn i c i sm o f s o m e insur ­
ance carr iers , a t torneys , employe r s , and 
even pa t ien ts themse lves . T h e pa t ien t ' s 
o w n health and well be ing m a y b e pushed 
as ide b y a n y o n e o f the actors in the low-
back pa in scenar io w h o are looking out for 
the i r o w n na r row self- interest . 

Increas ing gove rnmen t in te rven t ion in 
the t rea tment o f the pat ient , i n this case 
those w h o suffer f rom l o w - b a c k pa in , has 
inc reased the bu rden o f documen ta t i on , 
w h i l e cal l ing for decreased use of acute care 
faci l i t ies . H igh qual i ty pa t i en t care i s , 
howeve r , d e m a n d e d as wel l . 

O u r conce rn for the back pa t ien t is also 
d iver ted more and more these days b y in­
creas ing cos ts . W h i c h drugs , f ixat ion de­
v i ces , and d iagnos t ic p rocedures shou ld 
w e use in t reat ing the pa t i en t? Today our 
cho ice is often shaded b y the e c o n o m y . 
T h i s t rend could ve ry wel l h a m p e r the de­
ve lopmen t o f n e w t echn iques and thera­
peut ic measures . 

T h e s t ra ins and s t resses o f mode rn l iv ing 
have created pa t ien ts w h o suffer from psy­
cho-soc ia l dysfunc t ions , as well as from or­
g a n i c d i s ea se . W e f ind ou r se lves il l-
p repared to deal wi th such pa t ien ts . H o w 
do w e relate to a pa in - r idden , d rug-depen­
dent back pa t ien t and mot iva te h i m o r he r 
to tolerate pa in in another , l ess des t ruc t ive 
fash ion? H o w do w e mot iva te a l o w - b a c k 
pa t ien t w h o m w e suspec t of ma l inge r ing to 
re turn to work and a p roduc t ive life? 

In genera l , w e are ded ica ted to the del iv­
ery o f h i g h qua l i ty care to ou r pa t ien ts . It is 
impor tan t for us to feel conf ident that an 
accurate d i agnos i s has b e e n m a d e and that 
correct t rea tment has b e e n p resc r ibed . W e 
w i s h to serve our pa t ien t wel l . 

M o r e specif ical ly , w e w a n t to p rov ide 
the pa t ien t w i t h rel ief from pa in a n d re­
s tore range o f mo t ion , musc l e s t rength , 
and ba l ance . W e wan t our pa t ien ts to get 
wel l and then s tay wel l . A n d so w e prov ide 
t ra in ing , a m a i n t e n a n c e f i tness p rogram, 
and c o n s i d e r the pa t ien t ' s persona l ad­
j u s t m e n t to h i s back pa in . W e sugges t 



weigh t reduct ion i f i t ' s necessa ry because 
w e k n o w that a sagg ing pot bel ly w e i g h i n g 
10 p o u n d s puts 100 pounds o f w e i g h t at the 
d isc . 

CONTEMPORARY 
TREATMENT 

Curren t t rea tments for l ower -back pa in 
n o w include rest , t ract ion, app l ica t ions o f 
hea t and co ld , se l f -hypnos i s , and nerve 
b locks , s teroid in jec t ions , b io feedback , 
electr ical s t imula t ion , o r thoses , and psy­
cho- therapy. 

Today w e k n o w that up to 90 percent of 
all backaches go away wi th in a few w e e k s 
no mat te r wha t therapy is u s e d . 1 2 Act ive 
t rea tment , howeve r , m a y s p e e d hea l ing . 
W h e n a pa t ien t calls compla in ing abou t 
lower -back pa in , o n e phys ic ian au tomat i ­
cally sugges ts bedres t for four days . T h e 
phys ic i an m a k e s an a p p o i n t m e n t on ly i f 
the pat ient has no t subs tant ia l ly r ecovered 
dur ing that t ime . O n l y two or three pe rcen t 
of all l o w - b a c k pa t ien ts requ i re surgery. 

T h e major i ty o f pa t i en t s hav ing back 
surgery do wel l , and there are m a n y o f 
them. For example , 2 0 0 , 0 0 0 l a m i n e c t o m i e s 
are per formed in the U n i t e d S ta tes each 
y e a r . 1 3 H o w e v e r , it has b e e n var ious ly e s ­
t imated that the failure rate o n back sur­
gery r ema ins b e t w e e n ten percent and 4 0 
percen t . After surgery ten to 30 percent o f 
back pa t ien ts are pa in free; 75 pe rcen t are 
improved , bu t still have s o m e pa in ; and 
ten to 20 percen t h a v e not b e e n he lped at all 
b y the i r s u r g e r y . 1 4 

A NEW ALTERNATIVE 
Addi t iona l ly , n e w , non - invas ive m o d e s 

of t rea tment for l ower -back pa in have b e e n 
deve loped . A n e w approach to b a c k pa in is 
the Cottrel l 90 /90 Backtrac® sys tem w h i c h 
has dramat ical ly shor tened hospi ta l s tays 
and reduced the need for surgery. T h e cos t 
of the en t i re sys tem is less than the cost of 
one day in the hosp i ta l . P r imar i ly a h o m e -
care sys t em, the pa t ien t is direct ly involved 
in h is o r h e r o w n care . 

Backtrac® works b y flat tening the lumbar 
sp ine and reduc ing the l u m b a r curve . It 

s imply and effectively ach ieves an ter ior 
pe lv ic tilt. Pe lv ic tilt t ends to e longa te the 
l u m b a r in terver tebra l d isc spaces , w h i c h 
reduces pressures o n any he rn i a t ed d isc . 
B y s t re tching the l u m b a r paraspinal m u s ­
cula ture , this sy tem also p rov ides re l ief 
from spasm. 

T h e " 9 0 / 9 0 p o s i t i o n " decreases o r e l imi ­
nates the pa in of acute l umba r disc protru­
s ion . It is i nd ica t ed for use in t reat ing m u s ­
cle s p a s m s , overs t re tched or tear ing l iga­
m e n t s , back spra ins a n d s t ra ins and s o m e 
facet s y n d r o m e pa t ien ts . It i s also su i tab le 
for p regnant and o b e s e pa t ien ts . 

PHYSICAL EXAMINATION 
The " 9 0 / 9 0 " test per formed dur ing a 

rout ine b a c k examina t i on can ind ica te 
s t rongly w h e t h e r a pa t ien t wi l l benef i t 
from Backtrac®. 

T h e phys ic i an s ingly lifts up on the 
calves of t he pa t ien t exer t ing a ver t ical force 
(Figure 1 ) . M a n y t imes the pa t ien t , w h o at 
that m o m e n t is hav ing back pa in , wi l l ind i ­
cate a sense o f relief . A s the ca lves are re­
leased , the b a c k pa in m a y reoccur . T h e test 
a lso tends to separa te funct ional from or­
ganic back p rob l ems . Func t iona l pa t i en t s 
m a y say the test m a k e s t h e m feel w o r s e o r 
are noncommi t t a l . A pos i t ive " 9 0 / 9 0 " test 
ind ica tes a favorable p rognos i s for treat­
m e n t in the Backtrac® sys tem. 

DESCRIPTION OF 
COMPONENTS 
AND USAGE 

T h e Backtrac® sys t em for c l in ic o r h o m e 
use (Figure 2 ) , cons i s t s o f a co l laps ib le , 
l igh twe igh t A-f rame a n d an eas i ly -ap­
pl ied , s ing le pull pe lv ic bel t . T h e specia l ly 
des igned be l t fastens b e t w e e n the legs to 
an ove rhead pulley c lamp and lock ing de­
v ice on the A-frame. Th i s ach ieves the di­
rect 9 0 degree upward pull on the pe lv is . 
T h e pa t ien t ' s o w n w e i g h t p rov ides the pull 
to p roduce the degree of pe lv ic tilt. P lace­
men t accessor ies , the cervical thorac ic 
w e d g e , the knee bols te r and add-pad , in­
sure proper pos i t i on ing for the pa t ien t . 



Fig. 1. Physician lifts calves, exerting vertical force. 

Fig. 2. Backtrac® system for clinic or home use. 



Fig. 3. Backtrac* overhead pulley clamp locking de­
vice. 

Fig. 4. Backtrac® neck petal for cervical positioning. 

T h e acute con ta ined he rn ia ted l u m b a r 
disc pa t ien t or those wi th severe strain 
should a lways b e admi t ted as an in -pa t ien t 
should b e p laced on comple te b e d rest . 
Trac t ion in Backtrac® is ach ieved b y us ing 
the hospi ta l b e d modi f ied wi th an over­
head pulley c lamp locking device (Figure 
3 ) , and wi th a s ing le pull pe lv ic bel t and the 
pos i t i on ing accessor ies , also shown . O n 
the first day of t rea tment , the pa t ient ' s tol­
erance should dictate the length of in­
vo lvemen t in Backtrac®. Four s e s s ions 
could b e schedu led per day wi th the actual 
ini t ia l sess ion las t ing on ly 1 5 - 2 0 m i n u t e s . 
Each sess ion should b e ex tended b y five 
to ten minu te s over the previous one . 
Eventual ly the four hour- long sess ions are 
scheduled dai ly bu t a lways to the pa t ien t ' s 
to lerance . O n c e the pa t ien t is d i scharged 
from the hospi ta l , Backtrac® sess ions con­
t inue at h o m e . Always start the pa t ien t 
s lowly wi th ini t ial s e s s ions only ten to 20 
minu tes long. Fo r pa t ients wi th chronic re­
curr ing back p rob lems the neck petal (Fig­
ure 4 ) , should b e used ini t ial ly for cervical 
pos i t i on ing ins tead o f the wedge . Gradu-



ally increase the length of the sess ion b y 
five or ten m i n u t e s , four t imes a day, so 
that the final s e s s ion is an hour long. Pa­
t ients con t inue at h o m e wi th the A-f rame, 
bel t and pos i t i on ing accessor ies unde r the 
phys i c i an ' s d i rec t ion , usual ly for three to 
four m o n t h s , bu t a lways depend ing on 
n e e d and d iagnos i s . 

RESULTS 
Backtrac® has already he lped thousands 

o f back pa t ients return quickly to normal , 
act ive l ives . It has reduced dramat ical ly the 
n e e d for surgery. 

An x-ray s tudy (Figure 5) i l lustrates a 
pa t ient ' s sp ine w h i l e lying sup ine w i thou t 
Backtrac® tract ion (top half) and then 
showing the s a m e pa t ien t in Backtrac® 
(bo t tom half) . T h e f igure clearly i l lustrates 
that the l u m b a r curve is reduced and the 
b a c k f lat tened. A n o t h e r x-ray s tudy (Figure 
6), p resen t s a pat ient sup ine wi thou t t rac­
t ion wi th an old lumbo-sacra l fus ion; in 
Backt rac® the l u m b a r cu rve is aga in 
reduced . 

Yet ano the r s tudy us ing a mye lograph 
depic ts a pa t ien t s tanding in ex t ens ion 
(Figure 7 ) . After Backtrac® tract ion the re­
duct ion is obse rved , (Figure 8 ) , and the 
pa t ien t is pa in free. 

Fig. 5. (Top) Patient lying supine without Backtrac®. (Bottom) Patient in Backtrac® traction. 



Fig. 6. (Top) Patient supine without traction with an old lumbo-sacral fusion. (Bottom) Patient in Backtrac(R) 
traction. 

DISCUSSION 
Today w e are b e g i n n i n g to real ize the 

effect w h i c h e m o t i o n s , a t t i tudes , thoughts , 
a n d b e h a v i o r pat terns have on the b o d y , 
and on the back specifically. W e are con­
s ider ing the total pa t ien t and his or h e r 
diet , work , r e s idence , re la t ionsh ips , feel­
ings , and level o f exerc i se . W e are no t 
sugges t ing that all d i sease is caused b y the 
m i n d . W e do , h o w e v e r , be l i eve that there 

can b e emot iona l and men ta l causes o f dis­
ease , as wel l as phys ica l , nu t r i t iona l , and 
chemica l o n e s . S o m e back specia l i s ts have 
sugges ted that in as m a n y as 80 percen t o f 
all ca ses , back pain is no t due to an o rgan ic 
p r o b l e m , bu t to such e lus ive factors as 
s t ress , worry, a n d o ther menta l a t t i tudes . 
Fo r those o ther pa t ien ts for w h i c h an actual 
mechan ica l cause can b e de t e rmined and 
w h o mee t the ind ica t ions s ta ted he re , the 
Cottrel l Backtrac® has proven effect ive. 



Fig. 7. Patient standing in extension. 

Fig. 8. After Backtrac® traction, the reduction is ob­
served. 
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The Halo-Girdle Orthosis Application 
Richard Young, C.O. 
Daniel J . Murphy, M.D. 

INTRODUCTION 
After twenty-f ive years of use , the Halo 

has proven to b e an effective in s t rumen t for 
sp ina l s t a b i l i z a t i o n . 1 , 2 , 4 It is n o w wide ly 
u s e d th roughout the na t ion and in twen ty 
fore ign c o u n t r i e s . 1 0 , 1 1 M a n y va r i a t ions 
have ar isen yet the pr inc ip le o f s tabi l iza­
t ion has no t c h a n g e d . 3 , 5 , 6 , 7 

In J u n e of 1973 , O ' B r i e n , p re sen ted the 
" H a l o - H o o p " for total sp ine f rac tures . 1 1 

T h e Halo-Gi rd le fol lowed this as an alter­
na t ive to us ing p in s th rough the pe lv is . 
Al ternat ive ly , the Ha lo -Ves t , 9 i n t roduced 
in 1970, is pr imar i ly used for uns tab le cer­
vical sp ine fractures and is the m o s t fre­
quen t ly u sed halo uni t . S i n c e i ts adven t , 
m a n y art icles have desc r ibed its advan­
tages over the first uni t fabr ica ted at Rancho Los A m i g o s Hospi ta l i n 1 9 5 6 . 8 , 9 , 1 3 , 1 4 

A t presen t , the girdle is used in s t ead of 
the ves t w h e n s tabi l i ty is r equ i red for spe­
cial s i tua t ions such as the fo l lowing: 

1. Thorac ic sp ina l fracture toge the r w i t h 
cervical sp ina l fracture. 

2 . Frac tured r i b s , as wel l as spinal frac­
tures . 

3 . O p e n w o u n d abou t the ches t area to­
ge ther wi th sp ina l fractures. 

4 . P resence of a thorac ic spinal t u m o r to 
b e s tab i l ized b y external f ixat ion. 

T h i s art icle desc r ibes the s t ep -by-s t ep 
p rocedure for app ly ing the Halo-Pe lv ic 
Gi rd le and several of the p r o b l e m s w h i c h 
can occur w i t h its use . 

Description and Application 
Figure 1 s h o w s the plast ic por t ions of the 

gi rdle . F igure 1A s h o w s the an ter ior ou te r 
plast ic por t ion , B , the pos te r ior ou te r por­
t i o n a n d C, t he p l a s t i c l i n e r s w i t h 
s h e e p s k i n in p lace . The s h e e p s k i n is se-

Fig. 1. (A) Anterior portion (B) Posterior outer portion 
(C) Both anterior and posterior portions in place with 
liner. 



cured to the plas t ic l iners w i th ve lcro for 
easy rep lacement . 

T h e pos te r io r por t ion of the girdle is put 
o n first (Figure 2 ) . T h i s can b e done b y 
rol l ing the pa t i en t o r ra i s ing the bu t tocks 
area to ge t the girdle wel l - sea ted wh i l e 
k e e p i n g the sp ine cen te red . T h e pa t ien t is 

rolled b a c k to the full sup ine pos i t ion so 
that plast ic l iners w i th sheepsk in can b e 
inser ted o n b o t h s ides . T h e r e is a red l ine 
cut in to the l iner to s h o w w h e n it i s at the 
mid l ine o f the b o d y . T h e anter ior por t ion is 
then put in place a n d s t rapped to the pos t ­
e r ior por t ion (Figure 3) . 

Fig. 2. Application of the posterior portion is done first by either rolling the patient to his side or elevating 
buttocks (note: centering girdle with respect to the spine is essential). 

Fig. 3 . Anterior portion is secured to the posterior with straps. Sheepskin liner is marked with a red line showing 
midline. 



Fig. 4. Anterior view snowing attacnments 01 univer­
sal joints to two stainless steel brackets. 

Fig. 5. Ninety degrees of hip flexion must be allowed in the girdle. 

Figure 4 s h o w s the full an ter ior v i e w 
w i t h the un iversa l j o in t s (A) a t tached to the 
two s ta inless steel b racke ts . It should be 
no ted that the s h e e p s k i n does ex tend 
b e l o w the gi rdle to g ive padd ing for the 
s i t t ing pos i t i on . F igure 5 e m p h a s i z e s that 
there mus t b e at least 9 0 degrees of f lexion 
range c learance for s i t t ing w h i c h i s cut i n t o 
the an te r io r por t ion of the girdle and l iner . 
In F igure 6, the pos te r ior upr ight s tab l ize r 
ba r s (A) are then coupled to the r ight angle 
bars (C) w i t h a c l amp ing b lock (B) to ga in 
p roper l eng th for over - the -shoulder clear­
ance . W h e n the pa t ien t has a barrel ches t , 
the s traight upr igh t ba r s s o m e t i m e s have 
to b e con toured to clear the lower b o r d e r o f 
the r ib cage ( D ) . B o t h pos te r io r upr igh t 
s tab l iz ie r ba r s are s h o w n here wi th one 
already a t tached. T h e una t t ached s ide is 
la id a longs ide to ob t a in the p roper length 
before a t t ach ing it o n the o ther s ide . 



Fig. 6 . Posterior upright stabilizer bars are coupled to the right angle bars to gain proper over-the-shoulder 
clearance. 

Fig. 7. Upright bars may need to be contoured to avoid 
contact with body. 

Fig. 9. Positioning of the posterior pad (note: adjust­
ability in all directions). 

Figure 7 s h o w s the an ter ior v i e w . No te 
the upr igh t bars are b e n t out to avoid con­
tact w i t h the b o d y , a l though th is does no t 

a lways have to be done . T h e an te r io r ches t 
pad is shaped differently from the pos t ­
er ior pad seen in F igure 9. 



Fig. 8. Position of the anterior chest pad with relation to height and amount of space between the chest and pad. 

Fig. 10. Lateral view showing placement of the posterior structures. 

Fig. 11. Attachment of halo ring to lower assembly. 

T h e lateral v i e w (Figure 8 ) s h o w s the 
pos i t i on of the anter ior ches t pad ; i . e . the 
he igh t and the a m o u n t of space b e t w e e n 
the ches t and pad. T h e r e mus t b e e n o u g h 
clearance for the pa t ien t to e x p a n d h i s 
ches t , b u t no t so m u c h as to c o m p r o m i s e 
s tabi l i ty . T o ga in th i s c learance the cross 
b a r can b e con tou red (Figure 7 ) . 

F igu re 9 i l lustrates the pos te r ior v i e w of 
the halo-gi rdle uni t , and part icular ly the 
pos te r io r pad . T h i s pad can b e m o v e d up or 
d o w n and even turned ups ide d o w n ac­
cord ing to the pa t ien t ' s needs . T h e c l amp­
ing b locks for the two upr ight bars can b e 
p laced a n y w h e r e on the upr ights so as not 
to cause pressure o n the b o d y (Figures 6 B , 9 
and 10 ) . 

F igure 10 is a lateral v i e w wi th the pa­
t ient in the prone pos i t i on to demons t ra te 
more clearly the pos te r ior s t ructures . F ig ­
ure 11 i l lustrates the m a n n e r in w h i c h the 
halo r ing is j o i n e d to the lower a s sembly 
a n d h o w the f lex ion-ex tens ion adjus tment 
i s secured to the th readed upr igh t and the 
halo r ing. 



COMMON PROBLEMS 
WITH THE HALO-GIRDLE 

1. T h e anter ior sec t ion presses in to the 
th igh w h e n s i t t ing (Figure 5 ) . 

Solu t ion: T r i m the anter ior b r i m 
and l iner to al low for s i t t ing . 

2. The c l amp ing b lock o n the pos te r io r 
upr igh t s causes pressure w h e n re­
c u m b e n t (Figure 6 ) . 

So lu t ion : B e n d the upr igh ts at the 
base to ach ieve c learance for the bars 
from the b o d y . T h e c l amping b locks 
can be m o v e d upward or d o w n w a r d 
u n t i l f r e e d o m f rom p r e s s u r e i s 
ach ieved . 

3 . Too m u c h or not e n o u g h p ressure is 
t r ansmi t t ed b y the anter ior and post ­
er ior ches t pads . 

Solu t ion: T h e cross bars (Figures 7, 
8, 9, and 10) n e e d to be con tou red 
ou tward or i nward to give the proper 
c learance . T h e se t sc rews mus t then 
b e t igh tened to assure the space is 
m a i n t a i n e d 

4 . S k i n care unde r the pelvic por t ion of 
the b race . 

Solution: The pelvic girdle units can 
b e d i s a s s e m b l e d b y s e c t i o n s for 
c lean ing and inspec t ion o f the sk in . 
Skeleta l t ract ion is no t lost w h e n tak­
ing the pe lv ic sec t ion down for sk in 
inspec t ion . Fo r example : W i t h the 
pa t ien t s u p i n e , the two bol ts that at­
tach the upr igh ts to the an ter ior ou te r 
por t ion of the girdle (Figure 7A) can 
b e r e m o v e d , the s traps unfas tened , 
(Figure 7 B ) , the an te r io r p i e c e re­
m o v e d , the l iners s l ipped out (Figure 

3 A ) a n d then care can b e g iven to the 
skin . T h i s can b e done in the prone or 
sup ine pos i t ion wi thou t los ing trac­
t ion o n the sp ine as long as on ly e i ther 
the anter ior or pos te r ior upr igh ts are 
l oosened at one t ime . 

CONCLUSION 
For the pa t ien t w i t h mul t ip le sp ina l in­

jur ies o r w i t h assoc ia ted ches t in jur ies , the 
halo-girdle is an excel lent a l ternat ive to the 
plas ter b o d y cast for external i m m o b i l i z a ­
t ion. Use of this b race al lows early a m b u ­
la t ion, excel lent sk in care , and little re­
s t r ic t ion of ches t excurs ion . 
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A Thermoplastic Endoskeletal 
Prosthesis 
Drew A. Hittenberger, C.P. 

INTRODUCTION 
W i t h the advent o f n e w mater ia ls and 

improved surgical t e c h n i q u e s , n e w types 
o f p ros the t ic dev ices are b e i n g deve loped . 
Desp i t e these recen t i m p r o v e m e n t s , h o w ­
ever , the b a s i c needs wi th regard to pros­
the t ic des ign have s tayed the s a m e . C o m ­
fort, funct ion , and , to a lesser degree , ad­
jus tab i l i ty , durabi l i ty , c o s m e s i s , w e i g h t , 
and e x p e n s e have all b e c o m e factors in 
pros the t ic des ign a n d the i r prescr ip t ion . 
To cont inua l ly str ive for such b a s i c im­
p r o v e m e n t s , and to g ive bo th the pa t ien t 
and pros thet i s t an a l ternat ive from w h i c h 
to c h o o s e , the fo l lowing sys tem has b e e n 
deve loped . 

T h i s sys tem incorpora tes c o m p o n e n t s 
that have b e e n used before in o the r pros­
theses b u t n e v e r before in this c o m b i n a ­
t ion to provide a p ros thes i s that can b e 
modi f i ed for temporary , def in i t ive , o r ex­
t ra-ambula tory use . 

Briefly, the sys tem cons i s t s o f an endo­
skeletal p ros thes i s m a d e o f polyvinyl chlo­
r ide (PVC) tub ing , a thermoplas t ic total 
contact socket , and a pros the t ic foot. 

T h e advan tages of such a sys tem are as 
follows: 

Adjus tabi l i ty : c h a n g e s in a l ignment , 
foot p lacement , and socket con tou r can b e 
accompl i shed b y hea t ing the P V C tub ing 

or socket in the des i red locat ion to modify 
it as n e e d e d . 

Weigh t : T h e socket and py lon toge ther 
w e i g h o n the average of one and one -ha l f 
pounds and the average f in ished p ros ­
thes is w e i g h s b e t w e e n two a n d three 
pounds , d e p e n d i n g o n the foot u sed . 

Expense : T h e cos t o f mater ia ls r equ i red 
is less than that o f a conven t iona l e n d o ­
skeletal p ros thes i s a n d fabr ica t ion t ime is 
r educed b y 5 0 percen t . 

Adaptabi l i ty : T h e sys tem can b e m o d ­
ified to m e e t the pa t ien t ' s needs w h e t h e r 
they b e for temporary o r def in i t ive use , 
and because of the wa te rproof c o m p o ­
nen t s , can b e adapted for wate r ac t iv i t ies . 

DESCRIPTION OF 
COMPONENTS 

T h e success or failure o f any sys t em de­
pends in part o n its c o m p o n e n t s . T h e com­
ponen t s in th i s sys tem h a v e b e e n used b e ­
fore in o ther p ros theses b u t neve r in this 
c o m b i n a t i o n . 

T h e socket is m a d e o f a thermoplas t ic 
mater ia l called c o l y e n e . 1 Co lyene is a c o ­
po lymer m a d e of 85 percen t polypropyl­
e n e and 15 percent po lye thy lene . Co lyene 
has the same w o r k i n g charac ter is t ics as 
po lypropylene , bu t is m o r e durable b e -



cause of added po lye thy lene . T h i s a l lows 
the copo lymer to flex, the reby inc reas ing 
its impac t res i s tance . 

T h e r easons b e h i n d the incorpora t ion o f 
the rmoplas t i c mater ia l s in socke t des ign 
are: (1) ad jus tab i l i ty—the socket can b e 
modi f ied w i t h a hea t gun or e l imina te the 
need to gr ind or add filler to the ins ide o f 
the socket in o rder to make ad jus tments ; (2) 
ease of f ab r i ca t i on—since conven t iona l 
layup procedures are no t r equ i red , th is re­
duces the fabr ica t ion t ime and mater ia ls 
cost ; and (3) f l ex ib i l i ty—the socket is flexi­
ble proximal ly , w h i c h m a k e s it m o r e com­
fortable for the pa t ien t , yet r ema ins r ig id 
e n o u g h to d i s t r ibu te the pressure in the 
des i red w e i g h t b e a r i n g areas . 

T h e endoske le ta l py lon is m a d e o f 
schedu le 4 0 , 1 1/4" ID tub ing commerc ia l ly 
avai lable at mos t p l u m b i n g supply s tores . 
T h e P V C tub ing can b e hea ted to change 
the a l ignment and foot p l acement . T h e 
tub ing is held to the socket and foot us ing 
P V C p l u g s 2 in c o m b i n a t i o n w i t h hose 
c lamps to secure it in p lace . T h e P V C is 
then re inforced w i t h f iberglass to prevent 
b reakage . 

C o n v e n t i o n a l foam and l amina t ion pro­
cedures can b e fol lowed or a cosmet i c cover 
can b e appl ied i f des i red . If a conven t iona l 
sys tem is des i red , a 3/4" w o o d e n b lock is 
added distal to the foot plug and foamed in 
the conven t iona l manne r . If a cosme t i c 
cover is des i red , E thafoam or an Ot to Bock 
cover can b e used . 

FABRICATION 
Conven t iona l a l i gnmen t p rocedures are 

fo l lowed us ing a ver t ical a l i gnmen t fix­
t u r e . 3 O n c e the angular re la t ionsh ip b e ­
tween the socket and foot is e s t ab l i shed , 
the socket is filled wi th plaster . W h e n set, 
the socket is r e m o v e d to ob ta in a pos i t ive 
mo ld . T h e cast is then s m o o t h e d and sealed 
wi th a m b r o i d varn i sh or spray sealer to 
e l imina te mois tu re . 

S i n c e all the rmoplas t i cs ( i . e . , polyproplylene and po lye thy lene) sh r ink after 
foaming due to the s tress put in the plas t ic 
dur ing fabr icat ion. A three ply pros the t ic 
sock m u s t first b e appl ied ove r the cast 
before the plas t ic is pu l led , o the rwi se the 
socket wil l b e too smal l . 

A distal e n d pad is fabr icated b y hea t ing 
a 6" x 6" x 3 / 1 6 " th ick p i e c e o f pel i te and two 
6" x 6" x 1" th ick p ieces o f P las tazo te® and 
formed to the distal e n d of the cast . The 
p ieces are g lued toge the r us ing Barge® 
c e m e n t and appl ied temporar i ly to the 
three-ply sock us ing r u b b e r cemen t . T h e 
pad is tapered prox imal ly so there is a 
smoo th t ransi t ion from the cast to the distal 
e n d p a d (Figure 1 ) . If this is not d o n e , a 
r idge wil l form on the ins ide o f the socket 
a long the proximal b o r d e r of the distal e n d 
pad caus ing irr i tat ion. 

To f ind the angle at w h i c h the dis ta l end 
pad is to b e t r i m m e d , t he cas t i s p laced 
back in the ver t ical a l i gnmen t f ixture. A 
p iece o f P V C t u b i n g is cut accord ing to 

Fig. 1. Distal end pad trimmed flush with cast. 



Fig. 2. Determining angle of distal end pad. Fig. 3. Distal end pad trimmed flush with proximal 
PVC plug. 

Fig. 4. 3/8" T nut is placed through the 1/2" Lexan attachment plate. 



Fig. 5. 1/16" Pelite is added to the attachment plate to 
make it flush proximally so it can be glued to the 
distal end pad. 

Fig. 6. The alignment is checked before the socket is 
fabricated. 

l ength , and wi th two P V C plugs placed o n 
e i the r end of the tube , is secured to the foot 
plate (Figure 2 ) . T h e distal end pad is t hen 
t r i m m e d so it can lay flush agains t the 
proximal P V C plug (Figure 3 ) . 

A semi-c i rcu lar a t t achment plate of 1/2" 
Lexan is fabr ica ted . Cut jus t larger than the 
p rox imal bo rde r o f the P V C plug, it is 
dril led in the midd le us ing a 1 5 / 3 2 " drill. D o 
not make the a t t achment plate perfectly 
round b e c a u s e it m a y rotate wi th in the 
socket and cause loosen ing . A 3 / 8 " T nut is 
p laced through the hole after the p rongs 
have b e e n r emoved , so it can lay flush 
agains t the Lexan plate (Figure 4 ) . After 
sand ing the T nut and Lexan to roughen the 
surfaces, the two p ieces are epox ied to­
gether . A good b o n d is cr i t ical , o the rwise 
rota t ion and loosen ing of the pylon occurs . 

To make the a t t achment plate flush 
proximal ly so it can be glued to the distal 
e n d pad , a 1 / 1 6 " p iece of Pel i te is added to 
the s a m e s ide o f the Lexan as the T-bol t 
head . T h e pad is circular in conf igura t ion 
and ex tends past the top of the T nut (Fig­
ure 5 ) . T h e a t tachment plate is then glued 
to the distal end pad and stat ic a l ignment 
checked before the socket is fabr icated 
(Figure 6 ) . 

C o n v e n t i o n a l drape mold ing procedures 
are fol lowed b e c a u s e it assures m a x i m u m 
and uniform mater ia l th ickness through­
out the socket . U s i n g a vacuum a d a p t e r 4 

(Figure 7) to hold the cast , a w i d e p iece 
of 3 / 1 6 " th ick P las tazo te (TM) is w r a p p e d 
proximal ly a round the cast and taped in 
place to facilitate easy socket removal . A 

nylon hose is pul led over the ent i re cast 
and taped to the mandre l , then a o n e inch 
w i d e p iece of dacron felt is w r a p p e d 
a round the mandre l next to the cast and 
secured in the adapter . T h e dacron felt 
keeps the plastic from pull ing ins ide the 
t ube w h i c h causes the plast ic to break and 
e l imina tes suc t ion (Figure 8 ) . 

A p iece of co lyene of an appropr ia te s ize 
is hea ted in an oven at 4 5 0 degrees for e igh t 
to ten m i n u t e s o r unt i l c lear . It is then re­
m o v e d from the oven and pul led over the 
cast and sealed along the pos te r ior sec t ion 
of the socket and to the v a c u u m adapter 
tube after w h i c h 20 to 25 inches o f mercury 
vacuum is appl ied (Figure 9 ) . 

O n c e the plas t ic has cooled sufficiently, 
it can b e r e m o v e d from the cast b y cut t ing 
along the proximal Plastazote(TM) trim strip. 
O n l y cut into the Plastazote(TM); any deeper 
and the sock canno t b e reused . T h e cast is 
b r o k e n ou t in the conven t iona l manne r . 
The socket is t r i m m e d and then f in i shed as 
des i red . D o not t r im the pos te r io r s eam 
unt i l i t has b e e n r e m o v e d from the cast 



Fig. 7. Vacuum adapter with gauge. Cast is placed in adapter and secured in place. The plastic is sealed to the 
electrical tape while the vacuum is drawn from the other end. 

Fig. 8. Cast ready for vacuum procedure 

Fig. 9 . Thermoplastic molded over cast. 



Fig. 10. Socket assembly. 

Fig. 11. Foot assembly. 

because it has a t endency to split . W h e n 
t r imming the pos ter ior seam, leave 3 / 8 " to 
5 / 8 " of the seam exposed . T h i s ensures good 
adhes ion if we ld ing is not poss ib le and 
m a k e s r ivet ing feas ible if necessary . Distally, grind the plast ic flat so that the P V C 
plug can lay flush agains t the socket and 
drill a 3/8" hole for the socket bol t . D o not 
drill past the plast ic into the metal threads 
on the T nut . 

A s s e m b l y is s t ra ightforward. The socket 
and foot c o m p o n e n t s are a s sembled as 
s h o w n in F igures 10 and 11 . Dur ing the 
trial f i t t ing, abras ive screen washers are 
used to e l imina te rotat ion. But because of 
the rotat ional forces , they will tear w i th 
ex tended use . There fore , once the ini t ia l 
f i t t ing is comple te , r emove the screen 
washe r s and epoxy the P V C plugs in p lace . 

A 3 / 8 " x 1 1/2" hex bol t is used on the 
socket and a 3 / 8 " x 3" hex bol t in c o m b i n a ­
t ion wi th a 3 / 8 " T nut is used on the foot. 
W h e n secur ing these hex bol t s , care must 
b e taken not to over t ighten them. Op t ima l 
w r e n c h torque is 15 ft/lbs (Figure 12) . 

The P V C tubing fits snugly over the P V C 
plugs and is held in place wi th 1 1/4" stain­
less steel hose c lamps (Figure 13) . 

DYNAMIC ALIGNMENT 
A n y a l i gnmen t c h a n g e s can b e ac ­

compl i shed b y hea t ing the P V C tubing and 

b e n d i n g it to the des i red locat ion to adjust 
e i ther foot pos i t ion and/or a l ignment . Dif­
ficult changes in a l i gnmen t can often b e 
solved by put t ing the p ros thes i s back in 
the vert ical a l ignment fixture to f ind some 
point of reference. W h e n hea t ing the P V C 
tubing , hea t a large sec t ion to con tour 
the adjus tment . D o not make sharp b e n d s 
in the tub ing b e c a u s e th is p romote s 
b reakage . 



Fig. 12. Socket and foot components assembled and PVC tubing ready for application. 

Fig. 13. Prosthesis complete and ready for dynamic 
alignment. 

Fig. 14. Bilateral below knee prostheses, incorporat­
ing SAFE feet and rubber latex suspension sleeves for 
water activities. 



FINISHING 
O n c e the p ros thes i s has b e e n dynami ­

cally a l igned , the P V C tub ing mus t b e re­
inforced wi th f iberglass . After mak ing 
prox imal and distal reference l ines on the 
P V C tub ing a n d p lugs , the tub ing can b e 
r e m o v e d . R o u g h e n the t u b i n g and re in­
force it wi th four to six layers of f iberglass 
cloth. T h e P V C plugs are then glued back in 
place us ing P V C glue. Before gluing P V C 
plugs , m a k e sure all a l ignment changes 
have b e e n m a d e because once the P V C 
plugs are g lued and P V C re inforced , a n y 
further ad jus tments canno t b e made . A 
cosme t i c cover o r conven t iona l l amina t ion 
may then b e a d d e d if des i red (F igure 14 ) . 

DISCUSSION 
D e s i g n e d as a temporary /prepara tory 

p ros thes i s , the sys tem works wel l for the 
n e w e r amputee because it a c c o m m o d a t e s 
changes in the socket due to res idual l i m b 
a t rophy and changes in a l ignment from 
improved gai t pat terns . W h i l e th is sys tem 
was des igned to b e l igh tweight , adjustable 
and i n e x p e n s i v e , o the r factors, inc lud ing 
durabi l i ty , should also b e cons ide red in i ts 
prescr ip t ion . B e c a u s e it w a s des igned to b e 
temporary , careful a t tent ion needs to b e 
di rected towards re inforc ing the sys tem to 
p reven t b r e a k a g e and /o r l imi t ing the 
p ros thes i s to the less aggress ive amputee . 
W h e n wea r ing this p ros thes i s , the pa t ien t 
mus t b e ab le to c o m e in for regular check­
ups (every 4 - 6 w e e k s ) . If h e is unab le to do 
th is , or s h o w s an unwi l l i ngness to fol low 
the r e c o m m e n d a t i o n s o f the pros thet i s t o r 
phys ic i an , this p ros thes i s should not b e 
p resc r ibed . 

W h e n us ing this sys tem, its adaptabi l i ty 
shou ld also b e cons ide red . T h i s sys tem can 
b e m a d e waterproof , depend ing o n the 
type o f foot u s e d , so that the pat ient can use 

the p ros thes i s in the s h o w e r or for wa te r 
related sports ac t iv i t ies . Var ious types o f 
o the r m e c h a n i s m s can also b e a t tached to 
the P V C tub ing and foot for pro to type de­
ve lopmen t or pa t ien t eva lua t ion before a 
def in i t ive p ros thes i s is m a d e . 

CONCLUSION 
T h e level of p ros the t i c care can increase 

on ly as the resul t of incorpora t ion of n e w 
ideas and technology. It is th rough th is m i x 
that the above temporary endoske le ta l 
p ros thes i s w a s deve loped . B a s e d on the 
needs o f a m p u t e e s , this sys tem provides 
the pa t ien t w i th a l igh twe igh t , ad jus table , 
i nexpens ive and adapt ive p ros thes i s that 
can b e used b y pa t ients to increase thei r 
level o f rehabi l i t a t ion . 
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Prosthetic Modifications for the 
Treatment of Marginally Viable 
Below-Knee Amputations 
Kevin S. Garrison, C.P. 

INTRODUCTION 
W h e n one is confronted wi th a margi ­

nally v iab le b e l o w - k n e e amputa t ion w h i c h 
has an o p e n suture l ine or o ther ep idermal 
p rob l ems rela ted to pos t -opera t ive treat­
m e n t , w h a t is the b e s t p rescr ip t ion for 
these pa t ien t s p r io r to t empora ry pros­
thet ic fi t t ing? T h i s type of res idual l i m b is 
found mos t ly wi th geriatr ic ampu tees , and 
is often compl i ca t ed b y paraes thes ias as­
soc ia ted wi th D iabe t e s Mel l i tus (Figure 1 ) . 

T h e u l t imate goal for the pros the t i s t is to 
p roduce a snugly fi t t ing, carefully con­
toured socke t , w h i c h offers the m a x i m u m 
amoun t o f area for w e i g h t bea r ing . T h i s 
leads to be t te r control and comfort wh i l e 
ambu la t ing o n a l igh tweigh t p ros thes i s . 
T h i s is a goal w h i c h m a y b e ach ieved b y 
u t i l i z ing spec ia l m o d i f i c a t i o n s to the 
p ros thes i s , thus a l lowing these types o f 
amputees to progress rapidly a n d comfor t ­
ab ly th roughout thei r pros the t ic rehab i l ­
i ta t ion. 

PROSTHETIC 
MODIFICATIONS 
Joints and Corsets 

O n e modi f ica t ion , a l lowing ear ly am­
bulation for the amputee with a s low heal­
ing suture l ine , is the addi t ion of a th igh 
corset u s ing e i the r po lypropylene or ny lon 

knee j o i n t s . 1 (F igure 2 ) . T h e th igh corset 
offers s o m e control of w e i g h t b e a r i n g on 
the distal one - th i rd o f the res idual l i m b . 
W i t h the add i t ion of two or three two inch 
Velcro® c losures , the corset is eas i ly ad­
ju s t ed b y the pa t ien t (Figure 3 ) . T h e poly­
p ropy lene or ny lon knee jo in t s offer the 
advan tages o f l igh tness and ease o f work ­
abi l i ty (F igure 4 ) . T h e s e jo in t s w o r k qu i te 
wel l in suppor t ing w e i g h t s o f up to 180 
pounds . H o w e v e r , o n e m u s t take cau t ion 
w h e n se t t ing the shape of the upr igh t s o n 
heav ie r pa t ien t s . A gradual b e n d in the 
upr ight wil l suppor t w e i g h t bet ter than a 
radical b e n d wi l l . T h i s wil l also lead to less 

Fig. 1. A marginally viable below the knee amputa­
tion showing slow healing suture line and pressure 
sore. 



Fig. 2. A completed below the knee prosthesis utiliz­
ing polypropylene knee joints and Velcro® closures. 

Fig. 3. A thigh corset with Velcro® closures is easily 
adjusted by the patient. 

Fig. 4. Nylon (left) and Polypropylene (right) knee 
joints work well in supporting weight of up to 180 
pounds. 

p r o b l e m s of b reakage . T h e s e knee jo in t s 
should also on ly b e used on pa t ients wi th a 
s o u n d knee jo in t , as they offer l imi ted medio-lateral stabil i ty. The jo in t s can be used 
on a long term bas i s wi th a modera te ly 
act ive pat ient . T h i s modi f ica t ion to the 
p ros thes i s can w o r k wel l , bu t only wi th a 
q u a l i f i e d p h y s i c a l t he r ap i s t r o u t i n e l y 
mon i to r ing the pa t ient ' s progress on the 
p ros thes i s unt i l hea l ing has occurred. 

Special Inserts 
In addi t ion to , or apart from the th igh 

corset and s ide jo in t s prepara t ion , spe­
cially fabr icated inser t s should b e created 
on an ind iv idua l bas i s w h e n deal ing wi th 
an asens i t ive res idual l imb o f a ger ia t r ic 
ampu tee . 

If a pa t ient ' s we igh t is 120 p o u n d s or 
less , and he has a modera te act ivi ty level , a 
very soft inser t c o m p o s e d of an i nne r layer 
of 1/8 inch P las t azo te®, and an outer layer 
of 1/8 inch P P T 2 p roduces an equ i t ab le env i ­
ronmen t for the res idual l i m b . T h e Plastazote® wil l stay compres sed after use in the 
mos t dense t i ssue areas , w h e r e pressures 
are concent ra ted , wh i l e cons tant ly adjust­
ing to changes . T h i s is backed b y a layer of 
PPT, w h i c h offers cont inua l protect ion for 
the res idual l imb , and resis ts compress ion . 
D u e to the c o m b i n e d total du romete r of the 
P las tazo te (TM) and P P T inser t , adequa te sup­
port effectively he lps pa t ien ts w h o fall in 
the l igh tweight and modera te ly act ive 
category. 

Pa t ien ts w h o w e i g h 130 pounds or more 
and w h o are modera te ly to h igh ly ac t ive , 
can benef i t from an inser t c o m p o s e d of an 
inner layer of 1/8 inch P P T and an outer 
layer of Pel i te . PPT offers direct t i ssue 
shear stress pro tec t ion wh i l e b e i n g backed 
b y the firm duromete r of the Pel i te . T h i s 
c o m b i n a t i o n of mater ia ls offers an env i ­
ronmen t that will protect the residual l imb 



th roughout the en t i re day b y re l iev ing the 
t i ssues o f s t ress w h i c h could lead to skin 
b r e a k d o w n . The typical pa t ien t r equ i r ing 
th is type o f inser t m i g h t b e a modera te ly 
act ive 200 p o u n d , six foot tall m a n wi th a 
four inch res idual l i m b . T h i s res idual l i m b 
wou ld b e sub jec ted to in tense pressure at 
all t imes , thus necess i t a t ing th is type of 
insert . 

Y o u n g , h igh ly act ive b e l o w - k n e e am­
putees can also benef i t from the control of 
t i ssue b r eakdown . T h i s type of inser t ab ­
sorbs a major i ty of the c o m p o u n d to rques 
and pressures on the res idual l i m b u n d e r 
stressful cond i t i ons , w h i l e still offering lit­
tle inc rease in the overal l we igh t o f a 
sport - type p ros thes i s . 

A n inser t m a d e solely of 1/4 i nch P P T 
offes excel lent pro tec t ion for the pat ient 
w i t h a very shor t , p redominan t ly bony , 
wel l a t rophied b e l o w - k n e e res idual l i m b 
w i t h very little or no protec t ive t i s sue . Pa­
t ien ts w i th modera t e ac t iv i ty levels a n d 
w e i g h i n g up to 130 pounds can benef i t 
from this t i ssue supp lementa l mater ia l . 
T h i s mater ia l can prevent t i ssue i r r i ta t ion, 
w h i c h is so c o m m o n a m o n g s t t he se pa­
t ien ts . Th i s inser t also al lows the pa t i en t to 
ambula te comfor tably wi thou t the n e e d for 
a mul t ip le pros the t ic sock fi t t ing. As nor ­
mal a t rophy occurs , th is type of inser t a ids 
in the protec t ion of the res idual l i m b , even 
as the ini t ial ly in t imate fit b e g i n s to fade. 

FABRICATION 
T h e P l a s t azo t e®-PPT inser t can b e fabri­

c a t e d q u i t e r a p i d l y a n d s i m p l y . A 
sugges ted m e t h o d is to cut out a measu red 
area of 1/8" P las tazo te® jus t as you w o u l d in 
p roduc ing a s tandard Pel i te inser t . C o m ­
plete and apply th is to the pos i t ive mo ld as 
y o u w o u l d w i t h a Pel i te inser t , on ly use 
m u c h less heat (Figure 5 ) . After it has b e e n 
adequate ly shaped to the pos i t ive mo ld , 
cover it comple te ly wi th a th in coat of 
Barge®, or s imi la r type contact cemen t . 
T h e n apply a coat of the adhes ive to an 
equa l area of 1/8 PPT. Star t ing at a po in t on 
the anter ior of the pos i t ive mode l , con tour 
the P P T by carefully apply ing it a round to 
the pos te r io r w h e r e the P P T can b e 

Fig. 5. Plastazote(TM) forms similarly to Pelite around 
a positive model. 

Fig. 6 . Starting at a point on the anterior of the posi­
tive mold, contour the PPT by carefully applying it 
around the posterior where the PPT can be trimmed to 
permit one seam. 



t r i m m e d to s h o w on ly one seam in the 
pos te r ior (Figure 6 ) . P roceed to cap the in­
sert as des i red . Cau t ion should b e taken 
w h e n glu ing the P P T so as no t to apply 
adhes ive to the coa ted s ide of the mater ia l , 
marked wi th the b r a n d n a m e , as the adhe­
s ive wil l r emove the coat ing from the ma te ­
rial leaving a w e a k b o n d . It is preferable to 
ob ta in uncoa ted P P T mater ial and avoid 
this p rob lem. 

The PPT-Pe l i t e type inser t is fabr icated 
differently than the above type , bu t is still 
very easy and qu i ck to create . Cut an ap­
propr ia te area o f 1/8" Pel i te and an equa l 
area of P P T and b o n d the two mater ia ls 
toge ther wi th a th in coat of adhes ive . S k i v e 
the edges approximate ly 1/2" as you w o u l d 
in cons t ruc t ing a Pel i te inser t . Sand ing the 
skive is r e c o m m e n d e d over cut t ing a 
sk ived edge . Prepare a cone as in the stan­
dard Pel i te inser t t e c h n i q u e . Heat the P e ­
l i te , w h i c h is on the ou t s ide , unti l it is 
s l ightly p l iab le , and carefully pull the in­
ver ted cone over the pos i t ive mode l and 
shape as you w o u l d a s tandard Peli te in­
sert . Aga in , cap the inser t as you normal ly 
w o u l d (Note: It is sugges ted that the A.P. 
modi f ica t ion of the pos i t ive mode l b e 
t igh tened b y 1/8" to 3 / 1 6 " . 

Fabr ica t ing the 1/4" P P T inser t i s different 
from the o thers m e n t i o n e d a b o v e , as b y 
i tself it i s not thermal mold ing and tends to 
ma in ta in i ts or ig inal shape . Produce th is 
inser t in the s a m e m a n n e r as a s tandard 
Pel i te inser t , except that the appl ica t ion 
over the pos i t ive mode l is d o n e w i thou t the 
use of heat . It is s imply pul led carefully in to 
p lace . It is sugges ted that y o u modify the 
pos i t ive mo ld to produce a one-p ly fit. 

All three inser t types should b e lami­
nated into the socket us ing the s a m e vac­
u u m set t ings and t e c h n i q u e s as wi th a 
s tandard Peli te insert . Care must b e taken 
on the b reakou t of the pos i t ive mode l so as 
to protect the f in i shed inser t . Socke t pull­
ing as a m e a n s of separa t ing the socke t 
from the pos i t ive mode l is not r ecom­
m e n d e d , due to poss ib le damage to the 
inser t . T h e inser t s shou ld a lways b e 
marked for t r i m m i n g after the pa t ien t has 
been ambu la t i ng and is still in the pros­
thes is , and the nonconfo rming P P T is 

p u s h e d into place . The re is approximate ly 
1/2" of d i sp lacement in the mater ia l unde r 
load ing as it is m a d e to conform to the 
socket shape (Figure 7 ) . T h e s e l i gh twe igh t 
special inser ts can easi ly b e fabr icated a n d 
rep laced w h e n necessa ry a n d the longevi ty 
is s imilar to that of a Pelite insert . Modif i ­
cat ions can b e made b y adhering Peli te to 
the ou ts ide of the inser t in the appropr ia te 
areas , t he reby accommoda t ing v o l u m e 
changes of the res idual l i m b . A thin coat o f 
adhes ive works qu i te wel l in the b o n d i n g 
of all these mater ia l s . 

SUMMARY 
In conc lus ion , if careful a t tent ion is 

taken in fit t ing special b e l o w - k n e e res idual 
l i m b s , h ighe r success rates and m o r e rap id 
pros the t ic rehab i l i t a t ion can b e ach ieved . 
U s e of special mater ia ls and fabr ica t ion 
t e chn iques can ass is t the pros the t i s t i n th is 
endeavor . 

REFERENCES 
1Nylong prosthetic knee joint is available through American Prosthet­
ics, Inc., 406 Cookson Drive, West Branch, Iowa 52358 
2 Polypropylene knee joints are available through United States Man­
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3 PPT is available through Professional Technology, Inc., 21 East Indus­
try Court, Deer Park, New York 11729 

Mr Garrison is a prosthetist with Mahnke's Prosthetics and Orthot­
ics, Inc. , in Ft. Lauderdale, Florida. 

Fig. 7. Mark the insert for trimming with the patient 
in the prosthesis to allow for approximately l/2 inch of 
displacement under loading. 



A Case History: 
Protecting the Head and Face 

George W. Gills, C.O. 
Gary Fields, C.O. 

INTRODUCTION 
Indiv idual and spec ia l i zed needs o f pa­

tients subjec ted to facial a n d h e a d in jur ies 
secondary to a fall, have prompted the de­
s ign and manufac ture of var ious styles o f 
protec t ive headgear . T h e s e commerc ia l ly 
avai lable he lme t s ut i l ize mode rn mater ia ls 
i n order to make them b o t h safer a n d m o r e 
acceptable to the pat ient . Po lyca rbona te , 
for example , i s a clear and l igh tweigh t 
plast ic that is s o m e t i m e s used for fabr icat­
ing the face-guard sec t ion . In addi t ion , 
s o m e c o m p a n i e s wil l " c u s t o m i z e " the 
headgea r to further accommoda te indi ­
v idua l p r o b l e m s . H o w e v e r , i t i s no t 
r easonab le to th ink that a pre-fabr ica ted 
des ign can satisfy all the n e e d s of every 
pat ient . C u s t o m fabr ica t ion is necessa ry 
for select cases in order to yield the m o s t 
functional and acceptable device p o s s i b l e . 1 

PATIENT BACKGROUND 
T h i s pa t ien t is a ten year old female w h o 

has a medica l h i s to ry that inc ludes a ser i ­
ous se izure d i sorder a n d poor ba l ance . 
T h i s cond i t i on has caused h e r to fall 
(face-forward) on n u m e r o u s occas ions , 
sus ta in ing several maxil lofacial in jur ies . 

T h e pa t ien t ' s mo the r con tac ted this of­
fice after unsuccessful trials w i th pre­
fabr ica ted headgear . S h e s tated that t hey 

w e r e all too h e a v y and con t r ibu ted to the 
ch i ld ' s poor pos ture and ba l ance . He r head 
w a s actually d roop ing from the excess ive 
w e i g h t of the "of f - the-she l f " he lme t s . 
C u s t o m fabr icat ion w a s clearly ind ica ted . 

FITTING AND 
FABRICATION 

It w a s dec ided that a pre- fabr ica ted 
" b o x i n g - t y p e " he lme t w o u l d be mos t suit­
ab le to serve as a skull pro tec tor as wel l as 
the foundat ion for the face guard . T h i s de­
s ign is commerc ia l ly avai lable a n d is bo th 
l igh twe igh t and wel l padded 

Bas ica l ly , the face guard is compr i s ed of 
three str ips o f Or thop las t approximate ly 
t w o inches in wid th . T h e total l eng th of 
each strip d e p e n d s upon the ind iv idua l 
pa t ien t r equ i r emen t s . Firs t , the forehead 
sec t ion is mo lded . It ex tends jus t pos te r io r 
to the mid l ine on b o t h s ides . In this ca se , 
the overal l l eng th is approx imate ly e igh­
teen inches . 

F ive coppe r r ivets are u sed to secure the 
forehead strip to the he lmet after the ent i re 
face guard is comple ted . T h e infer ior 
c rossba r is m o l d e d nex t , a n d ex tends 
d o w n w a r d at a s l ight forward angle to 
protect the ch in . It is folded in the midd l e 
in order to achieve sufficient r igidi ty for 
pro tec t ion and is a t tached at the mid l ine s 



of the he lme t w i th four speed r ivets . The 
super ior c rossbar is then formed and also 
folded in the middle . It is a t tached wi th 
two speed r ivets o n bo th s ides , and p laced 
in such a pos i t ion so as not to interfere w i th 
v i s ion or ea t ing. The Or thoplas t is folded 
in a direction away from the face wi th 
the rounded surface towards the face 
(Figure 1) . 

RETENTION STRAP 
T h e or ig inal ch in strap had to b e re­

m o v e d as it w a s not secure e n o u g h a n d 
could easi ly b e opened b y the pa t ien t . T h e 
m o t h e r feared that her daughter wou ld re­
move it w h e n e v e r left una t tended . 

A strap w a s dev ised that u t i l ized an in­
s ide " D " r ing and an outs ide buck le ar­
r a n g e m e n t (Figure 2 ) . T h e strap first passes 
unde r the ch in and th rough the 3 /4" " D " 
r ing. It is then brought back under the ch in 
a n d follows around the r ight lateral s ide of 
the neck . Final ly , it secures in to the buck le 
w h i c h is distal and infer ior to the left ear . A 
soft tongue is s a n d w i c h e d be tween the 

" D " r ing and the buck le to prevent d is ­
comfor t to the back of the neck . The " D " 
r ing a n d the buckle are a t tached to the 
earflap wi th elast ic so that a sudden jol t to 
the he lmet is part ial ly a b s o r b e d in the 
s t rap. These s imple modi f i ca t ions to the 
o r ig ina l c h i n strap a c c o m p l i s h e d two 
goals : the he lmet is held o n more securely, 
and it c anno t b e easi ly o p e n e d b y the pa­
t ient . 

SUMMARY 
A o n e - p o u n d protect ive he lmet w i t h a 

face guard was fabr icated for a pa t ien t w h o 
w a s subjec t to maxil lofacial injur ies as a 
resul t of fall ing. The pos i t ive resul ts 
ach ieved jus t i f ied the fabr icat ion and fit­
t ing t ime requi red . 

REFERENCES 
1E. Hartwig F. Wenzel; C. Hintz, "Maxillofacial Protective Headgear," 
Orthotics and Prosthetics, Vol. 31, No. 1, pp. 2 5 - 2 8 , March, 1977 

Mr. Gills is with Capital Orthopedics, Inc of Bethesda, Maryland Mr 
Fields works with Capital Orthopedics, Inc. Rockville, Maryland 

Fig. 1. Protective headgear worn by the patient with a 
seizure disorder. Prefabricated headgear did not 
work with this patient due to its weight. 

Fig. 2 . The orthoplast frame attached to the boxing 
headgear. Seizures cause the patient to fall face for­
ward and the impact must be absorbed by the head­
gear without breakage. The strap extends from the 
chin piece around the back of the neck to hold the 
helmet on more securely and to prevent the patient 
from removing it. 



Technical Note: 

The USMC Prosthetic Skin 
Judd E. Lundt, B.S. Engr. 
Timothy B. Staats, M.A., C.P. 

INTRODUCTION 
Cover ings and artificial l i m b s h a v e en­

joyed l imi ted popular i ty for over twen ty 
years . W h i l e early ve r s ions , m a d e pr imar­
ily of polyvinyl chlor ide were usually 
appl ied to exoskele ta l b e l o w knee pros the­
ses, it was not until introduct ion of endo­
skeletal prosthet ic components wi th their 
soft foam covers that the i r ut i l i ty b e c a m e 
apparent . 

T h e U S M C pros the t ic sk in (Figure 1) was 
ini t ial ly deve loped in 1974 as a protec t ive 

cover for soft foam endoske le ta l b e l o w 
knee prostheses . Today it is available in 
bo th C a u c a s i a n and negro id skin tones in a 
var ie ty of s izes for all appl ica t ions from 
b e l o w knee to h ip disar t iculat ion pros the­
ses . 

Character is t ics of the U S M C pros the t ic 
sk in are its t oughness , t h innes s , e las t ic i ­
ty—part icular ly in the longi tudinal d i rec­
t i o n — a n d its s low r e b o u n d to s t retch. B e ­
cause of th i s , little addi t ional l imi ta t ion in 
knee flexion wil l result w i th the above knee 
exoskele ta l p ros thes i s w h e n the sk in is 

Fig. 1. The prosthetic skin is very elastic in the longitudinal direction to minimize interference with knee 
function. 



Fig. 2. The skin is gathered and carefully pulled over the foot. The use of heat is not recommended. 

used ove r the soft foam cover . Further­
more , if proper ly s ized , the sk in wil l no t 
collapse or s igni f icant ly distort the under­
ly ing foam. 

A s wi th any thin material des igned to 
fulfill the above r equ i r emen t s , the U S M C 
pros the t ic skin is not comple te ly imperv i ­
ous to tears and ab ras ions . D a m a g e , if it 
does occur , is m o s t l ikely dur ing and 
through imprope r appl ica t ion procedures . 
H o w e v e r , w h e n correctly instal led, and 
wi th proper pa t ien t care , m a n y m o n t h s of 
service wil l b e real ized. 

PREPARATION 
PROCEDURES 

If the skin is to b e used over an exoskeletal sys tem all outer surfaces mus t b e 
padded wi th at least 1/16" of soft foam such 
as Aliplast(TM) or Plastazote(TM) to prevent 
wear- through. All r ivets, buckles or prot­
ruding componen t s must also b e carefully 
covered. T h e poster ior aspect of the ankle 
where the counter of the shoe contacts the 
foot must b e undershape to permi t the ad­
di t ion o f foam in this area (Figure 2). 

W i t h the endoskele ta l p ros thes i s it is 
necessa ry to leave the foam cover some­
wha t overs ized to c o m p e n s a t e for the sl ight 
compres s ion caused b y the skin cover ing . 
Care mus t also be taken to accentuate the 
knee cap shape so that its l ines wil l r ema in 
cosmet ic dur ing knee f lexion. 

For the h ip disar t iculat ion p ros thes i s , 
addi t ional padd ing for cosmet i c appear­
ance should b e considered through use of an 
ob long but tocks pad g lued to the socket . 
W h e n us ing the U S M C pros the t ic skin in 
this appl ica t ion it is sugges ted that a nylon 
hose (preferably a pan ty hose) be pul led 
over the ent i re l i m b . Protect ive padd ing is 
appl ied ove r all rough edges and exposed 
sc rew heads to prevent t hem from wear ing 
through the skin. W h e n proper padd ing is 
comple t ed , the skin should b e appl ied b y 
us ing the fol lowing procedure . 

APPLICATION OF THE 
PROSTHETIC SKIN 

The U S M C pros the t ic skin is appl ied in a 
m a n n e r s imilar to donn ing a s tocking. It 
should b e ga thered , howeve r , ra ther than 



rolled o n s tar t ing wi th the foot. After care­
fully pul l ing the skin over the foot, it is 
s t re tched proximal ly us ing the pads of the 
fingers (Figure 2 ) . Particular a t tent ion to 
p reven t ing the f ingernai ls from d igg ing 

in to the e las t ic mater ial is essent ia l to pre­
vent tear ing. O n c e over the foot i t is 
s t re tched longi tudinal ly unt i l all wr ink les 
are r emoved . The use of hea t to soften the 
sk in mater ia l to facilitate s t re tch is ne i the r 
necessa ry no r r e c o m m e n d e d . 

W h e n insta l led over a b e l o w knee pros­
thes i s the sk in m a y b e pe rmanen t ly glued 
to the p rox imal b r i m wi th B a r g e ( T M ) and 
t r immed or, if des i red , left long and used as 
an auxil iary s u s p e n s i o n b y a t taching to a 
garter belt . 

W h e n us ing on an above knee pros thes i s 
it m a y be necessa ry several t imes dur ing 
the first few w e e k s to r emove wr ink le s that 
develop from creep in the skin mater ia l . 
Because of this charac ter i s t ic , p e r m a n e n t 
a t tachment of the skin at the p rox imal as­
pect should b e pos tponed unt i l all ev idence 
of creep has b e e n resolved. The sk in works 
except ional ly wel l over the Hydracadence 
foot a n d lower leg cover as well as over the 
Mark V Mul t ip lex and O H C Four Ba r S y s ­
t e m s . W i t h these c o m p o n e n t s , the sk in is 
c e m e n t e d directly to the soft lower leg cov­
ers (Figure 3 ) . 

H i p disar t icula t ions m a y requi re an 
extra l eng th sk in for an except ional ly long 
p ros thes i s ; h o w e v e r , w i t h shor ter l i m b s a 
s tandard above knee leng th wil l suffice. Fig. 3 . When using the skin over a soft leg cover, it 

is cemented directly to the lower end of the cover. 



Beauty that's 
only skin deep. 

Our new prosthetic skin is especially formulated to impart a natural appearance to A/K, B/K, knee and hip disarticulation prostheses without interfering with the prosthetic components that are hidden beneath the thin, lightweight skin-like material. A newly developed co-poly vinyl, the material from which our prosthetic skin is made, offers unsurpassed durability and cosmesis for both exoskeletal and endo­skeletal prostheses. It's waterproof, washable and will even provide protection for shaped foam covers. 

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. 
180 North San Gabriel Blvd 
Post Office Box 5030 
Pasadena, California 91107 U S A 
(213) 796-0477, Cable: L I M B R A C E 
T W X No : 910-588-1973, Telex 466-302 

Patent Pending 
S i z e 1 S i z e 2 S i z e 3 

S h o e S ize 
F o o t S ize 
A n k l e C i r c u m f e r e n c e 
Ca l f C i r c u m f e r e n c e 
K n e e ( M i d K n e e C a p ) 
T h i g h , 4 " a b o v e knee 
U p p e r T h i g h 

4/2 W o m e n 
21.5 c m 
7" 
10" 
1 1 " 
14" 
16" 

8 W o m e n / 7 Men 
24 5 c m 
9" 
14" 
15" 
18" 
20 " 

11 Men 
27.5 c m 
12" 
17" 
17" 
22 " 
24 " 

A / K L e n g t h 
P r o d u c t N u m b e r 

36" 38 " 
P 1 6 - 2 A 1 - 0 0 0 0 P 1 6 - 2 A 3 - 0 0 0 0 

4 0 " 
P 1 6 - 2 A 5 - 0 0 0 C 

B/K L e n g t h 2 6 " 26 " 26 " 
P r o d u c t N u m b e r P 1 6 - 2 B 1 - 0 0 0 0 P 1 6 - 2 B 3 - 0 0 0 0 P 1 6 - 2 B 5 - 0 0 0 C 



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

F R O M : S I E G F R I E D PAUL, C P O (E) , I N T E R N A T I O N A L S C I E N T I F I C 
P R O G R A M C O - C H A I R M A N 
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R E : C A L L F O R C O N T R I B U T E D PAPERS F O R T H E 1984 A S S E M B L Y 
S C I E N T I F I C P R O G R A M 

T h e Amer i can Or tho t ic and Pros the t ic Assoc ia t ion is an o rgan iza t ion w h o s e 8 0 0 -
plus m e m b e r s h i p cons is t s of f irms involved in the des ign , manufac ture , and fi t t ing of 
or thoses and pros theses . T h e pr imary ob jec t ive of A O P A is to p romote h igh levels in 
ach iev ing this goal , each yea r the Assoc ia t ion provides a forum, v ia its annual Na­
t ional A s s e m b l y , for or thot ics and pros the t ics profess ionals to share informat ion on 
the m a n y n e w ideas and/or concepts of or relat ing to or thot ics /pros the t ics . Near ly 
eve ryone work ing in or thot ics and pros the t ics in the U n i t e d Sta tes a t tends the A s s e m ­
bly, a long wi th m a n y profess ionals from abroad . The 1984 A s s e m b l y wil l b e held at the 
Fon ta ineb leau Hote l , M i a m i Beach , Flor ida on O c t o b e r 1 6 - 2 1 , 1984. 

A O P A invi tes all in te res ted pe r sons to s u b m i t an abst ract (s) for p resen ta t ion dur ing 
the A s s e m b l y ' s Sc ien t i f ic Program. T h e subjec t (s ) for the abstract(s) should b e n e w 
ideas , t e chn iques , dev ices , and/or research that have a pract ical appl ica t ion in or thot­
ics and pros thet ics or a related field. In te res ted pe r sons are invi ted to s u b m i t more 
than one abstract . M o s t presenters will b e g iven 15 m i n u t e s for the i r p resenta t ion . 

If y o u are in teres ted in par t ic ipat ing in the 1984 A s s e m b l y , please fill out the 
enc losed abstract form and return it to the A O P A Nat iona l Headquar te r s no later than 
D e c e m b e r 3 1 , 1983. 

D o n ' t Hes i ta te ! Do It N o w A n d Be A Part O f O n e O f T h e Major In te rna t iona l 
Rehab i l i t a t ion Educa t ion M e e t i n g s O f T h e Year! 

T h a n k you. 

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

START THE ABSTRACT TITLE HERE USING CAPITAL LETTERS. Follow with authors' 
names, Business Addresses, Zip Codes. Underline Speakers' Name. Start third line and any 
subsequent lines in heading, if needed, just inside the line at left. 

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

MAIL ABSTRACT UNFOLDED TO: AOPA National Headquarters 
717 Pendleton Street 
Alexandria, VA 22314 
U.S.A. 
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A M E R I C A N O R T H O T I C A N D P R O S T H E T I C A S S O C I A T I O N 
A B S T R A C T F O R M 

T I T L E O F PAPER: 

A U T H O R S : 
(Underl ine speaker) 

A D D R E S S (Include Zip Code) : 

P H O N E : 

O C C U P A T I O N : Orthot i s t 
O .T . 
Pros thet is t 

A U D I O V I S U A L R E Q U I R E M E N T S : 

_ P.T. _ 
_ C .P .O . _ 
_ E n g i n e e r 

3 5 m m sl ides 
O v e r h e a d projec tor 
1 6 m m s o u n d m o v i e 

M . D . 
O t h e r (Specify) 

. O t h e r (Specify) 

A B S T R A C T : M a x i m u m of 200 words or equ iva len t . Inc lude Ti t le o f Paper , Au tho r s ' 
n a m e s , Addresses w i th zip code . U s e s ingle space typing. U s e full 
w id th of ruled area. 

M A I L A B S T R A C T U N F O L D E D T O : A O P A Nat iona l Headquar te r s 
717 Pend le ton Street 
Alexandr ia , VA 22314 
U . S . A . 
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REVIEWS 

by Charles H. Pritham, C.P.O. 

Manual On Management of the Burn Patient, 
M a u d e H. Mal ick , O . T . R . , A . S . H . T . , Ju ­
di th A . Car r O . T . R . , Harmarvi l le R e ­
habi l i t a t ion Cen te r , Educa t iona l Resource 
D iv i s ion , P .O. B o x 11468 , G u y ' s R u n R o a d , 
P i t t sburgh , PA 15238 . 256 pages , Glossa ry , 
B ib l iog raphy , Sources o f Supp ly , Index . 
$23 .00 . 

Th i s is the fourth o f a ser ies of b o o k s 
deal ing wi th aspects of upper ex t remi ty 
or thot ics from the occupat iona l therapis t ' s 
pe rspec t ive . As wi th the o ther m e m b e r s of 
the ser ies it i s ve ry wel l done and should 
prove to b e o f use to all ind iv iduals cal led 
upon to deal w i th bu rn pa t ien ts . T h e illust­
ra t ions , as a lways , are part icular ly wel l 
done and inc lude color pho tographs as wel l 
as b lack and wh i t e pho tographs and l ine 
d rawings . 

Fo l lowing thei r usua l pat tern the authors 
p roceed in a logical fash ion s tar t ing wi th 
genera l a n d fundamenta l topics essent ia l to 
unde r s t and ing the t rea tment of b u r n s and 
pass ing o n to specif ic m o d e s of t rea tment . 
Separa te chapters deal w i t h such top ics as 
h a n d m a n a g e m e n t , scar hype r t rophy and 
cont rac ture , gradient pressure t e c h n i q u e s , 
and spec ia l ized pressure t e c h n i q u e s . D e ­
tails and pat terns for the fabr ica t ion o f such 

devices as t ransparent face masks and hand 
or thoses o f var ious pa t te rns are g iven . 

A n y or thot is t in the pos i t ion of w o r k i n g 
wi th occupa t iona l therapis ts and o thers 
w h o deal w i th bu rn pa t ien t s shou ld have 
this b o o k avai lable . 

A Manual For Amputees, Br ig . I .C . Narang , 
M . S . , F . I . C . S . , (Ret i red) , L-32 Tara Apt . 
Kalkaj i , N e w De lh i -110 0 1 4 , Ind ia , availa­
b le from the au thor $3 .00 ( U . S . ) plus post­
age , payab le in advance . 

Fo r years Br igad ie r I .C . Narang , a sur­
geon , w a s C o m m a n d a n t o f the Artif icial 
L i m b Fi t t ing Cen te r , P u n e , Ind ia . T h i s 
b o o k is the result of h i s m a n y years exper i ­
ence and is i n t ended as a gu ide for pros­
pec t ive a n d n e w a m p u t e e s a n d the paren ts 
of chi ld amputees . T h e con ten t s do not di­
ffer great ly from the several such book le t s 
pub l i shed in this coun t ry and the mater ia l 
is wel l thought out and carefully exp la ined . 
Its ch ie f in teres t l ies i n the g l impses in to 
the l ives of Ind ian ampu tees and Ind ian 
soc ie ty ' s a t t i tude toward amputa t ion that 
it affords. 
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CENTRAL FABRICATION 

Endoskeletal Lower Extremity 

READY-TO-FIT 

PATELLA TENDON BEARING PROSTHESIS 
Assembled On Modular Components 

ABOVE KNEE PROSTHESIS 
Assembled On Modular Components 

HIP DISARTICULATION PROSTHESIS 
Assembled On Modular Components 

— FINISHING — 

FINISHING PTB OR PTS PROSTHESIS 
Laminate Socket-Finish & Shape 

FINISHING AK OR HD PROSTHESIS 
Laminate Socket-Finish & Shape 

FURNISH AND SHAPE COVER 

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

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

P R O S T H E T I C S U P P L Y CO. 
ATLANTA - DALLAS - ORLANDO 

800-241-1892 



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

In order to proper ly calculate the n u m b e r o f words in a c lass i f ied adver t i sement accord ing to 
the m e t h o d used b y A O P A , the adver t iser should take the fol lowing s teps: * A d d up every 
character including c o m m a s , h y p h e n s , e tc . * D iv ide the s u m b y five (we es t imate a word to 
cons i s t of 5 characters) to f igure the total n u m b e r o f words . * Sub t rac t 35 from the total 
n u m b e r of words s ince those first thir ty-f ive words are inc luded in the flat fees w h i c h are as 
fol lows: * M E M B E R S — F i r s t 35 words $ 2 4 . 0 0 . Each addi i tonal w o r d $1 .00 . * N O N -
M E M B E R S — F i r s t 35 words $36 .00 . Each addi t ional w o r d $ 1 . 5 0 . R e s p o n s e s to A O P A B o x 
n u m b e r s are forwarded u n o p e n e d at no charge . Class i f ied Adver t i s emen t s are to b e pa id in 
advance ; checks should b e made payable to A O P A . S e n d to: A O P A , 717 Pend le ton St ree t , 
Alexandr ia , VA 2 2 3 1 4 . No classif ied ads wil l b e taken b y p h o n e . 

Qualif ied C P O — I n t e r e s t e d in prac t ic ing 
very modern and advanced t e chn iques . 
Expe r i enced only. Offer inc ludes : par tner­
sh ip . Deta i l s : upon reques t . Rep ly to 
A O P A B o x 7 8 3 1 0 , 717 Pend le ton St ree t , 
Alexandr ia , VA 2 2 3 1 4 . 

Orthotic Technic ian—posi t ion available 
for central fabr icat ion laboratory. Ch icago 
subu rb . Salary compensa to ry w i t h exper i ­
e n c e . G o o d benef i t s and work ing cond i ­
t ions . S e n d r e sume and references to 
AOPA Box 78309 , 717 Pend le ton Street , 
Alexandr ia , VA 22314 . 

Prosthet i s t /Orthot i s t—The Unive r s i ty of 
Miami / J ackson Memor i a l Med ica l Cen te r , 
a 1 2 5 0 - b e d teaching hospi ta l ha s an open­
ing for a Pros the t i s t /Or thot i s t w i th in a 
100 -bed rehabi l i t a t ion center . Cer t i f ica t ion 
preferred. C o m p e t i t i v e salaries and excel­
lent benef i t s . S e n d r e sume to: Jay F lynn , 
E m p l o y m e n t Off ice , Park Plaza L L - 3 0 1 , 
J A C K S O N M E M O R I A L M E D I C A L 
C E N T E R , 1611 N W 12th Ave . , M i a m i , Flo­
rida 3 3 1 3 6 . A n equal oppor tun i ty e m ­
ployer . 

C e r t i f i e d P r o s t h e t i s t & T e c h n i c i a n -
M i c h i g a n . Expe r i enced in measu r ing , fit­
t ing , & fabr ica t ing. Reply : A O P A Box 
78312 , 717 Pend le ton Street , Alexandr ia , 
V A 22314 . 

Salary and unlimited professional and fi­
nancial growth, excellent benefi ts , mult i-
special ty c l in ic assoc ia t ion . Southeas te rn 
N e w M e x i c o , hear t o f the sunbe l t r equ i res 
boa rd cert if ied or board e l ig ib le or thot is t , 
contact M e l b a Gree r , Nor te Vis ta Med ica l 
Cen te r , 2410 Nor th Fowler , H o b b s , N e w 
M e x i c o 88240 , (505) 3 9 2 - 7 8 7 9 . 

P r o s t h e t i c T e c h n i c i a n — A n u n u s u a l l y 
cha l lenging and reward ing pos i t ion awai t s 
you as a Pros the t ic Techn ic i an . Indiv idual 
mus t have a h igh school d ip loma or t rade 
school d ip loma . K n o w l e d g e o f the neces ­
sary tools and e q u i p m e n t to perform the 
j o b and previous exper i ence is requ i red . 
T h i s is a pe rmanen t full-t ime s t raight day 
pos i t ion . Exce l len t salary and benef i t pack­
age . For more informat ion call o r s end res­
u m e to: Shr iners Hospi ta l for Cr ipp led 
Ch i ld ren , P e r s o n n e l Depa r tmen t , 2001 
South L indbe rgh Blvd . , S t . L o u i s , M O 
63131-3597 (314) 432 -3600 Ext . 112 , E O E , 
M/F . 

Certified Pros thet i s t—Ortho t i c exper i ence 
des i rab le , to g row w i t h ou r n e w Flor ida 
Gu l f Coas t facili ty. To a s s u m e m a n a g e m e n t 
respons ib i l i ty . Sa lary nego t i ab l e , heal th 
in su rance , and vaca t ion t ime . Rep ly to 
AOPA Box 78313 , 717 Pend le ton Street , 
Alexandr ia , VA 2 2 3 1 4 . 

Wanted: Orthot ic T e c h n i c i a n — W e are a 
g rowing or thot ic depar tment in a major 
r ehab cen te r in W e s t Texas . Appl ican t mus t 
b e knowledgeab l e in meta ls and plas t ics . 
S e n d resume to Ar ie J . Bronkhors t , C O , 
Direc tor o f Or tho t i c s , Wes t Texas R e h a b 
Cen te r , 4601 Hartford, A b i l e n e , T X 7 9 6 0 5 . 

T w o (2) Certified Prosthet ists-Orthotists 
wanted . Mus t have at least five years fabri­
ca t ion and cl inical exper i ence after certif i­
ca t ion and b e adept at pa t ient manage ­
m e n t . Excel lent fringe benef i ts and pen­
s ion plan. Salary c o m m e n s u r a t e wi th ex-
per iencce . S e n d r e sume and salary re­
qu i r emen t s to Leonard Sve tz , U n i o n Art i ­
ficial L i m b & Brace C o . , I nc . , 3401 L ibe r ty 
Avenue , P i t t sburgh , PA 15201 . 
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C P O or C O to prac t ice in u n i q u e O & P 
facility. T h i s pos i t ion requi res top notch 
mature ind iv idua l cl inical ly, research , and 
pa t ien t or ien ted in pedia t r ic O & P and 
Fracture Brac ing . Con tac t Ar thur F i n n i e -
s ton, Inc . Alan F inn ie s ton , C P O , 1-800-
3 2 7 - 5 8 3 0 . 

Vermont B e c k o n s — W e n e e d a CP or C P O 
to relocate to the beaut i ful green m o u n ­
ta ins and b e c o m e an integral part of a m o d ­
ern and g rowing facility. Serv ing a rural 
bu t p rogress ive popula t ion , we need a per­
son wi th fabricat ion and cl inical exper i ­
ence w h o is not afraid to get h is or her 
h a n d s dirty. Salary commensu ra t e with 
expe r i ence , and there are benef i t s , of 
course . S e n d r e sume or i nqu i r i e s to: 
Y a n k e e Med ica l , I nc . , 33 Nor th A v e n u e , 
Bur l ing ton , V T 0 5 4 0 1 . 

P ros the t ic T e c h n i c i a n — I m m e d i a t e open­
ing for pe rson exper ienced in prosthet ic 
fabrication, in a N e w York firm. Salary based 
on exper ience and ability. Attract ive bene ­
fits package . S e n d comple te resume and 
salary his tory to A O P A Box 108305, 717 
Pend le ton S t . , Alexandr ia , V A 22314 . 

Certified, B o a r d El igible or T e c h n i c i a n in 
Or tho t i c s—Expe r i enced in all phases of 
fabrication a n d pat ient contact to be an inte­
gral part of a g rowing facility in N e w York/ 
Long Is land area. Salary and commiss ion 
c o m m e n s u r a t e with work exper ience , edu­
cational background a n d total capabili t ies. 
S e n d r e s u m e to A n d r e w M e y e r s , P & O 
S v s . , 151 H e m p s t e a d T p k e . , W . H e m p . , 
N Y 11552. 

Certif ied Pros the t i s t—Pros the t i c s m a n ­
ufacturer is looking for an ind iv idua l to 
perform f i t t ings , train pros the t i s t s and 
conduc t pros the t ics research in the u se o f 
n e w h igh t echno logy uppe r - ex t r emi ty 
p ros thes i s . Useful exper i ence would in­
clude myo-e lec t r ic pros the t ics , electrical/ 
e l e c t r o n i c t r o u b l e - s h o o t i n g , r e s e a r c h , 
teaching and /or sales exper i ence . C o n s i d ­
erable travel r equ i red , inc luding s o m e 
in ternat ional travel. 

Addi t iona l r e spons ib i l i t i e s are avai lable 
to the r ight ind iv idua l for: 1. subs tan t ia l 
in teract ion wi th academic and research 
p rograms at the Unive r s i ty of Utah , and 2. 
e s t ab l i shmen t of a pr ivate p ros the t ics 
pract ice b a s e d in Salt Lake Ci ty . Rep ly to 
Mr . Tom W i i t a , P res iden t , Mo t ion Con­
trol, I n c . , 1005 South 300 Wes t , Salt Lake 
Ci ty , Utah 8 4 1 0 1 ; Tel: (801) 364-1958 . 

C . P . O . or C P . 
W i t h Exper i ence in Or tho t ics 

N e e d e d to m a n a g e 4-person Prosthet ic and 
Or thot ic facility in an 80-bed pediatric 
or thopedic hospi ta l . M u s t be familiar with 
all types of pros the t ic devices and have a 
min imum of 2 years m a n a g e m e n t experi­
ence . Excel lent benefi ts a n d starting salary. 
Please call or send r e sume to: Sharon Rajnic 
% Shr ine r ' s Hospi tal for Crippled Chil­
dren, 8400 Roosevelt Blvd., Phila., PA 19152 
(215) 332-4500 , Ext. 73 . Equal Oppor tuni ty 
E m p l o y e r M/F . 
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INFORMATION FOR AUTHORS 

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

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

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

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

E D U C A T I O N 

All s u b m i t t e d m a n u s c r i p t s s h o u l d inc lude : 
1 . T H E O R I G I N A L M A N U S C R I P T A N D T W O C O P I E S . If p o s s i b l e , t h e d u p l i c a t e m a n u s c r i p t s s h o u l d b e c o m ­

p l e t e w i t h I l lust ra t ions t o fac i l i t a te r e v i e w a n d a p p r o v a l . 
2 . B I B L I O G R A P H Y . Th is s h o u l d b e a r r a n g e d a l p h a b e t i c a l l y a n d c o v e r on ly r e f e r e n c e s m a d e in t h e b o d y of t h e 

t e x t . 
3 . L E G E N D S . List al l i l lust ra t ion l e g e n d s in o r d e r , a n d n u m b e r t o a g r e e w i t h i l lust ra t ions . 
4 . I L L U S T R A T I O N S . P r o v i d e a n y or all of t h e f o l l o w i n g : 

a . B l a c k a n d w h i t e g lossy p r in ts 
b. Or ig ina l d r a w i n g s or c h a r t s 

D o not s u b m i t : 
a . S l ides ( c o l o r e d or b l a c k & w h i t e ) 
b. P h o t o c o p i e s 

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

1 . M a n u s c r i p t s m u s t b e T Y P E W R I T T E N , D O U B L E - S P A C E D a n d h a v e W I D E M A R G I N S . 
2 . I n d i c a t e F O O T N O T E S by m e a n s of s t a n d a r d s y m b o l s ( * ) . 
3 . I n d i c a t e B I B L I O G R A P H I C A L R E F E R E N C E S by m e a n s of A r a b i c n u m e r a l s in p a r e n t h e s e s (6 ) . 
4 . W r i t e out n u m b e r s less t h a n t e n . 
5. D o not n u m b e r s u b h e a d i n g s . 
6 . U s e t h e w o r d " F i g u r e " a b b r e v i a t e d t o i n d i c a t e r e f e r e n c e s to i l lust ra t ions in t h e t e x t (. . . a s s h o w n in F i g . 14) . 

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

1 . N u m b e r all i l lus t ra t ions . 
2 . O n t h e b a c k i n d i c a t e t h e t o p of e a c h p h o t o or c h a r t . 
3 . W r i t e t h e a u t h o r ' s n a m e on t h e b a c k of e a c h i l lus t ra t ion . 
4 . D o not m o u n t pr in ts e x c e p t w i t h r u b b e r c e m e n t . 
5. U s e c a r e w i t h p a p e r c l ips; i d e n t a t i o n s c a n c r e a t e m a r k s . 
6 . D o not w r i t e o n pr in ts ; i n d i c a t e n u m b e r , l e t te rs , or c a p t i o n s o n a n o v e r l a y . 
7. If t h e i l lustrat ion has b e e n p u b l i s h e d prev ious ly , p r o v i d e a c r e d i t l ine a n d i n d i c a t e repr in t p e r m i s s i o n 

g r a n t e d . 

N O T E S : 
— M a n u s c r i p t s a r e a c c e p t e d for e x c l u s i v e p u b l i c a t i o n in O R T H O T I C S A N D P R O S T H E T I C S . 
— A r t i c l e s a n d i l lust ra t ions a c c e p t e d for p u b l i c a t i o n b e c o m e t h e p r o p e r t y of O R T H O T I C S A N D P R O S T H E T I C S . 
— P u b l i c a t i o n of a r t i c l es d o e s n o t c o n s t i t u t e e n d o r s e m e n t of o p i n i o n s a n d t e c h n i q u e s . 
— A l l m a t e r i a l s p u b l i s h e d a r e c o p y r i g h t e d by 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 . 
— P e r m i s s i o n to repr in t is usual ly g r a n t e d p r o v i d e d t h a t a p p r o p r i a t e c r e d i t s a r e g i v e n . 
—Authors will be supplied with 12 reprints. 
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Prefabr icated p o l y e t h y l e n e femora l , t ib ia l a n d foo t /ank le componen ts design­
ed for distal f emora l a n d t ib ial p la teau f ractures, as w e l l as post opera t i ve 
knee l igamentous repair a n d p rob lem to ta l h ip pat ients . Un ique n a r r o w M-L 
and l ong A-P femora l c o m p o n e n t des ign prov ides increased lateral pressure 
on t he femora l shaft a n d fits a w i d e range of pat ients w i t h l imi ted cus tom 
f i t t ing. A n t e r i o r open ings of t ib ia l a n d femora l c o m p o n e n t s faci l i tate appl ica-
: ion, ad jus tment , remova l a n d skin care. C o m p o n e n t s can be j o i n e d at t he 
<nee w i t h Ch icago- type screws a n d at the ank le w i t h Ve lc ro . A d a p t a b l e to 
/ou r choice of knee j o i n t s - free knee, l imi ted m o t i o n , or adjustable. 

separate componen ts for b o t h r igh t a n d left legs are easily t r immed a n d 
:an be f i t in the hospi ta l faci l i ty 

P r e f a b r i c a t e d C o m p o n e n t s * 

RTHOSIS 
Interchangeable small, medium, medium-long, 
and large femoral, tibial, and shoe insert com­
ponents available separately lor each leg 

:::: 

" 11 

•••••••••••••••••••a 
•U S Patent 4.320,748 



c l u n R - F i u a u E R m E o i c a l , i n c . 

FOR CENTRAL FABRICATION 

ORTHOTICS 

Chattanooga £%Tenn. 

CALL 

C A R L T O N F I L L A U E R , C . P . O . 

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

D I C K G O R M A N S O N 

1 - 8 0 0 - 2 5 1 - 6 3 9 8 

(In Tennessee 1-800-572-7650) 

PROSTHETICS 

Memphis jj&Tenn. 

CALL 

R O B E R T G I L L E Y , C P . 

9 0 1 - 5 2 5 - 0 1 1 1 

P O BOX 1678 
CHATTANOOGA. IN 37401 
2710 AMNICOLA HIGHWAY 
CHATTANOOGA TN 37406 

d u R R - F i u a u E R m E D l c a l , inc. 
Orthopedic Division 

PHONE 615-634 0SM6 
1-B00 251 6398 

UNI 1 B00 572 7650 
TELEX '3584?? 

CABLE DFORTHO 



New levels of function are now being achieved for amputees by prosthetists fitting the Utah Artificial Arm Light weignt and freedom from cables allow a more comfortable fit Design advances provide duietness and cosmesis in a modular system that includes myoelectric hand control 
Shouldn't your patients be fitted by you with the 
most advanced prosthesis available'' 
For more information or to discuss your patient— 
call Harold Sears collect at 801-364-1956 

Utah Artificial Am 
Deveiooea at f̂e Univeeitv sj J*at 



THE AMERICAN ORTHOTIC AND PROSTHETIC ASSOCIATION 

O F F I C E R S 

P r e s i d e n t — G a r v i n D. Marty 
St . Lou i s , M i s s o u r i 

Pres ident E l e c t — 
G e n e J o n e s 
S a n Franc i sco , California 

V i c e P re s iden t— 
J o s e p h Cestaro , C .P .O . 
W a s h i n g t o n , D . C . 

Secre ta ry /Treasurer— 
Wil l iam B . Smith , C O . 
Kansas C i ty , Mis sou r i 

I m m e d i a t e Pas t P res iden t— 
T h o m a s R. Bart , C O . 
O m a h a , N e b r a s k a 

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

Region 1—Paul W. G u i m o n d , C O . 
Manches t e r , N e w H a m p s h i r e 

Reg ion I I — M i c h a e l Lefton, C .P .O . 
Woods tock , N e w York 

Reg ion I I I — E r n e s t S. B o a s , C O . 
Al len town, Pennsy lvan ia 

Reg ion I V — D a n W. Trivett , C P . 
Deland , Flor ida 

R e g i o n V — L a r r y Gaskins 
Pont i ac , M i c h i g a n 

Reg ion V I — J a m e s A. Barney, C O . 
Evansvi l l e , Ind iana 

Reg ion V I I — B r a d C. Rosenberger , C P . 
Linco ln , Nebra ska 

R e g i o n VI I I—Bi l l Young, S r . , C O . 
Corpus Chr i s t i , Texas 

R e g i o n I X — E d d i e Rogers , C .P .O. 
M o d e s t o , Cal ifornia 

Reg ion X — D a n i e l A . Leal , C O . 
Tucson , Ar i zona 

R e g i o n X I — G r e g o r y F. Scott, C P . 
Por t land, O r e g o n 

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

O F F I C E R S 

P r e s i d e n t — W a d e L . B a r g h a u s e n , C . P . O . 
C o l u m b u s , O h i o 

P res iden t -E lec t— 
Kurt Marschal l , C P . 
Syracuse , N e w York 

V i c e - P r e s i d e n t — 
M a r k J . Y a n k e , C . P . O . 
Akron , O h i o 

Secre tary /Trea surer— 
J o h n N. Bi l lock, C . P . O . 
Cor t land , O h i o 

I m m e d i a t e Pas t -P res iden t— 
H . Richard Lehne i s , P h . D . , C . P . O . 
N e w York, N e w York 

D I R E C T O R S 

Karl D . Fi l lauer , C . P . O . 
Knoxvi l le , T e n n e s s e e 

Charles W. Chi lds , C . P . O . 
Medford , O r e g o n 

D a v i d C . Schultz , C .P .O . 
M i l w a u k e e , W i s c o n s i n 

David W. V a u g h n , C . P . O . 
D u r h a m , Nor th Caro l ina 
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BPDC BPDC BPDC BPDC BPDC BPDC BPDC BPDC BPDC BPDC BPDC BPDl 

v 

BPDC BPDC BPDC BPDC BPDC BPDC BPDC BPDC BPDC BPDC BPDC BPDC 

The American Orthotic and Prosthetic Association 
presents 

T h e B u s i n e s s P r o c e d u r e s a n d D a t a C o m m i t t e e 

B U S I N E S S S E M I N A R 

i n 
M o n t e g o , J a m a i c a 

J a n u a r y 2 9 - F e b r u a r y 2 , 1 9 8 4 

Jamaica ... 
Y e s , i t 's j u s t w h a t y o u i m a g i n e d p a r a d i s e t o be : 
W h i t e s a n d s , b l u e s k i e s , c r y s t a l w a t e r s , j u n g l e m o u n t a i n s , 
r o a r i n g water fa l l s , h e a v e n l y g r e e n s , t r o p i c a l b i r d s , s t r a w 
m a r k e t s , l e i s u r e l y ac t iv i t i e s , a n d . . . 

A n d n o w y o u c a n a d d e d u c a t i o n a l , b e c a u s e t h e AOPA B u s i ­
n e s s P r o c e d u r e s a n d D a t a C o m m i t t e e will b e ho ld ing a 

b u s i n e s s s e m i n a r a t t h e R o s e Hall B e a c h H o t e l a n d C o u n t r y 
C l u b , r ight in t h e midd le o f t h i s t r o p i c a l p a r a d i s e . 

S o . . . b e a l i tt le da r ing . . . m i x b u s i n e s s with p l e a s u r e ! 

Make your reservations nowUl 
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M 
FOUNDED 1917 W L4 

Subjects To Be Covered 
E s t a t e P l a n n i n g 

T a x P h i l o s o p h y 

C o r p o r a t e S t r u c t u r e s 

W h a t ' s t h e Value o f Y o u r B u s i n e s s ? 

B u s i n e s s M a n a g e m e n t R e p o r t s 

D a t a P r o c e s s i n g — M a n u a l vs . E l e c t r o n i c 

C o m p u t e r s — W h i c h is t h e B e s t for Y o u r Needs 

P u b l i c R e l a t i o n s / M a r k e t i n g 

B u s i n e s s E x p a n s i o n s 

In -House C o m p u t e r s for B u s i n e s s R e p o r t s 

What Ton Get 
R o u n d t r i p A i r p o r t t r a n s f e r 

De luxe R o o m s 

G o v e r n m e n t T a x & S e r v i c e 
T a x e s 

W e l c o m e d r i n k 

Unl imi ted G r e e n fees 

C h a i s e l o u n g e s & b e a c h 
towe l s 

D a y t i m e t e n n i s 

S a u n a a n d g y m 

Day t o u r t o O c h o R i o s 

Cockta i l p a r t y 

C a l y p s o e n t e r t a i n m e n t 

Modified A m e r i c a n plan 
(breakfas t & d i n n e r ) 

Registration Pees* 
Member *540 

Member Spouse *490 

Non-Member *640 
Non-Member 

Spouse . . . *540 

For the best deals on your 
airline reservations, call: 

Plaza One Travel 800-526-2240 

*based on double occupancy 

To accomodate everyone we must 
have a *100 per person non­
refundable deposit to hold a room. 
The hotel is located nine miles 
from Montego Bay Airport and has 
all amenities. 

No on-site registration. 

AOPA Business Seminar Jamaica, January 29- February 2, 1984 
Name of Firm 

Number of Rooms 

Non-refundable deposit enclosed 

Last Name Firs t Mi Please indicate if you would like extra nights 
in Jamaica: . 

Street Address 
Number of people _, Rooms 

City State Zip 

Make checks payable to: AOPA 
717 Pendleton Street 
Alexandria, VA 22314 

Nights Dates 
Note: 

I understand that space is limited and the travel 
agent will confirm my reservations. If all space is 
filled and additional rooms are not available, my de­
posit will be refunded. 
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Thanks 
Your cont inuous suppor t has m a d e our 

60 years of supply serv ice possib le 

O r t h o - L a c e 
P a g e 3 6 2 

See Product Reference 
Catalog No. 8 

492 Pages of 
Products and Suppl ies 

S u c t i o n S o c k e t V a l v e s 

P a g e 2 2 0 

T h e r m o - G a r d G l o v e 
P a g e 4 6 1 

For use with 
Hot Plastics 

P E - L I T E 
S h e e t s 
P a g e s 

4 5 8 - 4 5 9 
C o n e s 

S u p p l e m e n t 
P a g e s 5 0 1 - 5 0 2 

N e w I t e m 

C T L S O ( M i l w a u k e e ) 
C o m p o n e n t s 

& P a r t s 

P a g e s 2 6 5 - 2 7 3 

L a m b s ' 
W o o l 

P a g e 9 4 

F e e t 
W r i s t & H a n d S p l i n t s 

P a g e s 
125 -139 

Lynco® 
S u p p o r t s 

P a g e s 
3 5 7 - 3 6 0 

P a g e s 5 3 - 6 0 

S p e e d y R i v e t s F r a c t u r e S o c k s 

P a g e 4 2 7 T O L L F R E E (800) 821-3094 P a g e s 2 1 - 2 3 

K N I T - I ^ I T K , I I S T O . 
2 0 2 0 G R A N D A V E N U E • P .O. B O X 2 0 8 • K A N S A S C I T Y . M O 6 4 1 4 1 - 0 2 0 8 

P H O N E : ( 8 1 6 ) 2 2 1 - 5 2 0 0 • T O L L F R E E ( 8 0 0 ) 8 2 1 - 3 0 9 4 • T W X # 9 1 0 7 7 1 0 5 1 3 C A B L E C O D E : K N I T - R I T E 



American Orthotic and Prosthetic Association 
717 Pendleton Street 

Alexandria, VA 22314 


